Chapter # 09

Electrostatics and Current Electricity

STUDENT’S LEARNING OUTCOMES (SLO's)
After studying this unit, the students will be able to:

w  Define and calculate electric field strength.
: i i AV
[Use F = gt for the force on a charge in an electric field. Use E = ag 'O calculate the field strength of the uniform field
between charged parallel plates]
w  Describe the effect of a uniform electric field on the motion of charged particles.
= State that, for a point outsidle a spherical conductor, the charge on the sphere may be considered to be a point charge at
its centre.
- Explain how a Faraday cage works. —_— _
[by inducing internal efectric fields that work to shield the inside from the influence of external electric fields
™ State and apply Coulomb’s law,
i q,4,
F=k=7" far the force between two point charges in free space, [where k.= d:r- 1
BE=— 0
Use for the electric field strength due to a point charge in free space.
™ Use, for a current-carmrying conductor, the expression | = Anvq. [where n is the number of charge carriers per unit volume]
w  State and use V = W /Q.
wm  Stateanduse P=IV,. P=FRand P = V/R
L
m StateanduseR= (Y
. State that the resistance of a light dependent resistor (LDR) decreases as the light intensity increases,
a  State Kirchhoff's first law and describe that it is a consequence of conservation of charge,
w  State Kirchhoff's second law and describe that it is a consequence of conservation of energy,
m  Use Kirchhoff's laws to solve simple circuit problems,
w  State and use the principle of the potentiometer as a means of comparing potential differences.
w  Explain the use of a galvanometer in null methods,
- Explain the use of thermistors and light-dependent resistors in potential dividers.
[to provide a potential difference that is dependent on temperature and light intensity]
w  Explain the internal resistance of sources and its consequences for external circuits.
=  Explain how inspeclors can easily check the reliability of a concrete bridge with carbon fibres as the fibres conduct
electricity. )
9.1 COULOMB'S LAW
SG; 1. State and explain Coulomb’s law.
[ ’ F“ +q’ +QI FH
Ans. Coulomb’s Law *—o'
Statement (a) Rirereie bimonennid
The force between two-point charges is directly proportional to J
the product of the magnitudes of charges and inversely 7 7
proportional to the square of the distance between them. - Fa Fn
Mathemnatically; it can be expressed as: ""o—'.' )
. i |
949, 1 R PO
Fe g ) i
Fig. 1: {a) Repulsive forces between like
q,q5
or Fek=3 e (1) charges and
(b) attractive forces between unlike charges.




where F.is the magnitude of the mutual force that acts on Pgint tn?:-nn:lﬁrl
each of the two paint charges g, g, and r is the distance | Does an electipstatic force exist between a
between them. charged and an uncharged object?
Ans. , @ i i
Explanation: ns. Yes, an electrostatic force can  exist

The force F always acts along the line joining the two point IO comed. W - e
charges; Fig. 1, k is the constant of proportionality. Its value
depends upon the nfture of medium between- the two
charges and system of units in which F, g and r are measured.
If the medium between the twa point charges is free space
and the system of units is SI, then k is represented as:

x 1 s

k= E s (1)
where €. is an electrical constant, known as permittivity of
free space. In S| units, its value is 8.85 = 1072 C? N"'m™=,

Substituting the value of &, the constant

- — N 2 2
k= e 9x 109N miC
Thus, Coulomb's force in free space is:
1 49
" F= 4113“ rz e {I“,}

As Coulombs’ force is a mutual force, therefore, if g, exerts a
force on gq,, then q, also-exerts an equal and opposite force
on g,. If we denote the force exerted on g, by g, as F,, and
that on charge g, due to g, as F,,, then

Fiz=~Fy verenn (W)

The magnitude of both these two forces is the same and is
given by Eq. (iii).

To represent the direction of these forces, we introduce unit vectois. If T, is F,
the unit vector directed from q, to g, and T, is the unit vector directed from #Ji

q,t0 49, then

object,

While the unchanged object has no net
tharge, it is made up of atoms with
positive nuclei and negative electrons.
When a charged object is brought near an
uncharged object, it can cause polarization
— the charges in the uncharged object
rearrange slightly.

For example, if a negatively charged object
is brought near a neutral conductor,
electrons in the conductor are repelled,
and the side closer to the charged object
becomes positively charged. This causés
an induce dipole.

As a result, there is an attractive
electrostatic force between the charged
object and the induced _-:-p‘posite charge
on the uncharged oblect.

This effect is more {goticeable if the:
uncharged object is a conductor, but it
also ocecurs (to a lesser degree) in
insulators, due to slight shifts in the
electron clouds of molecules (called
dielectric polarization).

] 1 'q‘lq: A +.-*!‘r -'jb
Fo = arg, 2 2 e (V) 7 ¥
~r
1 q‘tqi A . {ﬂ 3
Fi. = _-'m:ﬁ e e {vi) o
The forces F;; and F; are shown in Fig. 2 (a) and (b). It can be seen that Fu/;
T2 = —F15, 50 Egs. (v) and (vi) show that: = ";.:ﬂ, 9.2
K1 =2 —Fys Table 9.1
The sign:of the tharges in Eqgs. (v) and (vi) determine whether the forces Material ' E;
are attractive or repulsive, Vacuum 1
Effect of Medium Between Two Charges . Air (atm) T0006
We shall now consider the effect of medium between the two charges ia fliquidy ‘
. 2 5 | A -
upon the Coulomb's force. If the medium is an insulator, it is usually a":r:?ma g —222
referred as dielectric. It has been found that the presence of a dielectric e 23
always reduces the electrostatic force as compared with that in free space Sasens 409
by a certain factor which is a cohstant for the given dielectric. This | G&rmanium 16
constant is known as relative permittivity and is represented. by €, The | Glass ] 4810
Mica 3-75




values of relative permittivity of different dielectrics are given in Table 9.1. | Paraffined paper 2
Thus, the Coulomb's force in a medium of relative permittivity e, is given Plexiglass 3.40
by Rubber 2.94
1 %9, Teflon 21
TAnegE P Transformer oil 7.1
It can be seen in the table that g, for air is 1.0006. This value is so close to | Water {ﬁistiiléd} 785
one that with negligible error, the Eq. (jii) gives the electric force in air.
Example 9.1: Three point charges q,, g, and g, are lying in the same plane as shown 04" 50 C
in the figure (). Find the magnitude and direction of the net force acting on g, & Fo

Calculations: Force on g, exerted by g, is attractive. Let it be F,; Its magnitude is

given by
F.= 9192 (8x10°Nm?C?) (40 x 106 C) (60.x 105 Q) +4u?:'c f=015m -60uC
L 15 m2 =960MN t

X ' g Fig.9.3 (a)

For on q, exerted by g, is also attractive. Let it be Fy;, Its magnitude is given by 4
99 (Ox10°NmPcy@ox10°(s0x10%) . AT

Fa =k 3 = {thxm].l €) (50 x ]=125EIN | A

2 % g EEY E
To find the resultant of Fy, and F,,, let us make free-body diagram, resolving £ :

@ a

F,; into its rectangular components, we have
Fi = Fy3 €08 60% = 1250 N 0.5 = 625 N
Fray = Fy3 SiN'60° = 1250 N % 0.86 = 1075 N
The x-component of resultant F is
F, = Fi; + Fy3 cos 60°
F,=960N+ 625N
F.=1585N
y-companent of F is:
F, = Fy3sin 60° = 1075 N
Magnitude of F is given by
F =1 h-'f +F}=1975N

For direction of F;

F, 1075
tan @ =— = .o = 0,68 Ans.
F, 1585

Therefore, B = 34° with the line joining g, and g,.

H‘IIIII-V = --;:
i Fycos60*  F,

v .

Fig.9.3 (b)

Do you know?
A Van de Graaff generator is an electrostatic generator
which uses a moving belt to accumulate electric charge
on a hollow metal globe on the top of an insulated
column, creating very high voltage direct current (DC)
at low current levels. It was invented by an American
physicist Robert J, Van de Graff in 1929,
The potential difference achieved in modern Van de
Graaff generators can reach 5 megavolts. A tabletop
version can produce of the order of 100,000 volts and
can produce enough energy to produce a visible spark.
A pulley drives an insulting belt by a sharply pointed
metal comb which has been given a positive charge by
a power supply. Electrons are removed from the belt,
leaving it positively charged. A similar comb at the top
allows the net positive charge to spread to the dome.
Why do the hairs lift when VAN DE GRAAFF
GENERATOR is touched?

1. The value of relative permittivity for all the dielectrics (A Fi=Ff (B) Fy > Fay”
ather than air or vacuum Is always: QR <F (D) Fy = 4F;
(A} Less than unity (B) Greater than unityy” 3.  Thecanstant of proportionality “k" depends upon:
(C} Equal to unity (D) Zero (A) Nature of medium between two charges
z F: and E; are forces acting en a-particle and (B) The system of units
(€) Nature of charged bodies

electron respectively in an electric field, then:




1.ul

11.

12,

13.

14,

(0] Mature of medium between two charges and system
of unitsy

The value of Coulomb’s constant k in 51 units is:

(&) 8 - 10° NmP C 2 (B9« 10" NC* m *

©a~10'"N" ' mC (D)9 - 10" NmiC*

The force between two similar unit charges placed

one metre apart in alr is:

(A} Zero {B) Qne newlon

(C)9» 10" NV (D)9« 10" N

The value of g, for free space is:

(A) 8Bs x 102 N 'm 2

(8) 8.88 = 10 " Nm® C*

(C) 885~ 1072 NmC 2

(D) 885 . 107 miN' C*

The electrostatic force of repulsion between two

electrons at a distance 1 m is:

231N B} 23« 1W0EN

€123 1078y’ o123-10%9n

Relative permittivity for air is:
{A) 1.06 (8) 1.008
{C} 1.0006+v" (D) 1.6

The electrostatic force between two charges is 42 N,
If we place a dielectric of & = 2.1 between the
charges, then the force becomes equal to:

(A) 42 N (8) 83.2 N

(C) 20 Ny~ (D)2 N

Presence of dielectric always:

{A) Increases the electrostatic force

{8) Reduces the electrostatic fogce v

(C) Does not affect the electrostatic force

(D) Doubles the electrostatic force

The force between two point charges separated by air
is 4 N. When separated by a medium of relative
permittivity 3, the force between tham becomes:

1
M#EN (Bl 2N

(C)4N (D) B Nv"

Two charges 1 pC and 5 pC are separated by 20 ¢cm,
the ratio of electrical forces acting on them will be:

Ay1:2 (B 15

11 (D)5 -1

The 51 unit of relative permittivity is:

(A) C*N"m~? (8) C*N"'m 2

{0 Nmic! (D) Mone of thesey”

If the distance between two charged bodies is halved,
the force between them becomes:

{A) Double {B) Half

(C) Four timesv” (D} One-fourth

If both the magnitude of charge and distance
?een them is doubled, the coulomb's force will
(A Doubled

(C} Remains the same v’

(B) Half
(D) One-fourth

16.

17.

18.

19,

20.

21.

22.

23.

24.

25,

26.

27.

Two oppositely charged balls A and B attract the
third ball C, when placed near them turn by turn. The
third ball € must be:
(A) positively charged
{C) electrically neutral v
(D) positively and negatively charged

The force between two charges in 28N. If paraffin
wax of relative permittivity 2.8 is introduced between
the charges as medium, then the force is reduced to:
(A) 25N (Bl 20N

(€) 15N (D) 10NV

The study of electric charges at rest under the action
of electric forces Is known as:

{A) Electromagnetism (B) Electrostatics v

(€} Magnetic Induction (D) Electric field

The Coulomb force between two charges g = 2C and
q: is 2N, the distance between charges is 3m. What is
the :hargc of ga?

a1+ 10% (B} 1 = 1:::’::{

©2x10°c :mmmc

Coulomb’s law is given by the formula F=k T' .1;.«;‘
The magnitude of k having the unlt of Nm™C

(B} negatively charged

free spa:e is equal to:
(A) 9« 10° (B) 6« 10’
{C) 10 ~ 10° (D)9 x 107"

Electric potential dus to 2,C charge at distance of
one meter is equal to:

{A) 18 - 10" volt (B) 1.8 = 10" volt

€18 10%wolt (0),1.8 « 107 volty”

Electric field strength at a point between oppositely
charge plates is E If the distance between plates is
reduced to half, what will be the new value of electric

Intensity?
(A} 4E {B) E/2
{C) E/4 (D) 2Ev”

If the potential at a point which is 1m from a charge
is 1 volt, then the potential at a point. Which is 2m
from the same charge will be:

(A) 2v (B) v

(€ 05wy (D) 3v

What is the magnitude of a puint charge which
produces an efe:tnc field of 2 NC" at a distance of 60
em?

me- 10" oy B2x=10"c

icy3-1w0'c (D)6 < 107 ¢C

There are two charges +3 pC and +8 pC, the ratio of
the force acting on them will be:

{A)3:1 (B) 1: 1

(C)11:8 (Dy3:8

If we double the separation befwecen two charges,
then coulomb’s force will become?

(4) Doubled {B) Half

(C) 4-times (o) 14"

The number of electrons in one coulomb charge is
equal to:

(A) 16+ 107" (B) 625 « 107"



(C) 626 % 10"y

28. The minimum charge on any object cannot be less

than: .
(A) 1.6x 10" ¢
(€) 16 x107C

29. The value of charge on 1.0 x 107 electrons is:

(A)16x 10" cv”
) 1.6x10™C

30. The number of electrons in one coulomb charge are.

equal to:
(A) 1.6 % 107
(C) 625 = 10"

(D) 6.26 = 10"

(8) 9.1 x 107"'C
(D) 1:6 x 107V
(By16x10'""¢C

(D} 1.6 % 10" C

{B) 6,02 % 107"
(D) 6.25 x 10"y

at.

32,

A§ partlcle of mass m and charge gq is released from
rest in a uniform electric field E. the ILE. attained by
thplrtl:l.-lftlang:ﬂ:hmid is:

() ? (B) qE%d
€ |
(C) qEdv” (o
Gravitational foree cannot be: :"
(A) Mass dependanty” | (B) I:Hstan& dependant

(C) Shielded o x
(D) Stronger than electric field  * *

. 9.2 ELECTRIC FIELD STRENGTH

E: What is electric field strength or electric intensity? Write its relation.

Ans. Electrical Field Strength
Definition
The electric intensity or electric field strength of the field or an electric field at any point is the force expenenced
by a unit positive charge placed at that point.
Explanation
Consider a positively charged object Q. If we place a small charge +q at
3 point A, it will experience an electrostatic force F due to the charge Q. Thus,
an_electric field is said to exist at point A. The field gets stronger as the
point A gets closer to Q. The strength of the field at a point is known as 0 A
its intensity at that point. S
Electric intensity is a force, so it is a vector quantity and is usuallyr denoted
by E. It can be obtained by the relation:

E ﬂg wsis 1) @

1
As F= ‘111'8..,.

An vectar form: g T r

From Eq. (i), the unit of electric intensity is newton per coulomb N C', The direction of E is the same as that of F.
The Eq. (i) can also be written as: i
F = gE

Example 9.2: Two positive point charges q, = 16.0 pC and g, = 4.0 pC are .

separated by a distance of 3.0 m, as shown in Figure. Find the spot on the line 1 -

joining the two charges where electric field is zero. 3 j s
Solution: o
Given that;
q, = 160 uC |, q, =40 pC and d=30m
To Find:
d=1?

Calculations: Between the two charges, the fields contributed by them have opposite directions, and electric field
would be zero at a point P, where the magnitude of E, equals to E,. In Figure, let the distance crt P from g, be d.

At P, E, = E; which implies that:




1 Al 1 9%
4ne, (3.0 -dY "~ dne, o
160x10°C 4.0x%10°C
90+d*-6d~ &
There are two values of d, the negative value corresponds to a location off to the right of both the charges
where magnitudes of Ey and E; are equal but directions are same. In this case E; and E; do not cancel at this
spot. The positive value corresponds to the location shown in the ﬁgure and is the zero filed location, hence,
d=+10m.

Example 9.3: A proton experiences an electrostatic force equal to its weight at a particular pnmt in an eiectnc field,

What is the field intensity at that point? _

Mass of proton = 1.67 x 107%" kg and charge, e = 1.6 x 1077 C

or or d®+2d-3 =0, which givesd = +1m,-3m

Solution:
Given that;
m=167x10"kg and e=16x=10"C
To Find:
E=7?
Calculations:
Using E= EF = ﬂ;'q '

Substituting the values,
. 1.67 x 10727 kg x 9.8 m s~
& 161077 C

=10x 107 NC" Ans.

g:z What is electric field and electric field lines or lines of force?

Ans. Electric Field

Definition
The electric field is the region around an electric charge where its influence can be cbsemd
The formula for an electric field is:

T <
T

The direction of the electric field is taken as the direction of the force which is exerted on the positive charge.
Electric Field Lines
_Definition ;
An electric field line is an imaginary continuous line or curve drawn in an electric field such that tangent to' it at
any point gives the direction of the electric force at that point.
Thé direction of a line of force is the direction along which a small free positive charge will move along the Ime,
It is always directed from positive charge to negative charge. -

" Describe, how electric field lines are generated or introduced.

Ans. Electric.field lines are a conceptual tool used to represent the electric field visually and™o understand how *
electfic forces act in space. They are not physical entities but are introduced based on the behaviour of the
electric field, which arises from electric charges. Electric fi e!d lines begin on positive charges and end on
negative charges.

Enlist the properties or characteristics of electric field lines.

Ans. The properties of electric field lines are:

1. Electric field lines originate from positive charges and end on negative charges.

2. The tangent to a field line at any point gives the direction of the electric field at that point.

3. Thelines are closer where the field is strong and the lines are farther apart where the field is weak.




4,

Mo two lines cross each other. This is because E has only one direction at any given point. If tHe lines cross each

other, E could have more than one direction.

g;: What is the significance of electric field lines?

Ans. Significance of Electric Field Lines

Electric field lines are a visual and conceptual tool used to represent electric Do you I:rhuﬁ?
fields. Their significance lies in how they help us to understand the direction, | There is no electric field inside
strength, and behaviour of electric fields created by charged objects. the ronducior.

