XI-Physics CH-9

Electrostatics and Current Electricity

Coulomb’s Law

Electric Charge

Charge on an Electron
The charge on a proton is +e and that on an electron is
—e
e=16x10"C
Smallest Free Charge

discovered. Charges of larger magnitude are built up
on an object by adding or removing electrons.
Quantization of Charge
Any amount of charge ¢ is an integer multiple of the
electronic charge.

q= Ne
Here N is an integer.
Electrostatics
Electrostatics is the study of the phenomena and the
properties of electric charges at rest. When charges are
in motion we call it an electric current.

This is the smallest amount of free charge that has been

. The force on g2 due to g; acts along the unit vector 721
directed from ¢; to g

F = — 2825,

4dre, 7r?

The unit vector 712 directed from g2 to q; is opposite to
it.

fo1 = —T12

FZl

q, @ 7 f21 9, @

S r

q, @ 9 @
@) (b)
FIZ P

r12

Coulomb’s Law

Coulomb’s law is a fundamental principle in
electrostatics that quantifies the force between two
charged objects.

Statement

The force between two point charges is directly
proportional to the product of the magnitudes of the
charges and inversely proportional to the square of the
distance between them.

Pioneer

Charles de Coulomb, a French physicist, made the first
measurement of the force between electric charges in
1784.

Mathematically
F o qigs
1
F x r—z
4192
F 2
F—k 4192
r2
Symbols

 F'is the magnitude of the mutual force that acts on
each of the two point charges.
¢ ¢q1 and ¢» are the magnitudes of the two point charges.
« r is the distance between the two charges.
* kis the constant of proportionality.
The force always acts along the line joining the two
point charges.
Constant k
The value of k£ depends upon the nature of the medium
between the two charges and the system of units in
which F, g and r are measured.
For Free Space .
 dme,
Here ¢, is an electrical constant known as the
permittivity of free space.
£, =885x 10 ¥ C*N 'm?
1

T Um x 885 x 1012

=9x10°Nm?C2

1
F— 49192

Coulomb’s Force in Free Space = 3
dmeo T

Mutual Force
Coulomb’s force is a mutual force: if g; exerts a force on
gy, then g, also exerts an equal and opposite force on ¢,

Substituting in the force on g2

1 qiqo
Fr—_ [~ 9%
A (47!'50 r2 12

The bracket is the force F1; on g; due to ¢z, so equating

the two
Signs

The sign of the charges determines whether the forces

are attractive or repulsive.

« Like charges: the product g g is positive and the
forces are repulsive.

 Unlike charges: the product g1 g2 is negative and the
forces are attractive.

FI 2 F21
— _ q2

(b) +q,

Effect of Medium
If the medium between the charges is an insulator, it is
usually referred to as a dielectric. The presence of a
dielectric always reduces the electrostatic force as
compared with that in free space, by a certain factor
which is a constant for the given dielectric.
Relative Permittivity
This constant is known as the relative permittivity and
is represented by ¢,. For air it is very nearly unity.
er = 1.0006

This value is so close to one that with negligible error
the free-space equation gives the electric force in air.

1 qe
dmeoer 12

Force in Medium F =

Vector Form

With  the unit vector along the line joining the two
charges, Coulomb’s law in vector form is
_ q142
T dme,e, 12
In free space ¢, is one.

P
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Book Examples

Three point charges ¢; = +40 uC,

g2 = —60 uC and g5 = —50 uC are lying in the same
plane. The charge g; is 0.15 m from g¢; along the base,
and g3 is 0.12 m from ¢; at 60° to the base. Find the
magnitude and direction of the net force acting on q;.

Short Questions

Why is any observed charge always an
integral multiple of the electronic charge?

Quantization

The electronic charge is the smallest free charge that

exists, and a body is charged only by adding or

removing whole electrons.

Relation

q= Ne

Here N is an integer.
How does a dielectric between two charges
change the Coulomb force?

It Reduces It

A dielectric always reduces the force compared with

free space, by a constant factor for the given dielectric.
1 aig

dre,e, 12

Relative Permittivity F=

Why is the free-space form of Coulomb’s law
used for charges in air?

Reason
The relative permittivity of air is very nearly one.
e, = 1.0006
So the free-space equation gives the force in air with
negligible error.

ELEE®] state how the Coulomb force between two
charges changes when the distance between them is
trebled.

Given Data
g1 =40x10°C
g2 =60x1075C
g3 =50 x10%C
re = 0.15m
r1=0.12m
Diagram
%50 -s0uC
F13
Qf
Q
7
N,
60°
q, F, qZO
+40 uC r,=015m -60 pC
To Find
The net force F' =7 on ¢; and its direction
Formula F=k q;?
Solution

The force on ¢; exerted by g is attractive and acts

along the base.
(9 x 10%)(40 x 1075)(60 x 1079)

(0.15)2

=960N
The force on q; exerted by g3 is also attractive and acts

along the slant.
(9 x 10%)(40 x 107%)(50 x 10~%)

B (0.12)2
=1250N
Resolving the slant force into its rectangular
components
Fy3, = 1250 x cos60° = 1250 x 0.5 = 625N
Fy3, = 1250 x sin60° = 1250 x 0.866 = 1075 N
The x-component of the resultant is
F, =960 + 625 = 1585 N

The y-component of the resultant is
F,=1075N

The magnitude of the resultant is
F = 4/(1585)2 + (1075)2 = 1915 N
For the direction

1075

tanf = —— = 0.678
1585
0 =34°
Result
F =1915N
0 = 34° with the line joining ¢; and ¢
Note

The book prints the magnitude as 1975 N; the two
components above give 1915 N.

It Falls to One Ninth
The force follows an inverse square law.
Fr? = constant
1
F x r_2

Trebling the distance divides the force by nine.
ELEE®] What is meant by saying that Coulomb’s
force is a mutual force?

Meaning

If one charge exerts a force on the other, the other

exerts an equal and opposite force on the first.

Fio=-Fan

The charge on a body can never be:
A32x1071C B 24x107“C
C1.6x107¥cC D 48 x1071°C
Solution: Charge is quantized, so it must be a whole
multiple of 1.6 x 107 C.

The value of the constant in Coulomb’s law
in free space is:
A 9x10°Nm?C? B 8.85 x 102 Nm?C
C 6.67 x 10" Nm?C™ D 1.6 x 10" Nm?C2
Solution: It is 1/47e, with e, = 8.85 x 10712

If the distance between two point charges
is halved, the force between them becomes:
A half B twice
C| one quarter D| four times
Solution: The force follows an inverse square law.

The presence of a dielectric between two

charges:

A increases the force
leaves the force
unchanged

Solution: The force is divided by the relative permittivity
of the dielectric.

Two charges of +4 pC and —9 yCare 3m

apart in air. The force between them is:

A 0.36N B[3.6N

C/ 0.036 N D 36N

Solution: F =9 x 10? x 4 x 10 ® x 9 x 10 %/9 = 0.036 N.

B| reduces the force
D reverses the force
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Electrostatics is the study of charges that
are:

Al atrest B in uniform motion

C accelerating D oscillating

Solution: Charges in motion constitute an electric current.
Electric Field Strength
Electric Field Strength

Definition

The electric intensity of the field, or simply the electric
field, at any point is defined as the force experienced
by a unit positive charge placed at that point.

Idea of a Field

A charge experiences an electrostatic force in the
presence of other charges. Consider a positively
charged object Q. If a small charge +q is placed at a
point A, it experiences an electrostatic force F due to Q
, so an electric field is said to exist at A.

Strength of the Field

Coulomb’s law suggests that the field gets stronger as
the point A gets closer to Q. The strength of the field at
a position is known as its intensity at that point.

F
E=_
q

Formula

Vector
Electric intensity is a force per unit charge, soitis a
vector quantity. Its direction is the same as that of F.
Field of a Point Charge
Putting Coulomb’s force for a point charge @
1 qQ 1
= —_— X —
4dre, 12 q

1
E =
dmeo T

F =qF

|©

)

Force on a Charge
Unit INC™!

Electric Field Lines

Definition

Electric field lines are a visual map used to represent
the direction and the strength of an electric field
around a charged object. As they give information
about the electric force, they are commonly called
electric lines of force.

Pioneer

Michael Faraday proposed the idea of electric field
lines.

Positive Charge

A positive test charge placed near a positive charge
experiences a repulsive force, so the field created is
directed radially outward.

2

7N

Negative Charge
Here the lines are directed radially inward, because the
force on a positive test charge is now one of attraction.

Strength From the Map

The field lines are closer to each other near the charges
where the field is strong, and they continuously spread
out where the field is weaker. The number of lines per
unit area passing perpendicularly through it is
proportional to the magnitude of the electric field.
Two Like Charges

The lines in the region between two like charges seem
to repel each other, and the middle region shows a zero
field spot, called a neutral zone.

+q +q

Two Opposite Charges

The field lines start from the positive charge and end
on the negative charge. The direction of the resultant
intensity at a point is given by the tangent drawn to the
field line at that point.
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Uniform Field

Where the field lines are parallel and equally spaced,
the same number of lines passes per unit area, so the
field is uniform at all points. The field between the
plates of a parallel plate capacitor is uniform in the
middle region.

)

y

T+ + +F + + F T+
T T T 1111

.

Properties

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

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

» The lines are closer where the field is strong and
farther apart where the field is weak.

» No two lines cross each other, because E has only one
direction at any given point.

Book Examples
Two positive point charges g; = 16.0 p1
C and ¢, = 4.0 uC are separated by a distance of 3.0 m.

Find the spot on the line joining the two charges where
the electric field is zero.

Solution
Between the two charges the two fields point in
opposite directions, so the resultant is zero where their
magnitudes are equal. Let the point P be a distance d
from g2
E1=E>
1 16.0
4re, (3.0 — d)?
1 40
N 47e, @
Cancelling the constant and cross-multiplying
16d* = 4(3.0 — d)?
4d* = (3.0 — d)?
Taking the square root and rearranging
d*+2d—3=0

d=4+1lmord=—-3m
The negative value corresponds to a location off to the
right of both charges, where the two fields are equal in
magnitude but in the same direction, so they do not
cancel there.

Result

d=+1.0m from g

A proton experiences an electrostatic
force equal to its weight at a particular pointin an
electric field. What is the field intensity at that point?
(Mass of a proton is 1.67 x 102" kgande = 1.6 x 10~
Q)

Given Data

m=1.67x 10 > kg
g=e=16x10"1°C

g=9.8ms >
To Find Field intensity £ =?
Formula
The electrostatic force equals the weight, so

p=_™

q q
Solution
Putting the values

1.67 x 10727 x 9.8
FE =
1.6 x 107
=1.0x10'NC!
E=10x10"NC™!

Result

Short Questions

What is the direction of the electric field at a
point, and how is it read off a field-line map?

Given Data

q =16.0uC

q2 =4.0uC

r=3.0m
To Find
The distance d of the zero-field point from g
1
Formula E= Z
4re, 12

Direction
It is the direction of the force on a unit positive charge
placed at that point.
From the Map
It is given by the tangent drawn to the field line at that
point.
FELEER®¥] How does a field-line diagram show where
the field is strong?

Spacing

The lines are closer together where the field is strong
and farther apart where it is weak.

Rule

The number of lines per unit area passing
perpendicularly through it is proportional to the
magnitude of the field.

ELY¥¥E] What is a neutral zone, and where does it
appear in a field-line map?

Neutral Zone

A spot where the resultant field is zero.

Where

It appears in the middle region between two like
charges, where the two fields are equal and opposite.
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ELER¥] why must the field lines of a parallel plate
capacitor be evenly spaced in the middle region?

Reason

Even spacing means the same number of lines passes
per unit area everywhere there, so the field has the
same magnitude and direction at every point. That is
what makes the field uniform.

FELERX] A test charge is used to define electric
intensity. Why must it be small?

Reason

A large test charge would disturb the very charge
distribution whose field is being measured, so the
reading would not be the original field.

W ) B Y The unit of electric field intensity is:

ANC BnNC!

cjct D CN!

Solution: It is a force per unit charge, and it also equals the
volt per metre.

L¢P The electric field at a distance r from a
point charge (@ is proportional to:

A r2 B 1/7‘2
C 1/7’ Dr
Solution: E = Q/4me,r2.

L\ (0 IS Electric field lines never cross because at
any point the field has:

Al only one magnitude B| zero magnitude
C| two directions D| only one direction

Solution: A crossing would give the field two directions at
the same point.

