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Electric Charges

» Like charges repel each other, unlike
charges attract each other.

« Electric charge is always conserved:
Net charge can not be created or
destroyed.

« S| unit of electric charge: coulomb (C)
 Elementary charge: e = 1.6 X109 C

» Charge Is quantized:
q = ne (n = O,il,iZ)




Conductors & Insulatots Q

 Conductors are materials in which electric charges "
move freely in response to an electric force. All other .
materials are called insulators. °g
« Semiconductors are intermediate in their properties e
between good conductors and good insulators,
e.g. silicon, germanium. &0
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Coulomb’s Law

(a) A torsion balance of the type used by

't Coulomb to measure the electric force

ll_rr The negatively
charged ball attracts

the positively charged
‘ one; the positive ball
Torsion fiber moves until the elastic
forces in the torsion
R P fiber balance the

Charged
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(k = 9.0 X 10°N - m2/C?)

(g, = 8.85 X 10712 C2/N - m?)

electrostatic attraction.

(b) Interactions between point charges
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[Exercise}

Two point charges are located on the x-axis of a coordinate system: g, = 1.0 nC
Isat x =+2.0 cm, and g, =-3.0 nC is at x = +4.0 cm. What is the total electric
force exerted by g, and g, on a charge g; = +5.0 nC is at x = 0?

(@) Vur diagram of the situation (D) Free-body diagram for g
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Electric Field
* An electric field exists in the region of space around a charged object.

- - - source
« The electric field exerts an electric force on any other ...

charged object within the field.

> Electric field: - Q

« Magnitude:

* Direction: the same direction as the electric force on
a positive test charge at the point.

« Electric field of a source charge q at the position of ¢ /E?
_________________ @ ".. source charge 9 -7 E
== CIO =k r’ @ (b)



[Quick Quiz)

1.

2.

3.

A test charge of +3 uC is at a point P where the electric field due to other charges is
directed to the right and has a magnitude of 4 X 10°% N/C. If the test charge is
replaced with a charge of - 3 uC, the electric field at P (a) has the same magnitude
as before, but changes direction, (b) increases in magnitude and changes direction,
‘(cyfemain the same, or (d) decreases in magnitude and changes direction.

A circular ring of charge of radius b has a total charge q uniformly distributed
around it. The magnitude of the electric field at the center of the ring is

(a)'{) (b) kq/b* (c) kq*/b* (d) kq*/b
A “free” electron and a “free” proton are placed in an identical electric field. Which

of the following statements are true?

(a) Each particle is acted upon by the same electric force and has the same
acceleration.

(b) The electric force on the proton is greater in magnitude than the force on the
electron, but in the opposite direction.

‘(M’he electric force on the proton is equal in magnitude to the force on the electron,

but in the opposite direction.

(d) The magnitude of the acceleration of the electron is greater than that of the
proton.

(e) Both particles have the same acceleration.



Electric Field Lines

O Non-uniform electric field
(a) A single positive charge (b) Two equal and opposite charges (a dipole) (c) Two equal positive charges
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"""" Field lines always point-="" At each point in space, the electric Field lines are close together where the field is
away from (+) charges field vector 1s tangent to the field strong, farther apart where it 1s weaker.

and toward (—) charges. line passing through that point.

O Uniform electric field
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[Quick Quiz]

Rank the magnitudes of the electric field at point A, B, and C in the
Figure below, with the largest magnitude first.

(@YA. B, C

(b)A,C,B % c
(c)C, A, B %}\ (
(d) Can’t be determined by visual inspection