Overall, electric field lines are a crucial conceptual tool in electrostatic and help in-solving problems. related to

electric forces and potentials.

g':: What is the behaviour of electric field lines in case of:

(i) two identical separated charges
(ii) two opposite charges
(iii) parallel and equally spaced plate capacitors

Ans, (i) Behavour of Electric Field Lines Between Two Identical

@ii)

(i)

Separated Charges

The electric field lines are curved in case of two identical
separated charges. Figure 4 shows the pattern of lines
associated with two identical positive point charges of equal
magnitude, The lines in the region between two like charges
seem to repel each other. The behaviour of two identical
negatively charges will be exactly the same. The middle region
shows the presence of a zero field spot or neutral zone.

Behaviour of Electric Field Lines Between Two Opposite
Charges

Figure 5 shows the electric field pattern of two opposite charges
of equal magnitudes. The field lines start from positive charge
and end on a negative charge, The electric field at points such
as 1, 2, 3 is the resultant of fields created by the two charges at
these points. The directions of the resultant intensities is given
by the tangents drawn to the field lines at these points.

Behaviour of Electric Field Lines for Parallel and Equally
Spaced Plate Charges

In the regions where the field lines are parallel and equally
spaced, the same number of lines pass per unit area and
therefore, field is uniform on all points. Figure & shows the field
lines between the plates of a parallel plate capacitor, The field is
uniform in the middle region where field lines are equally
spaced.

Fig. 4: The electric field {ines for two identical
i oppaosite point charges,

Fig. 5: The electric field lines are directed
radially inward towards o negative point
charge -q.

-y

| 3 -

T

=)
Fig. 6: In the central region of a parallel plate
capacitor, the electric fleld lines are parallel
and evenly spaced, indicating that the electric
field there has the same magnitude and
direction ot points.




The electric field lines are closer where the field is:

{C)16x 109N D) 16=108T N

(A) Strongv” {B) Weak 7.  Concept of electric field was given by

(C) Uniform () Variabie (&) Michaelsan (8} Henry

The electric fleld created by positive charge is: (C) Michael Faradayv” (D) Orested

(A) Radially inward (8] Zera B. The fact that electric field exists in space around an
(C) Circular (D} Radially outwardy’” electrical charge is:

The S1 unit of strength of electric field is: (A) Electrical property (B) Gravitational field
wic! Bcv? (C) Intrinsic property of nature v

EINEYY (0} N (D) All of these

A charge of 4 coulomb is in the field of intensity 4 | 9. The force experienced per unit positive charge placed

MC. The force on the charge 1
(N BN (B) 16 Nv"

at a point In an electric field is called:
(&) Coulomb's farce {B) Faraday's force
(C) Electric field intensityv” (D) None of these

Q4N (D) 1 N

if electric lines of force are equally spaced, the | 10
electric fleld is:

The force on nautron due to a field of 10° NC' is:
M 16~107"TN

(B} 16« 107N

{A} Uniform v (B) Non-uniform (C) Zerow” {D) 1.6 » 1074 N

(C) Weak (D) Strong 11. The direction of field lines around an isolated charge
The force on an electron in a field of 1.x 10° NC™" will —q" Is: _

be: (A) Radically inward v (B) Radically outward

A 16« 108N (B) 1.6 = 107" Ny (C) Elliptical (D) Circular

9.3 ELECTRIC FLUX

@ Define electric flux and find an expression for it through a patch of flat surface.

Ans. Electric Flux
Definition
Electric flux is a measure of the total electric field passing through a given surface.

or

Electric flux is the dot product of the electric field vector E and the area vector A through which the field passes.
Explanation

When we place an element of area in an electric field, some of the lines of
force pass through it Fig. 7.
The number of the field lines passing through a certain element of
area is known as electric flux through that area.
It is usually denoted by Greek letter .. For example, the electric fiux ¢,
through the area A is 4 while the flux through B is 2.
In order to give a quantitative meaning to flux, the field lines are drawn
such that the number of field lines passing through a unit area held
perpendicular to field lines at a paint repracent the intensity E of the field
at that point.
Usually, the element of area is represented by a vector area A whose
magnitude is equal to the surface area A of the element and direction is
along normal to the area,
In Fig. 8(a), area A is held perpendicular 1o the field lines, then EA lines
pass through it. The flux ¢, in this case 1s:

$, = EA wnes AD)

W

Fig. 7: Electric flux through a
surface narmal to E,

—_—
A E
e —
—_—
—— ——tr

Fig. 8fo) : maximum



In Fig. B(b), area A is held paraliel to field lines and, as is obvious no lines T
cross this area, so that flux ¢, in this case is: i i = W
¢, =EA=0 . =
—a i

Figure 8(c) shows the case when A is neither perpendicular nor parallel to
field lines but is inclined at an angle 8 with the field E. In this case, we
have to find the projection of the area which is perpendicular to the field

lines. The area of this projection; Fig. 8(c) is A cos 6. The flux ¢,_ in this

—

Fig. 8(b): Minimum

case is:

$,=EAcos® O (1)
The electric flux ¢, , through a patch of flat surface in terms of Eand A is
then given by

$,=EAcos® = EA e (i)

where @ is the angle between the field lines and the normal to the area.
Unit: Electric flux being a scalar product, is a scalar quantity. Its Sl unitis N m? C',

gﬂz Calculate the electric flux through a :-Inglr.l surface in the shape of a sphere.

Ans. Electric Flux through the Surface of a Sphere Enclosing a Charge
Let us calculate the electric flux through a closed surface, in shape of a
sphere of radius r due to a point charge g placed at the centre of sphere;
Fig. 9. To apply the formula ¢, = E.A for the calculation of electric flux, the
surface area should be flat. For this reason the total surface area of the
sphere is divided into n small patches with areas of magnitudes AA,, AA;,
AAy .., AA,, respectively. The direction of each vector area is along
perpendicular drawn outward to the corresponding patch. The electric
intensities at the centres of vector areas AA,, AA;, AA,, ......, AA, are

E-., E;,, | T—— E. fESPEEtWEi}‘

According to the equation; ¢, = E cos 8 = EA, the total flux passing —

through the closed surface is; Fig. 9: The total electric flux through
¢t = Ey.AAy + E3.AA; + Ey.AAy + sssssranniss * Eq A, the surface of the sphere due to a

, , centre is g/s
The direction of electric intensity and vector area is the same at each Ml Ve

patch. Moreover,

i 0
!E‘I g IEEI o IE!i T e T T IEHI - - 4:::“.'1 |
Since E is parallel to vector area A, therefore, 6 = 0° (Fig. 9), so for each E.AA = EA cos §
= EAcos0° = EA - (2 cos0®=1)

9, = EAA; + EAA; + EAA; + ......... + EAA,
=E lﬂﬁq + Mz * ﬂﬁg L SRS w
= E (Total spherical surface area)

1
=l4 71;!4“"2
.
b=t -

Now imagine that a closed surface S is enclosing this sphere. It can be
seen in Fig. 10 that the flux through the closed surface S is the same as
that through the sphere. So, we can conclude that total flux through a
closed surface does not depend upon the shape or geometry of the
closed surface. it depends upon the medium and the charge enclosed,

Fig. 10



E‘E State and explain Gauss's law.

Ans. Gauss's Law
Statement
The total electric flux through any closed surface is 1/, times the total charge enclosed in it.
Explanation
Suppose that point charges q,, q, 9 ... Q, are arbitrarily distributed
within an arbitrarily shaped closed surface; Fig. 11. Since ¢, = g/e, so the
electric flux passing through the closed surface is: -

¢= £s Fa Eﬂ s ¥ g

9.4 GAUSS'S LAW

1 :
@, T (Qy + Q.+ Gy + o + G

4, = El x (Total charge enclosed by closed surface)
o

4, = ‘g;:: Q _ ik i)
where Q = q, + g, + g, +... +q,, i5 the total charge enclosed by closed surface.

Equation (i) is mathematical expression of Gauss's law

Applications of Gauss's Law

(il Gauss's law relates electric fiux through a closed surface to the charge enclosed by that surface.

(i) Gauss's law can be applied to calculate the electric intensity due to different charge configurations.

{iiiy It determines the electric fields inside a conductor. .

{iv) It helps to explain shielding effect.

Gaussian surface
A Gaussian surface is an imaginary surface used in Gauss's law to calculate the electric field due to given charge
distribution. It is nnt a physical object; it is a mathematical tool that helps in applylng the law effectwely

E‘E Find the electric field at any point outside a sphere on whl:h a charge is placed.

Ans. The Field of a Charged Conducting Sphere:
Consider a conducting sphere of radius R containing a charge q. As all the charge is distributed uniformly over
the surface of sphere; Fig. 12, therefore, we conclude from the spherical symmetry that the electric field is radial
everywhere and that its magnitude depends only on the distance r from the centre of the sphere. Thus, the
magnitude £ is uniform over a spherical surface with any radius r concentric with the spherical conductor.
Therefore, we take our Gaussian surface as an imaginary sphere with radius r greater than the radius R of the
conducting sphere.

The area of the Gaussian sphere is 4nr%, and because E is uniform over the
sphere, the total flux through the whole surface will be:

Electric flux h, = EA = Exdnr®

By Gauss's law, total flux is:

=
4=

Therefore Exdn = -E-
a

4.1 1
& E £q dnr? or E= }qi




This shows that the field at any point outside the sphere is the same as though the entire charge were
concentrated at its centre. Just outside of the sphere, where r = R, i.e.,,

E= L4
N 4“5.’, Rz
In vector form; E= _L‘Q‘F where T is the direction of E.
' Are, R
1. The S unit of electric flux is: '_ Gauss's law can only be applicd to:
{A) NmcC™! {B8) Nm~'C! (A) A curved surface (B) A flat surface
(€ Nm’C'Y _ (D) Nm'C" (C) A surface of any shape (D) A closed surface "
2,  Total flux through a closed surface depends on: B. A rubber ball of radius 2 cm has a charge of 5 uC on
{(A) Shape of surface (8) Charge enclosed anly its surface which is uniformly distributed, the value of
(C) Medium only (D) Both Band Cv” € ok s cantre iss .
3.  The electric intensity near an infinite plate of positive (A) 10 NC ! ' (B) zero v
charge will be: (€) 25NC"! (D) 5 « 10 *NC
{A}Q. {8) =y 9.  Electric flux through a surface enclosing a charge
£ 2o depends on:
g : {A) Charge only (B) Medium only v’
{ Dy f y
QA Ny ioneor e {€) Shape of closed surface
4.  Electric intensity inside the hallow sphere is: (D) Medium and charge enclosed
- 8 == : 10. For computation of electric flux, the surface area
£ s should be: ,
k- (A) Parallel (B) Flatv”
(C) o (D) Zerov” (C) Curved. (D} Sphencal
5. A charged conductor has charge on its: 11. A one coulomb charge of mass one gram is in electric
{A) Inner-surface {8) Quter-surfacev” field of 1 NC™', acceleration will be:
(€) Middle point (D} Surrounding space (A) 100 ms ™ (B) 1000 ms * v
6.  Electric flux is expressed as: (€)1 ms™? (D) 10 ms *
i . - = 12. The shape of Gaussian surface should be:
(A) o, = Ex A (B} 9,= ExQ () Closedy” (8) Spherical
€) Ex A (D) ¢, = EA? (C) Circular {D) Box type

9.5 ELECTRIC POTEMTIAL

E‘E Explain electric potential and show that the electric potential at any point in an electric field is

equal to the work done.

Ans, Electric Potential
Definition

Electric potential is the amount of electric potential energy per unit charge at a specific point in an electric field.

Explanation

Figure 13 shows two oppositely charged parallel plated which produce a uniform electric field.

Let us consider a positive charge g which is allowed to move in this uvniform BTT T =T 4T +1 41 =
electric field. The pasitive charge will move from plate B to A and will gain
K.E. If it is to be moved from A to B, an external force is needed to make the F
charge move against the electric field and will gain P.£ Let us impose a '
condition that as the charge is moved from A to B, it is moved keeping
electrostatic equilibrium, i.e, it moves with uniform velocity. This condition
could be achieved by applying a force F equal and opposite to gE at every
paint along its path.

The work done by the external force against the electric field increases
electrical potential energy of the charge that is moved. a=l =1 =1 < =l =] =,

Let Wya be the work done by the force in carrying the positive charge g Fig. 13




from A to B while keeping the charge in equilibrium. The change in its potential energy AU = Wi,
or Ua = U,i‘ = WAE whasss {1‘]

where U, and Uy are the potential Energies at points A and B, © you know? 7
respectively, it i 5. 114 1 |E 14
The potential difference between two puints A and B in an electric | |I | ! Iy
field is the work done in carrying a unit positive charge from A to B
while keepmg the charge in equilibrium.

i
P ———

W J

e, AV = Vg -Vp =" = é'qu e (i) i
Electric potential energy difference and electric potential difference | An  ECG records the ‘“voltage"
between the points A and B are related as; between points on human skin
AU = gav st AL generated by electrical process in the
The potential difference between the two points can be defined as | heart. This ECG is made in running
the difference of the potential energy per unit charge. position pmwdmg informationabout
As the unit of P.E is joule, equation (ii) shows that the unit of potential the heart's perfnrmance under stress.

difference is joule per coulomb. It is called valt.
Velt: One volt is defined as the p.d. when one joule of work is done to move one coulomb of charge between two

points.
5 TV= 1
i =.c
__ljoule :
1 wvalt = T eoulomb v (W)

It means that a potential difference of 1 volt exists between two points if wark done in moving a 1 coulomb
positive charge from one point to the other, keeping electrostatic equilibrium, is one joule.

In order to give a cancept of electric potential at a point in an electric field, we must have a reference to which
we assign zero electric potential. This paoint is usually taken at infinity. Thus, in Eq. (i), if we take point A to be at

) W
infinity and choose V, = 0, the electric potential at B will be V, = TAE'. Generally,

Y w o) Point to ponder!
q Why is it adwised to wear rubber soled
which states that the electric potential at any point in an electric | shoes while handling electric appliances?
field is equal to the work done in bringing a unit positive charge | Ans. It is advised to wear rubber-soled

from infinity to that point keeping it in electrostatic equilibrium, shoes while handling electric
50, the potential at a point is always relative to potential at’ appliances because rubber is an
infinity. , excellent insulator, This means, it does

not conduct electricity well.

@_E ;13 Prove that electric field intensity is equal to the negative of potential gradient.

Ans. Electric Field as Potential Gradient
Let us consider the situation shown in Fig. 13, The electric field between the two charged plates is uniform and
its value is £; Fig. 13, The potential difference between A and B is given by the equation:

Wos ]‘ ECG (Normal alpha rhythm)

Vo= Vam" 7 P ()

where Wiy = Fd = —gEd (the negative sign is needed

because F must be applied opposite to g so as to keep it in E?ﬁem
equilibriumy, With this, Eq. (i} becomes: ,

Ed
vpvﬁﬂq—:-fd

M- av )
nr. E= _T“‘ = - ‘E‘ S (1) Time y




ECG (Abnormal
distance ad, the Eq. (ii) is modified as: { ’
AV
E=- ;E ...... iii) Polential '
Differenca -

If the plates A and B are separated by infinitesimally small | T

AV
* The quantity E;' gives the maximum value of the rate of

change of potential with distance because the charge has | ——\"~~———"A""—— \—

been moved along a field line in which the distance Ad
between the two plates is minimum. It is known as potential . Timg ————>

gradient. Thus, the electric field intensity is equal to the | In  electroencephalography the  potential
negative of the gradient of electric potential. The negative deference created by the electrical activity of the
brain are used for diagnosing abnormal behavior.
sign indicates that the direction of £ is along the decreasing potential.

The unit of electric intensity from Eq. (i) is volt/metre (V m~") which is equal to N C! as given below:

volt  _ joule/coulomb newton x metre newton
metre = metre - | metre x coulomb = | coulomb

1 =1NC?

Example 9.4: Two parallel metal plates are 1.0 cm apart. These are connected to a battery of 12 volts. Find the
magnitude of electric field intensity between them.

Solution:
Given that;
AV=12V , Ad=10em=1%x10"m
To Find: ' !
E=1?
Caleulations: Using the equation
C AV
E=734
Substituting the values,
12V

— e — =1 e
E-ix,m_zm-’fi‘ﬂﬂ“ufm Ans,

Example 9.5: Two horizontal parallel metal plates are connected to a 12 volt battery. An electron is released from
the negative plate. Determine its velocity as it reaches the positive plate. Mass of electron = 9.1 x 107 kg and
charge =g=e=16x10"C
Solution:
Given that;
- AV=12V , m=91x10"kg and g=e=16x10"C
“To Find:

V=1
Calculations: The electron is repelled by the negative plate and attracted by the positive plate, It will be accelerated
towards positive plate. Therefore, its P.E, will be lost that will be converted into its K.E.
Loss of PE = Gainin K.£ :

1 A
5V3¢£='Emv? !

Submitting the values,
1

12Vx16x10"C=3x91x10"" kg v

P =42 x 102 m? 52
or vV =21x10ms~' Ans.




9.6 ELECTRON VOLT

14, Define and explain electron volt.

Ans. We know that when a particle of charge g moves from point A at potential V, to a point B at potential Vy
keeping electrostatic equilibrium, the change in potential energy AU of particle is:
AU = q (Vg - Vi) = gaV
If no external force acts on the charge to maintain equilibrium, this change in P.E. appears in the form of change
in K.E,
~ Suppose charge on the particleisg=e = 1.6 x 107 C.
Thus, in this case, the energy acquired by the charge will be:
AKE. = gAV = eAV = (1.6 x 10719 C) (AV)
AV = 1 volt, then
AKE, = gAV = (1.6 x 10772 C) = (1 volt)
AKE = (16 %107 x (CxV) =16 x 1079}
One Electron Volt ;
The amount of energy equal to 1.6 x 107" ) is called one electron-volt and is denoted by 1 eV. It is
defined as “the amount of energy gained or lost by an electron as it traverses a potential difference of
one volt”,
Thus, TeV=16x10")

Example 9.6: A particle carrying a charge of 2 e falls through a potential difference of 3.0 V. Calculate the energy
required by it.
Solution:
Given that;
g=2e, AV=30V
To Find:
AU=7
Calculations: The energy acquired by the particle is:
AU = gAV = (2¢) (3.0 V) = 6.0°eV
AU=60x16x10")=96%10") Ans.