L ({0 )R Electric field lines start on and end on:

gg%ﬁg&e C(ﬁl; igiess and B| positive charges only
ositive charges and !
gegative chalgges D negative charges only

Solution: This is why the lines between two opposite
charges run from +to -.

W ([0 LB A charge of 5 4C in a field feels a force of
0.2 N. The field intensity is:

A4x10*NC! B4x10*NcC!

c1x105ncC! D25x10°NC!

Solution: E = F/q=0.2/(5 x 1079).

The idea of representing a field by lines of
force was proposed by:
A| Charles Coulomb B| Carl Gauss

C| Gustav Kirchhoff D| Michael Faraday

Solution: They are also called electric lines of force.

Electric Flux

Definition

When an element of area is placed in an electric field,
some of the lines of force pass through it. The number
of field lines passing through a certain element of area
is known as the electric flux through that area. It is
denoted by ® 5.

Electric Flux

Field Lines and Intensity

The field lines are drawn such that the number of lines
passing through a unit area held perpendicular to them
represents the intensity E of the field at that point.
Vector Area

The element of area is represented by a vector area A
whose magnitude is equal to the surface area A of the
element and whose direction is along the normal to the
area.

Three Cases

The flux through the area depends upon how it is held
in the field.

Area Normal to the Field

When the area is held perpendicular to the field lines,

E A lines pass through it, and the flux is a maximum.

Y

Y

Y

Y
m

dp=FA
Area Parallel to the Field

When the area is held parallel to the field lines, no lines
cross it, so the flux is zero.

kA

Y

Y

Y'Y
m

¢p=0
Area Inclined to the Field
When the area is neither perpendicular nor parallel to
the field lines but is inclined at an angle § with the
field, the projection of the area perpendicular to the
lines is A cos#.

A cos 0

Y
m
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General Formula
Py =E-A =FAcosf

Here 0 is the angle between the field lines and the
normal to the area.

Scalar

Electric flux is a scalar product, so it is a scalar
quantity.
Unit

1Nm?C!

Flux Through a Surface Enclosing a Charge

Statement

The total electric flux through a closed surface
enclosing a charge g is 1/¢, times the charge, whatever
the shape of the surface.

Set Up

Consider a sphere of radius r with a point charge g at its

centre. To apply the flux formula the surface must be
flat, so the total surface area of the sphere is divided
into n small patches.

Angle at Each Patch
The direction of the electric intensity and of the vector
area is the same at each patch.

0=0°
cosf =1
Intensity at Each Patch
“B—.._p gL 4
Bi=By= =By =B~
Total Flux
Pp=E(AA; +AAs+---+ AA,)
$p = E x 4mr?
Substituting the intensity of the point charge
_ 1 g 2
2 x 4mr
&g = Z
€o

Any Closed Surface

If a closed surface S encloses this sphere, the flux
through S is the same as that through the sphere. So the
total flux through a closed surface does not depend
upon the shape or geometry of the surface. It depends
upon the medium and the charge enclosed.

Short Questions

ECEEET What decides whether the flux through an
area is a maximum, a minimum or something in
between?

The Orientation

It is the angle between the field and the normal to the

area.

Formula

¢e = EAcosf

The flux is a maximum at 0° and zero at 90°.
ELEEF®] Why is electric flux a scalar quantity even
though both E and A are vectors?

Reason
The flux is the scalar product of the two vectors, and a
scalar product has magnitude only.
ELEEE] How is the direction of a vector area
defined?
Along the Normal
The magnitude of the vector area equals the surface
area of the element, and its direction is along the
normal drawn to the area.
ELEEX] Why does the flux through a closed surface
not depend upon the shape of the surface?
Reason
Every field line that leaves the enclosed charge must
cross the surface, whatever its shape. So the flux
depends only on the charge enclosed and the medium.
The electric flux through an area held
parallel to the field lines is:
A a maximum B| zero
C EA D EA/2
Solution: No lines cross the area, and cos 90° = 0.
The SI unit of electric flux is:
ANc! BNmC™!
CNm2C! D Cm2
Solution: It is the product of a field and an area.
The flux through an area is a maximum
when the angle between the field and the normal to the
area is:
A 0° B 30°
C|/ 60° D| 90°
Solution: The cosine is then one.
The total flux through a sphere with a
charge g at its centre is:
A gg, B g/4me,
C q/co D| 4mge,
Solution: The area of the sphere cancels the inverse square
in the field.
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)Y (0 RN Electric flux is:

A avector B sometimes a vector

C| a unit vector D a scalar
Solution: It is the scalar product of the field and the vector
area.

Gauss’s Law

Statement

The total electric flux through any closed surface is
1/e, times the total charge enclosed in it.

Set Up

Suppose the point charges q1, g2 up to g, are arbitrarily
distributed in an arbitrarily shaped closed surface.

Total Flux
Each charge contributes its own flux, so
@E:2+2+...+q_"

€o €o €o

1
'I’EZE_(Q1+Q2+"'+qn)
Total Charge Q=qg+@+ +q

e
€o

by =

Applications of Gauss’s Law

Definition

An imaginary closed surface passing through the point
at which the electric intensity is to be evaluated is
known as a Gaussian surface. Its choice is such that the
flux through it can be easily evaluated.

Use

Gauss’s law can be applied to calculate the electric
intensity due to different charge configurations. In all
such cases an imaginary closed surface is considered
which passes through the point at which the intensity
is to be evaluated.

Field of a Charged Conducting Sphere
Statement

The field at any point outside a charged conducting
sphere is the same as though its entire charge were
concentrated at its centre.

Set Up

Consider a conducting sphere of radius R carrying a
charge q. All the charge is distributed uniformly over
the surface of the sphere.

Gauss’s Law

Symmetry

From the spherical symmetry the electric field is radial
everywhere, and its magnitude depends only on the
distance r from the centre. So the magnitude E is
uniform over a spherical surface of any radius r
concentric with the conductor.

Gaussian Surface

We take an imaginary sphere of radius r greater than
the radius R of the conducting sphere.

A = 4mr?

Flux &y =FEA=E x 4mr?
q
By Gauss’s Law ®p = -
E x 4nr? = ei

Field Outside

__1 a

" Adrwe, 12

The field at any point outside the sphere is the same as
though the entire charge were concentrated at its
centre.

At the Surface

The radius of the Gaussian surface equals that of the
conductor.

r=R
__1 a
" 4me, R?

Short Questions

SN W E What is a Gaussian surface, and how is one
chosen?

Gaussian Surface

An imaginary closed surface passing through the point
at which the intensity is to be found.

Choice

It is chosen so that the flux through it can be easily
evaluated, usually by symmetry.

ELEX®] Why is the field outside a charged
conducting sphere the same as that of a point charge?

Reason

The charge spreads uniformly over the surface, so by
spherical symmetry the field is radial and its
magnitude is the same everywhere on a concentric
sphere.

E=—

1 ¢
4me, 12

This is the field of a point charge at the centre.

ELEXE] What is the electric field just outside the
surface of a charged conducting sphere of radius R?

At the Surface
The Gaussian radius equals the radius of the sphere.
r=R
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1 q
- 4re, R
FEOEX™Y Two closed surfaces of very different shapes
enclose the same charge. Compare the flux through
them.

Equal
The flux through both is the same.
s Q
€o

Gauss’s law depends only on the charge enclosed, not
on the geometry of the surface.

W () LFE Gauss’s law states that the total flux
through a closed surface is:

A Qeg, B Q/e,

Cle,/Q D Q/4me,
Solution: Here () is the total charge enclosed by the
surface.

The flux through a closed surface does not
depend on:

A the shape of the surface  B| the charge enclosed

C| the medium D| the permittivity

Solution: Only the enclosed charge and the medium
matter.

For a point outside a charged conducting
sphere, the charge may be treated as if it were:

a point charge at the spread over the Gaussian
centre surface
concentrated at the
C| zero D| nearest point of the
surface

Solution: This is what the Gaussian calculation shows.
W ([0 LR W8 All the charge given to a conducting

sphere resides:

A| on its outer surface B| at its centre
uniformly through its D| on its inner surface
volume

Solution: The mutual repulsion of the charges drives them
to the surface.

W (0L F A A closed surface encloses no charge. The

flux through it is:
A| zero B| infinite
cl1/e, D| equal to EA

Solution: Every line that enters also leaves, so the net flux
is zero.

Electric Potential

starts here — Explain the electric potential and prove that
electric field intensity is equal to the negative of the potential gradient.

Electric Potential Difference

Definition

The potential difference between two points A and B in
an electric field is defined as the work done in carrying
a unit positive charge from A to B while keeping the
charge in equilibrium.

AV =Vp—-Vy=

Wap

Set Up

Two oppositely charged parallel plates produce a
uniform electric field. A positive charge ¢ moving from
plate B to plate A gains kinetic energy, and to move it
from A to B an external force is needed to make it
move against the field, so it gains potential energy.

B + + + + + + + + A
F
Y Y Y TV Y Y Y
0] d
+q l
+qE
A — - = = - - - = \J

Electrostatic Equilibrium
As the charge is moved from A to B it is keptin
electrostatic equilibrium, that is, it moves with
uniform velocity. This is achieved by applying a force F’
equal and opposite to gF at every point along its path.
Work and Potential Energy
The work done by the external force against the
electric field increases the electrical potential energy of
the charge that is moved.

AU = Wyp

Up—Uyg=Wyp
Here U4 and Up are the potential energies at the points
A and B.
Relation to Potential Energy

AU = qAV

So the potential difference between two points is the
difference of the potential energy per unit charge.
Unit
The unit of potential energy is the joule, so the unit of
potential difference is the joule per coulomb, which is
called the volt.

1v=1Jc
One Volt
A potential difference of 1 volt exists between two
points if the work done in moving a 1 coulomb positive
charge from one point to the other, keeping
electrostatic equilibrium, is one joule.

Electric Potential

Definition
The electric potential at any point in an electric field is
equal to the work done in bringing a unit positive
charge from infinity to that point, keeping it in
electrostatic equilibrium.

LW

q

Reference Point
To give a concept of the electric potential at a point we
must have a reference at which the potential is taken as
zero. This point is usually taken at infinity.
Scalars
Both potential and potential difference are scalar
quantities, because both W and q are scalars.

Electric Field as Potential Gradient

Statement

The electric field intensity is equal to the negative of
the gradient of the electric potential. The negative sign
shows that the direction of F is along the decreasing
potential.

Set Up

The field between the two charged plates is uniform
and its value is E. The potential difference between A

and Bis

w.
V-V, = —LAB

Work Done
The applied force must be opposite to gF to keep the
charge in equilibrium, so the work done is negative.
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WAB = —qu

Substituting the Work
—qFEd
Vg —Vy= =—FEd
AV
E=-—-

Infinitesimal Separation
If the plates are separated by an infinitesimally small
distance Ad

AV
Ad

Potential Gradient
The quantity AV /Ad gives the maximum value of the
rate of change of potential with distance, because the
charge has been moved along a field line in which the
distance between the two plates is minimum. It is
known as the potential gradient.
Unit
The unit of electric intensity is the volt per metre,
which is equal to the newton per coulomb.

1Vm ' =1NC!

ends here

Book Examples

Short Questions

SUEARE Why must a charge be moved in electrostatic
equilibrium when the potential difference is defined?

Reason

Moving it with uniform velocity means it gains no
kinetic energy, so all the work done by the external
force goes into potential energy.

ELEXEF] Why is the potential at a point always quoted
relative to infinity?
Reference
Only differences of potential have physical meaning, so
a zero must be chosen. The point at infinity is taken as
the zero, and the potential at a point is then the work
done in bringing a unit positive charge from infinity to
it.
ELXXFE] Why does the equation for the electric field
as a potential gradient carry a negative sign?

Reason
The field points in the direction in which the potential

decreases.
AV

Ad

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

FEEXE¥] show that the volt per metre and the newton
per coulomb are the same unit.

Given Data
AV =12V
Ad=1.0cm=1x10"2m
To Find Field intensity £ =7
AV
Formula E= “Ad
Solution
Putting the values
— 2 io00vm?
1x1072
Result
The magnitude of the field is
E=1200Vm*

2ot Ry 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 an
electronis 9.1 x 103! kgande = 1.6 x 107 )

Working
1JC!

1m

1Vm!=

_ 1Nm _ 1INC-1
1mC

So the two units are identical.

