Part I: Electricity

Chapter 23

Electric Fields

Dr. Saif M. H. Qaid

PHYS 111 - KSU

Dr. Saif Qaid




LECTURE OUTLINE

23.1 Properties of Electric Charges

23.3 Coulomb’s Law

23.4 Analysis Model: Particle in a Field (Electric)
23.6 Electric Field Lines




23.1 Properties of Electric Charges

* There are two kinds of electric charges

— Called positive and negative
* Negative charges are the type possessed by electrons
* Positive charges are the type possessed by protons

* Charges of the same sign repel one another
and charges with opposite signs attract one

a nother Like charges repel and unlike charges attract one another
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23.1 Properties of Electric Charges

The smallest unit of free charge e known In
nature, the charge on an electron (-e) or a
proton (+¢&), has a magnitude e=1.602x 102 c
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TABLE 23.1

Charge and Mass of the Electron, Proton, and Neutron

Particle Charge (C) Mass (kg)

Electron (e) —1.602 176 5 X 101 9.1094 x 1031
Proton (p) +1.602 176 5 X 1071 1.672 62 X 10~27
Neutron (n) 0 1.674 93 X 10~27

® Thomson Higher Education
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23.1 Properties of Electric Charges

* Nature’s basic carrier of positive charge is the proton

— Protons do not move from one material to another because
they are held firmly in the nucleus

* Nature’s basic carrier of negative charge is the electron

— Gaining or losing electrons is how an object becomes charged

* Electric charge is always conserved
—Charge is not created, only exchanged

— Objects become charged because negative
charge is transferred from one object to
another




23.1 Properties of Electric Charges

* Charge is quantized

— All charge is a multiple of a fundamental unit of
charge, symbolized by e ( g=Ne where N:
number of charge)

* Quarks are the exception
— Electrons have a charge of —e
— Protons have a charge of +e
— The Sl unit of charge is the Coulomb (C)




23.1 Properties of Electric Charges

Rubber

1) Glass — Rubber

F
® Thomson Higher Education ( a ) ( 1) )

 The rubber rod is negatively charged ¢ The rubber rod is negatively charged
 The glass rod is positively charged  The second rubber rod is also negatively

e The two rods will attract charged

 The two rods will repel
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23.1 Properties of Electric Charges

A glass rod is rubbed with silk

Electrons are transferred from
the glass to the silk

Each electron adds a negative
charge to the silk

An equal positive charge is left
on the rod

©2004 Thomson - Brooks/Cole
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Conductors

* Electrical conductors are materials in which some of the
electrons are free electrons
— Free electrons are not bound to the atoms
— These electrons can move relatively freely through the material

— Examples of good conductors include copper, aluminum and
silver

— When a good conductor is charged in a small region, the charge
readily distributes itself over the entire surface of the material




Insulators

 Electrical insulators are materials in which all of the
electrons are bound to atoms

— These electrons can not move relatively freely through the
material

— Examples of good insulators include glass, rubber and wood

— When a good insulator is charged in a small region, the charge is
unable to move to other regions of the material




Semiconductors

* The electrical properties of semiconductors

are somewhere between those of insulators
and conductors

* Examples of semiconductor materials include
silicon and germanium




Point Charge

* The term point charge refers to a particle of
zero size that carries an electric charge

— The electrical behavior of electrons and protons is
well described by modeling them as point charges




23.3 Coulomb’s Law
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the magnitudes of electric
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S%% Spesion charged spheres
 He found the force depended

on the charges and the
distance between them
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23.3 Coulomb’s Law

Mathematically,

- 19 a
The Sl unit of charge is the coulomb fC) re
k,is called the Coulomb constant
— k,=8.9876 x 10° N'-m?/C? = 1/(4re,)
— g, is the permittivity of free space ¢! !l 4alen
— e,=8.8542 x 1012 C? / N'‘m?
Typical charges can be in the puC range
— Remember, Coulombs must be used in the equation

Remember that force is a vector quantity
Applies only to point charges




23.3 Coulomb’s Law

The electrical force between two stationary point charges
is given by Coulomb’s Law

The force is inversely proportional to the square of the
separation rbetween the charges and directed along the
line joining them

The force is proportional to the product of the charges,
g, and g,, on the two particles

The force is attractive if the charges are of opposite sign
The force is repulsive if the charges are of like sign
The force is a conservative force




23.3 Coulomb’s Law

e Remember the charges need to be in coulombs

— eis the smallest unit of charge
e except quarks
— e=16x101°C
— So 1 C needs 6.24 x 108 electrons or protons

* Typical charges can be in the uC range
e Remember that force is a vector quantity




Electric force & the gravitational force
between the two particles.

Al g g Ao 1) B 5B (0 A e
The electron and proton of a hydrogen atom are
separated (on the average) by a distance of
approximately 5.3 X 10"t m. Find the magnitudes of

the electric force and the gravitational force
between the two particles.
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Electric force & the gravitational force between the
two particles.

