
Course Updates
http://www.phys.hawaii.edu/~varner/PHYS272-Spr10/physics272.html
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Electric Charge
Source of electric and magnetic phenomena.
Will study E&M much of the semester.
A.) Generating: rubbing transfers charge.

– glass with silk
– lucite with fur

Two types of charge (+ and -). 
Ben Franklin (1706 – 1790): charge on glass rod is +.

Like charges repel.
Unlike charges attract.

Demo: Pith ball
+q -q
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Conductors and Insulators

Insulators – charge (electrons) not free to move.
Examples: glass, porcelin.

Conductors – electrons free to move.
Example: Copper – 1 free electron per atom.

There are no perfect insulators or conductors!

Demo: Electroscope

Demo: Charging by induction.
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Coulombs Law

Applies to point charges.
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πε
==magnitude

k = 8.99 x 109   N m2 /C2

≈ 9 x 109   N m2 /C2

ε0   = 8.85 x 10-12  C2/Nm2

direction: along line between two charges
attractive if unlike charges
repulsive if like charges

F is a vector!
Note forces are equal and opposite (Newton’s Third Law)
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Up in the Sky… it’s Coulomb Man!

100kg  -- how much to levitate 100 meters skyward ?



Up in the Sky… it’s Coulomb Man!

100kg  -- how much to levitate 100 meters skyward ?

100kg

100m

A) 3 billion C
B) 3 C
C) 30mC
D) 3.2x10-19 C
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Up in the Sky… it’s Coulomb Man!
(but not for long!)

Why ?
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CoulombCoulomb’’s Law (to sum up)s Law (to sum up)
If there are more than two charges present, the total force If there are more than two charges present, the total force 
on any given charge is just the on any given charge is just the vector sumvector sum of the forces due of the forces due 
to each of the other charges:to each of the other charges:

+q1 -> -q1 direction reversed

1F
r
MATH:MATH:

1 31 2 1 4
12 13 142 2 2

12 13 14

ˆ ˆ ˆ= + +
kq qkq q kq qr r r

r r r
31 2 4

12 13 142 2 2
1 12 13 14

ˆ ˆ ˆ= + +
r

kqF kq kqr r r
q r r r
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Electric Field
Coulomb’s Law – Problem: 

Action at a distance:
speed of propagation
not considered.

Another approach:
1. Charge in space creates electric field.
2. Field acts on 2nd charge.

E
r

q1q1

q2 F12

F21

q1

Field propagates through space with speed of light.

q1

q2

F
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What is a Field?
A FIELD is something that can be defined anywhere in space

•A field represents some physical quantity
(e.g., temperature, wind speed, force) that is
a function of 3-D spatial position (x,y,z)

•It can be a scalar field (e.g., temperature field)
•It can be a vector field (e.g., force field or electric field)

Electric fields
We must introduce the concept of the 

electric field.
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A Scalar Field

These isolated temperatures sample the scalar field
(you only learn the temperature at the point you choose,

but T is defined everywhere (x, y)
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A Vector Field
It may be more interesting to know which way the wind is 

blowing...

That would require a vector field
(you learn both wind speed and direction)

Wind speed (length, direction)
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How to determine? 

Put small test charge at point in space.

Why small test charge?

More accurately:

Electric Field

0

0
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units: N/C
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Direction?  What if q0 is negative?



Le
ct

ur
e 

2

14

Electric Field
Can place test charge at many points to map

Example: Electric Field around charge Q. 

Force on charge at point in electric field?

EqFq

rr
=

Fq

q
E
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Electric Field
E for point charge q?
Can calculate:
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magnitude and direction.

q
q0

E
r F0

r̂
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Example:  a.) E at P?
y

x

q1  = 60 nC
y1 = 3 cm

P

x = 4 cm

r defined from q!
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Preflight

B?1)

“B is closer to “B is closer to --Q than to +Q, so the effect Q than to +Q, so the effect 
of of --Q's charge will be greater than +Q. Q's charge will be greater than +Q. 
Since B is positive, it will move to the left Since B is positive, it will move to the left 
due to the attractive force of due to the attractive force of --Q on it.” Q on it.” 

A     B       C      D      E
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Electric Field
E for point charge q:

r
r
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What if more than one charge? Use superposition.
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Electric Field

The electric field E at a point in space is defined as 
the force per unit charge at that point. 
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Field points toward negative and
Away from positive charges.

2
ˆQE k r

r
=

r
Electric field due to a point charged particle
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Superposition
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Example:  a.) E at P? y

x

q2  = 60 nC
y2 = -3 cm

q1  = 60 nC
y1 = 3 cm

Using Symmetry:  Electric Field

P

x = 4 cm

b.) Force on 3rd charge q0 = 2 nC at P?
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Exercise (UIL2A2) 
Two charges, q1 and q2, fixed along the x-axis as
shown produce an electric field, E, at a point
(x,y)=(0,d) which is directed along the negative
y-axis.

q2q1 x

y

Ed- Which of the following is true?
(a) Both charges q1 and q2 are positive

(b) Both charges q1 and q2 are negative
(c) The charges q1 and q2 have opposite signs
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Exercise (UIL2A2) 
Two charges, q1 and q2, fixed along the x-axis as
shown produce an electric field, E, at a point
(x,y)=(0,d) which is directed along the negative
y-axis.

- Which of the following is true?

E

q2q1

(a)
q2q1

(c)

E

q2q1

(b)

E

q2q1 x

y

Ed

(a) Both charges q1 and q2 are positive

(b) Both charges q1 and q2 are negative
(c) The charges q1 and q2 have opposite signs
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Motion of a charged particle in an electric field
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Where used?

Example: An electron, starting from rest, is accelerated in
a uniform electric field of 8 x 104 N/C.  Find its speed
after traveling 5 cm.
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Motion of Charge

A                B                   C               DA                B                   C               D
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“The net force remains the same because the 
law of superposition in both cases causes the 
magnitude of the electric field to remain the 
same. The only difference is in the direction.”

A) Case 1
B) Case 2
C) Same
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Preflight

“The net force remains the same because the 
law of superposition in both cases causes the 
magnitude of the electric field to remain the 
same. The only difference is in the direction.”
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Example

• Calculate E at point P.

+q+q

+q+q--qq

PP

dd
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Example

• Calculate E at point P.

20

+q+q

+q+q--qq

PP

dd

2 ˆi
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QE k r
r
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r

BB

dd

“I would hope for more example calculations involving 
Coulomb's law and electric field strength.”



Coulomb Man – Hall of Fame or Shame?

What will be his fate?

100kg

100m

Hint:  maybe another name