ELXXF] why is the potential gradient between two
plates the maximum rate of change of potential with
distance?

Reason

The charge is moved along a field line, along which the
distance between the two plates is the shortest. Any
other path is longer for the same change of potential.

W ()XW E The unit of electric potential difference is
the:

A newton per coulomb B joule

C| coulomb per joule D volt

Solution: One volt is one joule per coulomb.

W\ ([0 LR Electric potential is:

A avector B sometimes a vector

C| ascalar D a unit vector

Given Data
AV =12V

e=1.6x10"7C

m=9.1x10"kg
To Find
Velocity at the positive plate v =7
Formula
The electron is repelled by the negative plate and
attracted by the positive one, so it loses potential
energy and gains kinetic energy.

eAV = %mv2
Solution
Putting the values )
12 x 1.6 x 107 = 3 X 9.1 x 1073 x ¢?

U2

. 2x12x1.6x 1071
N 9.1 x 10731
=4.2x 102 m?s7?
v=21x10ms™!

v=21x10ms!

Result

Solution: Both the work and the charge in its definition are
scalars.
W (0 LR The electric field is equal to the:

negative of the potential . .
gradient B| potential gradient
potential times the p Potential divided by the
distance charge

Solution: The negative sign shows that F points along the

decreasing potential.

W (0 LR ] The potential at a point is defined with

respect to a zero taken at:

A| the surface of the Earth

B infinity

C| the negative plate

D the centre of the charge

Solution: The potential at a point is the work done in
bringing unit positive charge from infinity.

I ({0 )R Two plates 2 mm apart are at a potential
difference of 100 V. The field between them is:

A5x10°Vm!

B 2x10*Vm!

C5x102vm!

D 200 Vm ™!

Solution: E =V /d = 100/(2 x 1073%).
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W (e CRHA One volt per metre is the same as:

Al17ct B 1NmC!

C1CcN! D1NC™*

ELXX®] A charge falls through a potential difference
and no external force keeps it in equilibrium. What
becomes of the change in potential energy?

Solution: A joule per coulomb per metre is a newton per
coulomb.

Definition

The amount of energy equal to 1.6 x 10~ J is called
one electron volt. It is the amount of energy acquired
or lost by an electron as it traverses a potential
difference of one volt.

1eV=1.6x10""J

Change in Potential Energy
When a particle of charge ¢ moves from a point A4 at
potential V, to a point B at potential Vg, keeping
electrostatic equilibrium, the change in potential
energy is
AU = q(VB - VA) = qAV
No External Force
If no external force acts on the charge to maintain
equilibrium, this change in potential energy appears as
a change in kinetic energy.
AK.E = qAV
Electron Through One Volt
Taking the charge of an electron and a potential
difference of one volt
g=e=16x10"1C

AV =1V
AK.E=16x10"x1=16x10"19J

Book Examples

Electron Volt

Kinetic Energy
It appears as a gain in Kinetic energy.
AK.E = qAV
One electron volt is equal to:
A 1.6x101) B 1.6x107"v
C9.1x10%7 D 1.6 x 10197

A particle carrying a charge of 2¢ falls
through a potential difference of 3.0 V. Calculate the

energy acquired by it.

Given Data q=2e

AV =3.0V
To Find
Energy acquired AU =7
Formula AU = gAV
Solution
Putting the values
AU =2e x3.0=6.0eV
Converting into joule
AU=6.0x16x10"=9.6x10""J
Result
AU =6.0eV =9.6 x10J

Short Questions

atomic physics?

SUCNHE Why is the electron volt a convenient unit in

Reason

Energies at the atomic scale are of the order of 1071 1,

so the joule is inconveniently large. One electron volt is

exactly the energy an electron gains through one volt.
1eV=16x10""7

M An alpha particle and a proton are
accelerated through the same potential difference.
Compare the energies they gain.

Alpha Gains Twice
The energy gained is the charge times the potential
difference.

AU = qAV
The alpha particle carries 2e and the proton e, so the
alpha particle gains twice the energy.

Solution: It is the energy an electron gains through one
volt.

An alpha particle accelerated through 5V
gains an energy of:
Al10eV B 5eV
C 2.5eV D 20 eV

Solution: The alpha particle carries a charge of 2e.

The electron volt is a unit of:
A potential difference B energy

C| charge D power

Solution: It is a charge multiplied by a potential difference.
An electron accelerated through 1000 V
gains an energy of:
A 1.6x10722] B 1000 J

C1.6x1071] D 1.6 x 10°16]
Solution: 1000eV = 1000 x 1.6 x 10~ 7J.

Motion of Charged Particles in a

Uniform Electric Field

Statement

A charged particle in a uniform electric field
experiences a constant force gF, so it moves with
uniform acceleration: a positive charge along the field
and a negative charge opposite to it.

Uniform Field

Two oppositely charged parallel metal plates produce a
uniform electric field between them. The direction of
the field is from the positive to the negative plate.
Direction of Motion

A positive charge placed in the field moves in the
direction of the field, whereas a negative charge moves
opposite to the field.

A ¥ ¥ ¥ ¥ ¥

: q TJ;

: ® +
d

' E -V
Battery

Force on the Charge F=qE

v
d

Field From the Plate Voltage E=

Symbols
* V is the potential difference between the plates.
* d is the separation of the plates.
Acceleration
An electron placed between the plates accelerates
towards the positive plate due to the force acting on it.
F =ma
F qF
0= — = 22

m m
Velocity Gained
If the electron is released from the negative plate, the
velocity it has gained on reaching the positive plate
follows from the third equation of motion, with the
plate separation d as the distance covered.

2ad = v* — v?

Starting From Rest v =0
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v =+ 2ad

Short Questions

How is the field between two parallel plates
found from the plate voltage?

Formula
The field is the potential difference divided by the

separation.
v

It is the same at every point in the middle region.
Which way does a negative charge move in a
uniform electric field, and why?

Against the Field

The force on it is gF with a negative g, so the force is
opposite to E. It therefore moves towards the positive
plate.

Write the expression for the acceleration of
an electron released between two charged plates.

Working

F=eFE

F eE

@= m m
Here m is the mass of the electron.
An electron is released from rest at the
negative plate. How is its speed at the positive plate
found?
From the Equation of Motion
The acceleration is uniform and the distance covered is
the plate separation.
2ad = v* — v}

Starting from rest
v=V2ad

The direction of the electric field between
two charged plates is:
from the negative to the
positive plate negative plate
C| along the plates D| out of the plates

Solution: A positive charge placed in it moves the same
way.
The field between two plates a distance d
apart at a potential difference V is:
AVd B d/V
cV/d D‘ V/d>

Solution: This is the potential gradient between the plates.
The acceleration of a charge ¢ of mass m in
afield E is:
A gEm B mE/q
C/gE/m D m/qE

Solution: It follows from F' = ¢F and F' = ma.
An electron released at the negative plate
of a pair of plates 2 cm apart with £ = 1000 Vm ! has
an acceleration of about:
A1.76 x 10" ms2 B 1.76 x 10" ms2
C1.6x10 “ms? D 9.8ms 2
Solution: a = eE/m = 1.6 x 107 x 1000/9.1 x 1073,

Path of a Charged Particle

What Decides the Path

The path of a charged particle is determined by the
electric field in the region.

Straight Path

The path is typically straight if the field is uniform and
the charged particle is moving along the field.
Parabolic Path

If a charged particle enters perpendicularly to the
uniform field between the oppositely charged parallel
plates with a certain velocity, it will not go straight. Its

from the positive to the

path will be parabolic, just like a projectile thrown
horizontally in the gravitational field.

[ + + + + + + + + + + + ]

Two Components

» The horizontal component of the velocity remains
constant.

» The vertical component is accelerated due to the
electric force.

Direction of Deflection

A positively charged particle is attracted towards the
negatively charged plate and is deflected in that
direction.

» A negatively charged particle is attracted towards the
positively charged plate and is deflected in that
direction.

Short Questions

SUCR BN Why is the path of a charged particle
entering a uniform field at right angles a parabola?

Reason

The component of the velocity along the entry
direction stays constant while the component across it
is uniformly accelerated. That is exactly the motion of a
horizontal projectile, whose path is a parabola.

SR When is the path of a charged particle in an
electric field a straight line?

Condition
When the field is uniform and the particle is moving
along the field, so there is no force across its motion.
Two particles of equal mass and opposite
charge enter the same field at right angles with the
same speed. Compare their deflections.
Equal and Opposite
The magnitude of the force is the same, so the
magnitude of the deflection is the same. The positive
one bends towards the negative plate and the negative
one towards the positive plate.
A charged particle entering a uniform
field at right angles follows a path that is:

A| circular B straight
C| helical D parabolic

Solution: It is the same motion as a horizontal projectile in
gravity.

W\ ([0 R B For a charged particle deflected between
two plates, the component of the velocity that stays
constant is the:

one along the entry

A| one across the field direction

C| vertical one D resultant

Solution: No force acts along the entry direction.

W (0 LR A negatively charged particle in a uniform
field is deflected towards the:

A negatively charged plate = B nearer plate

C| positively charged plate D farther plate
Solution: Unlike charges attract.
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The path of a charged particle moving
along a uniform field is:

A] parabolic B straight
C circular D elliptical
Solution: The force is along the motion, so only the speed

Faraday Cage

Definition

A Faraday cage is an enclosure that blocks external
electric fields in conductive materials.

Pioneer

The English scientist Michael Faraday invented the
Faraday cage, or Faraday shield, in 1836.

What It Does

It acts like a hollow conductor in which devices or
objects can be put for protection from external
electrical fields. Any electrical shock received by the
cage runs through its outer surface without causing
any harm inside, and the electric field inside the
hollow conductor remains zero.

F+++++++++]

Working of a Faraday Cage

Free Electrons

Suppose a piece of conductor, say copper, carries a
number of free electrons. Each electron experiences a
force of repulsion because of the electric field of its
neighbouring electrons, so all the electrons rush to the
surface of the conductor.

Charge on the Surface

Once static equilibrium is established with all the
excess charge on the surface, no further movement of
charge occurs. At equilibrium under electrostatic
conditions, any excess charge resides on the surface of
a conductor.

Field Inside

The excess charges arrange themselves on the surface
precisely in the manner that the total field within the
interior becomes zero. So the conductor shields any
charge within it from the electric fields outside the
conductor, and circuits are often enclosed within metal
boxes to eliminate the interference of external fields.
Field at the Surface

The electric field just outside the surface of a conductor
is perpendicular to the surface at equilibrium.

Reason

If the field were not perpendicular there would be a
component parallel to the surface. The free electrons
on the surface would then move under that
component, but at equilibrium no electron flow occurs,
so there can be no parallel component.

changes.
Shielding From External Electric Field

» The metal body of a microwave oven prevents the
microwaves from spreading into the environment.

* The metal frame of an aeroplane distributes the
electricity of a lightning strike along its surface and
keeps the passengers and devices safe.

Short Questions

Why does all the excess charge on a
conductor move to its surface?
Reason
Every free electron is repelled by its neighbours, so the
charges push each other as far apart as they can get,
which is the surface. Once there, no further movement
occurs.

ELEX®] Why is the electric field just outside a
charged conductor perpendicular to its surface?
Reason
A parallel component would drive the free surface
electrons along the surface. At equilibrium there is no
electron flow, so there can be no parallel component.
ELEXXE] Give two everyday examples of a Faraday
cage.

Examples

The metal body of a car, which protects the people
inside during a thunderstorm.

The metal body of a microwave oven, which keeps the
microwaves inside.

The metal frame of an aeroplane, which carries a
lightning strike over its surface.

LN Why must the electric field inside a hollow
conductor be zero at equilibrium?

Al Michael Faraday

Reason

The excess charges arrange themselves on the surface
precisely so that their fields cancel everywhere inside.
If any field remained, the free charges would keep
moving and equilibrium would not have been reached.

W (LR N A Faraday cage was invented in 1836 by:

B| James Clerk Maxwell

C| Charles Coulomb D| Carl Gauss

Solution: It is also called a Faraday shield.

W (0 LA The electric field inside a hollow
conductor at equilibrium is:

A uniform and large B zero
C| equal to the outside field D perpendicular to the
surface

Solution: The surface charges arrange themselves so that
the interior field cancels.

