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Electric Force and Electric Field

OBJECTIVES:

7. State and apply Coulomb’s law.

8. Define electric field.

9. Determine the electric field due to one or more point charges.

10. Draw and explain electric field patterns for different charge configurations.

Coulomb’s Law

The force between two charges is directly proportional to their magnitudes and inversely proportional to the square of the distance between them. Charge is measured in coulombs, which is a derived unit (and a lot of charge, a since electron's charge is 1.6 x 10-19C).
	F  Q1Q2
	
	F  1/r²


The constant of proportionality depends on the medium.
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Where 1 / 4 = 8.988 x 109 Nm2C-2
The constant  is called the permittivity of the medium.
If the medium is a vacuum the constant is written o. The units of  are N-1C2m-2, (this is usually written as Farads per metre, Fm-1).
To determine the net force on a charge due to two or more other charges, you must use vector addition.  Find the force and direction due to each of the other charges in turn and then resolve these forces to get the resultant force.

Electric Field Strength (E)
A resultant force changes motion.  Many everyday forces are pushes or pulls between bodies in contact.  In other cases, forces arise between bodies that are separated from one another.  Electric, magnetic, and gravitational effects involve such action-at-a-distance forces and to deal with them physicists find the idea of a field of force, or simply a field, useful.  If an electric charge experiences an electric force then it is in an electric field.  The equation E = F/Q allows the strength of an electric field, in NC-1 (Newtons per Coulomb), to be found based on the force experienced by a given charge.  A more common, but equivalent unit is the volt per meter (Vm-1).
The electric field strength at a point is the force acting on a unit positive charge placed at that point.
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are NC-1 and the sense of [image: image4.jpg]M



is the sense of the force acting on a positive charge.


Electric Field Strength at a distance r from a Point Charge Q
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To calculate the field strength at point p, imagine a 1C (positive) charge to be placed at p and then use Coulomb’s law.
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Electric Field Shapes 
Electric field lines go from positive to negative.  One important point is that field lines always strike a surface at 90 degrees.  Electric fields are often represented by electric lines of force.  A line of force is a line showing the direction of the force acting on a positive charge placed in the field.  The "density" of the lines represents the magnitude of the field strength.
To draw a diagram showing the shape of an electric field, imagine a small positive charge (a test charge) to be placed in the field at different points.
Field due to a single charge
Wherever the test charge is placed, the force will be directed away from the charge (or towards the charge if it is negative).  Therefore, in this case, the shape of the field is radial.  Moving further away, the lines are further apart, representing a weaker field.
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Field due to two opposite point charges of equal magnitude
In this slightly more complicated case, a vector addition is needed to predict the direction of the line of force at the point considered.
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By considering a number of such additions, we obtain the following shape.
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Field due to two similar point charges of equal magnitude
The same process gives the following result.
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At the centre of this field is a place where the magnitude of the electric field strength is zero.  This is called a neutral point.
Field between two oppositely charged parallel plates
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In between the plates the field is uniform except near the ends, where some curve is introduced to account for the 90 degree thing as mentioned above.
ElectricForceandElectricField