9.7 MOTION OF CHARGED PARTICLES IN A UNIFORM ELECTRIC FIELD

gﬁ Describe the motion of charged particles in a uniform electric field.

Ans. Two oppositely charged parallel metal plates produce uniform electric field between them. The direction of
electric field is from positive to negative plate. A positive charge +q placed in the field will move in the direction
of electric field whereas a negative charge —g will move opposite to the electric field. The magnitude of electric
force acting on a charge g; Fig. 14 is given by | f T B e i

F=qE q : ) +
where E is the electric intensity of the uniform electric field. If da YEY ¥ (]_; E _V
V'is the potential difference between the plates and d is the 1 q Battery
separation of plates, then R P
v
E= p Fig. 14

Example: To understand the effect of uniform electric field on the motion of charged particles, let us consider an
electron placed between the two plates. The electron accelerates towards the positive plate due to a force F acting on it.
For example, let V=20V, d = 20 cm = 2 x 107 m, the magnitude of E will be:
DR o
E=4°2:107m
The acceleration for the electron will be given by

= 1000 N C!




F=mg

[ F gk
Or e m m
The charge on an electron ¢ = e.= 1.6 = 107"? C and mass of electron m = *_‘H x 107 kq. So,

_16x10"Cx1000NC

9.1 » 107 kg

=176 x 10" ms?
If the electron is released from the negative plate, the velocity galnecl by it when it reaches positive plate can be
found by the third equam:u of motion.

205 = vf - 1"'. wuaas (1)

Here §=d=2x10"m,y=0v=v=?

Putting the values in Eg, (i)
2x176x10"mMe2x2x10%m =

or v=T704x%102mis?

or v=265x10"ms"'

9.8 PATH OF A CHARGED PARTICLE

@E How is the path of a charged particle determined by the electric field in the region?

Ans. Determination of Path of a Charged Particle
The path of a charged particle is determined by the electric field in the Ls
region. The path is typically straight if the field is uniform and the &
charged particle is moving along the field, However, if a charged particle
enters perpendicularly to the uniform field between the oppositely
charged parallel plates with a certain velocity; Fig. 15, it will not go ] |
straight. Its path will be parabolic just like a projectile thrown
horizontally in the gravitational field. The horizontal compeonent of the [P et ot + o 53
velocity of the charged particle remains constant whereas vertical L~
component is accelerated due to the electric force. L1
Figure 15 shows that a positivity. charged particle is attracted towards B 'AEEE R
the negatively charged plate and thus undergoes deflection in that oIl
direction,

,_
’
T
-
{+
-
-

Fig. 15
On the other hand, a negatively charged particle is attracted towards the positively charged plate and

experiences deflection in that direction.

1. The unit of Electric Intensity other than NC™' is: :f an elr.ctrfnn Is H::nuimted tmg.hh a potential
TR | i ifference of 10V, en a electron
(A) VA ® vm'y’ T Srah) Y *
(€ v’ (D) Nv! (€ 10evy” - (D) 1.6 = 107" v

2. A charge 10" C between two parallel plates 1 cm | 6.  If a charged body is moved against the electric field,
apart experience a force of 10°N. The p.d between it will gain:
the plates is: . (A) PE. (B) K.E
(A) 10 v (8) 10° v (C) Mechanical energy
Q) 10* vy o0t (D) Electrical potential energy v

3. Which ene of the following relation is correct? 7.  The velocity of an oscillating charge as it moves to
{A) joule = volt « ampere (B} joule = coulomb / valt and for along the wire is:
(€) joule = volt / ampere {A) Infinite (B) Constant
(D) joule = coulomb = volty” (C) Changing v (D) Zero

4. The electron volt (eV) is the unit of: 8. A Particle carrying a charge of 2e falls through
(A) Electric current (B} Electric energy v potential difference of 3V. The energy acquired by it
(C) Electric potential (D) Electric flux will be:

(A) 1.5 eV (B) 0.66 eV



11.

12

12.

14,

15,

16.

17.

(C) 6 eVv” (D) 3 eV

Twa opposite point charges of same magnitude
separated by distance 2d, electric potential mid-way
between them is:

(A) 1V (B) 2V
(C) Zerow” [[3)] g

The work done in moving a pnsitlw charge on an

equipotential surface is:

(&) Finite and Positive (B} Infinite

(€) Finite and Negative (D) Zerov”

One Electron Volt is equal to:

(A) 625 x 10" ) (B) 6.25 x 10:™

(€ 1610 (D) 1.6 x 10" 1w

If an electron of charge "e” is accelerated through a
potential difference of 1V, it will acquire energy:
(A Ve (B) V2

(©) B2V (D) Vel

One joule is equal to:

(A) 16 % 107" eV (B} 1.6 = 10" eV

(€) 625 » 1078 ev (D) 6.25 = 10'® eVy”
The electron volt is the unit of:

(A} Electric current (B} Elactric energy v
{C) Potential (D) Potential difference

. AV
The quantity ar 3 called:

{A) Electric potential (B} Electric energy

(C) Potential barrier (D) Potential gradientv”

The work done in bringing a unit positive charge
from infinity to that point in an electric field is called:
(A) Electric field (B) Potential difference

{C) Absolute potentialy”™ (D) All of these

The absolute electric potential at a point distance
20cm from a charge of 2uC is:

18.

19.

20.

21.

22,

23,

24.

25.

(A9 » 10° v (B)9x10° V

)9x10'v @9x10°y

The electric potential at a mid-point i “lectrie

dipaole is:

(A0 VY (B) 0S5V

v [ RERY

The formula for electric field as potential gradient is:
"_"'“" -Av

(A E= -./ BYE="0
—fau —Av

QB =" (B)E="34"

The Gradient of the Scalar field is always be a:
(A) Scalar quantity (B) Vector quantity v~

(C) Variable quantity (D) Fixed quantity
The Sl unit of electric potential is:
Mkgm’s'c (B) kg rn2 5”2 £
Ckgmis2cty” (D) kg m?s? !

The negative sign in the expression of potential -
i

AV
gradient E = shnws that direction of is E along:

{4) Increasing pﬁte ntial {B) Decreasing pclemiaw"
{C) Increasing strength (D) Negative potential
The difference of potential energy between two

points per charge is:

(A) Electrical potential (B) Potential differencay/”

(C) Absolute potential (D) All of these

The absolute potential at a point distant 20 cm from
a charge of 2 pC is:

(4) 9 % 102V Bax10?v

©9x10* vy’ (D)9 x 10°V

The potential difference between two plates is-100 V
and separation of plates is 5 cm, then potential
gradient is;

(4) 2000 NC'y
(C) 5000 NC

(B} 20NC" .
(D) 2NCTT

9.9 SHIELDING FROM EXTERNAL ELECTRIC FIELD

@ What is Faraday's cage? Describe its working and principle.

Ans. Faraday's Cage
Faraday cage is an enclosure that blocks the external electric fields in conductive materials. It acts like a hollow
conductor where devices or objects can be put for protection from electrical external fields. Any electrical shock
received by the cage runs through its outer surface without causing any harm inside. The electric field inside the

hollow conductor remains zero,

Working
To understand the working of Faraday cage, suppose that a piece of conductor (say copper) carries a number of
free electrons. Each electron will experience a force of repulsion because of the electric field of its neighbouring
electrons. As a consequence, all the electrons rush to the surface of the conductor, Once static equilibrium is
established with all of the excess charges on the surface, no further movement of charge occurs. If some
electrons shift from the conductor to another object due to friction etc, a net positive charge appears on the

surface of the conductor. We can say,

At equilibrium under electrostatic conditions, any excess charge resides on the surface of a conductar.



“outside the conductor,

Mow consider the interior of the hollow conductor. The excess
charges arrange themselves an the conductor's surface precisely
in the manner that the total field within the interior becomes
zero. In other words,

The conductor shields any charge within it from electric fields

To eliminate the interference of external fields, circuits are often
enclosed within metal boxes that provide shielding from such
fields, Figure 16 shows another aspect of how conductors alter Fig. 16

the electric field lines created by external charges. :

The lines are altered because the electric field just outside the surface of a conductor is perpendicular to the
surface at equilibrium under electrostatic conditions. If the field were not perpendicular, there would be a
component of the field parallel to the surface. Since the free electrons on the surface of the conductor can
move, they would do so under the force exerted by the parallel component. But in reality, no electron flow
occurs at equilibrium. Therefore, there can be no parallel companent. and the electric f‘ eld is perpendicular to
the surface.

I+ + + + + * +1}

Principle

The principle of Faraday cage demands a material that contains a lot of free electrons that can move freely to
the surface of the material. Only the conductors have free electrons whereas insulators do not contain free
electron, so the insulators cannot be used to construct Faraday cage.

Examples |

1

A good example of Faraday cage in our daily life is that of cars. The chassis and bodies of cars protect people
inside due to its metal framed structure during the thunderstorms. The electrical charge travels over the metal
surface of the vehicle into the ground and prevent the passengers inside.

A metal body of the microwave oven acts as a Faraday cage. Thus, they prevent the microwaves in an oven from
expanding into the environment. Metal frame of an airplane also acts as a Faraday cage. When lightning strikes
an airplane, electricity is distributed along its metal frame surface that keeps passengers and all devices inside

the airplane safe.

What is the primary function of Faraday’s cage? A Faraday cage protects the interior from which of
(A) To amplify electric fields the following? _

(B) To block external static and non-staticy” (&) Sound waves {B} Gravitational waves

{C) To produce electricity - (C) Electromagnetic radiation v’

{D) To convert electric energy into magnetic energy (D) Light

What happens to the electric field inside a closed | 5. Which of these applications makes use of the
Faraday cage made of a conductive material? Faraday’s cage principle?

{A) It becomes very strong  (B) It oscillates rapidly (M) MRI roomsv” (B) Loudspeakers

(C) It becomes zeray” (D) 1t is doubled = (C) Solar panels (D) Telescopes

Which of the following materials would best work for | 6. In a Faraday cage, the electric charge resides:

a Faraday cage? (A} Inside the cage (B} On the outer surface v
[A) Wood {B) Glass {C) In the air within the cage

(C) Plastic (D) Copperv” (D) Equally inside and outside

9.10 ELECTRIC CURRENT

18. Describly briefly electric current, drift velocity and conventional current.

Ans. Electric Current

An electric current is a flow of charged particles, such as electrons or ions, moving through an electrical
conductor or space. It is defined as:

The net rate of flow of electric charge through a surface.

Mathematically;

Flow of charges

Electric current = Time



or =7

Unit: The SI unit of electric current is ampere (A).

Ampere: If one couinrnb charge flows through a conductor in one second, then current will be one ampere

Direction Current {D.C]

Definition
If the charges move around a circuit in the same direction at all times, the current is said to be direct current.
For example, batteries produce direct current.

Alternating Current (A.C)

Definition
If the charges move first one way and then the opposite way, changing direction in regular intervals, the current

_is said to be alternating current.

For example. mostly the electric generators produces A.C. The electricity supplied, to our homes, offices,
factories, etc. by power stat.on is A.C.

Drift Velocity

Definition ,
It is the average velocity attained by charged particles, such as electrons, in a material due 1o an electric field.
Drift velocity is proportional to current, In a resrstwe matenial, it is also proportional to the magnitude of an
external electric field.

Conventional Current

Definition
The direction of conventional current is always from a point of higher potential towards a point of lower
potential i.e, from the positive terminal towards thg negative terminal.

9.11 CURRENT THROUGH A CONDUCTOR _

gﬁ Find an expression for current flowing through a conductor.

Ans. Expression for Current through a Conductor
Consider a segment of the current-carrying conductor having * L
length L and area of cross- section A. The volume of the

L

segment is AL; Fig. 17. Let n be the number of charge carriers i{_—?i} —0O !
per unit volume, then total number of charge camiers in the 0 o «—D 0O
segment at any time are nAL. «—0 0 «—0O
If the charge on a charge carrier is g, the total change present =
inside the segment at any instant is: g 77 Wegaties change cotaes
Q =nAlg
Usually, the charge carriers in a conductor are free electrons which have negative charge.
Suppose that charge carriers move towards left face of the segment - Do ynuilmnw?

when a potential difference is applied across the conductor. Then | « Flow of current is directly

electric current is set up in the conductor directed towards right face. proportional to the potential difference.
Assuming that drift velacity of the charge carries to be v, the time | « Flow of heat is directly proportional
taken t by all the charge carriers originally present in the segment to | to the temperature difference. -

exit through the left face will be: » Flow of fluid is directly proportional

a L to the pressure difference.
¥
By definition of the current
_Q
ia t
Putting the value of @ and f in the above equation: For your information
J nALq _ Current is a flow of charge, pressured

T W into motion by voltage and hampered




or I = nAvg | by resistance. |

Example 9.7: A copper wire has a cross-sectional area of 2 x 10 m? and carries a current of 3 A if the number of
elections per unit volume is 8.5 x 10%® m™, calculate the drift velocity of the electrons in the wire. Charge on an
electron is 1.6 x 107*C.
Solution:
Given that;

1=3A, A=2x10%m% n=85x10"m>3 g=16x10"C v=7
To Find:

Drift velocity V = 7

Calculations: Using equation;

I = Anvg

Substituting the values,
3=Rx10%m?) (85 =< 102 m ) v (1.6 x107°C)
v=11%x10"ms"' Ans.

g@ State and explain Ohm’s law.

Ans. Ohm'sLaw

Statement .
The. current flowing through a conductor is directly proportional to the potential d;l‘l‘erence applied across the.

conductor, provided there is no charge in the physical state of the conductor.
Mathematically;
lec WV -
ar V=IR '
where R'is a constant of propartionality known as resistance of the conductor. The Sl unit of resistance is ohm
(€, and is defined as;
The resistance of a conductor is 1 ohm if a current of 1 ampere flows through it when a potential
difference of 1 volt is applied across its ends.

__9.13 RESISTIVITY AND ITS DEPENDENCE UPON TEMPERATURE
21.. ﬂlrieﬂ)r describe the terms resistivity and conductance.
Ans. Resistivity

it has been experimentally seen that the resistance R of a wire is dlrectlyr proportional to its length L and
inversely proportional to its cross sectional area A, Mathematically,

9.12 OHM'S LAW

L
R=%
L
or R=p75
A
or p=R"L‘
Note

i) The resistance is the characteristic of a particular wire whereas the resistivity is the property of the material of

which the wire is made,
iy Silver and copper are two best conductors. That is the reason, most of electric wires are made of copper.

Resistivity
Definition
It is defined as the resistance of a material per unit length and per unit cross-sectional area.

Unit: The S| unit of resistivity is ohm-metre (Qim).
Conductance



Definition
The ability of a component or circuit to conduct electric current is called conductance,
It is the reciprocal of resistance.

ie, Conductance = m or G n%.whem G is the conductance.
Unit: The SI unit of conductance is Siemens (S).
Conductivity ;
Definition

The intrinsic property of a material that indicates how well it can conduct electric current is known as

conductivity.
Conductivity is the reciprocal of resistivity.
Mathematically,

1

s=y

Unit: The unit of conductivity is Siemens per rﬁai:r’e (Sm~1).
Resistivity of various materials is given in Table 9.2,

@ How does the resistivity of a substance depend upon temperature? Explain.

Ans. The resistivity of a substance depends upon the temperature, Table 5.2 _
It ca:d be Explaif;.ledﬂby recsll:ng that the resi;s;ance afﬁilrled by | = Substance p(Qm) a (K-
a conductor to the flow of electric current is due to collisions, =

- 2 . Iver : » ;
which the free electrons encounter with atoms of the lattice. ) vgr X 1ﬂ_u 080
As the temperature of the conductor rises, the amplitude of | COPPer 1.69 =10 _0.00390
vibration of the atoms in the lattice increases and hence, the | Gold 227x10° 0.00340
prabability of their collision with free electrons also increases. | Aluminium 263 %108 0.00330
The atoms then offer a higger targe’t._that is the m!lisia_n Tungsten S 00 = 108 0.00460
cross-section of the atoms increases with temperature. This l 11.00 x 10°8 0.00520
makes the collisions between free electrons and the atoms in f— o S . sl
the lattice more frequent and hence, the resistance of the | Platinum 11.00 x 10° 0.00520
conductor increases. Constanton 4900 x 10°* 0.00001
Expm'menﬂifjf. the change in ‘ resistance Inf a metallic | Mercury 94.00 x 10-2 0.00091
cnnd.n.lctnr with temperature is nearly Inngar over a3 [ ome 1000 = 10 0.00020
considerable range of temperature above and below 0°C; e - o
Fig. 18. Over such a range the fractional change in resistance eudteid _ 35x10 TR
per Kelvin is known as the temperature coefficient (a) of | Germanium 0.5 -0.05
resistance, i.e, Silicon 20-2300 =0.07

R - R 3
o= T::'E ...... (i) ¢

where R, and R, are resistances at temperatures 0°C and t°C respectively.

As resistivity p depends upon the temperature, Eq. 9.35 gives

L L
R = P and R, = Poa 1)

Substituting the values of R, and R, in Eq. (i)

_ P ¥
T et -200 0 200 400 600
S e, = , . - Me) —
where p, is the resistivity of a conductor at 0°C and p, is the resistivity at , ,
5 Fig. 18: Variation of resistivity of Cu
toC. with temperature
Note: Values of temperature coefficients of resistance of some For your Information

p{am) —»

Eubﬂaﬂfes dare ahl:l \iittﬂ in Table 92 There are some substances like 'lmpecwrs can Eaﬁiix ﬁhgﬁk thg




germanium, silicon, etc. whose resistance decreases with increase in
negative

temperature, these substances have

coefficients.

reliability of a concrete bridge made
with carbon fibers. The fibers
conduct electricity. If sensors show
that  electrical  resistance s
increasing over time the fibers are
separating because of cracks.

temperature

0.75 A current flows through an Iran wire when a battery of 15 V is connected across its ends. The

length of the wire is 5.0 m and its cross-sectional area is 2.5 x 107" m®. Compute the resistivity of iron.