W ([0 L] A Faraday cage cannot be built from:

A copper B aluminium

C| steel D an insulator

Solution: An insulator has no free electrons to move to the
surface.
At equilibrium under electrostatic
conditions, any excess charge on a conductor resides:
A atits centre B throughout its volume
C| on the earth wire D on its surface

Solution: Mutual repulsion drives the charges as far apart
as possible.

Uses of a Faraday Cage

Material

The principle demands a material that contains a lot of

free electrons that can move freely to the surface. Only

conductors have free electrons, so insulators cannot be

used to construct a Faraday cage.

Examples in Daily Life

» The chassis and body of a car protect the people
inside during a thunderstorm, because the charge
travels over the metal surface into the ground.

W (e LR The field just outside a charged conductor
is:

A parallel to the surface perpendicular to the
surface

C| at 45° to the surface D| zero

Solution: A parallel component would move the surface
electrons.
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Electric Current

Electric Current

Definition

If a net charge @ passes through any cross-section of a
conductor in time ¢, the current flowing through it is

Q

Tt

Charge Carriers
The charge carriers in a conductor are the free
electrons. When the ends of a conductor are connected
to a battery or some other source of potential, an
electric field is set up at every point within the
conductor.
Force on the Electrons
The free electrons experience a force in the direction of
—F and start moving. They are not accelerated in a
straight line, because they keep colliding with the
atoms of the conductor.
Drift Velocity
The overall effect of these collisions is to transfer the
energy of the accelerated electrons to the lattice, with
the result that the electrons acquire an average velocity
called the drift velocity in the direction of —FE

va~103ms™!
Current Is Set Up at Once
The slow drift velocity does not mean that it takes a
long time for a current to be set up. On turning the
switch on, all the free electrons in the circuit start
drifting at once, they repel their neighbours, and the
disturbance propagates along the wire almost
instantaneously.
Unit
The SI unit of current is the ampere. It is the current
due to the flow of one coulomb of charge per second
through any cross-section of a conductor.

1A=1Cs™"

Direct and Alternating Current

Direct Current

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

Alternating Current

If the charges move first one way and then the opposite
way, changing direction at regular intervals, the
current is said to be alternating current. Most electric
generators produce alternating current, and the
electricity supplied to our homes and factories is A.C.

Conventional Current

Definition

Conventional current is the hypothetical flow of
positive charges that would have the same effect in the
circuit as the flow of negative charges that actually
occurs.

Device

Conventional Electron
current flow

——————
e

________________________________________

Background

The electric current is due to the flow of electrons
through the metal wires, but early scientists believed
that it was due to the flow of positive charges. Scientists
have kept the convention.

Direction

The conventional current flows from the positive
terminal towards the negative terminal of a battery. Its
direction is always from a point of higher potential
towards a point of lower potential. From now on the
current I always means the conventional current.

Short Questions

ELERTREN If the drift velocity of the electrons is only
about a millimetre per second, why does a bulb light
the instant the switch is closed?

Reason

On closing the switch the field is set up along the whole
circuit at once, so all the free electrons begin drifting
together. The disturbance propagates along the wire
almost instantaneously.

S0ERTPY Why are the free electrons not accelerated
in a straight line inside a conductor?

Collisions

They keep colliding with the atoms of the lattice, which
transfers their energy to it. The result is a steady
average speed, the drift velocity, rather than a growing
one.

S{UER Y Distinguish between direct current and
alternating current.

Direct Current Alternating Current
The charges move in the The charges reverse
same direction at all direction at regular
times. intervals.
It is produced by a battery. It is produced by most
generators.
It is used in electronic It is supplied to homes and
circuits. factories.
($Q9.10.4 Why is the conventional current taken
opposite to the actual flow of electrons?
Reason

Early scientists believed the current was a flow of
positive charge, and the convention has been kept
because a flow of positive charge one way has the same
effect in a circuit as a flow of negative charge the other
way.

W )RR E The charge carriers in a metal conductor
are:

A free electrons B protons

C positive ions D holes

Solution: They drift opposite to the field.

W (LRI The drift velocity of electrons in a metal
is of the order of:

A10°3ms!

B 10 3ms!

C108ms™! D 105ms!

A joule per second

Solution: It is very slow, yet the current is set up almost at
once.

W (RS One ampere is one:

|B| coulomb per second
C| coulomb per volt D volt per second

Solution: It is the SI unit of electric current.

The conventional current in a circuit
flows from:
the positive terminal to
A| the negative terminal
outside the cell outside the cell
high to low potential ‘D the anode to the cathode
inside the cell inside the cell

the negative terminal to
B| the positive terminal

Solution: It is the direction in which positive charges
would move.
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W (e R TRH A charge of 60 C passes a cross-section in
20 s. The current is:

A[1200 A B[3A
C 0.33A D 30A
Solution: I = Q/t = 60/20.

Current Through a Conductor

Statement

The current through a conductor is the product of the
number of charge carriers per unit volume, the area of
cross-section, the drift velocity and the charge on each
carrier.

Set Up

Consider a segment of a current-carrying conductor of
length L and area of cross-section A. The volume of the
segment is AL.

3 >

@6 9 <_<©_é_@ I
«—0O <:_@® «—0O —0O

“«—0 <«—p <O

Number of Carriers
Let n be the number of char§e carriers per unit
volume. The total number of charge carriers in the
segment at any time is

N =nAL
Charge in the Segment
If the charge on a charge carrier is g, the total charge
present inside the segment at any instant is

Q =nALq
Time to Cross the Segment
Assuming the drift velocity of the charge carriers to be

v, the time taken by all the charge carriers to exit
through the far face is

L
t=2
(Y
Current
By the definition of current
Q nALq
t L
Symbols

* n is the number of charge carriers per unit volume.
+ Ais the area of cross-section.

* v is the drift velocity.
* g is the charge on one carrier.

Book Examples

A copper wire has a cross-sectional
area of 2 x 10~% m? and carries a current of 3 A. If the
number of electrons per unit volume is 8.5 x 10?8 m 3,
calculate the drift velocity of the electrons in the wire.
(Charge on an electronis 1.6 x 1074 C)

Given Data
I=3A
A=2x10"%m?
n=285x10®m™?
g=16x10"*C

To Find Drift velocity v =7
Formula I =nAuvg

Solution

Putting the values
v

3
T 85 x 108 x2x10% x 1.6 x 10710
v=11x10"*ms!

Result v=11x10"*ms™?

Short Questions

On what four quantities does the current in
a conductor depend?
The Four
The number of charge carriers per unit volume, the
area of cross-section, the drift velocity and the charge
on one carrier.

I =nAvg
Two wires of the same material carry the
same current, but one is thicker. Compare the drift
velocities.
Slower in the Thick Wire
The number density and the ?harge are the same, so

v= nAq

The drift velocity is inversely proportional to the area,
so it is smaller in the thicker wire.
Why does the length of the segment not
appear in the final expression for the current?
Reason
A longer segment holds proportionally more charge

but also takes proportionally longer to empty, so the
length cancels.

I= T =nAvq
The current through a conductor is given
by:
A I=nAv/q B I =nA/vg
Cc I = Avg/n ‘D I =nAug

Solution: Here n is the number of carriers per unit volume.
For a fixed current, the drift velocity in a
wire is inversely proportional to the:
Al length B area of cross-section
C| resistivity D temperature

Solution: v = I/nAq.

The number of charge carriersin a
segment of length L and area A is:
A nA/L B/ nAL
cnL/A D n/AL

Solution: It is the number density times the volume.

In the derivation of the current through a
conductor, the length of the segment:
A appears in the numerator |B| cancels out
appears in the
denominator

Solution: A longer segment holds more charge but takes

proportionally longer to empty.

Ohm’s Law

Statement

The current flowing through a conductor is directly
proportional to the potential difference applied across
the conductor, provided there is no change in the
physical state of the conductor.

Mathematically

D appears squared

ITxV

K = constant
T =
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Resistance
Here R is a constant of proportionality known as the
resistance of the conductor.

Unit
The SI unit of resistance is the ohm, denoted by the
Greek capital letter Q2
10=1VA™!
One Ohm

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.

Short Questions

ELXXPEN What is the condition attached to Ohm’s
law?
Condition
There must be no change in the physical state of the
conductor, in particular no change of temperature.

ELERE®] Define the ohm.

Definition
The resistance of a conductor is one ohm if a current of
1 ampere flows through it when a potential difference
of 1 volt is applied across its ends.

10=1VA™!

ELERPE] A conductor obeys Ohm’s law. What is the
shape of its current-voltage graph?

A Straight Line

The current is directly proportional to the potential
difference, so the graph is a straight line through the
origin, and its slope is 1/R.

Ohm’s law holds only if there is no
change in the:

A Physical state of the length of the connecting
conductor wires

C| emf of the cell D| direction of the current
Solution: A change of temperature is the usual cause of a
departure from the law.

W (0 RPN The graph of current against voltage for
an ohmic conductor is:

A| a parabola B| a hyperbola

‘ a straight line not through ‘D‘ a straight line through the
the origin origin

Solution: Its slope is the reciprocal of the resistance.

A potential difference of 6 V drives 0.5 A
through a conductor. Its resistance is:

Al12(Q) B 3Q
C|0.08 2 D 6}

Solution: R =V /I = 6/0.5.

W ({0 RPN One ohm is one:

Al ampere per volt IB| volt per coulomb
C| volt per ampere D| joule per ampere

Solution: It follows directly from V = IR.

Resistivity and Its Dependence Upon
Temperature

Resistivity
Definition

Resistivity is the resistance of a metre cube of a
material.

RA
P
Resistance of a Wire
It has been seen experimentally that the resistance R of
a wire is directly proportional to its length L and
inversely proportional to its area of cross-section A
Rx L

1
R i
)

—— = constant
L

L
Rzpz

Resistivity

Here p is a constant of proportionality known as the
resistivity or specific resistance of the material of the
wire.

Resistance and Resistivity

Resistance is a characteristic of a particular wire,
whereas resistivity is a property of the material of
which the wire is made.

Unit 10Om

Conductance and Conductivity

Conductance

Conductance is another quantity used to describe the
electrical properties of materials. It is the reciprocal of
resistance.

G=%

Conductivity
Conductivity o is the reciprocal of resistivity.

1

o=—

p
Unit 10 'm?
Best Conductors
Silver and copper are the two best conductors, which is
why most electric wires are made of copper.

Dependence Upon Temperature

Statement

The resistance of a metallic conductor increases with
temperature, nearly linearly over a considerable range
of temperature.

Cause

The resistance offered by a conductor is due to the
collisions which the free electrons make with the
atoms of the lattice. As the temperature rises, the
amplitude of vibration of the atoms increases, so the
probability of collision also increases.

Collision Cross-Section

The atoms then offer a bigger target, that is, the
collision cross-section of the atoms increases with
temperature. This makes the collisions more frequent,
and hence the resistance of the conductor increases.
Temperature Coefficient of Resistance
Experimentally, the change in resistance of a metallic
conductor with temperature is found to be nearly
linear over a considerable range of temperature above
and below 0°C.

A

p (2m)

T T T T d

-200 0 200 400 600
T°C) —>
Over such a range, the fractional change in resistance
per kelvin is the temperature coefficient of resistance.
R, - R,
T Ryt
Here R, and R; are the resistances at 0°C and ¢°C.
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In Terms of Resistivity
Since the resistivity depends upon temperature in the

same way I
Ro = poz

L
R: = Pty
. Pt — Po
Pot

Negative Coefficients
There are substances such as germanium and silicon
whose resistance decreases with an increase in
temperature. These substances have negative

temperature coefficients.

Book Examples

A current of 0.75 A flows through an
iron wire when a battery of 1.5 V is connected across
its ends. The length of the wire is 5.0 m and its cross-
sectional area is 2.5 x 10~7 m?. Compute the resistivity
of iron.

Resistance Resistivity
It is measured in ohm. It is measured in ohm
metre.

ELEEEF] What is the physical meaning of resistivity?

Meaning
It is the resistance of a metre (;ll,lbe of the material.
R

L
Define conductance and conductivity, and
give the unit of each.

Conductance
The reciprocal of resistance, measured in 21

=1
R
Conductivity

The reciprocal of resistivity, measured in Q' m™!
1

o= —

P

ELEEEX] Which substances have a negative
temperature coefficient of resistance?

