
Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

1

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

1

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

1

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

1

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Electric Field
Many common forces are “contact forces”. But gravitational and electrical forces 
act over a distance, which was a difficult idea in the past. It helps to think in 
terms of FIELD as developed by Michael Faraday.

The electric field extends outward from a charge and permeates all space. 

UNITS: N/C

The field concept can also be applied to the gravitational force.            
A gravitational field exists for every object that has mass  
It is the force per unit mass.
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Electric Field
Many common forces are “contact forces”. But gravitational and electrical forces 
act over a distance, which was a difficult idea in the past. It helps to think in 
terms of FIELD as developed by Michael Faraday.

The electric field extends outward from a charge and permeates all space. A 2nd
charge placed near it feels a force exerted by the electric field there.
The electric field is the force on a small charge, divided by the 
charge:  The charge (test charge) is so small that it does not 
affect the other particles which create the field       UNITS: N/C

Þ= 2r
qQkF

F and E have the
same direction if
q is +, but opposite
if q is -
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Photocopy machine
• drum is charged positively (drum Al with a layer of selenium –
photoconductivity)

• image is focused on drum

• only black areas stay charged and therefore attract toner particles

• image is transferred to paper and sealed by heat
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Exercises
Ex. A photocopy machine works by arranging positive charges (in the pattern to 
be copied) on the surface of a drum, then gently sprinkling negatively charged 
toner particles onto the drum. The toner particles temporarily stick to the pattern 
on the drum and are later transferred to paper and melted to produce the copy. 
Suppose each toner particle has a mass of 9.0x10^(-16)kg and carries an 
average of 20 extra electrons to provide an electric charge. Assuming that the 
electric force on a toner particle must exceed twice its weight in order to ensure 
sufficient attraction, compute the required electric field strength near the surface 
of the drum. CNEmgqE /105.52 3´=Þ=

Ex. Calculate the magnitude and direction of the electric field at a point P which 
is 30 cm to the right of a point charge Q=-3.0x10^(-6) C.

CNE
r
QkE /100.3 5
2 ´=Þ=
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Exercises

Superposition principle for electric fields:

Ex. Two point charges are separated by a distance of 10.0 cm. One has a 
charge of                 and the other               . (a) Determine the direction and 
magnitude of the electric field at a point P between the two charges that is 2.0 
cm from the negative charge. (b) If an electron is placed at rest at P and then 
released, what will be its initial acceleration (direction and magnitude)?

Cµ25- Cµ50+

220

8

/101.1
/103.6
sma
CNE

´=

´=

Field due to negative charge points TO it
Field due to positive charge points AWAY from it kgme

311011.9 -´=
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Exercise

Ex. Calculate the total electric field (a) at point A and (b)  point B due to both 
charges.

CNE
EE
EE

CNE

EEEE

B

BB

BB

o
A

AyAxAA

/106.3
cos2

76
/105.4

,,,

6
1

21

6

21

´=

=
=

=

´=

q

f
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Field Lines

The electric field can be represented by field lines. These lines start on a 
positive charge and end on a negative charge.

The number of field lines starting (ending) on a positive (negative) charge 
is proportional to the magnitude of the charge.

The electric field is stronger where the field lines are closer together.
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Field Lines

Electric dipole: two equal charges, opposite in sign:

The direction of the electric 
field at any point is tangent 
to the field line.

The electric field between two closely spaced, 
oppositely charged parallel plates is constant.

Positive test charge between plates feel 
repulsion from positive plate and attraction from 
negative plate
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Electric Field due to Electric Dipole
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Electric Field due to Electric Dipole

E for a dipole varies as 1/r3 for all distant points, regardless 
of whether they lie on the dipole axis; here r is the distance
between the point in question and the dipole center.
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Electric Field due to Line of Charge

All the components of dE that are perpendicular 
to the z-axis cancel! Only thos along the z-axis
survive
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Electric Field due to Line of Charge
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Electric Field due to Line of Charge

This is a reasonable result because from a large distance, the ring 
“looks like” a point charge.
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Electric Field due to Charged Disk

This is what we found for the ring

The disk is equivalent to a ring where r goes from 0 to R,
so we can substitute “q” above by
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Electric Field due to Charged Disk

To solve, we change variables as
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Electric Fields and Conductors

The static electric field inside a conductor is zero – if it were not, the charges 
would move.

The net charge on a conductor is on its surface.

Suppose a positive charge Q is surrounded by 
an isolated uncharged metal conductor whose 
shape is a spherical shell.
There can be no field inside the metal, so –Q 
is induced on the inner surface and +Q exists 
on the outer surface.
The shell  is neutral 

The electric field is perpendicular to the 
surface of a conductor – if it were not, 
charges would move.
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Faraday Cage

Shielding and safety in a storm
A neutral hollow metal box is 
placed between two parallel 
charged plates as in (a). What is 
the field like inside the box?

The electrons in the metal can move 
freely to the surface, hence the field 
inside the hollow metal box is zero. A 
conducting box used in this way is an 
effective device for shielding delicate 
instruments from unwanted external 
electric fields.

It also explains why it is safe to be inside a car during a lightning storm.
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Problems to Solve

Chapter 22:
8, 9, 11, 15, 19,  21, 24, 25, 35, 40, 46