Example 9.8:
Solution:
‘Given that;
1=075A ; V=15V, L=50m 6 A=25x10"m?
To Find:
p=17
Calculations: The resistance R of the wire can be calculated by using the equation:
i€ R:Ea 15V =20VAT'=200Q
e - 0IsA™ ™ ’

The resistivity p of iron of which the wire is made of is given by

A 200x25x10"m
L= S0m

p=RT

=10=107 0Om Ans.

Example 9.9: A platinum wire has resistance of 10 £ at 0°C and 20 Q at 193°C. Find the value of temperature
coefficient of resistance of platinum.
Solution:

Given that;

Ry,=1000 , R,=200,t=466K-273K=193K

To Find:

ag=7

Calculations: Temperature coefficient of resistance can be found by

R,- R,
o=
R, t

2002-100 1
“100x193K~

— -3 _
193 K- 51& = 10 Kh-‘ Ans.

_wmOs®&
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3.

5.

In case of metallic conductors, the charge carriers are:
{A) Protons (B) Positive and negative ions
{C) Electrons v (D) Protons and electrons
Charge carriers in electrolytes are:

{A) Protons (B) Electrons

{€) Holes E

(D) Positive and negative ionsv”

Current flows in the gases due to:

(A) Electrons only (8) electrons and ionsv”
{C) Positive and negative ions
(D) electrons and holes

A battery made a :hlrginflncmundidmﬂl at
constant rate in 20 5. The current will be:

(A) 2 Ay (B)0S A

(C) 60 A (D) 60 A
Ampere second stands for the unit of:
(A) Currenty” (B) Emf

{C) Energy (D) Power

Drift velocity of electrons is:

?I

(A) 107" s (8 10~ ms™

€103 ms™ v ©) 1074 ms™

The current which flow from a point at higher
potential to a point at {ower potential is called:

(A) Electrical current (B) Conventional currenty’”
{C) Either of these (D) Mone of these

If 1 x 107 electrons pass through a conductor in
1.0 ps, then the current is:

(A) 2A (B) 1.6A

() 26x10°A (D) 16x 10°% Av”

SA of current flows through a conductor in 2
minutes, charge in the wire is:

() 500 C (B) 600 Cv"

{C) 400 C {oy10cC




10.

11.

12

13.

14,

15.

16.

17.

18.

19.

21,

22,

23

Heat generated by a 50 Watt bulb in one hour is:

(A) 36000 J (&) 48000 J

(C) 1800 J (D) 180000 )"
The graphical representation of Ohm's law is:
(A) Hyperbola (B) Ellipse

(C) Parabola (D) straight line v

1
A student has five resistances cach of value § 5 The
minimum resistance that can be abtained by combing
them in parallel is:

1 1
(Al €2 {Eign‘f
1 ,
(e (D) 5.2
Heat generated by a 40 W bulb in ane hour is:
(4) 140 ) (B)-1440 J
(C) 14400.J (D) 144000 Jv"
One Ohm is equal to:
(a) ve! B cv?
(€ AC™! (O VA 'y

For Ohmic device the graph between V and | is:
(4) A straight linev” (B) Curve

(C) Hyperbola {D) Parabala

The current through a resistance of 1000 when
connected across a source of 220 V is:

(A) 22000 A (B) 22 A

(C) 22 Av" (D) 0.45 A

The current flowing through each resistor of equal
resistance in parallel combination is:

(A) Samev” (B) Difference

(C) Zero (D) Infinite

A 100 W bulb is switched on for an hour. Heat lost
due to flow of current is:

() 036 MJv" (8) 18 M)

(C) 3k (D) 0,18 M)

Three resistance cach of 42 are connected to form a
triangle, the resistance between any twe terminals is:

{A) 402 (B) 1202

() 8/3 aav" (D) 3/8%2

Magnetic effect of current is used in:

{A) Toaster (B) Electric motory”

(C) Efectric iroi (D) D.C battery

The amount of heat produced in a resistor when a
current is passed through it, can be found by using:
(A) Joule's lawy” (B) Kirchhoff's rule

(C) Faraday’s law D) Lenz's law

Three resistances 101 201 and 30 are connected in

series to a battery of 9 volts, Thevalue  of current
will be:

A 15AY (B)1.0A

C)05A (0 20 A

Three resistors of resistance 20, 3L €0 are

connected in series. Their equivalent rasistance is:
(Al 106 {B) 1NV
(€} 1100 (D} 1110

24,

25.

26.

27.

28.

29.

30.

il

32,

i3

35.

The heat produced by the passage of current through

a resistor is:

(AYH = PRtv”
:

OH= Ht

The temperature coefficient of resistance of a

semiconductor is: '

(A) Positive (B) Negativey”

(€} Imaginary (D) Zero

Calculate the rate at which energy is transferred by

220 V mains supply which provides a current of 0.1 A

to a LED?

{(A) 22 KWy (B) 22w

(C) 2.2 kW oy22w

The change in a resistance of metallic conductor

below 0°C?

(B) H = IRt
',!
O H =7

(&) Nonlinear (B) Curve

(C) Lingary” (D) Curvilinear

When a wire is compressed and Its radiué becomes
2R, then its resistance will be:

(A) 16 R (B) 4 R

(€) 1716 Ry (D) 174 R

The resistance of a wire of uniform diameter d and
length [ is R. The resistance of another wire of the
same material but diameter 2d and length 4 will be:

ot R
(&) 2R (B) E

{C) Ry

A 100 W, 200 V bulb Is connected to a 160 V supply.
The actual power consumption would be: -

(A) 64 Wy (8) 100 W

) 72w (D)o wW

A typical mobile phone of 5.0 V and an Internal
resistance of 200 m (L What is the terminal P.D of the
hattery when it supports a currént of 500 mA?

(A} 48V (B) 49 Vv~

(C) 50V D)sav

A car battery has EMF of 12 Volts and internal
resistance 5 x 102 ohm. If it draws 60 ampere current,
then tarminal voltage of the battery will be:

(A} 5 volts (B} 3 volts

(C) 15 volts (D) G volts v

A new flashlight cell of emf 1.5 volts gives a current
of 15 A, when connected directly to an ammeter of
resistanca 0.04 (1. The internal resistance of call Is:

(A) 00452 (8) 010 £2

(C) 0.06 2y (o10n

What will be energy used by the battery if the battery

has to drive 6.28 x 10" alectrons with potential
difference of 20V across the terminal?

R
@3

LA 5 joules (B) 15 joules
(C) 10 joules (D) 20 joulesy”
The reciprocal of resistance Is called:

(A} Capacitance (B) Resistance
(C) Conductancey’ (D) Inductance



36.

37.

38,

39.

41,

42,

45,

47,

_ (C} Remain. same

By increasing the temperature of the conductor, the
flow rate of charge:

{A) Increases (B} remain constant

{C) Change exponentially (D) decreasesv”
Heat sensitive resistors are called:

(A) Resistars (B} Capacitors
(C) Thermistors v (D Inductors

The resistance of a conductor of length L, cross-
sectional area"A’ and resistivity ‘p’ is given by:

AR =% (B)R = pAL
L N
CR = pr v’ (D)R = o7

The reciprocal of resistance is called:
(A) Reactance (B) Inductance

{C) Conductancev” {D) Conductivity
mheo m™ Is the Sl unit of:

(A) Conductance (B) Conductivity v
(C) Resistance (D) Resistivity

When a wire of resistance R is cut into two equal
parts then resistance of each wire is:

{A) Double (B) Halfv"

(D) One forth
Resisitivity at a given temperature depends upon:
(A) Area of cross-section  (B) Length

{C) Nature of material of canductory’”

(D) Both length and area !

The resistivity of a conductor increases with:

(A} Increase in its length (B} Increasein its area
(C}) Increase in its ternperature/

(D) Decrease in its length
Slemens is the unit of;
(A) Resistance

(C) Resistivity

(B) Conductancey”
(D) Conductivity

A wire of resistance R Is cut into two equal parts, its

resistance becomes R/2. What happens to resistivity:
(A) Double (B) Same v~

(C) Halt (D) Cne fourth
Temperature coefficient of resistance (o) is equal to:

Ry # & ng R!
Chrwy Clyye
« —‘_—m (D) None of thesev”

A certain wire has a resistance R, the resistivity of
another wire of an Identical material with the first,
except for to its diameter is: :

49,

50.

51,

52.

57.

w% R (8) 4R

{C) 2R (D) Same as Rv”

The unit of temperature co-efficient of resistivity is:
(A) Ky @k

(C) {0) °C

The 51 unit of resistivity Is:

(A) O~ (8 m

(C) Omv” oo

Specific resistance of material depends upon:

(A) Length (B) Area

(C) Temperature v (D) Both (A) & (B)

If the temperature of a conductor Is increased, the
product of resistivity and conductivity:

(A} Increases (B) Decreases

* {C) Remains constanty’”

{D) May increases or decrease

The substance having negative temperature co-
efficient is:

(A} Carbony” (8) Iron
{(C) Tungsent (D) Gold
The 51 unit of conductance is:

(A) siemensv” (B} ohm
(C) henry (D) weber

On Increasing the length of wire specific resistance of
the wire:

(A} Increases | (B} Decreases

(C) Remains unchanged v

{D) First increase then decreases

If the length of the conductor is doubled and its
cross-sectional area is halved, its conductance will:
{A) Increase four time (B) Becomes ane-fourthv’”
(C) Becornes one - half (D) Remains unchanged

$1 unit of conductivity is:

(prsm'y’ (B) Siemens

©am o)ak’

A wire of length '# and resistance R is cut into three
pieces and twisted. Equivalent resistance will be:

(AR . (8) RA3

({C) R/9Y” (D) R/4

Which one is used as temperature sensor in electrical
circult:

{A) Capacitor
(C) LDR

(B Diode
(D) Thermistarv”

@ Define electrical power and prove that; P = VAR,

9.14 ELECTRICAL POWER

Ans. Electrical Power
Definition

Electrical power is the rate at which electrical energy is transferred or converted into another form such as heat,

light or mechanical energy in an electric circuit

Explanation



Consider a circuit consisting of a battery of emf ¢ connected in series with a resistance R, Fig. 19. A steady
current / flows through the circuit and a steady potential difference V exists between the tefminals A and B of
~ the resistor R. Terminal A, connected to the positive pole of the battery, is at a higher potential than the termina#
B. In this circuit the battery is continuously lifting charge uphill through the potential difference V. Using the
meaning of potential difference, the work done in moving a charge Q up through the potential difference V is

given by v

Work done= W=V=xQ v () ' J— i
This is the energy supplied by the battery. e A
The rate at which the battery is supplying electrical energy is the power ‘
output or electrical power of the battery. Using the definition of power; :

Electrical power = En\:ﬂ:;is:m = 'v‘% 5 :_E ;{ "
Since I= '?‘ -
The above equation can.also be written as:

Electrical power P = VI severe (1) |

Equation 9.42 is a general relation for power delivered from a source of v =}
current / operating on a voltage®V. In the circuit shown in Fig. 19 the fig. 79: The power of a battery appears
power supplied by the battery is expended or dissipated in the resistor as the power dissipated in the
R. The principle of conservation of energy tells us that the power resistance R.

dissipated in the resistor is alse given by Eq. 9.42,
Power dissipated P = V|

Alternative equation for calculating power can be found by substituting V = IR, [ = /R inturn in Eq. 9.42.
P=Vi=(R)=1IR

or P=VI=V(\V/Ry=V*/R

Thus, we have three equations for calculating the power dissipated in a resistor.
P=Vl, P=|R
P=V2/R v ()

Unit: If Vis expressed in volts and / in amperes, the unit of power is watts (W).

9.15 ELECTROMOTIVE FORCE (EMF) AND POTENTIAL DIFFERENT

gzz Define and explain the terms electromotive force (emf) and potential difference (p.d).

Ans. Electromotive Force

Definition
Electromotive force (emf) is the energy provided by a source (like a battery or generator) per-unit charge to
maove electric charges through a circuit.

Explanation
Suppose when a steady current has been established in the circuit, a '
charge Q passes through any cross-section of the circuit in time t. J_E
During the course of motion, this charge enters the cell at its low -]- , R

potential end and |eaves at its high potential end. The source must
supply energy W to the positive charge to compel it to go to the point
of high potential. The emf £ of the source is defined as the energy
supplied to unit charge by the cell.

w

Fig. 20: Electromotive force of a cell

ie, E= E sasas LY

Unit: The unit of emf is joule per coulomb which is volt (V).

Like other components in a circuit, a cell also offers some resistance. Fapes s B

This resistance is due to the electrolyte present between the two \ ill_)w'“—'_

&

glectrodes of the cell and is called the internal resistance of the cell. , SRR ;
Thus, a cell of emf £ having an internal resistance r is equivalent to a Fig. 21: An equivalent circult of a celt



source of pure emf £ with a resistance . in series; Fig. 21. of emf E and internal resistance r.
Potential Difference

Definition _ v
It is the amount of work done to move a unit positive charge from one =
point to ancther in a electnc ﬁeld _ . TR "
Explanation — = AA——
Let us consider the performance of a cell of emf E and internal resistance r A £
as shown in Fig. 22. A voltmeter of infinite resistance measures the
potentlal difference across the external resistance R or the potential
difference V across the terminals of the cell. The current I flowing thmugh
the cifcuit is given by s
E R
= s _ AN,
or E=IR+Ir s (i) Fig. 22: The terminal potential
3 difference Vofa cell is € - Ir,
Here IR = V is the terminal potential difference of the cell i Do you know?
in the presence of current /. When the switch § is open, no I E . | E
current passes through the resistance. 4 |

In this case, the valtmeter reads the emf £ as terminal

voltage. Thus, terminal voltage in the presence of the —@—
current (switch ON) would be less than the emf € by  r.

Let us interpret the Eq. (ii) on energy considerations. The
left side of this equation Is the emf £ of the cell which is | @ R

equal to energy gained by unit charge as it passes through | ™ e N
the cell from its negative to positive terminal. The right [ A Volt meter connected across the terminals of a
side of the equation gives an account of the utilization of | €€l measures:

this energy as the current passes the circuit. It states that, | (31  The emf of the cell on open circuit,

as-a unit charge passes through the circuit, a part of this | () The terminal potential difference on a closed
energy equal to Ir is dissipated into the cell and the rest of circuit  © . |
the energy is dissipated into the external resistance R. It is given by potential drop /R. Thus, the emf gives the
energy supplied to unit charge by the cell and the potential drop across the various elements account for the
dissipation of this energy into other forms as the unit charge passes through these elements.

The emf is the “calise” and potential difference is its “effect”. The emf is always present even when no current is
drawn through the battery or the cell, but the potential difference across the conductor is zero when no current
flows through it.

Example 9.10: The potential difference between the terminals of a battery in open circuit is 2.2 V. When it is
connected across a resistance of 5.0 (), the potential falls to 1.8 V. Calculate the current and the internal resistance of
the battery.
Solution:
Given that;
E=22VY, R=5049 V=18V
Ta Find:
I=7 and r=7
Caln.lhﬂom We have to calf:ufm [ and r, using the equatmn:
18V
V=IR or "LR SUQ_{HEA Ans.
Internal resistance r can be calculated by using
E=Va+ir
- 22V =18V +036Axr
or r=110 Ans.
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Power In an electrical circuit is given by

(M) VI (B) 1Ry

() Ri* (D) V1

The device bsed to measure electrical power in a
clrcuit is: .

(A) Voltmeter {B) Ammaeater

(C) Wattmetery” (D) Ohm-meter

The power consumed by a 60 W bulb if it is used for
10 hours is:

(A) 600 Why' (B) 6000 Wh
(C) 60 Wh (D) 600 kWh
The unit of electromotive force is:

(A) newton (B} pascal
(C) volty” (D) ampere

Which equation represents the maximum output
power?

)

(&) P = % ®P= % v

C)P= £ )P = £
QP=25 D) P =27
Electrical energy is measured in:

(A) walt {B) harse power

(C) kilowatt (D) kilowatt-hour v

When the Internal resistance of a source Is equal to
the load, maximum power dissipated is:

E £
(W) 3 (B v

3 £
['C]';! (D37
For a closed circuit: ;
AVE=V, (B) E > Viv”
(C)E=<W (D)E=Vi=1

10.

1.

12,

13,

14.

15.

The ‘emf even when ne current is drawn thrwgh ‘the
battery or cell is always:

(A} Zero (B) Presenty”

(C) Absent {D) Maximum

The maximum power (Pa.) is delivered to a load
resistance R, when the internal resistance of the
source Is:

{A) r = sow” (Blr=R

©r=0 [D}r:‘i’

An ideal current source shall have resistance;

(A) zero (B) finite but not zero v

{C) infinite (D) depends upan
requirement '

For an open circuit, terminal potential difference "Vy"

is:

(A) Vi = 2 emf (B) Vi = emfv”

{C) V= E‘:'ﬂf () Vi < emf

Power of an electric generator of veitage (V) and
driving current (1) through an appliance is:
A P=V . B)P =1"R

VE
QP=%

-

(D) All of these v

A one 'fll‘ld capacitor is charged to 100V and then
discharge through 11 kil resistance. The total energy
dissipated through resistor is:

(A) 5 k) (8) 10 kiv”

C) 2k (D) 100 K

Which factor does not affect the emf of a cell?
{A) Temperature (8} Size of the cell

(C) Type of electrolyte
(D) External circuit resistance v

9.16 KIRCHHOFF'S RULES ;

gﬁ State and explain Kirchhoff's first rule.

Ans. Kirchhoff's First Rule i
Statement

It states that the sum of all the currents meeting at a point in the circuit

IS Zero.
LE, =2=0

For your information
A node.is a point in an electric circuit
which jeins the two or more branches.

Convention: A current flowing towards a point is taken as positive and that flowing away from a paint is taken as

negative.

Explanation

Consider a situation where four wires meet at a point A; Fig. 23. The currents flowing into the point A are /, and
I3 and currents flowing away from the point are I and /.