Given Data
I=0.7A
V=15V
L=50m
A=25x10""m?
To Find Resistivity p =7
Formula R= %
_ RA
=
Solution

The resistance of the wire is
r=1% _500q

0.75
The resistivity of the iron is
~20x25x1077
P= 5.0
=1.0x10"Qm

Result p=10x10"7"Qm

el CERERY A platinum wire has a resistance of
10 Q at 0°C and 20 Q) at 193°C. Find the temperature
coefficient of resistance of platinum.

Semiconductors

Germanium and silicon are examples. Their resistance
decreases as the temperature rises.

SER BN Why are most electric wires made of
copper rather than silver?

Reason

Silver and copper are the two best conductors, with the
lowest resistivities, but copper is far cheaper, so it is
used for wiring.

W ERERY The resistance of a wire is:

inversely proportional to directly proportional to
its length its length

p Proportional to the square
of its length

C independent of its length

Solution: It is also inversely proportional to the area of
cross-section.

W (0B EPA The SI unit of resistivity is:

XQm_l BQmZ

CQ1lm D Qm

Solution: Resistivity is the resistance of a metre cube of
the material.

U ERERT Conductivity is the reciprocal of:

A resistance B| conductance

Given Data C tcl;l)i ftgcn;g;g alge D| resistivity

R, =100 Solution: Conductance is the reciprocal of resistance.

Ry =209 The resistance of a metal rises with

t=193K temperature because:
To Find the collision cross-section |, the number of free
Temperature coefficient o =? of the atoms increases electrons falls

. — R, C| the wire gets longer D the resistivity falls
Formula T TRt Solution: Larger lattice vibrations make collisions more
Solution frequent.
Putting the values Which of these has a negative
g 20-10 518 x 10 3K ! temperature coefficient of resistance?
10 x 193 A copper B silver

Result a=518x103K™! C tungsten D germanium

Short Questions

ELEREEN Distinguish between resistance and
resistivity.

Resistance Resistivity

It is a characteristic of a It is a property of the
particular wire. material.

It depends on the length It does not depend on the
and the area. length or the area.

Solution: Silicon behaves in the same way.

W OB ERA A wire of resistance 4 () is drawn out to
twice its length at constant volume. Its resistance
becomes:

A 8Q B 2()

Cl16Q) D 1Q

Solution: The length doubles and the area halves, so the
resistance is four times as large.
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Electrical Power

Definition
The rate at which the battery is supplying electrical
energy is the power output of the battery.
W VQ
P
Since the charge per unit time is the current

Circuit

Consider a circuit consisting of a battery of emf £
connected in series with a resistance R. A steady
current I flows and a steady potential difference V'
exists between the terminals of the resistor.

I —> A
A
+ I E ;
- % R
\]
B
Work Done by the Battery

The battery is continuously lifting charge uphill
through the potential difference V, so the work done in
moving a charge @Q up through it is

W =VvQ
This is the energy supplied by the battery.
Power Dissipated
The power supplied by the battery is dissipated in the
resistor. By the principle of conservation of energy, the
power dissipated in the resistor is given by the same
relation.
Other Forms

In Terms of Current P=VI=(IR)JI=1IR
<V> V2
P=vi=v[<)=2"
R R

2
P:VI:IQR:V—
R

In Terms of Potential Difference

Three Equations

Unit
If V is in volts and I in amperes, the power is expressed
in watts.

Short Questions

ELERYEN Write the three equations for the power
dissipated in a resistor and say when each is
convenient.

The Three P=VI
P=1IR
V2
P=%
Use

The first when both V and I are known, the second
when the current is known and the third when the
voltage is known.
ELERY®] A resistor is connected across a fixed
supply. What happens to the power dissipated if its
resistance is doubled?
It Halves
At a fixed voltage

V2
P=—

So the power is inversely proportional to the resistance
and falls to half.
ELEEYE] Why is the power supplied by the battery
equal to the power dissipated in the resistor?
Conservation of Energy
The steady current carries away no energy of its own,
so all the energy the battery supplies per second must
be dissipated in the resistor.

W VCRVESE The power dissipated in a resistor is not

given by:
AP=VI B P=1IR
c P=1I?R D P=V?/R

Solution: The correct form with the current is P = I’R.
W VRV E A 6V supply drives 2 A through a lamp.

The power used is:
A3W B 12W
C 0.33W D 8W

Solution: P=VI =6 x 2.
At a fixed voltage, doubling the
resistance of a heater:
A| halves the power

leaves the power
unchanged

Solution: P = V2/R.
W (RN Y At a fixed current, doubling the
resistance:

B| doubles the power

D quadruples the power

leaves the power
unchanged
D| doubles the power

A halves the power

C| quadruples the power
Solution: P = I2R.

Electromotive Force and Potential
Difference

Electromotive Force

Definition
The emf F of the source is defined as the energy
supplied to unit charge by the cell.

w
E= —
Q

Source

A source of electrical energy, say a cell or a battery,
when connected across a resistance, maintains a steady
current through it. The cell continuously supplies
energy which is dissipated in the resistance of the
circuit.

Work of the Cell

A charge @ passing through any cross-section of the
circuit enters the cell at its low potential end and leaves
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.

Not a Force

Electromotive force is not a force and we do not
measure it in newtons. The unit of emf is the joule per
coulomb, which is the volt.

Source of the Energy

The energy supplied by the cell to the charge carriers is
derived from the conversion of chemical energy into
electrical energy inside the cell.

Internal Resistance

Definition

Like other components in a circuit, a cell also offers
some resistance. This resistance is due to the
electrolyte present between the two electrodes of the
cell and is called the internal resistance of the cell.
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Equivalent Circuit

A cell of emf F having an internal resistance r is Book Examples

equivalent to a source of pure emf E with a resistance r

€ ¢ 5T CERNERY The potential difference between the
in gseries.

terminals of a battery in open circuit is 2.2 V. When it is
connected across a resistance of 5.0 {2 the potential
falls to 1.8 V. Calculate the current and the internal

E r .
| 1 resistance of the battery.
Given Data

E=22V
Terminal Potential Difference =509
Definition . V=18V
The potential difference across the terminals of a cell To Find . .
when a current I is drawn from it is its terminal The current I =7 and the internal resistance r =?
potential difference V. It is less than the emf by the Formula V=1IR
drop Ir across the internal resistance.
Circuit E=V+Ir
A voltmeter of infinite resistance measures the Solution

On open circuit the terminal voltage is the emf, so the
emf is 2.2 V. The current on load is

potential difference V across the terminals of the cell,
and a resistance R is connected across it through a

switch. _ 18 0.36 A
5.0 '
N\ The internal resistance follows from the drop inside
Q/j the cell.
22=18+0.367r
FEG 2218
[1—AMW r="035 10
Result I=036A
r=11Q
C/-D Short Questions
L
SN\ SICRERE Why is electromotive force not really a
force?
R Reason
WW\/ It is the energy supplied to unit charge by the cell, so it
is measured in joule per coulomb, that is, in volts, and
not in newtons.
E ELYRER] What causes the internal resistance of a
Current I'=— s cell?
Terminal Voltage The Electrolyte
E=IR+1Ir It is due to the electrolyte present between the two
electrodes of the cell.
E=V+Ir

SUERERY A voltmeter across a cell reads 1.5 Von
open circuit and 1.3 V on load. What do the two
readings mean?

Here V is the terminal potential difference of the cell in

the presence of the current I.

On Open Circuit

When the switch is open no current passes through the

resistance, so the voltmeter reads the emf as the

terminal voltage. In the presence of a current the

terminal voltage is less than the emf by Ir.

Energy Interpretation

* The left side of the equation is the energy gained by
unit charge as it passes through the cell from its
negative to its positive terminal.

» On the right side, a part of this energy equal to Ir is
dissipated inside the cell.

 The rest is dissipated in the external resistance as the
potential drop IR.

On Open Circuit
No current flows, so the reading is the emf of the cell.
On Load
The reading is the terminal potential difference, which
is lower by the drop inside the cell.

V=E-Ir

SUEREWE Interpret the equation for a cell on load in
terms of energy.

Emf and Potential Difference

Energy Account
The left side is the energy given to unit charge by the
cell.

E=IR+Ir
On the right, Ir is dissipated inside the cell and IR in
the external resistance.

The emf of a cell is the energy supplied

Cause and Effect to:

The emf is the cause and the potential difference is its Al unit charge B unit current

effect. The emf is always present even when no current

C| unit resistance D| unit time

is drawn, but the potential difference across the
conductor is zero when no current flows through it.

Solution: Its unit is therefore the joule per coulomb, that
is, the volt.
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)Y (0 N EWE The internal resistance of a cell is due to
its:

charge flowing towards the point must equal the total
charge flowing away from it.

Al terminals IB| connecting wires
C| electrolyte D external resistor
Solution: It lies between the two electrodes.

W (VR ERRE The terminal potential difference of a cell

on load is:
A E+1Ir B E—1Ir
C E/Ir DIr—E

Solution: The drop Ir occurs inside the cell.

W (O ENERS A cell of emf 1.5V and internal resistance

0.5 () drives 0.4 A. Its terminal voltage is:
A1.7V B 0.2V

C15V D 1.3V

Solution: V =1.5 — 0.4 x 0.5.

W (0B ERY The terminal voltage of a cell equals its
emf when:

Al the current is a maximum B|no currentis drawn

C the internal resistance is the external resistance is
large Zero

Solution: With no current there is no drop across the
internal resistance.

Kirchhoff’s Rules

starts here — State and explain Kirchhoff’s rules.

Definition

Kirchhoff’s rules are two fundamental principles in
circuit analysis that help to determine the current and
the voltage in electrical circuits. They are particularly
useful for analysing complex circuits that cannot be
simplified by Ohm’s law and series or parallel
combinations.

Kirchhoff’s First Rule

Statement
The sum of all the currents meeting at a point in the

circuit is zero.

Sign Convention

* A current flowing towards a point is taken as positive.

* A current flowing away from a point is taken as
negative.

Example

With I; and I flowing into the point A and I5 and I

flowing away from it

L+L+(—I)+(-I;)=0

Li+L=1I3+14
In Other Words
The sum of all the currents flowing towards a point is
equal to the sum of all the currents flowing away from
the point.
Conservation of Charge
Kirchhoff’s first rule, also known as the point rule, is a
manifestation of the law of conservation of charge. If
there is no sink or source of charge at a point, the total

Kirchhoff’s Second Rule

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

Y Av=0
Energy of the Charge
A voltage change is equal to the work done on a unit
positive charge, or the energy gained or lost by it, in
moving from one point to the other.

R, E,
WV L
—_— EZ
- I E >E,
RZ
VWW/
Going Round the Loop

« Passing through the cell E; from low to high
potential, the charge gains energy E;Q.
* Passing through the cell E; from high to low
potential, it loses energy Ea2Q).
» Going through the resistor R; it loses energy IR1Q).
» Going through the resistor R, it loses energy I RyQ).
Conservation of Energy
E1Q — IR1Q — E2Q —IR2Q =0
Ey—-IR,—E;,—IR,=0
The algebraic sum of the potential changes in a closed
circuit is zero. This rule is a particular way of stating
the law of conservation of energy.
Sign Conventions

Signs for E and |
E E

.—_||+—. .—+| |_—.

E=+E E=-E
I I
> -
——/MWW—o ——/MWW——
V=-IR V=+IR

Across a Source

If a source of emf is traversed from the negative to the
positive terminal, the potential change is positive. It is
negative in the opposite direction.

Across a Resistor

If a resistor is traversed in the direction of the current,
the change in potential is negative. It is positive in the
opposite direction.

Procedure for Solving Circuit Problems

Steps

* Draw the circuit diagram.

* Choose the loops so that each resistance is included
at least once in the selected loops.

» Assume a loop current in each loop, all the loop
currents in the same sense, either clockwise or
anticlockwise.

» Write the loop equations for all the selected loops.

* Solve these equations for the unknown quantities.
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Shared Resistance

current of the other loop as negative.
ends here

Book Examples

Where a resistance is common to two loops, the current
of the loop being worked is taken as positive and the

Calculate the currents in the three
resistances of the circuit shown, where R; = 10 (2,
Ry =30Q,R3 =150, F1 =40V, E5 = 60 Vand E3 = 50

Short Questions

SUCR NN Which conservation law does each of
Kirchhoff’s rules express?

First Rule

The conservation of charge, since no charge
accumulates at a point.

Second Rule

The conservation of energy, since a charge taken round
a loop returns with the energy it started with.

SR V] State the sign convention for the potential
change across a source of emf.

