ow to save gasoline when you
rive a big empty truck?




Electricity and Magnetism

m Lightning

® Vending machine

m Electricity generator and motor
m Train brake

m Wireless battery charger

m Airport metal detector
m Radioand TV
m CD player and tape cassette




Brief review of classic mechanics

Newton's law: zlE =dP/dt, where P =mu

r=dL/dt, where T =rxF and L =r xP

omentum conservation: P = constant when Y F =0.

ngular momentum conservation: L = constant when > 7 =0.

nergy conservation: E=T +U, where T :% mu°.

N U
Gravitational force: Fq=-G ALl r

r2

Gravitational potential energy: U, =-G _mr”E




Chapter 23 Electric field

m Properties of electric charges

m Insulators and conductors

m Coulomb’s law

m The electric field

m Electric field of a continuous charge distribution

m Electric field line

m Motion of charged particles 1n a uniform electric
field
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Figure 23.1a
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rge Is conserved.

rge Is quantized, i.€ = Ne.

Properties of electric charges

Serway, Physics for Scientists and Engineers, 5/a
Figure 23.1b
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kinds of charges occur in nature; unlike charges attract each
r and like charges repel each other.



Insulators and conductors

Electrical conductors are materials in which electric charges
move freely whereas electric insulators are materials in whicr
electric charges cannot move freely.

Conductors: copper, silver, and gold

Insulators: glass, rubber, and wood

Semiconductors: silicon and gemanium

Grounded: When a conductor is connected to the Earth by
means of a conducting wire or pipe.




Induction
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Figure 23.3
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Coulomb’s law

for Scientists and Enginaers, 5/

P Electric force

pict * is inversely proportional to the square

I of the separationbetween the particles

e and direct along the line joining them.

e is proportional to the product of the
charges), andg, on the two patrticles.

e is attractive if charges are of opposite sign
and repulsive if the charges have the same
sign.

i
%

Harcourt, Inc.



Coulomb’s law

Serway, Physics for Sclentists and Enginaers, 5'e
Figure 23.6 F Cl]_ q2
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Example 23.2 Find the resultant force

1

Consider three point charges located at the corners of a right
triangle as shown, wherg = q; = 5.0pC, g, = -2.0uC, anda =

0.10 m. Find the resultant force exertedjgn

F23:ke|q2 ”q3 |:90 N

a.2

YA
F3

.= F,c0s45-F,,=-1.1N
F, =F5sin45 =79 N

F, =+/(Fs)° +(F,)*=8.0 N
6 = arctanf,, /F,,) =98




Example 23.4 Find the charge on
the spheres

Two identical small charged spheres, each having a massxdaf3.0

Kg, hang in equilibrium as shown. The length of each string is 0.15 r
-the angl@ is 5.®. Find the charge on each sphere.

S S F,=Tsing-F, =0
> F,=Tcos-mg=0

2

F. =mgtanf =k, (an)z

o= \/(Za)zmgtane
,,, Ke
@ Y =4.4x10° C




The electric field

The gravitational field: é (produced by massive objects)
e gravitational force for a particle with mass m: IEg = mé

 dectric field: E (produced by charged objects)
2 electric field is the electric force acting on a unit positive charg

» el ectric force acting on acharge g IE =q E

[
e electric field of a point charge g E= keq
O,
r

The electric field of agroup of charges: E= keZ

U
The electric field of a continuous charge distribution: E kej q



or Sclentists and Engineers,

0.40 m

Sle

Example 23.5 Electric field due

to two charges

A chargeq, = 7.0uC is located at the origin, and a second chgsge
= 5.0uC is located on the x axis, 3.0 m from the origin. Find the

-tric field atP, which has coordinates (0, 0.40) m.

rrrrrrrrrrrrr

E, =E,, =E,cos6
:ke|?—3|0059:1.1><105N/C

2
E,=E,+E, =E -E,siné
_ kelg—;l—kelq—ﬂsin@ =25x10°N/C

2
1 r2

g=tan"(E,/E,) =66°



Example 23.7 The electric field
due to a charge rod

_ . dg
Serway, Physics for Scientists and Engineers, /e dEX - ke ?
" Total chargeQ dg = Adx
Charge per unit lengtik dx
"1 dE, =-kA
dg = Adx X
dx
s — I+a gy 0 107°
e — BEAL TG
P 1—»\47{) -;}
' :—ke/\(l —i):— ke/\l
a |+a a(l +a)
__ KQ

a(l +a)



Example 23.8 The electric field
of a uniform ring of charge

Sarway, ;hyslcs for Scientists and Engineers, S/ dEX — dE COSH
Figure 23.17
Total chargeQ dq x k.xdq
- ke r2y _(XZ +a2)3/2
Y 1
3 }rf 2N E = K.xdq
o B . . X 2 23/2

_ [ N ~ i dEy (x*+a’)

80P 4k, { _“T;?}*'hd-@%_

X
- = X 1dg

dE, & Jj,f-'-*”ﬂ-ﬁ dE, - (X2 + az)

(b)
- KX 4
32

(X +a’)
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Electric field lines

Electric field lines are related
to the electric field in any
region of space as:

* The electric field vector is
tangent to the electric field
line at each point.

* The number of lines per unit
cross-sectional area is
proportional to the magnitude
of the electric field in that
region.



Electric field lines for a point
charge

|
//,

Ve
\\

The rules for drawing electric

field lines:

* The lines must begin on a
positive charge and terminate
on a negative charge.

* The number of lines leaving a
positive charge or approaching
a negative charge is proportional

to the magnitude of the charge.

* No two field lines can cross.



The electric field lines for an
electric dipole
g
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The electric field lines for two
point charges

hyslcs for Scientists and Engineers, &'e Serway, Physics for Scientists and Engineers, S'e
Figure 23.23
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Motion of charged particle in a
uniform electric field

If E is uniform over spacé, IS constant, then the motion of
a charged particle will be similar to the motion of a neutral
particle in gravitational field.




Motion of charged particle 1n a

uniform electric field

When theinitial velocity is
perpendicular to the eectric field,
wehave v, =u;, andu,; =0.

Motion along the x direction:
U, =U. (no force and acceleration)

v;d ! X |
— f— o
(0, 0) X=ut
] X

(x.) Motion along the y direction:

ST R \ _qE
v —ayt
Harcom. Inc.

1, 1qE )
——at"=———1
Za“/ 2m

E
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