According to the convention, currents #, and I, are positive and currents /3

and /, are negative. Applying Eq. (i), we have
L+l (=) +(-lg=0
ar h“‘fzzi']"'.h
Using Eq. (i), Kirchhoff's first rule can be stated in other words as:
The sum of all the currents flowing towards a point is Equal to the sum of
all the currents flowing away from the paint

Fig. 23: According to Kirchhoff's
Mrulel; + =15+ I,
For Your Information Do you know?
Kirchhoff's first rule which is also known as Kirchhoff's point rule is a The node at which potential is
manifestation of law of conservation of charge. If there is no sink or taken as zero is called datum
source of charge at a point, the total charge flowing towards the point node or reference node.
must be equal to the total charge flowing away from it

@ State and explain Kirchhoff's second rule.

Ans. Kirchhoff's Second Rule
Statement

The algebraic sum of vqltage changes in a closed circuit or a loop must be equal to zero.

Explanation

Consider a closed circuit; Fig, 24, The dll‘Eﬂtlﬂl“l of the current | flowing through the circuit depends on the cell
having the greater emf. Suppose E, is greater than E;, so the current flows in counter clockwise direction. We
know that a steady current is equivalent.to a continuous flow of positive charges through the circuit. A voltage
change or potential difference is equal to the work done on a unit positive charge or energy gained or lost by it
in moving from one paint to the other. Thus, when a positive charge Q due to the current / in the closed circuit,
passes through the cell E; from low (-ve) to high potential (+ve), it gains energy because work is done on it
Using Eq. () the energy gain is £,Q. When the current passes through the cell E;, itloses energy equal to -£:Q
because here the charge passes from high to low potential. In going through the resistor Ry, the charge Q loses
energy equal to —IR,Q where IR, is potential difference across R,. The minus sign shows that the charge is
passing from high to low potential. Similarly, the loss of energy while pass:ng through

the resistor R; is -IRyQ. Finally, the charge reaches the negative y I E
terminal of the cell £, from where we started. According to the law :
of conservation of enerqgy, the total change in energy of our system
is zero. Therefore, we can write;

L
IIE"I
m
v
m

EQ-IRQ-EQ-IRQ=0 “wesss (1) ;
or Ey=IRy-E;-IR;=0 R,
- which is Kirchhoff's second rule and it states that: —WW
The algebraic sum of potential changes in a closed circuit.is Fig. 24: According to Kirchhoff's 2 rule
7610, E;-IRy~Ey-IR;=0
For your information

Applications
1. This rule is a2 particular way of stating the law of conservation of

energy in electrical problems. s | I_' "’_I =
2. It is worthwhile to thoroughly understand the rules for finding the , Y_E

potential changes. ° P é @ e .
3. If a source of emf is traversed from positive to negative terminal, —_— B

the potential change is positive. It is negative in the opposite V=oi V=+R

direction.




Y Fyy™ -|

4. If a resistor is traversed in the direction of current, the change in potential is positive. It is negative in the
opposite direction.
Example 9.11: Calculate the currents in the three resistances of the circuit _n, b —
shown in the figure. &
Calculations: First we select two loops abcda and ebcfe, The choice of loops is D D
quite arbitrary, but it should be such that each resistance is included at least Rl -a:”
once in the selected loops.
After selecting the loops, suppose a currem 1; is flowing in the first loop R .00 R 3::--:1 R.- ﬁﬂ_
and [; in the second loop, all flowing in the same sense. These currents F=d40V, F,=080V, R, =50V
HFE
called loop currents. The actual currents will be calculated with their help. It should be noted that the sense of
the current flowing in all loops should essentially be the same. it may be clockwise or anticlockwise. Here we
have assumed it to be clockwise.
We now apply Kirchhoff's second rule to obtain the equations required to calculate the currents through the
resistances. We first consider the loop abcda. Starting at point a we follow the loop clockwise, The voltage
change while crossing the battery E; is ~E, because the current flows through it from positive to negative. The
voltage change across R, is —-4R,. The resistance R, is common to both the loops 1, and /,, therefore, the
currents [y and [; simultaneously flow through it. The directions of currents /; and [; as flowing through R; are
opposite, so we have to decide that which of these currents is to be assigned a positive sign. The convention
regarding the sign of the current is that if we are apphnng the Kirchhoff's second rule in the first loop, then the
current of this loop i.e., I, will be assigned a positive sign and all currents flowing oppasite to /, have a negative
sign. Similarly, while applying Kirchhoff's second rule in the second loop, the current /; will be considered as
positive and /; as negative. Using this convention the current flowing through R; is (/y - I5) and the voltage
change across is —(/; - ;) R, The voltage change across the battery E; is E;. Thus, the Kirchhoff's second rule as
applied to the loop abcda gives
= ~Ey=-hR-Uh-L) R+ E2=0
Substituting the values, we have '
—AOV-L=x10Q-(,-})=30Q+60V=0
20V-10Qx=[,+3(,-L)]=0
or 4h-3hL=2va'=2A S
Similarty, applying Kirchhoff's second rule to the loop ebcfe, we have
-Ez - {.ra = -:1] Hz = "’ZRB + 53 =10

Substituting the values
60V -(l-1)x30Q-Lx15Q+50V=0
-1ov-150x=x[L+2(L-4L)}=0
6h-9L=2val'l=2a ... (i)
Solving Eq.(i) and Eq. (ii) for [, and I;, we have
l,=066A and [, =022 A
Knowing the value of loop currents /; and /, the actual current flowing through each resistance of the circuit can
be determined. Figure shows that [; and [; are the actual currents through the resistances R, and R;. The actual
current through R; is the difference of I, and J; and its direction is along 'the larger current. Thus,
The current through R, = /; = 2/3A = 0.66 A flowing in the direction of [, i.e., from ato d.
The current through Ry = £, = [; = 2/3A - 2/9A = 0.44 A flowing in the direction of /, i.e. from cto b
The current through R; = /; = 2/9A = 0.22 A flowing in the direction of [ i.e, from f to e.

@ Describe the procedure of solving circuit problems.

Ans. Procedures of Solution of Circuit Problems
After solving example 9.11, we are in a position to apply the same procedure to analyse other direct current
complex networks. While using Kirchhoff's rules in other problems, it is worthwhile to follow the approach given

below:



(i)
(i)
(iii)

(iv)

Draw the circuit diagram.

The choice of loops should be such that each resistance is mcluded at least once in the selected loops.
Assume a loop current in each loop. All the loop currents should be in the same sense. It may be either

clockwise or anticlockwise.

Write the inup equations for all the selected loops. For writing each Im::p equation, the voltage change across
any component is positive if traversed from low to high potential and it is negative if traversed from high to low

potential. -

{v) Solve these equations for the unknown guantities. L
| mQs@

1.  Kirchhoff's first rule is applicable to: (C) Maximum (D) Equal to the power

(&) Only DC circuits (B} Only AC circuits 6. In Kirchhoff's second law, if you go across a resistor

{C) Both AC and DC circuits v . in the direction of current, the voltage:

(D) Only resistive circuits {A) Increases {B) Becomes zero
2.  Kirchhoff's current law implies that at a junction: (C) Decreases v (D) Remains constant

{A) Current accumulates over time 7.  The sum of emfs and potential drop around a closed

(B) Net current is always zeroy” loop is:

(C) Voltage is zero (A) Equal to current {B) Equal to resistance

(D) Power is conserved ; {C) Infinity (D) Zerow” .
3.  Which of the following is an example of Kirchhoff's E Kirchhoff's first rule is the manifestation of the law of

first rule: conservation of:

(A h=h+i ar~ajunct—i¢nv/ (A) Mass (8) Chargev”

(Bl V=IR (C) Energy (D) Momentum

OV + V=14 (D) Rg =Ry + Ry 9. Kirchhoff's voltage rule is a way of stating
4. Kirchhoff's first law is applicable to: conservation of:

(A) Series circuits anly (8) Parallel circuits only (A) Energyv” (B) Momentum

(C) Any electrical circuity” (D) Circuits with resistars (C) Charge (D) Angular momentum

only 10. Kirchhoff's second rule is a way of stating

5. According to Kirchhoff's voltage law, the algebraic conservation of: |

sum of all the p.d. in a closed loop is: (A) Mass (B) Charge

(A) Equal to the resistance (B) Equal t6 zerov” (C) Energyv” (D) Momentum

9.17 WHEATSTONE BRIDGE .

gzz What is Wheatstone bridge? Explain its construction working with the help of a diagram.

Ans. Wheatstone Bridge : _
The Wheatstone bridge in an electrical circuit used to precisely measure an unknown resistance by balancing

two legs of a bridge circuit. %

Construction and working

The Wheatstane bridge circuit; Fig. 25 consists of fourresistances Ry, R
R; and R4 connected in such a way so as to form a mesh ABCDA. A
battery is connected between points A'and C. A sensitivegalvanometer
of resistance R, is connected between points B and D. If the switch § is
closed, a current will flow through the galvanometer, We have to
determine the condition under which no current flows through the

‘galvanometer even after the switch is closed. For this purpose, we
analyse this circuit using Kirchhoff's second rule. We consider two

loops ABDA and BCDB and assume anticlockwise loop currents /; and 1
through the loops respectively. The Kirchhoff's second rule as applied

to loop ABDA gives:
—f1R1 s fﬁ - fﬂ R_q - !'|R;:|, -5 [f} i E
Similarly, by applying the Kirchhoff's second rule to'loop BCDB, we _§_ —}

have

Fig. 25: Wheatstone bridge circuit



=I3R = 3Ry ~Uls =) Ry = 0 sreres (1)
The current flowing through the galvanometer will be zero if, /, - /; = 0
or fy = ;. With this condition Eqs. (i) and (ii} reduce to:

-!'1 R1 = j'l Ha - !iii]
: “lsRy=bf . (iv)
Dividing Eq. (i) by Eq. (ii): ;
=hRy hity Paoint to ponder!
—I;Rz: 2Ry wvese (V) Why is a three-pin plug used in some
As Iy = I3, therefore, electric appliances?
Ry Ry Ans. A three-pin plug is used in some
=R ) electric appliances for safety and
. o Py - proper functioning. In short, three-
Thus, whenever the candition of Eg. [’jﬂ} is satisfied, no -:urre{ﬂ flows pin plugs are ubadl for appliances
fthr_ough Lh: galvanometer and it ‘shﬂws no deﬂectmn._ or that require earthing for safety,
:pm:zrsaly when the rgalvanumgtgr in the Wheatstone bridge especially those with metal exteriors
__ circuit shows no deflection, Eq. (vi) is satisfied. If we connect three or higher power ratings.
resistances Ry, R; and R; of known adjustable values and a fourth

resistance R, of unknown value and the resistances &, R; and R are so adjusted that the galvanometer shows
no deflection, then from the known resistances R,, R; and Ry, the unknown resistance R, can be determined by

using Eq. (vi),
1.  The Wheatstone bridge is used to measure: " | 5. In a Wheatstone bridge, the galvanometer Is
(A} Current {B) Voltage connected between:
(C) Unknown resistancey” (D) Capacitance (&) Battery and gfu_up_-d
2. In an unbalanced Wheatstone bridge, the p.d. (8) Two opposite comers of the bridge
between the two mid-points is: (C) Mid-points of the two series branches v
(A) Maximum (B) Zeray” (D) In parallel with a resistor
{€) Equal to the battery voltage 6. The accuracy of a Wheatstone bridge depends on:
(D) Equal to the resistance between the points {A] Battery voltage (B) Galvanometer resistance
3.  The Wheatstone bridge is said to be balanced when: (C) Accuracy of known resistorsy”
(MR +R, =Ry + R, (B)R, + Ry =R, + R, (D) Length of connecting wires
Ry Ry 7.  In Wheatstone bridge, if Ry = 100 [0, R; = 200 (1 and
(QR,.R =R, Ry {DJR—E'-EJ Ry = 150 [, what must R, be for balance?
4. If the Wheatstone bridge is balanced, and one of the :2}:' :;Dnﬂ E[B),; ;gl;gv/
resistors is changed, the galvanometer will:
(A} show 2eta deflection B. The principle of Wheatstone bridge k based on:
(8) show maximum deflectiony” (A) Ohm's law (B Sy oy
(©) Burn out () 86 hacan-opsnciionit (C) Coulomb’s law (D) Kirchhoff's lawv"

T 9.18 POTENTIOMETER
29. What is a potentiorieter? Describe its working and construction.

Ans. Potentiometer

Definition
A very simple instrument which can measure and compare potential differences accurately is a potentiometer,
A potentiometer is mainly used to compare potential differences and to find the value of an unknown resistance.
It works on the principle of Wheatstone bridge. -



Construction and Working of Potentiometer

A potentiometer consists of a‘resistor R in the form of a wire on which fersssrens R ]

a terminal C can slide; Fig. 26(a). The resistance between A and C can -

be varied from 0 to R as the sliding contact C is moved from A to B. If A c B
a battery of emf E is connected across R; Fig. 26(b) the current flowing  (a) uen [ ——-J

through it is / = £/ R. If we represent the resistance between A and C
by r, the potential drop between these points will be r | = r E/R. Thus, - ——
as C is moved from A to B, r varies from 0 to R and the potential drop ’
between A and C changes from 0 to E.

Such an arrangement also known as potential divider can be used to
measure the unknown emf of a source by using the aircuit; Fig. 27.
Here R is in the form of a straight wire of uniform area of cross-
section. A source of potential, a cell whose emf E, is to be measured, is (b)
connected between A and the sliding comtact € through a
galvanometer G. The positive terminal of E, and that of the potential Fig. 9.26

divider are connected to the same point A. If, in the loop AGCA. The peint C and the negative terminal of E, are
at the same potential, then the two terminals of the galvanometer will be at the same potential and no current
will flow through the galvanometer. Therefore, to measure the potential E,, the position of C is so adjusted that
the galvanometer shows no deflection. Under this Eonditiun, the emf £, of the cell is equal to the potential
difference between A and C whose value £, /R is known. In case of a wire of uniform cross-section, the resistance
1s proportional to the length of the wire. Therefore, the unknown emf is also given by

r |
E."-'EE:E‘E G {i)

where L is the total length of the wire AB and | is its length from A to
C, after C has been adjusted for no deflection. As the maximum
potential that can be obtained between A and C is E so the unknown
emf E, should not exceed this value, aotherwise the null condition will
not be obtained. It can be seen that the unknown emf E, is
determined when no current is drawn from it and therefore,
potentiometer is one of the most accurate methods for measuring
potential,

The method for measuring the emf of a cell as described above can be
used to compare the emfs E;, and E; of two cells. The balancing
lengths {; and [; are found separately for the two cells. Then,

!
Ey=E ‘f _ st (i)
{ ,
and £ =ET o (1)

Dividing Eqg. (i) by Eq. (iii);
£ 4
E L
So, the ratio of the emfs is equal to ratio of the balancing lengths.

9.19 USE OF A GALVANOMETER _

30. What is a galvanometer? Describe null methed and advantages of a galvanometer.

Ans. Use of a Galvanometer
A galvanometer is an instrument for detecting a current.
Null Method

A galvanometer is often used in null methods to achieve precise measurements in electrical circuits, The null
method involves adjusting the circuit until the galvanometer shows no deflection ie, a zero reading. This



* indicates that certain required conditions are met in the circuit. In this state, the electric potentials at both ends
of the galvanometer are the same. Although a galvanometer has its own resistance, but at the null reading, its
" resistance does not come into play. The reason is that. in this condition no current is passing through it. The null
method is widely used in bridge circuits such as Wheatstone and potentiometer setups.
As the null method is used to measure an unknown resistance in the Wheatstone bridge circuits. The
galvanometer is connected between the mid-points of opposite sides, The variable resistance is adjusted until
the galvanometer shows no deflection. At this point, the bridge is balanced and the unknown resistance can be
calculated using the ratio of the known resistances,
In a potentiometer, null method is used to measure an unknown voltage by comparison with a known reference
voltage applied across the resistance wire of the potentiometer. A galvanometer and a jockey are used to make
contact along the wire, At null point, the potential difference between the jockey and the end of the wire equals
the Unknown voltage. The position of the jockey gives the measure of the unknown voltage. :
Advantages of Using Galvanometer Null Method

There are some advantages of using a galvanometer in null method.

1. Null method, eliminates the effect of the galvanometer's internal resistance on the measurement resulting in
more accurate readings.