Traversed - to +

The potential change is positive.

Traversed + to -

The potential change is negative.
ELERTHE] state the sign convention for the potential
change across a resistor.

Along the Current

The change in potential is negative.

Against the Current

The change in potential is positive.

SUER WY Why must all the loop currents be assumed
in the same sense?

Reason

A single consistent sense makes the sign of a shared
resistance unambiguous: the current of the loop being
worked is taken as positive and the other as negative in
every loop equation.

VRN How is the actual current through a
resistance shared by two loops found?

The current through each resistance
Formula Y AV =0
Solution

rule to the loop abeda
—E,—LR — (I —L)Ry+ E; =0
Putting the values
—40 —10I; — 30(I; — I,) +60 =10
41, — 31, =2
Applying the second rule to the loop ebcfe
—E3— (I —I1)Ry — bR3+ E; =0
Putting the values
—50 — 30(I, — I;) — 151, + 60 = 0

6I1 - 9.[2 = -2
Solving the two equations
2

I = 3= 0.66 A
2

I, = i 0.22A

difference of the two loop currents.
I, — I, =0.66 —0.22 = 0.44 A
Result

and through Rj3is 0.22 A.

V.
Given Data
R, =10Q
Ry, =300
R3 =150
E; =40V
E, =60V
E3 =50V
Diagram
e b a
g s s
f c d
R,=10Q,R,=30Q,R,=15Q,E =40V, E, =60V, E, =50V
To Find

Two loops abcda and ebcfe are chosen so that each

resistance is included at least once, and clockwise loop
currents I; and I are assumed. Applying the second

The actual current in the shared resistance is the

The current through R; is 0.66 A, through R is 0.44 A

As a Difference
It is the difference of the two loop currents, and its
direction is that of the larger current.

Kirchhoff’s first rule follows from the
conservation of:

A energy B momentum
C| mass D| charge

Solution: No charge accumulates at a point in the circuit.
()R WA Kirchhoff’s second rule follows from the

conservation of:
A charge B momentum

C| energy D current

Solution: A charge taken round a loop returns with the
energy it started with.
Traversing a source of emf from its
positive to its negative terminal, the potential change
is:
A positive B negative
C| zero D equalto IR
Solution: It is positive in the opposite direction.
Traversing a resistor in the direction of
the current, the change in potential is:
A negative B positive
C zero D equal to the emf
Solution: The charge falls from high to low potential
across the resistor.
Three currents of 2 A and 3 A flow into a
node and one of 4 A flows out. The remaining current
out of the node is:
A1A B SA
C9A D 3A

Solution: The current in must equal the current out.
Wheatstone Bridge

starts here — What is a Wheatstone bridge? Explain its working
with the help of a diagram.
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Definition

The Wheatstone bridge is an electric circuit of four
resistances connected in a closed mesh, with a battery
across one pair of opposite corners and a sensitive
galvanometer across the other pair. It is used to find an
unknown resistance.

Circuit

The Wheatstone bridge consists of four resistances

R, Ry, R3 and R4 connected so as to form a mesh
ABCDA. A battery is connected between the points A
and C, and a sensitive galvanometer of resistance R, is

connected between the points B and D.

B

9]
_m

\

Condition Sought
If the switch is closed a current will flow through the
galvanometer. We have to find the condition under
which no current flows through the galvanometer even
after the switch is closed.
Kirchhoff’s Second Rule
Taking anticlockwise loop currents I; and I
Loop ABDA
LRy — (Il = Iz)Rg +I1R3=0
Loop BCDB
—LRy+ LRy+ (I —I,)R; =0
Balance Condition

The current through the galvanometer is zero when the
two loop currents are equal.

L -1,=0
=1
The two loop equations reduce to
IhR1 =11R3
IRy = IR,
Dividing the two
R R
Ry Ry
R R,
R; R
Conclusion

Whenever this condition is satisfied, no current flows
through the galvanometer and it shows no deflection.
Conversely, when the galvanometer shows no
deflection, the condition is satisfied.

Use

If three resistances of known adjustable values are
used with a fourth of unknown value, and the known
ones are adjusted until the galvanometer shows no
deflection, then the unknown resistance can be
determined from the three known ones.

ends here

Short Questions

OB YAN What is the balance condition of a

Wheatstone bridge?
Condition

No current flows through the galvanometer when the

two ratios are equal. R
1

)
Ry

R_gi

SICR VPN Why does the resistance of the
galvanometer not matter at balance?

Reason

At balance no current passes through the
galvanometer, so its resistance drops out of the

equations altogether.

SUCA VAN How is an unknown resistance measured

with a Wheatstone bridge?

Method

Three resistances of known adjustable value are used
with the unknown one. They are adjusted until the
galvanometer shows no deflection, and the unknown is
then found from the balance condition.

W () CREAR At balance in a Wheatstone bridge:

A the galvanometer reads a
maximum
no current flows through
the galvanometer

B the battery current is zero

all four resistances are
equal

Solution: The two ends of the galvanometer are then at the
same potential.
The Wheatstone bridge is used to
measure:
Al an unknown resistance
C the internal resistance of a
cell
Solution: Three known adjustable resistances are used
with the unknown one.
The Wheatstone bridge is analysed using:
A Gauss’s law B Coulomb’s law
p the princip'le of
superposition
Solution: Two loops are taken and their voltage equations
written.
In a balanced bridge with R; = 10 (2,
Ry =20 Qand R3 = 30 €, the fourth resistance is:
A 15Q B| 60 ()
C 409 D 50
Solution: From Rl/R3 = R2/R4, R4 = R2R3/R1.

Potentiometer

starts here — What is a potentiometer? Describe its working.

B| an unknown current

D an unknown power

C| Kirchhoff’s second rule

Potentiometer

Definition

A potentiometer is an instrument mainly used to
compare potential differences and to find the value of
an unknown resistance. It works on the principle of the
Wheatstone bridge, and measures a potential
difference without drawing any current from it.
Limitation of a Voltmeter

A voltmeter is connected across the two points
between which the potential difference is to be
measured. Its resistance must be large compared to the
circuit resistance, otherwise an appreciable current
flows through it, which alters the circuit current and
the potential difference being measured.

Ideal Voltmeter

A voltmeter can read the correct potential difference
only when it does not draw any current from the
circuit. An ideal voltmeter would have an infinite
resistance.
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Other Instruments

A digital voltmeter and a cathode-ray oscilloscope
practically do not draw any current because of their
large resistance, so they are very accurate, but these
instruments are very expensive.

Potential Divider

Definition

A resistance wire with a sliding contact, connected
across a battery so that any part of the battery voltage,
from zero to E, can be taken between one end and the
contact, is called a potential divider.

Construction

A potentiometer consists of a resistor R in the form of a
wire on which a terminal C can slide. The resistance
between A and C can be varied from zero to R as the
sliding contact is moved from A to B.

l R 3!

<€ ral

A Tc B
r

(@) eommeme oo

E

L
A B
—V/VWWWWWWWW—"—

r c

@

Potential Drop

If a battery of emf E is connected across R, the current
flowing through it is B

I=—
Representing the resistance between A and C by r, the

potential drop between these poénts is
T

V=Ir=—
R
Range
As Cis moved from A to B the resistance r varies from
zero to R, so the potential drop between A and C
changes from zero to E.

Result
Under this condition the emf F, is equal to the

potential difference between /}3 and C
T

E —_ —
z R
In Terms of Length
For a wire of uniform cross-section the resistance is
proportional to the length of the wire, so
(E
L

E, =

Symbols

« L is the total length of the wire AB.

* £is the length from A to C after C has been adjusted
for no deflection.

Limit

The maximum potential that can be obtained between

A and C is E, so the unknown emf must not exceed this

value, otherwise the null condition will not be

obtained.

Accuracy

The unknown emf is determined when no current is

drawn from it, so the potentiometer is one of the most

accurate methods for measuring potential.

Comparison of emfs of Two Cells

Balancing Lengths

The balancing lengths ¢; and ¢, are found separately
for the two cells.

Ratio

Dividing the two equations
E, 4
B b

So the ratio of the emfs is equal to the ratio of the
balancing lengths.

ends here

Short Questions

S{UCRERE Why can an ordinary voltmeter not read a
potential difference exactly?

Measurement of an Unknown emf
Circuit
Here R is in the form of a straight wire of uniform area
of cross-section. The cell whose emf E,, is to be
measured is connected between A and the sliding
contact C through a galvanometer. The positive
terminal of E, and that of the potential divider are
connected to the same point A.

E
|
|
R

A
Y

Null Condition

If the point C' and the negative terminal of E, are at the
same potential, the two terminals of the galvanometer
are at the same potential and no current flows through
the galvanometer. The position of C is adjusted until
the galvanometer shows no deflection.

Reason
It draws some current from the circuit, which alters
both the circuit current and the very potential
difference being measured. An ideal voltmeter would
have infinite resistance.

Why is the potentiometer one of the most

accurate ways of measuring an emf?

Reason

At the null point no current is drawn from the cell
being measured, so there is no drop across its internal
resistance and its full emf is balanced.

SEAERY Why must the unknown emf not exceed the
emf of the driver cell?

Reason

The largest potential the divider can provide between
A and C'is the driver emf. A larger unknown emf can
never be balanced, so the null condition would never
be reached.

SICREWE How are the emfs of two cells compared
with a potentiometer?

By Balancing Lengths

The balancing length is %)undéseparately for each cell.
1 1

B &
So the ratio of the emfs equals the ratio of the balancing
lengths.
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A potentiometer works on the principle
of the:

A] Gauss law |B| Wheatstone bridge

C Ohm law D Faraday cage

Solution: Both are null methods.

An ideal voltmeter would have a
resistance of:

Al zero B| one ohm
tl:le same value as the D infinity
circuit

Solution: Then it would draw no current from the circuit.

» No deflection indicates a direct and clear condition of
balance, making the null point easy to identify.

Short Questions

ELEETEY what is a null method?

Null Method

Adjusting a circuit until the galvanometer shows no
deflection, which shows that the required condition of
balance has been met.

ELERTF] Give two advantages of using a
galvanometer in a null method.

W e ERERY With a potentiometer wire of uniform
cross-section, the unknown emf is proportional to the:

A total length B area of the wire
resistance of the .
galvanometer D balancing length

Solution: Resistance is proportional to length for a
uniform wire.

Two cells balance at 40 cm and 60 cm on
the same potentiometer. The ratio of their emfs is:
Al2:3 B 3:2

C4:10 D1:1

Solution: The ratio of the emfs equals the ratio of the
balancing lengths.

A potentiometer measures an emf
accurately because at balance it draws:

A| no current from the cell B avery large current
the same current as the
driver cell

Solution: So there is no drop across the cell’s internal
resistance.

Use of a Galvanometer

Definition

A galvanometer is an instrument for detecting a

current. It is often used in null methods to achieve

precise measurements in electrical circuits.

Null Method

The null method involves adjusting the circuit until the

galvanometer shows no deflection, that is, a zero

reading. This indicates that certain required conditions

are met in the circuit.

At the Null Point

In this state the electric potentials at both ends of the

galvanometer are the same. Although a galvanometer

has its own resistance, at the null reading its resistance

does not come into play, because no current is passing

through it.

Applications

The null method is widely used in bridge circuits such

as the Wheatstone bridge and the potentiometer.

In the Wheatstone Bridge

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 from the ratio of the

known resistances.

In the Potentiometer

An unknown voltage is measured by comparison with

a known reference voltage applied across the

resistance wire. A galvanometer and a jockey are used

to make contact along the wire, and at the 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 the Null Method

o It eliminates the effect of the galvanometer’s internal
resistance on the measurement, giving more accurate
readings.

» Galvanometers are highly sensitive and can detect
currents of the order of 1079 A.

C| a constant current

Accuracy

It eliminates the effect of the galvanometer’s own
internal resistance on the measurement.

Sensitivity

A galvanometer can detect currents of the order of 10~°
A, so the balance point is found precisely.

SR LY What is true of the potentials at the two
ends of the galvanometer at the null point?

They Are Equal
The two ends are at the same potential, which is why
no current passes through the instrument.
A galvanometer is an instrument for:
A producing a current B storing charge

measuring resistance
directly

C| detecting a current

Solution: In a null method it is used to detect the absence
of a current.

W (el LBERA A galvanometer can detect currents of
the order of:

A103A B 1A

c10°a D 10% A

Solution: This high sensitivity is what makes the null point
sharp.