A8l 5 g8l g A g 8 5B (e A i

—19
F, = K, qegp =9x10° (1'6X1O 11)2 =82x10°N  dngslis gl
' (5.29><10— )Z
LSl B gRY o
- (9.1095x10_31j(1.67261><10_27)
P = G———=667x107" - —3.7x10™N
' (5.29><1o—11)

Therefore, the gravitational force between charged atomic particles is negligible
when compared with the electric force.
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23.3 Coulomb’s Law
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When the charges are of the When the charges are of opposite
same sign, the force is repulsive. signs, the force is atiractive.
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Vector Nature of Electric Forces, 1

In vector form,

9,9
k‘ 1 2 12

Two pomt ch5rges are
separated by a distance r

15 is a unit vector directed
from g, to g,

The like charges produce a
repulsive force between
them * The force on q, is equal in
magnitude and opposite in
direction to the force on q,

21 (a)

Use the active figure to
move the charges and
observe the force




Vector Nature of Electrical Forces, 2

* Two point charges are
separated by a distance r

 The unlike charges
produce an attractive
force between them

* With unlike signs for the
charges, the product g, g,
is negative and the force g1
IS attractive (b)

® Thomson Higher Education

— Use the active figure to _ _
investigate the force for * The f(?rce onq,Is equgl In
different positions magnitude and opposite in

direction to the force on q,




Vector Nature of Electrical Forces, 3

Electrical forces obey Newton’s Third Law
The force on g, is equal in magnitude and opposite in

—

direction to the force on g, F, = _|312
With like signs for the charges, the product g, g, is positive

and the force is repulsive

The sign of the product of g, g, gives the relative direction
of the force between ¢, and g,

The absol/ute direction is determined by the actual
location of the charges




Electric forces: Examples

Tow point charges lie along the x axis as shown in Figure. Calculate the net force

acting on g;? If the q,=q,=0.64 uC, q;=0.32 uC, r=8cm
Al s AY) g 4 ga Ladlaa) (), (; Lad b ghudia Gliadal oliiald
qgaa.;yaﬂum‘)s 5 yi'gall 3 ¢8l) ol ,ruJ\.ﬁAZ\émw
(o) el 1Y) ¢ b, @ Ll dis cuad g 1))

q,=q,=0.64 uC, ¢,=0.32 uC, r=8cm




Zero Resultant Force, Example

 Where is the resultant
force equal to zero?

— The magnitudes of the
individual forces will be

equal
— Directions will be opposite i | — 2.00 —x —>

* Will result in a quadratic

* Choose the root that — () () —x

gives the forces in go|  Fos g5 Fis T
opposite directions w




Zero Resultant Force, Example

Three point charges lie along the x axis as shown in
Figure. The positive charge g,=15uC is at x=2m, the
positive charge g,=6 pC is at the origin, and the net
force acting on g, is zero. What is the x coordinate
of g;?
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The Superposition Principle

* The resultant force on any one charge equals
the vector sum of the forces exerted by the
other individual charges that are present

— Remember to add the forces as vectors

* The resultant force on g, is the vector sum of
all the forces exerted on it by other charges:

F1 F +F +F




Superposition of Forces




Superposition Principle, Example

* The force exerted by g,

ong;is F,

* The forceﬁexerted by g,
on g;is F,,

 The resultant force
exerted on g, is the
vector sum of F, and

—

F

23




Superposition Principle, Example

_ﬁ

Consider three point ] B
charges located at the - /
corners of a right triangle
as shown in Figure, f
where g,=g,= 5mC, g,= AT
22mC, and a= 0.100 m.
Find the resultant force .
exerted on g;.
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Quick Quiz

Object A has a charge of 12 uC, and object B has a charge of
16uC. Which statement is true about the electric forces on the
objects?

(a )AAB_ 3ABA
(b) AAB=_ ABA
(c) 3AAB__ ABA

(d) AAB=3 ABA

(e) 4AB= A_}?A
(f) 3Aap= Apy




Quick Quiz

@ uick Quiz 23.3 Object A has a charge of +2 uC, and object B has a charge

of +6 wC. Which statement is true about the electric forces on the objects?
—F — —F —F — —F —F —

(a) _EAB — ;BFBA ':hLF,ﬂ,E - Fpy (€)3F,g = — Fp, (d) Fyg = 3Fg,

() Fup = Fga (F) 3Fsg = Fpy

- EXREENNEN

@ uick Quiz 23.4 A test charge of +3 uC is at a point Pwhere an external electric
- field is directed to the right and has a magnitude of 4 X 10° N/C. If the test
* charge is replaced with another test charge of —3 uC, what happens to the exter-
. nal electric field at P? (a) It is unaffected. (b) It reverses direction. (c) It changes
# in a way that cannot be determined.

31 PHYS 111 - KSU Dr. Saif Qaid




Summary 4aedall

Coulomb’s law states that the electric force exerted by a

0; Ao
F — K charge g, on a second charge g, is
e 1 2 R
rz (”JSJS Uﬁu *

» The force is attractive if the charges are of opposite sign

» The force is repulsive if the charges are of like sign

» The force is a conservative force




Thank You
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