2. Galvanometers are highly sensitive and can detect very small currents of the order of 10-6 ampere.
3. "Nodeflection” indicates a direct and clear condition of balance making it easier to identify the null point

mOs&

1. Potentiometer can be used as; (B} The p.d. across the wire equals the test emfy”
{A) Ohm meter (B} Ammeter {C) MNa vultage exists in the circuit
(C) Galvanameter D) Fniential dividerv” (D) There is no short circuit
10. In the potentiometer, the null point is fnund when:
& The relation of emfs of two “"‘ E: - is equal to: (A) The galvanometer deflects to the right
4 (3 {B) The galvanometer deflects to the left
(A) L {B) E_z (C) The resistance of the wire is zero
1 ' {D) No current flows through the galvanometery”
(& o) ity 11. A galvanometer is primarily used to:
= {A) Measure voltage (B) Measure electric current

3.  Which one of the following is used to determine

int Lreslsiniion ol n calf? {C) Measure resistance directly

(D) Detect and measure small currentsy”

E i::;r;linmer etery” {[g}} mf:eﬁne bridge 12. The device based for the working principle of a
3 alvanometer is:
4.  The principle of a potentiometer is based on: 9
(A) Ohm's lawy” (B) Kirchhoff's law () Fvmeriees: 15 vtmeten

(C) Both (A) and (B)v" (D) Ohm meter only

13. A galvanometer can be converted into an ammeter
by
(A} Connecting a high resistance in series
(B) Connecting a low resistance in parallelv”
(C) Connecting a low resistance in series

. (D) Connecting a high resistance in parallel
14, A galvanometer can be converted into a voltmeter by

(C) Magyuenc induction (D) Conservation of energy
5. A potentiometer is used to measure:

(A) Current {B) Resistance

{C) Power * (D) Valtage accuratelyv”
6. The sensitivity of a potentiometer Increases if:

(&) Length of the wire is increased

(B) Current in the wire is increased

:g; Eﬁ?;? ;ilsl:ecs}::t}wty I5used {Aj,l:nnriecting a low resistance in series
2t ! , .y (B) Connecting a high resistance in parallel
. A pn:::tinmelur can compare the emf of two cells (C) Connecting a high Bl WA DR

(D) Removing all resistances
15. The main limitation of a galvanometer is that, it:
{(A) Can only measure large current

(A} W uses a galvanometer (B} t measures current
{C) It uses variable resistance
(D) It works without drawing current from the cellsy”

B Th - (B) Cannot detect current direction
pr:pm:;ﬁn:“m S PERTIRENAL 1 ot {C) Cannot measure voltage directlyv”
A) Square of emf i i - ; (D} Is very accurate for high voltages
EC}J Sg,il;é;f:-,ei:hf W SR O 16. The detection of galvanometer is proportional to:
(D} Current through the galvanometer (A) Voltage v (B) Resistance

9.  In a potentiometer experiment, a- null deflection (C) Current (O) Fower
means:

(A) The p.d. is toa high



9.20 THERMISTORS

31f What are thermistors? What is the effect of temperature on their resistance and how are they

=—made?
Ans. Thermistor ' ¥
Definition
A thermistor is a heat sensitive resistor, — =
Most thermistors have negative temperature coefficient of
resistance, i.e., the resistance of such thermistors decreases when /S
their temperature is increased. Thermistors with pnsl'r.we _ Fig. 28: Thermistors symbols

temperature coefficient are also available.
In the thermistors, resistance decreases as temperature increases.
This is because increasing temperature provides more energy to
the charge carriers (electrons or holes), enabling them to move
more freely and thus reducing resistance.
Thermistors are made by heating under high pressure

semiconductor ceramic made from mixtures of metallic oxides of

manganese, nickel, cobalt, copper, iron, etc. These are pressed into Fig. 28: Different types of thermistors

desired shapes and then baked at high temperature, Different types of thermistors; Fig. 28, They may be in the
form of beads, rods or washers,

EE State some applications of thermistors.

Ans. Applications of Thermistors

1. Temperature Measurement
Thermistars are used in themnmeters, and electric devices such as air conditioners, refrigerators, heaters,
microwave ovens, incubators, etc. to monitor temperature.
Thermistors with high negative temperature coefficient are very accurate for measuring low temperatures
especially near 10 K. The higher resistance at low temperature enables more accurate measurement possible.
Thermistors have wide applications as temperature sensors, ie. they convert changes of temperature into
electrical voltage which is duly processed. For_example, these are used in coolant temperature sensors in
automobile engines to prevent the engine overheating and in digital thermometers.

2. Temperature Compensation
Thermistors are used in circuits where temperature changes could affect performance. Such as in oscillators,
battery charging circuits and power systems.

3.  Inrush Current Limiting
Thermistors are used to limit the initial flow of current when a device is - Hi=
first turned on, Sl

4. \oltage Divider ) )
Thermistars are widely used as voltage divider. As shown in Fig. 29 :'g?d':f:f%m
when temperature of a thermistor increases, its resistance decreases. —a\-vw-sj
This decreases the voltage drop-across the thermistor. As a result, the A &
potential at point B increases that can be used to trigger a circuit
connected to it. In case of a .ﬁ!'e alarm, the use of a thermistor turns the _ Fig. 29
NOT gate low when it gets heated. The output of NOT gate goes high
.and turns the siren ON, @"

1.  The thermistors convert temperature into: 2. A thermistor with positive tempmturc coefficient is
(A) Light energy {B) Electric voltagev” heated and its resistance will;
(C) Heat (D) Sound (M) Decrease (8) Increase v

(C) Become half (D) Remain unaffect



3.  Athermistor Is a type of; 6.  Which material is typically used to make thermistors?
(&) Capacitor {8) Diode {A) Copper (8) Insulaters
(€) Inductor (C) Semiconductorsy” (D} Superconductors
(D) Temperature-sensitive resistory” 7.  The unit of resistance of a thermistor is:

4, The resistance of a thermistor typically: {A) farad | (B) ohm
{A) Decreases with temperature v’ (C) kelviny” . (D) henry
(B) Increaszes with temperature B.  What is the main limitation of thermistors?
(C) Increases with light intensity {A) They are very large in size
(D} Remains constant with temperature {B) They cannot work in a circuit

5. A thermistor Is commonly used in: (C) Their response is non-linearv’”
{A) Tuning circuits (B) Light sensors (D) They are extremely expensive
(C) Temperature sensorsv”_ (D) Audio amplifiers

9.21 LIGHT DEPENDENT RESISTOR

33. What is a light dependent resistor? Describe its working principle. )

Ans. Light Dependent Resistor
Light dependent resistor (LDR) is a resistor whose resistance decreases with increasing light intensity. Due to this
property, it is also known as photo resistor. The LDRs are typically made from semiconductor matenal I]I:e
cadmium sulphide. The material is deposited in a special pattern on an insulating plate. o
Working Principle’ s L4
The principle used in an LDR is the increase in the conductivity of the material on exposing-it to light. In
darkness, the semiconductor material has a few free electrons (charge carriers) resulting in high ‘resistance.
When light photons hit the material, they transfer energy to électrons in the outer orbits, thus, making them free
to conduct electricity. This decreases the resistance of LDR. The amount of light hitting the [DR's surface
determines the number of free elections. Conversely, less light results in lowering the free elections, thus,
making higher resistance. This change in resistance can be measured and used in circuits to sense light levels.

34. State some applications of light dependent resistors.

Ans. Applications of LDRs
1. Light Sensors

LDRs are commonly used in light sensing circuits such as automatic lighting systems in homes and street-lights.
An LDR works just like a switch that turns ON at dusk and OFF at dawn.

2. Camera Exposure Control
LDRs help in adjusting the exposure time in cameras based on the amount of available light.

3. Voltage Divider 1"
In a typical circuit an LDR can be a part of voltage divider, that converts
the resistance change into measurable voltage change. This voltage can High resistance
then be read by a micro- controller or other control circuitry to perform of order of k(X

actions based on light levels. A circuit; Fig. 30 in which an LDR is used as
voltage divider, In the dark, the LDR has a very high resistance as
compared to the standard resistance (100 kQ) in the circuit. Therefore the
voltage drop across the LDR is very large as registered by a voltmeter. LDR
When the LDR is + exposed to light, the resistance of LOR decreases to
very - low. Now, the voltmeter registers a lower reading. Hence, the
change -in light intensity gives rise to change in voltage. Therefore, by +G
connecting mid-point B to a NOT gate, LDR can be used as a switch. v

Y s
L
m

Fig. 30



gzi How is reliability of a concrete bridge checked? Explain.

Ans. Reliability of a Concrete Bridge !

Inspectors can easily check the reliability of concrete bridge with the help of
carbon fibers embedded in its slab. This is possible because of the
conducting property of the carbon fibers. Let us know step by step how
does it work? .

1. First step is to know the electrical properties of carbon fibers, Carbeon fibers
are known to be good conductors of electricity due to their high carbon
content

2. Secondly, we can embed the carbon fibers within the slab of the concrete
bridge during its construction, 7
Then we can connect them to form a conductor network.

3.  Inspectors can check the reliability of the concrete bridge by applying small electric current to the carbon fiber
network. They can determine the integrity of the coficrete structure by measuring the resistance of the network.

4, The sensor installed into the network can show whether the electric resistance is changing or not, If the
resistance remains the same overtime, it indicates that the concrete bridge is maintaining its structural integrity.
Hawever, if the resistance increases, it means that the concrete is deteriorating or that the carbon fibers are
béing damaged.

Some other methods are also used to check the strength of the concrete bridge. For example, a type of sensors
continuously monitor strain, vibration and temperature. Internal flaws, such as cracks or voids are detected by

using ultrasound waves, -

Fig. 31: Carbon fibre sheets

1.  As the intensity of light increases, the resistance of an (A) Increases with increase in light intensity
LDR: (B) Decroases with decrease in light intensityv”
(A) Decreasesy” (B) Increases (C) Remains constant regardless of light
(C) Rernains constant (D) Becomes infinite (D) First increases then decreases
2. In darkness or low light conditions, the resistance of | 7.  An LDR is most commeonly used in:
an LDR Is: (M) Radio receivers (B} Power converters
(A) Very low (B) Very highv” (C) Voltage amplifiers
(C) Zero (&) Constant (D) Light-activated switchesv’”
3.  LDRs are commonly made from: B. In an automatic street light system, the LDR is used
{A) Silicon (B) Germanium to:
(C) Cadmium sulphide (Cds)v" (A) Turn lights on in the morning
(D) Copper (B} Increase brightness during the day
4,  What happens in a light-sensitive circuit when an LDR | - {C) Turn lights off during the night
is exposed to bright light? (D) Switch on light automatically at night v
(A) LDR resistance decreasesy’ 9.  The working principle of an LDR is based on:
(B) Circuit resistance increases (A) Photoemission (8) Thermal conduction
{C) Voltage across LOR increases (C) Phntn{nndumvltyv’” {D) Hall effect
(D) Current flow decreases 10. What is the primary drawback of LDRs in fast-
5. Alight dependent resistor is a type of: switching applications?
(A} Capacitor (B) Transistor (A) High-cost (B} Mon-linear response
{€) Variable resistor v (D) Diode {C) Slow respanse v {D} Inaccuracy in dark
6. The resistance of an LDR: t

ADDITIONAL SHORT ANSWER QUESTIONS ]

- Q.1 What is the nature of force given by Coulomb’s law?
e Ans. It is an electrostatic force which can be either attractive or repulsive, depending on the sign of the

charges.




Q.2 Can Coulomb's law be applied to large bodies?

Ans. Mo, it is valid only for point charges or spherically symmetric charge distributions.

Q.3 What is the effect of medium between the charges upon Coulomb’s force? Explain.
Ans. In the presence of the dielectric medium the Coulomb's (electrostatic) force decreases.
Explanation:

Vacuum (Free space) : Dielectric Medium

.| The Coulpmb's force is given by The Coulomb's force is given by
1 9.8 1 El?i
- — = Pt B o
vac = dme, Ty med T Aoty 1
o raefite)
™9 g \dme, - r°
1
or " Frea = ; (Fyac)
F
or Foed =
i ~

o,

Since, g, > 1, for insulators (dielectric), hence

Hence, e > Fonay OF B ©F, "

So, in the presence of a dielectric, the electric force decreases.
Q.4 Distinguish between electric field and electric field intensity.
Ans. - 7 — ]
The space or region around the charge in which it | The force experienced per unit charge (q;) at
exerts electric force on other charges in known as | any required point is known as electric field

electric field. intensity. .
Formula: |F =—
%

: | ) i Unit: Its Sl unitis NC'.
Q.5 What happens to electric field strength as distance increases?

1
Ans, AsE =7, therefore, electric field strength decreases with the square of the distance.

Q.6 How is electric field strength related to P.d?

: , v , :
Ans. In a uniform field: E = E where V is potential difference and d is the separation between plates.

Q.7 How do electric field lines appear between two opposite charges?

Ans. They start from the positive charge and curve toward the negative charge, forming a dipole pattemn.
Q.8 How do electric field lines behave between two like charges?

Ans. They repel each other, and field lines curve outward without intersecting, showing repulsion,

Q.9 Why are electric field lines useful?

Ans. They visually represent electric field strength and direction, helping us understanding electric force behaviour in
space. :



Q.10 Differentiate between volt and electron volt.

Ans.

Volt is a Sl unit of pintéﬁtiai' difference between

Electron volt
Electron volt is a very small unit of energy.

two points.
r Defini

tion l

If one ]cule work is done in carrying a unit positive
charge from one paint to another by keeping in
electrostatic equilibrium, Then the potential

The amount of energy acquired or last by an
electron as it traverses a potential difference of
one volt.

difference is kniown as one volt.

I Mathematically; I

1 joule
1 coulomb

Q.11 A particle haulng a charge of 20 electrons on it falls through a pnteutial difference nf 1 00 V. c:l:ulate the
energy acquired by it in electron volt.

1 volt = eV =16= 10"

Ans. Charge g=20
Potential difference V=100V
Energy A(KE) =7
As A (KE) = gaV
- A (KE) = (20 e) (100 V)
or A (K.E) = 2000 eV

Q.12 What is an electron volt?

Ans. It is the amount of eneray gained or lost by an electran when it moves through a potential difference of one
volt. '

Q.13 How is electron volt related to charge of an electron?
Ans. 1eV = Charde of electron x Tvolt = (16 x 1077 QO x (1 V)

Q.14 How many joules are there in 1 MeV (mega electron volt)?
Ans, 1MeV =10 x16x10"=16x10")

1 volt 1 newton
Q.15 Show that; 1 meter ~ 1 coulomb
Ans. LHS =Vm™’
J , Nm
=cm =T m
N
== RH.S
AV
Q.16 Prove that; E = -~ A
Ans. Force experienced by unit +ve charge is given by
" F=gqgE R ||
Since q=+1C
So F=E {1
Work done in bringing the charge from point A to B is given by
W,, = Fd
or Weg =FdcosB
From Eq. (i) F=E so
So, W,; = Edcos 8 . {lii)

Force and displacement are in opposite direction, so
6 = 180°



Eq. (i) becomes W, = -Ed —]
From definition of electric potential:

Wi =Va=V;
WasB . e (v
Equating Egs. (iv) and (v)
AV = —Ed
E = =AV/Ad
If distance between two plates is very small, i.e,, Ar, then
= -AV/ad

Q.17 The potential is constant throughout a given region of space. Is the electric field zero or non-zero in this
region? Explain.

Ans. If the potential is constant throughout a given region of space, the electric field will be zero in this region.
Reason:

s e=-(Y
- “\ar

If potential is constant, V = constant  ie, AV =0

0
or E"(ar]

or E=9
Q.18 Suppose that you follow an electric field line due to a positive point charge. Do electric field and the
potential increase or decrease?.

Ans. If we follow an electric field line due to a positive point charge, both electric field (E)

and electric potential (V) will decrease.
Reason:
(i) For Electric Field < + >

The electric field at any point due to a point charge is given by: ‘/
b B
ko dne, r?

¥
or T :

If we follow an electric field line, the distance from the charge increases. So, electric field will decrease.
(ii) For Electric Potential
The electric pmenﬁal at any point due to a point charge is given by
—_1q
E=

dme, r

or - S
v r

If we follow an electric field line, the distance from the charge increases. So, electric potential will decrease.

Q.19 How can you identity that which plate is positively charged? _

Ans. (i) To identify the positively charged plate, we place a unit positive charge between the
plates. The charge moves towards the negatively charged plate. The other plate must be
positively charged.

(i) The positively charged plate can be identified by gold leaf electroscope. The disc of
positively charged gold leaf electroscope is brought near the charged plates.

(a) If the divergence of the gold leaf increases, then the plate is positively charged.

4+ 4+ F A

e

(b) If the divergence of the gold leaf decreases, then the plate is negatively charged.

Q.20 Describe the force or forces on a positive point charge when placed between parallel plates.
(@) With similar and equal charges
(b) With opposite and equal charges.



Ans. (a) Net force acting on the positive point charge is zero.
Explanation
When a positive point charge is placed between parallel plates with similar and
equal charges, no force acts on the charge. Because F = g E.
The magnitude of E for both plates is equal but opposite in direction, so net value of
Eis zero.
E=Eq
F=E(O

(b) Net force acting on the positive point charge will be maximum. .

Explanation ) . - =
When a positive point charge is placed between parallel plates with opposite and equal L 1l
charges, force now acts on the charge, Because now the magnitude of E for both plates |+ E |-
is equal and in same direction, hence, resultant intensity is maximum so charge i @ = 1
experiences a maximum force, 4 = L

H
4] =

Q.21 Electric lines of force never cross. Why?

Ans. Electric lines of forca never cross each other becausé electric field has only one direction ¢ E
at any given point. If lines cross each other, electric field should have more than one
direction at that point which is not possible.

Pyt ailiie Impossibie

Q.22 If a point charge q of mass m is released in a non-uniform electric field with lines pointing in the same
direction, will it make a rectilinear motion?

Ans. If a point charge g of mass m is released in a non-uniform electric field with field
lines pointing in the same direction, it may or may not make a rectilinear motion.
Case (a): If a point charge 'q’ of mass 'm’ is placed-in a non-uniform electric field
of an isolated point charge, it will follow straight or rectilinear path along the field
line. The charge will follow the path of electric field lines as they are straight, so
charge will also follow a straight path,

Case (b): In case of field due to two or more charges, the charge will follow the
path of electric field lines as they are curved, so charge will also follow a curved
path.

Q.23 Does electric flux depend on the shape of the surface?
Ans. No, it depends only on the amount of charge enclosed, not on the shape of the surface.

Q.24 What does Gauss's law help us to calculate?
Ans. It helps in calculating the electric field due to symmetric charge distribution.

Q.25 What is the electric field inside a uniform charged spherical sheli?

Ans. Zero, since no charge is enclosed by a Gaussian surface inside the shell.

Q.26 Is E necessarily zero inside a charged rubber balloon if balloon is spherical? Assume that charge is
distributed uniformly over the surface. _

Ans. Yes, E 15 necessarily zero inside a rubber balloon.



Reason: Imagine a spherical Gaussian surface inside the balloon. The
charge enclosed by it is:
q =0, applying Gauss's law:

9

b = ~ i AR}
¢e =0 Y (g=10)

The electric flux is given by-
b= E.A e ()

or E.R=0
From Eqgs. (i) and (ji)

=3 —k
or E=0 (A =0)
Q.27 Is it true that Gauss's law states that the total number of lines of force crossing any closed surface in the
outward direction is proportional to the net positive charge encloséd within the surface?
Ans. Yes, it is a true statement.
Explanation
Total number of lines of forces crossing any closed surface = ¢
Net positive charge enclosed within surface = Q
According to the statement:

¢ = Q

It is Gauss's law.