At the null point the resistance of the
galvanometer does not matter because:

no current passes

Y B i . .
through it 1ts resistance 1s zero

C| its resistance is infinite D it is short circuited

Solution: A resistance carrying no current produces no
potential drop.
The null method is used in:
A an ammeter B| a voltmeter
the Wheatstone bridge
and the potentiometer
Solution: Both are balanced until the galvanometer reads
Zero.

Thermistors

Thermistor

Definition

A thermistor is a heat sensitive resistor.

Temperature Coefficient

Most thermistors have a negative temperature
coefficient of resistance, that is, their resistance
decreases when their temperature is increased.
Thermistors with a positive temperature coefficient are

also available.

C/ arheostat

Symbol

_/
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Why the Resistance Falls

Increasing temperature provides more energy to the
charge carriers, the electrons or the holes, enabling
them to move more freely, which reduces the
resistance.

Construction

Thermistors are made by heating under high pressure
a semiconductor ceramic made from mixtures of the
metallic oxides of manganese, nickel, cobalt, copper
and iron. These are pressed into the desired shapes and
then baked at a high temperature. They may be in the
form of beads, rods or washers.

shape and baked at a high temperature. Beads, rods and
washers are the usual shapes.

ELERIE] Why is a thermistor with a high negative
temperature coefficient good for measuring very low
temperatures?

Reason

At low temperature its resistance is high, and a large
resistance can be measured more precisely, so the
temperature reading near 10 K is more accurate.

Applications of Thermistors

Temperature Measurement

Thermistors are used in thermometers and in electric
devices such as air conditioners, refrigerators, heaters,
microwave ovens and incubators, to monitor
temperature.

Low Temperatures

Thermistors with a high negative temperature
coefficient are very accurate for measuring low
temperatures, especially near 10 K, because the higher
resistance at low temperature makes a more accurate
measurement possible.

Temperature Sensors

They convert changes of temperature into an electrical
voltage which is duly processed. They are used in the
coolant temperature sensors of automobile engines to
prevent overheating, and in digital thermometers.
Temperature Compensation

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

Inrush Current Limiting

They are used to limit the initial flow of current when a
device is first turned on.

Voltage Divider
+ -
L

(V)
High resistance N
of order of kQ Thermistor

o
VWW, DN D PRg
A B KR

Burner

Al light

Explain how a thermistor works in a fire
alarm.
Working
Heat lowers the thermistor’s resistance, so the potential
at the divider’s mid-point rises. This takes the input of
the NOT gate low, its output goes high and the siren is
turned on.
A thermistor is a resistor that is sensitive
to:
B heat

C sound

D| pressure

Solution: The light sensitive one is the LDR.

W ({0 P8 Most thermistors have a temperature
coefficient of resistance that is:

A positive

B| zero

C negative

D infinite

Solution: Their resistance falls as the temperature rises.

W (e RIS Thermistors are made from mixtures of
the oxides of:

manganese, nickel and

cobalt B sodium and potassium

C| silicon and carbon

D| lead and tin

Solution: Copper and iron oxides are also used.

W (0 LIFY A thermistor with a high negative
temperature coefficient is best for measuring:

A very high temperatures

B| very low temperatures

C| light intensity

D| pressure

A fall

Solution: The high resistance at low temperature makes
the reading more accurate.

W (o)L In a thermistor potential divider, heating
the thermistor makes the potential at the mid-point:
B stay the same

C| become zero

D| rise

When the temperature of the thermistor increases, its
resistance decreases, which decreases the voltage drop
across the thermistor. As a result the potential at the
point B increases, and this can be used to trigger a
circuit connected to it.

Fire Alarm

In a fire alarm the use of a thermistor turns the NOT
gate low when it gets heated. The output of the NOT
gate goes high and turns the siren on.

Short Questions

as its temperature rises?

ELEFIEY Why does the resistance of a thermistor fall

Reason

The rise in temperature gives more energy to the
charge carriers, the electrons and the holes, so more of
them are free to move and the resistance falls.

ELERI®] How is a thermistor made?

Manufacture

A semiconductor ceramic made from mixtures of the
metallic oxides of manganese, nickel, cobalt, copper
and iron is heated under high pressure, pressed into

Solution: Its resistance falls, so the drop across it falls.

Light Dependent Resistor

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

Light Dependent Resistor

Definition

A light dependent resistor (LDR) is a resistor whose
resistance decreases with increasing light intensity.
Because of this property it is also known as a photo
resistor.

Material

LDRs are typically made from a semiconductor
material such as cadmium sulphide, deposited in a
special pattern on an insulating plate.

Working Principle

The principle used is the increase in the conductivity of
the material on exposing it to light.

In Darkness

The semiconductor material has few free electrons,
which results in a high resistance.

In Light

When light photons hit the material, they transfer
energy to the electrons in the outer orbits, making
them free to conduct electricity, which decreases the
resistance.
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Rule

The amount of light hitting the surface determines the
number of free electrons. Less light means fewer free
electrons and hence a higher resistance. This change in
resistance can be measured and used in circuits to
sense light levels.

Applications of LDRs

Light Sensors

LDRs are used in light sensing circuits such as
automatic lighting systems in homes and street lights.
An LDR worKks just like a switch that turns on at dusk
and off at dawn.

Camera Exposure Control

LDRs help in adjusting the exposure time in cameras
based on the amount of available light.

Voltage Divider

A

High resistance
of order of kQ

L

In the dark the LDR has a very high resistance
compared with the standard resistance of 100 kQ in the
circuit, so the voltage drop across the LDR is very large.
When the LDR is exposed to light its resistance falls to a
very low value and the voltmeter registers a lower
reading.

As a Switch

A change in light intensity therefore gives rise to a
change in voltage, so by connecting the mid-point B to
a NOT gate the LDR can be used as a switch.

ends here

Reliability of a Concrete Bridge

Principle

Inspectors can easily check the reliability of a concrete

bridge with the help of carbon fibres embedded in its

slab, because carbon fibres are good conductors of
electricity due to their high carbon content.

Method

» The carbon fibres are embedded within the slab
during construction and connected to form a
conductor network.

A small electric current is applied to the network,
and the integrity of the structure is determined by
measuring the resistance of the network.

« If the resistance remains the same over time, the
bridge is maintaining its structural integrity.

« If the resistance increases, the concrete is
deteriorating or the carbon fibres are being damaged.

Other Methods

Other sensors continuously monitor strain, vibration

and temperature, and internal flaws such as cracks or

voids are detected using ultrasound waves.

Short Questions

Why does the resistance of an LDR fall
when light shines on it?
Reason
The light photons transfer energy to the electrons in
the outer orbits, making them free to conduct. More
free electrons mean a lower resistance.

ORI A What material is an LDR usually made
from?

Material
A semiconductor such as cadmium sulphide, deposited
in a special pattern on an insulating plate.

What reading does a voltmeter across an
LDR give in the dark, and why?
A Large Reading
In the dark the LDR’s resistance is very high compared
with the fixed resistance, so most of the supply voltage
is dropped across the LDR.

SO RAW S How do carbon fibres let an inspector
judge a concrete bridge?

Method

The fibres conduct electricity, so a small current is
passed through the embedded network and its
resistance is measured.

Reading It

A steady resistance means the structure is sound; a
rising resistance means the concrete is deteriorating or
the fibres are breaking.

W (IR The resistance of an LDR:

increases as the light gets decreases as the light gets
brighter brighter
C ﬂ;ﬁi not depend on the D falls to zero in the dark

Solution: That is why it is also called a photo resistor.

W P23 %4 An LDR is usually made from:
B carbon

A copper
C tungsten D cadmium sulphide

Solution: It is deposited in a special pattern on an

insulating plate.

W (e[ IS An LDR used in a street light acts as a
switch that turns the lamp:

A on at dawn and off at dusk |B| on at dusk and off at dawn
C on all day D off all night
Solution: Its resistance rises as the light fails.

W\ (0 CRARE Carbon fibres embedded in a concrete
bridge are used because they:
A are transparent B| conduct electricity

C| are magnetic D expand with heat

Solution: A rise in the network resistance shows that the
concrete is deteriorating.

W\ (0 R Internal flaws such as cracks or voids in a
bridge are detected using:

A| ultrasound waves B| X-rays

C radio waves D| microwaves
Solution: Other sensors continuously monitor strain,
vibration and temperature.

Chapter Exercise

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

Charging by Friction

While flying, the body of the aeroplane rubs against air,
dust and ice particles. Electrons shift by this friction, so
the aeroplane is left charged.
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On the Surface
This excess charge resides on its outer surface, and the
metal frame acts as a Faraday cage that keeps the
passengers safe.
ELEF®] Define electric intensity and electric
potential.

ELXX] Why does resistance of a thermistor changes
as temperature increases?

Electric Intensity
The force experienced by a unit positive charge placed
at that point. It is a vector.

F
E=—
q

Electric Potential
The work done in carrying a unit positive charge to that
point while keeping electrostatic equilibrium.
V=—
q
(50 9.3 battery is rated at 100 A h (ampere-hour).
How much charge can this battery supply?

Thermistor

It is a heat sensitive resistor, and most thermistors have
a negative temperature coefficient.

Reason

A rise in temperature gives more energy to the charge
carriers, the electrons and holes, so they move more
freely.

Result

Therefore the resistance decreases as the temperature
increases.

R, = R,(1+ aAT)

ELXX] which materials can be used to construct
Faraday’s cage and why?

Given Data
The rating is 100 A h, and one hour is 3600 s.
Formula Q=1It
Solution
Q = (100)(3600)

Q=36x10°C

ELXEX] 1s electron-volt a unit of potential difference
or energy? Explain.
Energy
The electron-volt is a unit of energy and not of
potential difference.
Definition
It is the energy acquired or lost by an electron as it
traverses a potential difference of one volt.
1eV=16x10"J

FELXEXI 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?

L
Formula R= P
On Stretching
The volume stays the same, so on doubling the length
the area of cross-section becomes half.
New Resistance
Thus the resistance becomes four times.

!

4R

Materials

Conductors such as copper, aluminium and other
metals, or a metal mesh.

Reason

A Faraday cage needs a material having plenty of free
electrons that can move to its surface. The excess
charge then settles so that the field inside is zero.
Insulators

They have no free electrons, so they cannot be used.

(¢:{0)CB N Electric lines of force never cross each other.
Why?

ELEXJ Why does the resistance of a conductor rise
with increase in temperature?

Direction of Field

The tangent to a line of force gives the direction of E at
that point.

If They Crossed

There would be two directions of the electric field at
the point of crossing.

Conclusion

A single point cannot have two field directions, so the

lines never cross.
Is E' necessarily zero inside a charged
rubber balloon if the balloon is spherical? Assume that
charge is distributed uniformly over the surface.

Yes

The electric intensity inside is zero.

Reason

Draw a closed surface inside the balloon and apply

Gauss’s law. It encloses no charge, as all the charge lies

on the spherical surface.

¢e:2:0

€o
So a uniformly charged spherical shell gives no field at
any interior point.

Reason

On heating, the amplitude of vibration of the atoms of
the lattice increases.

Collisions

The atoms then offer a bigger target, so their collisions
with the free electrons become more frequent.

Result

The flow of electrons is opposed more, so the resistance
increases.

R, = R,(1+ a AT)
S0 %A Is the filament resistance lower or higher in a
500 W-220 V light bulb than in a 100 W-220 V bulb?

[@:0LX] Electrostatic force is 10>’ times stronger
than gravitational force. Argue that our galaxy should
be almost electrically neutral.

2 2
v r=2

Formula P=— or
R P

Conclusion

At the same voltage the resistance is inversely
proportional to the power.

So the 500 W bulb has the lower filament resistance,
one-fifth that of the 100 W bulb.

Argument
If a galaxy carried a small excess charge, its
electrostatic repulsion would be about 10* times the
gravitational attraction.
Result
Such a huge repulsion would blow the galaxy apart.
Conclusion
Galaxies are in fact held together by gravity, so their
positive and negative charges must balance almost
exactly.
An uncharged conducting hollow sphere is
placed in the field of a positive charge q. What will be
the net flux through the shell?

Zero
The net flux through the shell is zero.
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Reason

By Gauss’s law the flux depends only on the charge
enclosed by the surface.
Q

¢e:_

&

Here the shell is uncharged and the charge q lies

outside it, so no charge is enclosed.
A potential difference is applied across the
ends of a copper wire. What is the effect on the drift
velocity of free electrons by (i) increasing the potential
difference? (ii) decreasing the length and the
temperature of the wire?

