Chapter 18 Notes: Electric Forces and Electric Fields

Mass of a proton: 1.673 * 10-27 kg

Mass of a neutron: 1.675 * 10-27 kg

Mass of an electron: 9.11 * 10-31 kg

Electric Charge


An intrinsic property of protons and electrons


Two types:


Positive



Negative


The SI unit for measuring the magnitude of an electric charge is the coulomb (C)


e = 1.60 * 10-19 C

Law of Conservation of Electric Charge

During any process, the net electric charge of an isolated system remains constant (is conserved).

Like charges repel and unlike charges attract each other.

Charge is quantized

The charge on any object, whether positive or negative, is quantized, in the sense that the charge consists of an integer number of protons or electrons.

Conductors and Insulators
Electrical conductor – a substance that readily conducts electric charges

Electrical insulator – a substance that conducts electric charge poorly

Charging by contact and induction
Charging by contact – the process of giving one object a net charge by placing it in contact with another object that is already charged

Charging by induction – the process of giving one object a net electric charge without touching the object to a second charged object

Coulomb’s Law

The magnitude F of the electrostatic force exerted by one point charge 
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 on another point charge 
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 is directly proportional to the magnitudes 
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 and 
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 of the charges and inversely proportional to the square of the distance r between them:
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where k is a proportionality constant: k = 8.99 * 109 N * m2/C2 in SI units. The electrostatic force is directed along the line joining the charges, and it is attractive if the charges have unlike signs and repulsive if the charges have like signs.
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is called the permittivity of free space
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= 8.85 * 10-12 C2/(N*m2)

Electric Field

The electric field 
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that exists at a point is the electrostatic force 
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experiences by a small test charge 
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placed at that point divided by the charge itself:
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The electric field is a vector, and its direction is the same as the direction of the force 
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on a positive test charge.

SI unit of Electric Field: Newton per coulomb (N/C)

Note: As long as the test charge is small enough that it does not disturb the surrounding charges, it may be either positive or negative.
Electric Field Lines
In general, electric field lines are always directed away from positive charges and toward negative charges.

Electric dipole – consists of two separated point charges that have the same magnitude but opposite signs
Dipole movement – the product of the magnitude of one of the charges and the distance between the charges

Electric field lines always begin on a positive charge and end on a negative charge and do not start or stop in midspace. The number of lines leaving a positive charge or entering a negative charge is proportional to the magnitude of the charge.

The electric Field

At equilibrium under electrostatic conditions, any excess charge resides on the surface of a conductor

At equilibrium under electrostatic conditions, the electric field is zero at a point within a conducting material

The conductor shields any charge within it from electric fields created outside the conductor (Faraday Cages!)

The electric field outside the surface of a conductor is perpendicular to the surface at equilibrium under electrostatic conditions.

Electric flux

The electric flux 
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through a surface is related to the magnitude E of the electric field, the area A of the surface, and the angle 
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 that specifies the direction of the field relative to the normal to the surface:
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Gaussian Surface


Generally an imaginary spherical surface centered about a point charge. 

Gauss’ Law
The electric flux 
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through a Gaussian surface is equal to the net charge Q enclosed by the surface divided by 
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, the permittivity of free space:
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SI unit of Electric Flux: N*m2/C
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