1
$e=o xQ

£y

Q.28 What is electric potential? _

Ans. Electric potential at a point is the amount of work done in bringing a unit positive charge from infinity to that
point in an electric field.

Q.29 What is the relationship between electric field and electric potential?

AV

i
Electric field is the negative gradient of electric potential,
The negative sign shows that the electric field pointsin the direction of decreasing potential.

Q.30 What is potential difference? i

Ans. Itis the work done in moving a unit positive charge between two points in an electric field.

Q.31 Can electric potential be negative?

Ans. Yes, electric potential can be negative if work is done by the field (e.g; near a negative charge).

Q.32 What is equipotential surface?

Ans. A surface on which all points have the same electric potential. No work is done when moving a charge along this
surface, -

Q.33 What is meant by zero electric potential?

Ans. A point where no work is needed to bring a unit charge from infinity, or where the net potential due to multiple
charge is zero.

Q.34 What is the potential due to a system of charges?

Ans. Itis the algebraic sum of potentials due to individual charges at a point.

Q.35 Does higher electric potential mean strong electric field?

Ans. Not necessarily; electric field depends on the rate of change of potential with distance, not just its magnitude.



Q.36 What is meant by electric potential gradient?

Ans. Itis the rate of change of electric potential with respect to distance.

Q.37 What is Faraday’s cage?

Ans. Itis a hallow conducting enclosure that blocks external electric fields,

Q.38 Where is electrostatic shielding used in real life?

Ans. In electronic device, microwave oven, and to protect sensitive equipments from static charges.

Q.39 Do electrons tend to go to region of high potential or of low potential?

Ans. As we know that electron is negatively charge particle so, when it enters inan |+ + + + + + + + + + |

electric fleld it goes from region of low potential to the region of high potential
due to the electric force.

Q.40 A potential difference is applied across the ends of a copper wire. What is the effect on the drift v-l
of electrons by

(i) Increasing the potential difference
(i) Decreasing the length and the temperature of the wire.
ﬁ.nsf (i) The dirt velocity of free electrons increases by increasing the potential difference,

Explanation -
The drift velocity of free electrons in the conductor. having length 'I' and area of cross-section ‘A, is given by
[

Vﬁ==;;;
v V
o Vo< o (1-5)
or @ (If A and R are constant)

This equation shows that by increasing potential difference, Vg increases.
(i) The drift velocity of electrons increases by decreasing the length and temperature of the wire.

Explanation

The drift velocity of free electrons in a conductor having length ' and area of cross-section 'A’ is given by

Bl i ﬂE]
Va = eA TR
v
g l1IIII"i=ne454.l'~'.
As Ru:l‘nnd ReT

(if V and A are constant)

When_length and temperature decrease, the resistance of the conductor decreases. Hence, drift velocity
increases,

Q.41 Do bends in a wire affect its electrical resistance? Explain.

Ans. As, the resistance of a wire depends upon its length "L", area of cross - section "A” and the resistance of the

material of wire R. It is i iven by

Effect of Bends on Resistance:
The bends in a wire may or may not affect its electrical resistance. 7

Case (a): If the bends in the wire do not change its length and area of cross -section, the resistance of wire will not
change.

Case (b): If the bends in the wire change the length or area of cross-section, then the resistance of wire will change
with the bends,



Q.42 Why does the resistance of a conductor rise with temperature?

Ans. Actually resistance of a conductor is due to collisions between electrons and lattice atoms. With increase in
temperature, vibrational motion of atoms increases and due to greater-amplitude of vibration, their collision
probability with electrons increases.

Hence, resistance of conductor increases according to the relations;

R, =R, (1 + At
R, = resistance at t °C R, = resistance at 0°C
At = change in temperature o = temperature coefficient of resistance

Q.43 What are the difficulties in testing whether the filament of a lighted bulb obeys Ohm's law?

Ans. We know that a current-carrying conductor obeys Ohm's Law only if its temperature of the conductor remains
constant. When the current is passed through bulb, the temperature of its filament rises with the time. So, the
resistance of the filament also increases with the time. Therefore, it does not obey Ohm's law. Thus, the main
difficulties in testing whether the filament of light bulb obey Ohm's law is the increase in the resistance of the
filament with the rise in temperature.

Q.44 Is the filament resistance lower or higher in a 500W, 220V light bulb than in a 100 W, 220 V bulb?

Ans.

Bulb - 1l

| | Calculation | _
o ol @op A Y @0p
+5 Py 500 Ra=2. = 100

|

Result: So the resistance of 500 W, 220 V light bulb is lower than the resistance of 100W, 220V.

Q.45 Describe a circuit which will give a continuously varying potential.
Ans. A rheostat can provide continuously varying potential. In other words, it can act as a potential divider.

Explanation

It consists of a thin wire AB of high resistance R A battery of emf is o E
connected to R The current flowing through it is given by. w
I= “E A B
. r C

A terminal C slides over the wire AB, The resistance between A and C can be changed from zero to R as terminal
C moves from A to B. Let r be the resistance between A and C, then

Ve =1Ir

=
ar ‘J’:Err

As C slides from A to B, r varies from 0 to R and the potential difference between A and C changes from zero 1o
E.




Q.46 Explain why the tesminal potential difference of a battery decreases when the current drawn from it is
increased?
Ans. Explanation
When the current drawn from the battery is increased, the potential drop across the internal resistance also
increases (i.e,, the energy dissipation as heat into the battery is increased). Therefore, according to following
relation: 7 ;
As Ir factor is increased, so the terminal potential difference "V, gets decreased.
Q.47 What is Wheatstone bridge? How can it be used to determine an unknown resistance?
Ans. Wheatstone Bridge
Itis an electrical circuit that is used to measure the value of an unknown resistance accurately.
Working ;
Wheatstone bridge consists of four resistances Ry, Rz, Rz and Rs. When the bride is-
electrically balanced, no current flows through the galvanometer. It means the
points B and D are at same potential. A
According to this condition
R Ry
R: PRy
If one of the resistance say Ry = X is unknown and the other resistances R;, Ry, R;
are known, then

R,

R
=K

S0, Unknown resistance X can be found,

Q.48 What is conventional current? ;

Ans. Itis the flow of positive charge from the positive terminal to the negative terminal of a power source,

Q.49 Is conventional current the actual flow of electrons?

Ans.’ No, electrons actually flow from the negative terminal to the positive terminal, but conventional current assumes
flow of positive charges.

Q.50 How does conventical current differ from electric current?

Ans. Conventical current flows in the opposite direction to the flow of electrons.

Q.51 State one limitation of Ohm's law.

Ans. It does not apply to non-linear or temperature dependent matenals,

Q.52 What is resistivity? :

Ans. Itis a property of a material that quantifies how strongly it resists the flow of electric current.

Q.53 What factors affect the resistivity of a material? -

Ans. Resistivity depends only on the material and its temperature, not on the shape or size.

Q.54 What kind of materials have low resistivity?

Ans. Insulators like rubber, glass and plastic.

Q.55 How is resistivity different from resistance?

Ans, Resistivity is a material property, while resistance depends on the material, length, and cross-sectional area of
the conductor.

Q.56 What is electrical power?

Ans. It is the rate at which electrical energy is consumed or produced in a circuit.
P=IV

Or P=1 l):|zgz(§-]lxnz_ﬂvi

2|z

= R3




The 51 unit of electrical power is watt (w). It can be defined as:
A device uses one watt of power when it consumes one joule of energy per second.

Q.57 What is electromotive force?

Ans. It is the total energy supplied by a source per coulomb of charge to move it around a complete circuit
Q.58 How are emf and p.d different?

Ans, EMF is the total.voltage provided by a source; whereas p.d is the voltage drop across tumpmnents

Q.59 Can emf do work?
Ans. Yes, it represents the energy source that does work to move charges in a circuit
Q.60 What happens to terminal p.d when current increases?
Ans, It decreases due to increased voltage drop across internal resistance,
Q.61 What is the purpose of kirchhoff's rules?
Ans. They help to calculate unknown currents and voltages in complex circuits where simple series/parallel rules are
not sufficient. .
Q.62 What is Wheatstone bridge? _ \
Ans, It is an electrical circuit used to measure an unknown resistance by balancing two legs of a bridge circuit
Q.63 What is the condition for balance in a Wheatstone bridge?
Ans, The bridge is balanced when the ratio of resistances in one branch equals the ratio in the other branch:
R_B
R: ™ Ry .
Q.64 What happens when Wheatstone bridge is balanced?
Ans. No current flows through the galvanometer.
Q.65 Where is the Wheatstone bridge commonly used?
Ans. In strain gauges, temperature sensors, and precise resistance measurements,
Q.66 On what principle does a potentiometer work?
Ans. It works on the principle that the pntennal drop across a urufarm wire is directly prﬂpurhunal to its length
(where a constant current flows).
Q.67 Why is a potentiometer more accurate than a voltmeter?
Ans. Because it draws no current from the circuit while measuring voltage.
Q.68 What is a balancing length?
Ans. The length of the potentiometer wire at which the galvanometer shows zero deﬂectmn
Q.69 What happens at the null point in a galvanometer?
Ans. The p.d. across the wire segment equals thé emf or voltage being measured, and no current flows through the
galvanometer,
Q.70 What type of wire is used in a potentiometer?
Ans. A long uniform resistance wire, usually made of manganin or constantan,
Q.71 Why should the potentiometer wire be long and uniform?
Ans. To increase accuracy and ensure a constant potential gradient.
Q.72 What is the basic principle of a galvanometer?
Ans. It works on the principle that a current-carrying coil placed in a magnetic field experiences a torque.
Q.73 How a galvanometer is converted into: '
(i) an ammeter {ii)a Voltmeter
Ans. () By connecting a low resistance (shunt) in parallel with the galvanometer,
(i) By connecting a high resistance in series with the galvanometer
Q.74 What is a thermistor?
Ans. Itisa temperatu re-sensitive resistor whose resistance thanges significantly with temperature.
Q.75 What is the primary use of thermistor?

Ans. They are used to measure temperature and in temperatura control circuits.

&



Q.76 Where are thermistors commonly used?

Ans. In electronic thermostats, battery protection circuits, and digital thermometers.

Q.77 What is a light dependent resistor (LDR)?

Ans. It is a resistor whose resistance decreases when the intensity of light falling on itincreases.
Q.78 What are some common applications of LDR?

Ans. Used in light sensors, automatic street lights, alarm systems, and camera light maters.

Q.79 What is the principle of an LDR?

Ans. Its resistance changes with the amount of incident light; more light means less resistance.
| SOLVED EXERCISE
MULTIPLE CHOICE QUESTIONS I
Tick (v') the correct answer.
91 Two point charges A and B are separated by 10 m. If the distance between them is reduced to 5m, the force
exerted on each:
(a) decreases to half its original value (b) increases to twice the original value
(c) decreases to one quarter of its original value {d) increases four times to.its original valuey”
9.2 Which electric charge is possible on a particle? . 3
(a) 25107 C (b) 32x 107" Cy” (€) 1.6x107"C (d) 6.02x10*C
93 Which diagram best represents the electric field lines around two oppositely charged particles?
NVAN'S ’
—‘\.. - s ..—:i\ )/' '\K /
4‘}'\ R~ NN
() - ) (d) - ; v
94 What is the work done on an election by potential difference of 100 volts?
(a) 1.6 x 1077 eV (b) 1.6 x 1077 eV (c) 625 x 107" eV (d) 100 eVy”
95 The potential at a point situated at a distance of 50 cm from a charge of 50 pC is:
(a) 9 x 107 volts (b) 18 x 107 volts {©) 9% 10° voltsy” (d) 18 x 10" volts
96 A ball of weight 0.1 N-having a charge of 100 uC remained suspended between two oppositely charged
horizontal metal plates. The electric intensity between the plates is:
(a) 10N C (b) WONC () 1000 N C'v" (d) 10000 N C
9.7 A piece of wire has resistance of 4 (1. It is doubled on itself so that its length becomes half but area of cross-
section is doubled. Its resistance now will be:
(a) 802 (b) 40 (c) 202 (d) 1 Qv°
98 The current through a conductor is 3.0 A when it is attached across a potential difference of 6.0 V. How much
power is used?
(a) O.5W (b) 20W (c) 20W (d) 18 WV
99 The algebraic sum of potential changes for a complete circuit is zero. It is the statement of:
(a) Ohm's law . |b) Gauss's law
(¢) Kirchhoff's first law {d) Kirchhoff's second lawv”
910 The radius of curvature of the path of a charged particle in a uniform magnetic field is directly proportional to:
(a) the particle's charge (b) the particle’s momentumy”

(c) the particle’s energy {d) the flux density of the field



{ SHORT ANSWER QUESTIONS I

8.1 How does a moving conductor like an aeroplane acquire charge as it flies through the air? Describe
briefly. .

Ang: A moving conductor, like an aeroplane, acquires charge as it flies through the air due to a process called
frictional charging and electrostatic induction. Let us see how does it happen:

1. Friction with Air Molecules:
As the aeroplane moves at high speeds, it continuously. collides with air molecules, dust partitles, and ice
crystals. These collisions strip electrons from the aeroplane’s surface or deposit them, depending on the relative

. properties of the materials involved. This process is similar to how rubbing a balloon against hair causes static

electricity.

2. Induction by the Earth's Electric Field:
The Earth has a natural electric field, which can induce charge imbalances on the aeroplane. As the aeroplane
moves through different regions of this field, variations can cause redistribution of charge on its surface.

3. Charging by Precipitation (Precipitation Static): |
If the aeroplane flies through rain, snow, or clouds with charged droplets, these particles can transfer charge
upon contact with the aeroplane’s surface.

4. Interaction with Thunderstorms:
When an aeroplane flies near or thr’qugh-é thunderstorm, it can be exposed to intense electric fields and
charged particles, leading to significant static charge buildup.

How does Aeroplane Handle This Charge
Aeroplane are equipped with static dischargers (small rods usually mounted on the trailing edges of wings and
other surfaces). These devices help dissipate excess charge safely back into the atmosphere, preventing radio
communication interference and reducing the risk of sudden electrostatic discharges.

9.2 Define electric intensity and electric potential.

Ans. Electric Intensity
“Electric intensity at a point in space is the force experienced by a unit positive charge placed at that point.”

It is a vector quantity and is denoted by ?
Mathematically,
—
- F
Sy
The Si unit of electric intensity is NC! or Vm™.
Electric Potential
“Electric potential at a point is the work done in bringing a unit positive charge from infinity to that point,
without any acceleration.”
Itis a scalar quantity and is denoted by V.
Mathematically,
W

=

q
Its 51 unit is volt (V).

9.3 A battery is rated at 100 A h {ampere-hour). How much charge can this battery supply?
Ans. To find the total charge, a battery can supply, we can use the relationship between charge Q, current | and time

t. Thus
Q=1Ixt
The battery is rated at 100 Ah. First convert ampere-hour to ampere-seconds (coulombs).
1Ah=3600C

So 100 Ah = 360,000 C
The battery can supply 360,000 coulombs of charge.

9.4 Is electron-volt a unit of potential difference or emrg]r? Explain.
Ans. The electron volt (eV) is a unit of energy, not potential difference.



Explanation: An electron volt is defined as the amount of energy gained or lost by an electron when it moves
through an electric potential difference of 1 volt.
Mathematically,
1eV=1602x10"9)
This comes from the formula for energy in an electric field:
E=aqV =

For an electron, g = 1,602 x 10-7°C, so when it moves through 1 volt, it gains 1.602 = 1079 ) of energy.

Thus, the electron volt (eV) is a unit of energy, while volt (V) is a unit of potential difference.
9.5 A copper wire of length L has resistance R. It is stretched to double of its length. What will be the

resistance of the new length of wire?

Ans. Given that:
Original length =L
Original resistance =R
New length =2L

Volume of the wire remains constant during stretching.
Using the formula:
R=p A
where p s the resistivity, L is the length, and A is the cross-sectional area.
Volume remains constant:
Original volume = A'xL
Mew volume = A 2L

~ By equating
AxL=AwL
A
or A=3
New resistance
2L 2L 4L

R' = pF= ﬂm: ﬂI=4R
So, the new resistance is 4 times the original resistance.
9.6 Why does the resistance of a conductor rise with increase in temperature?
Ans. The resistance of .a conductor increases with temperature due to the increased scattering of charge carriers
(typically electrons) as they move through the material. Let us know, why does, this happen.
1. Increased Lattice Vibrations (Phonon Scattering)
As temperature rises, the atoms in the conductor vibrate more intensely. This increases the chances of electrons
colliding with these vibrating atoms, which disrupts their flow and increases resistance.

2. Reduced Electron Mobility , 7
' More frequent collisions mean-that electrons have a harder time travelling through the conductor without

interruptions, effectively reducing their drift velocity and increasing resistance.
3.  Minimal Impact from Charge Carrier Density
In most metallic conductors, the number of free electrons does not significantly increase with temperature.
Instead, the dominant effect is the increase in scattering, which raises resistance. .
This relationship is often expressed using the temperature coefficient of resistance: /
Ry = Rs (1 + aAT) _,r'.-
For most metals, o is positive, i.e, resistance increases with temperature. However, for s6meé materials like
semiconductors, resistance decreases with temperature due to an increase in charge carfi ers.
9.7 Is the filament resistance lower or higher in a 500W-220V light bulb than in a 100 W-220V bulb?
Ans. The filament resistance is lower in the S00W-220V bulb compared to the 100W-220V bulb.
Explanation; The resistance R of a bulb can be calculated using Ohm's law and the power formula:
U':
R

P=
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Ans.

(1

Rearranging for resistance;

U.E

F

Since both bulbs operate at the same voltage (220V), we can compare their resistances:
For the 100W bulb:

R=

2202
R“m = 17.-5_ = 484 {2
For the S00W bulb:
220°
= ﬁ =968 0

Since 96.8 (1< 484 (), the 500 W hulb has a lower filament resistance than the 100W bulb. This rnah:es sense
because a higher power bulb needs to allow more current to flow, requiring a lower resistance.
Why does resistance of a thermistor changes as temperature increases?