A ball of weight 0.1 N having a charge of 100
pC remained suspended between two oppositely
charged horizontal metal plates. The electric intensity
between the plates is:

A 10NC! B 100NC!
C|1000NC! D 10000NC™!

Solution: Correct answer: (c) 1000 N C—1.
A piece of wire has a resistance of 4 (2. It is
doubled on itself so that its length becomes half but

the area of cross-section is doubled. Its resistance now
will be:

Relation

I =nAqug
The drift velocity rises with the current in the wire.
Increasing the Potential Difference
The current increases, so the drift velocity also
increases.
Decreasing Length and Temperature

Both lower the resistance, so the current and the drift
velocity increase.

A 380 B 40Q)

c 20 D [1Q

Solution: Correct answer: (d) 1 2.

W ()R] 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 [05W | B
C 9.0W )

2.0W
18 W

Why the terminal potential difference of a

battery decreases when the current drawn from it is
increased?

Solution: Correct answer: (d) 18 W.

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

Terminal Voltage

A cell of emf F has an internal resistance r in series.
V=FE-1Ir

Reason

The drop Ir inside the cell grows as the current
increases, so more of the emf is used up inside the cell.
Result

The terminal potential difference falls. On open circuit,
with no current, the voltmeter reads the full emf.

Two point charges A and B are separated by
10 m. If the distance between them is reduced to 5 m,
the force exerted on each:
decreases to half its original ‘B increases to twice the
value original value

C | Kirchhoff’s first law D | Kirchhoff’s second law

Solution: Correct answer: (d) Kirchhoff’s second law.

W ()BT 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 momentum

C| the particle’s energy | D| the flux density of the field
Solution: Correct answer: (b) the particle’s momentum.

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. [Ans:
(a) 1.6 N (b) 0.04 N]

decreases to one quarter of | increases four times its
its original value original value

Solution: Correct answer: (d) increases four times its
original value.

Which of the following charges is possible
on a particle?

A25x10°19C B 32x10719C

Cl1.6x10720C D 6.02 x 103 C

Solution: Correct answer: (b) 3.2 x 10~ C.
W (0 %Y Which diagram best represents the electric
field lines around two oppositely charged particles?

A lines running radially lines running radially
inward on both charges outward from both charges

lines running from the lines running from the
negative charge to the D positive charge to the
positive charge negative charge

(@)

Solution: Correct answer: (d) lines running from the
positive charge to the negative charge.

I\ ([0 )C¥" ] What is the work done on an electron by a
potential difference of 100 volts?

A 16x10 VeV B 1.6 x10 eV

C|6.25 x 107" ev D 100 eV

Solution: Correct answer: (d) 100 V.

I\ (e[ RH The potential at a point situated at a
distance of 50 cm from a charge of 50 uC is:

A |9 x 10* volts B |18 x 10% volts

C |9 x 10° volts D 18 x 10° volts

Solution: Correct answer: (c) 9 x 10° volts.

Given Data
F, = 04N
r1 = 5.0cm
re = 2.5cm
rg = 15.0cm
To Find
The forces Fy =7 and F35 =?
Formula

The charges do not change, so the product kqiq; is the
same in every case.
Fr? = constant

T 2
en(3)
T2
Solution

At 2.5 cm the separation is halved, so

2
Fy =04 x <ﬂ> =04x4=16N

2.5
At 15.0 cm the separation is three times as great, so
rnan (S8) 20
15.0 9
=0.04N
Result F,=16N
F; =0.04N
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A particle of charge +20 uC is placed
between two parallel plates 10 cm 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. (Ans: 5 kN C !,
100 mN)

Given Data
g=20x10"5C

d=10cm = 0.10m

V =05kV =500V
To Find
The field £ =? and the force F' =?
Formula =7

F =qF

Solution

The field between the plates is

500 » .
E= 010 = 5000NC " =5kNC
The force on the charge is
F =20x10"% x 5000 = 0.1 N = 100 mN

Result E=5kNC!

F =100 mN

The electron and proton in a hydrogen
atom are separated on the average by a distance of
approximately 5.3 x 10~ !! m. Find the ratio of the
electric force to the gravitational force between the
electron and the proton in this state. (Ans: 2.3 x 10%%)

Given Data
r=53x10""m

e=16x10"YC
me =9.1x 10" kg
my = 1.67 x 10 2" kg

To Find The ratio Fe/Fy =?
Formula
62
Fe=k—
MMy
Fy=G—5

The separation is the same for both, so it cancels in the
ratio.
F, ke?
Fg o Gmem,
Solution
The numerator is
ke? =9 x 107 x (1.6 x 10 19)? = 2.3 x 10~
The denominator is
Gmem, = 6.67 x 107 x 9.1 x 107* x 1.67 x 10"

=1.01 x 10797
So the ratio is
F. 2.3x 10728

F,  1.01x10°°
= 2.3 x 10%

F
£ =23x%x10%
Fg

Result

After a pleasant shower, a water
droplet of mass 1.2 x 10~!! 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 droplet. The droplet remains
suspended at rest in the air. Find the electric charge on
the droplet. (Ans: —1.96 x 107 )

Given Data
m=12x10""kg
E=6.0x10*'NC!
g=9.8ms >
To Find The charge g =7

Formula
The droplet hangs at rest, so the electric force balances
its weight.
qE =myg
-mg
T E
Solution
Putting the values
_12x107" x9.8
6.0 x 10*
=196 x 10 C
The field points downward while the force on the
droplet must point upward, so the charge is negative.

Result g=-196x107"C

An electron enters the region of a
uniform electric field with v, = 2.99 x 10" ms ! and

E = 300 N C L. The horizontal length of the plates is
10.0 cm. Find the acceleration of the electron while it is
in the electric field, and how long it takes to pass
through the field. (Ans: 5.27 x 10 ms~2,3.34 x 1079 s)

Given Data
vy, =2.99 x 10" ms!

E=300NC!
L=10.0cm =0.10m
e=16x10"YC
m=29.1x10"%kg

To Find
The acceleration a =7 and the time ¢ =7
Formula
F=¢eFE
eE

m
The horizontal component of the velocity is

unchanged, so .

t=—
Ve
Solution
The acceleration across the field is
1.6 x 107 x 300
a = ee—
9.1 x 10731
=5.27x10%¥ ms™?
The time spent between the plates is
0.10
t=———==334x10"s
2.99 x 10
Result

a=527x10%ms?2

t=334x10"s
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A disc of area 10 cm? is placed in a
vertical electric field £ = 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. (Ans:
250/3Nm?C)

Given Data
A=10cm?=1x10"3m?
E=5x10°NC™
To Find The flux ¢, =7
Formula ¢ = EAcos®
Solution

The plane of the disc is at 30° to the horizontal, so its
normal is at 30° to the vertical field.
0 =30°
Putting the values
e =5x10% x1x 1072 x cos 30°

¢ = 500 x 0.866 = 433Nm?>C~!
Result

$e = 250v3 = 433Nm?>C!

To Find
The rise in temperature At =?
Formula AR = RaAt
AR
At = o
Solution

The change in resistance is
AR=52-50=2Q
So the rise in temperature is
t= ——=10.3°C
50 x 0.0039
At =10.3°C

During an experiment a copper wire
50 m long and 150 ym 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 copper is

1.69 x 1078 QO m] (Ans: 47.8 Q, 2390 J)

Result

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 the square cross-
section of a 50 cm long tungsten rod if its resistance is
the same? [Resistivity of copper is 1.69 x 10~® QO m and
that of tungsten is 5.0 x 10° Q' m] (Ans: 1.08 x 107* (,
1.52 cm)

Given Data
L =50cm = 0.50m
d=1cm =0.0lm
pou =1.69 x 1078 Qm
pw =5.0x108Qm
To Find

The resistance R =7 and the side a =7 of the tungsten
rod
Formula A=qr?
L
R= pZ
Solution
The area of cross-section of the copper rod is
A = 7(0.005)? = 7.85 x 105 m?
So its resistance is
R 169 107% x 0.50
7.85 x 107°
=1.08x107*Q
For the tungsten rod of the same resistance and length
pwL  5.0x1078 x0.50
A= =
R 1.08 x 10°*
=232 x 10 m?
The cross-section is a square, so

a=V232x107* =0.0152m = 1.52cm

R=108x107%Q

Result

a =1.52cm

Given Data
L =50m
d =150 pm = 150 x 10 %m
I=1A
t=50s
p=1.69%x10%Qm
To Find
The resistance R =7 and the heat Q) =7
Formula A= mr?
R_ L
Q=1TI’Rt
Solution

The area of cross-section is
A=n(75 x 107%)? = 1.77 x 1078 m?
So the resistance of the wire is
1.69 x 1078 x 50
R=——"—""--" "~
o CL77x 1078
The heat dissipated in 50 s is
Q= (1)% x 47.8 x 50 = 2390J

R=4780Q

=4780Q

Result

Q =2390J

The emf of a battery is 12 V. It is
connected to a 3.6 () resistor. If the internal resistance
of the battery is 0.2 (), what will be the terminal
voltage across the battery? (Ans: 11.4 V)

The copper winding of an electric fan
has a resistance of 50 (2 at 30°C. After running for some
time the resistance becomes 52 (). How much is the
increase in temperature of the winding? [For copper

a = 0.0039 K] (Ans: 10.3°C)

Given Data
R=50Q
R =52Q
a=0.0039K!

Given Data

E=12V

R=3.6Q

r=020
To Find
The terminal voltage V =7
Formula I=

R+r
V=FE—-1Ir
Solution
The current in the circuit is
12 12
I=3%703 38 164

So the terminal voltage is
V=12-316x02=12—-0.63 =114V

Result V =114V
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F. At 8 cm apart it becomes:

Seventeen questions across the whole chapter. Work through them without the notes, then check the answers keyed at the foot of the page.

The force between two point charges 4 cm apartis [[(J[)] A charged particle entering a uniform field at

right angles follows a path that is:

A 2F B F/2

A | circular B | straight

cC F/4 D 4F
¥ A dielectric placed between two charges:

A| increases the force ‘B‘ reduces the force

C parabolic D | helical

At equilibrium, the excess charge on a conductor
resides:

X3 The electric flux through an area held at right
angles to the field lines is:
A ‘zero ‘ B ‘EA cos 45°

C reverses the force ‘D‘ leaves the force unchanged A throughout its volume B onits surface

E] The electric field at a point is defined as the force C atits centre D| on its earth wire

on: [¥¥] The current through a conductor is given by:

A| a unit positive charge B a unit negative charge A ’I = nAvq ‘ B I=nA/vg

C one electron D| one coulomb of negative charge | C ‘ I = Avg/n ‘ D | I=nv/Aq

Y3 Two electric field lines can never cross because at [[REE] The resistance of a wire is inversely proportional
a point the field has: to its:

A | only one magnitude B zero magnitude A length B | resistivity

C | only one direction D two directions C temperature D  area of cross-section

X718 A 12V supply drives 0.5 A through a lamp. The
power used is:
A 24W B 6W

c EA/2 D EA
Y3 The total flux through a closed surface enclosing

C 0.04W D 12W
[ ¥E] The terminal potential difference of a cell on

X2 Ata point outside a charged conducting sphere,
the field is the same as that of:

a charge Q is: load is:
A Qe B Qe A E+Ir B Ir—E
C ‘Q/47r€0 D ‘zero C ‘E—Ir ‘ D ‘E/Ir

¥ Kirchhoff’s first rule is a consequence of the
conservation of:

C | potential gradient D | charge density
[EJ A particle of charge 3e falls through a potential
difference of 2 V. The energy it gains is:

A 2eV . B 3eV

A| a point charge at the centre |B|a uniformly charged rod A ‘ energy B ‘ momentum

C| an infinite plane D | zero charge C ‘ mass D ‘ charge

X The electric field is equal to the negative of the:  [[\E%A In a balanced Wheatstone bridge the current
A electric flux B | potential energy  through the galvanometer is:

A| a maximum B| zero

C | equal to the battery current D half the battery current

C 5ev . D 6ev

1(c) 2(b) 3(a) 4(c) 5(d) 6(b) 7(a) 8(c) 9(d) 10 (c)

11 (b) 12(a) 13(d) 14 (b) 15(c) 16(d) 17 (b)
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