. A thermistor is a type of temperature-sensitive resistor, and in the case of a Negative Temperature Coefficient,

its resistance decreases as temperature increases. This happens due to the intrinsic semiconductor properties of
the thermistor material. Do you know why?
Semiconductor Behaviour:

(i)  Thermistors are made from ceramic materials that are semiconductors, such as oxides of manganese,

nickel, or cobalt. ;
(i)  Insemiconductors, electrical conduction is primarily due to charge carriers (electrons and holes).

Increase in Charge Carriers

{i) At low temperatures, there are fewer free electrons in the conduction band, so the material has high
resistance.

(i)  As temperature increases, thermal energy excites mere electrons from the valence band to the conduction
band.

(iif) More free electrons (and holes) mean increased conductivity, which corresponds to lower resistance.
Which materials can be used to construct Faradays cage and why?

. A Faraday cage is designed to block electric fields and electromagnetic waves from reaching the inside. To do

this effectively, it needs matter that conducts electricity well,

Here are some commeon materials used to construct a Faraday cage'

Copper, aluminium, steel, nickel, silver and metal meshes.

Reason: All these materials conduct electricity. When an external electromagnetic field hits the conductive
surface, the free-electrons rearrange themseives to cancel out the field's effect inside the cage.

CONSTRUCTED RESPONSE QUESTIONS I

Electric lines of force never cross each other. Why?

Electric lines of force never cross each other because at any given point in space, the electric field has a unique
direction. If two lines were to'cross, it would imply that the electric field has two different directions at the same
point, which is physically impossible.

Mathematically, the electric field at any point is represented by a single vector, which defines a unique direction
and magnitude. Since electric field lines are simply a visual representation of these vectors, they must never
intersect.

Is E necessarily zero inside a charged rubber balloon if the balloon is spherical? Assume that charge is
distributed uniformly over the surface.

No, the electric field E inside the charged rubber balloon is not necessarily zero, even if the balloon is spherical
and the charge is uniformly distributed over the surface.

Do you know why?

Gauss's Law and Conductors

If the balloon were a conducting sphcre, then the electric field inside would be zero because free charges in a
conductor redistribute themselves to ensurs there is no electric field within the conductor’s material or inside

the cavity.
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However, a ru-bber balloon is an insulator, meaning the charge does not freely move to cancel internal fields,
Gauss's Law for a Spherical Shell of Charge

‘Gauss's law states that the electric flux through a Gaussian surface depends on the enclosed charge:

b
b = " Qo) charge

If we p!aee a Gausmn surface inside the balloon (within the cavity), it encloses no charge because all charge is
on the outer surface.

This suggests that the net electric flux through the Gaussian surface is zero, which often means the electric field
is Zero. )

Electrostatics of a Thin Spherical Shell

A uniformly charged spherical shell produces an electric field outside as if all charge were concentrated at 2
point at the center, ’

Inside, however, the electric field cancels out at every point due to the symmetry of the problem..

This_ is a avell-known. result from electrostatics: the electric field inside. a charged spherical shell is zero
everywhere, x

Conclusion: Yes, the electric field inside the charged rubber balloon is zero, provided that the charge is
uniformly distributed over the surface. This follows directly from the symmetry-based argument using Gauss's
law. The fact that rubber is an msulatnr does not affect this result, as long as the :harge remains onsthe outer
surface.

Electrostatic force is 10*® times stronger than gravitational force. Argue that our galaxy should be almost
electrically neutral.

The electrostatic force is indeed about 10° times stronger than the gravitational force. If there were even a
slight imbalance of charge in our galaxy, the consequences would be drastic. Let us see why our galaxy must be
nearly electrically neutral:

Strength Comparison

The electrostatic force between two elementary charges follows Coulomb's law:

9,9,
F-krz

The gravitational force between two masses follows Newton's law:
Lk

=G g
The ratio of these forces for a proton and an electron is:

f; ke?

a G m,m,

This means even a minuscule net charge would generate an enormous. electrostatic force compared to gravity.
Large-Scale Stability
If the galaxy had a significant net charge, the repulsive or attractive electrostatic forces would far exceed
gravitational attraction,
Since the Milky Way is held together by gravity, any significant charge imbalance would cause charged
components to repel or attract violently, disrupting the structure of the galaxy.
Charge Cancellation in Matter
Atoms and macroscopic objects are generally neutral because they contain equal numbers of protons and
electrons. ) 3
While ionized particles exist (such as in plasma), they tend to recombine over time, restoring charge neutrality.
Large-scale astrophysical objects, like stars and galaxies, are composed of vast numbers of particles that
statistically neutralize any significant charge imbalance.
Observational Evidence
if the galaxy were not electrically neutral, we would observe strong electrostatic mtera-:tl-rnns affecting the
motion of stars and interstellar gas, which we do not.

The cosmic microwave background, galactic magnetic fields, and plasma physics ubservahuns indicate that any
net charge imbalance is negligible.

=10
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Conclusion: Since electrostatic forces are overwhelmingly stronger than gravity, even a tiny charge imbalance
would dominate galactic dynamics, preventing the stable structure we observe, The fact that our galaxy remains
gravitationally bound and stable suggests that it is almost perfectly electrically neutral.

An uncharged conducting hollow sphere is placed in the field of a positive charge . What will be the net
flux through the shell?

The net flux through the shell will be zero.
According to Gauss's law, the net electric flux through a cicised surface is given by

:
b=

'Since the sphere is hollow and uncharged, it does not contain any charge inside it The external charge will

induce charges on the outer surface of the shell, but these induced charges do not contribute to any net charge
enclosed within the shell,

A potential difference is applied across the ends of a copper wire. What is the effect on the drift velocity
of free elections by

(i) increasing the potential difference?

(i) dmﬁh:g the length and the temperature of the wire?

The drift velocity (v 4 of free electrons in a conductor is given by the equation:

where:
1 is the current, n is the number density of free electrons, A is the cross-sectional area of the wire, and e is the
elementary charge.

L
Using Ohm's law (V = IR) and the relation R = P We can express drift velocity as:
v 1

V=73 X
d L nep
where V is the applied potential difference, L is the length of the wire, and p is the resistivity of the material,
Increasing the potential difference (V)

, . . I v
From the equation, increasing V inéreases V, directly, since drift velocity is proportional to the electric field E = T

-* A higher potential difference increases the electric field strength, causing electrons to accelerate more, thereby

(i)

increasing their drift velocity.
Decreasing the length and temperature of the wire

vV .
Decreasing the length (L): The electric field E = 'E' increases if L decreases (for the same L), leading to an

increase in va.
Decreasing the temperature: Lowering the temperature reduces the resistivity (p) of copper because there are

1
fewer lattice vibrations obstructing electron flow. Since V = o2 lower resistivity increases drift velocity.

Why the terminal potential difference of a battery decreases when the current drawn from it is
increased?

. The terminal potential difference (p.d.) of a battery decreases when the current drawn from it increases due to

the internal resistance of the battery.
A battery consists of an electromotive force (emf), E, and an internal resistance, r. When a current | flows through
the battery, a voltage drop occurs across the internal resistance, given by Ohm's law:

'Iﬂ' = E_ 'r

Explanation

2
3.

When no current is drawn (I = 0), the terminal voltage is equal to the emf V = E.
As the current increases, the voltage drop across the internal resistance (1) also increases.

This causes the terminal voltage to decreases. Since
V= E - Ir



4.  If the current is very high, the voltage drop I, can become significant, leading to a noticeable reduction in the

terminal p.d.

This effect is more pronounced in batteries with higher internal resistance, older batteries, or when supplying

high-power loads.

[ COMPREHENSIVE QUESTIONS

9.1 Explain the electric potential and prove that electric field intensity is equal to the negative of potential

gradient.
Ans. See Q. 12and Q. 13,
8.2 State and explain Kirchhoff's rules.
Ans, See Q. Z26and Q. 27,
9.3
Ans,
9.4
Ans. See Q. 34 and Q. 35.
9.5 What is a potentiometer? Describe its working.
Ans. See (3. 30.

See Q. 29.

What is a Wheatstone bridge? Explain its working with the help of a diagram.

What is a light dependent resistor (LDR)? How can this be used as ON-OFF switch for lighting?

NUMERICAL PROBLEMS I

9.1 Two unequal point charges repel each other
with a force of 0.4 N when they are 5.0 cm
apart. Find the force which each charge exerts
on the other when they are (a) 2.5 cm apart (b)
15.0 cm apart.

Solution:

Using Coulomb's law:

F= kqi_r?E

F is the force between the charges.

k =9 % 107 Nm? C2 is Coulomb's constant.

q, and g, are the magnitude of the charges.

r is the distance between the charges.

We are told that the force is 0.4 N when the
charges ars 5.0 ¢cm apart.

Because the force depends on the inverse square of
the distance, we can compare the force at a new
distance 'r' using:

N Cay
Flr
(a) When distance is 2.5 cm:
2
] .0
F_ (s_] iian

where

04 " \25
or F=4x04=16N Ans
{(b) When distance is 15.0 cov:

.E'._(ﬂf 1 1
04~ \150) “\3) T9

1
or F‘=§x0,¢=ﬂ_ﬂ4ﬂ Ans,

9.2 A particle of charge +20 uC is placed between
two parallel plates, 10 ¢m apart and having a
potential difference of 0.5 kV between them.
Calculate the electric field between the plates,
and the electric force exerted on the charged
particle.

Solution:

Given data:

Charge=q=+2uC =2« 108 ¢C
Distance betweenplates =d =10ecm =01 m
Potential difference =V = 0.5 kV = 500 v
To Find:
(i) Electric field =E=?
{iiy Forceexerted=F=7?
Calculations:
()  Electric field between parallel plates is given by

- V_500V _ ¥

E=d=ﬂ,1m'_5nmvm = 5k NC' Ans.
(i) Electric force on the particle is given by

F=qE

F=2x108Cx5KNC'=01N Ans.

9.3 The electron and proton in a hydrogen atom are
separated (on the average) by a distance of
approximately 5.3 x 107" m. Find the ratio of
the electric force and the gravitational force
between the electron and proton in this state.

Solution:

To find the ratio of electric force to gravitational
force between an electron and a proton, we can
use-the formulae for Coulomb's law and Mewton's
law of gravitation.
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Coulomb’s law (Electric force):
= kx el ;
Fos 3 wimas 1)

where k =9 x10° Nm? €2 (Coulomb’s constant)

e = 16 x 10" C (Charge on an electron or
praton)

r=53x10""" m (Average separation)
Gravitational force:

G ;
F‘g = %ﬂ wins (i)

where G = 667 = 107" Nm? I;g‘1 (Gravitational
constant) '

m, = 9.11 % 1073 kg (Mass of an electron)
mg = 1.67 x 107" kg (Mass of proton)

r=53x10""" m (Same distance)
Taking the ratio of Egs. (i) and (ii)

Putting the values
Fa (9 % 10% (1.6 x 10192 .

Fg ™ (667 x10°1") (9.1 x 103 (167 x 1077
Calculating numerators: _
(9 x 10%) (2,56 x 10738) = 2.30 « 10-28
Calculating denomeratars: |
(6.67 x 10717 (9.1 x 1073") (1.67 = 10°%) = 1.01 % 10-F7
Fe 2301072

Fg~ 1.01x10°5

Now 228 x 103

FE
or Ak 23 % 10°* Ans.
9

So, the electric force is about 23 x 10%° times
stronger than the gravitational force between the
electron and proton in a hydrogen atom.

After a pleasant showering, a water droplet of
mass 1.2 x 107" kg is located in the air near the
ground. An atmospheric electric field of
magnitude 6.0 x 10° N C' points vertically
downward in the vicinity of the water droplet.
The droplet remains suspended at rest in the air.
Find the electric charge on the droplet.

Solution:
Given data:

Mass of water droplet =m = 1.2 x 10" kg
Magnitude of electric field = E = 6.0 = 10> NC'

To Find:

Electric charge on the droplev=q =2

9.5

Calculations: To find the electric charge on the
water droplet, we need to apply Newton's second
law and consider the forces acting on the droplet.
Since the droplet in suspended at rest, the net force
is zero. This means the gravitational force is exactly
balanced by the electron force.

Force acting on the droplet:

Gravitational force = FEI = mg
Electric force = F, = gE

Since the droplet is suspended and not moving,
therefore,

F¢:Fg

or qE = mg
m

o a=Ty

Putting the values
(1.2 x 107" kg) (9.8 ms~?)

9% 60 <103NCT

q=196x10""¢C
This is the magnitude of electric charge on the
water droplet required to keep it suspended in the
given electric field.
The droplet contains negative charge i.e., opposite
to the atmospheric field, therefore, -

=-196x 107 C Ans,

An electron enters the region of a uniform
electric filed, with v = 299 x 10° m s~ and
E = 300 N C. The horizontal length of the
plates is 10.0 cm. Find the acceleration of the
electron while it is in the electric field. How long
will it take to pass through the field?

Solution:
Given data:

Initial velocity of the electron = v; = 2.99 x 108 ms™"

Electric field = E = 300 NC™!
Length of the plates (distance along x-axis) d = 10
cm=01m
Calculations: To solve it, we break it into two parts.
Acceleration of the Electron in the electric field:
F=¢eE
e=16x10""°C
m=9.1 ::‘Fﬂ‘htg
Using Newton’s 2™ law:
F ek
m- m
Putting the values
16 %107 Cx 300 NC
- 9.1 x 107" kg

a=




48% 1017 N
B 8.1 x 10~ kg
a =527 = 10" ms~2Ans.
2. Time to pass through the field:
Since there is no acceleration in the horizontal
direction, time is just:
d

t="

Y

Putting the values
pe 01m
2.99 x 108 ms~!
t=334x10%s Ans.

9.6 A disc of 10 cm? area is placed in a vertical
electric field E = 5 x 10° N C', If the plane of
the disc makes an angle of 30° with the
horizontal, determine the electric flux through
the disc.

Solution:

Given data: .

Area of disc = A = 10 ¢m? = 10.x 107* m?
=1x 1073 me
Electric intensity = E = 5 x 10° NC™!
Angle = § = 30°
To Find:

Electricflux = ¢ =7

Calculations: To find the electric flux through the disc,
we use the formula;

-5 —
$=E.A=EAcosh

Putting the values
$=5%10" NC "% 1x 103 m? cos 30°

= 5x 10% Nmz.C“i’(%

8 =2501/3 Nm2 C-1 Ans.

9.7 A circular copper rod is 50 cm long and has 1 cm
diameter. Find the resistance across its ends.
What should be the side of square cross-section
of a 50 cm long tungsten rod if its resistance is
the same? [Resistivity of copper is 1.69x10°0m
and that of tungsten is 5.0 x 10°* Om.]

Solution;

Given data:

Length = L=50¢cm = 0.5m
Diameter=d=1cm=001m

0.01
Radius=r= > L 0.005 m

Resistivity of copper = p = 1.69 x 1078 m
Resistivity of tungsten = p = 5.0 x 10~% Qm

To Find:

() Resistance of copper rod = 7

(i)  Side of square tungsten rod = ?
Calculations:

Area of circular cross-section:

A= =314 (0.005 m)? = 3.14 (25 x 1078 m})

=7854x 1076 m?
(i) Resistance of copper rod
R= pi

‘Putting the values

169x10¥Omx05m B845x10%0
7854 x10%m?  ~ 7854 x 10

R=108x10"Q Ans.

(i) Side of square cross-section of tungsten rod with
same resistance;

R=

. L
Using R=p A
L
or A=p R )
Let side of square cross-section be 'a’, then area:
A=2at
L
2o =
or a=py

Putting the values
, 50x10%mx05m _ 25%10%m?
=T 108x10%0  1.08x107
al=2323x10%m?
a? =12323 x 10 m? = 001523 m
a=152em Ans
The copper winding of an electric fan has a
resistance of 50 (1 at 30°C. After running for
some time, the resistance becomes 52 (). How
much is the increase in temperature of the
winding? [For copper o = 0.0039 K]
Solution:
Given data: '
Initial resistance =R =300
Initial temperature = T, = 30°C
Final temperature = R, =320

9.8

Temperature coefficient of copper a = 00039 K™
To Find:

Final temperature =T = ?
Calculations:
Using the formula:
Ri=Rg [1+ a(T-Ty)]
Putting the values
520 = 500 [1 + 0.0039 K~ (T - 30%))



ar 0.04 = 0.0039 (T - 30)
Q.04
or  T-30=%05039
or T = 10.3°C Ans:
Thus, increase in temperature is 10.3°C.
During an experiment, a copper wire of 50 m
long and 150 um thick is hung vertically. Then a
current of 1 A Is passed across its ends for 50 s.
Find the resistance of the wire and the heat
dissipated during this process. [Resistivity of
copperis 1.69 x 10°*(1 m.]
Solution:
Given data:
Length of wire = L =50 m
Thickness = Diameter of wire d = 150 um
= 150% 10 % m
_ 150 = 10°% m
= 2
=75%x10%m

929

Radius time =50 s
Resistivity of copper p = 1.69 x 10~%am
Electriccurrent=1=1 A

To Find:

(i} Resistance of wire=R=7

(iiy Heatdissipated=H =17

Calculations:
() Using the farmula:
L ,
R= e i (i)

As  L=mnrl= 314 x (75 % 1078 m)?
=1.767 x 10°¥ m?
Putting the values in eq. (i)

y s0m
R =169 x107% Qm x gy e
R=4780 Ans
(ii) The heat dissipated by a resistor over time is given
h}' .
H = IRt

Putting the values
H=(1A2 %4780 x50¢
H=2330J) Ans,

9.10 The emf of a battery is 12 V. It is connected to a
3.6 0 resistor. If the internal resistance of the
battery is 0.2 1, what will be the terminal
voltage across the battery?

Solution:

Given data:

End of battery =g = 12V
External resistance = R = 3.6 0)
Internal resistance = r= 020

To Find:
Thermal voltage =V = 7
Calculations:
First, we calculate the current in the circuit by using
Ohm's law:
E 12V . 12V o
I=R+7=36n+020"380 " 36V
=316 A

Mow, we calculate terminal voltage V, which is the
voltage across the external resistance.
V=e=Ir=12V-(316-A=0210)
V=12-0632=11368V
V=114V Ans,



