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Lecture 2:
The Electric Field and 
charge distribution
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The electric force acting on a positive test charge placed at that 
point divided by the test charge.
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The Electric Field

The total electric field in a 
point denoted P is equal to 
the vector sum of the electric 
fields of all the charges. 2 ˆi
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EXAMPLE 1:

A charge q1=7.0 C 
is located at the 
origin, and a second 
charge q2=-5.0 C 
is located on the x 
axis, 0.30 m from 
the origin as shown 
in the figure. Find 
the electric field at 
the point P, which 
has coordinates

5



6



Electric Field of  a 
Continuous Charge 
Distribution

The system of charges can be 
modeled as continuous. Here, the 
system of closely spaced charges 
is equivalent to a total charge 
continuously distributed:

- Along some line
- Over some surface 
- Throughout some volume
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Charge density

▪The uniformly distribution of charges on a line, a surface, or 
throughout a volume:

 linear charge density ()
 a charge Q is uniformly distributed along a line of length l (=Q/l)

 surface charge density ()
 a charge Q is uniformly distributed on a surface of area A 
(=Q/A)

 volume charge density ()
 a charge Q is uniformly distributed throughout a volume V 
(=Q/V)



ELECTRIC 
FIELD LINES
Lines that are parallel 
to the electric field 
vector at any point in 
space
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ELECTRIC FIELD LINES

 The number of lines per unit area through a surface 
perpendicular to the lines is proportional to the magnitude of 
the electric field in that region.

 The field lines are close together where the electric field is 
strong and far apart where the field is weak.



ELECTRIC 
FIELD 
LINES
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RULES FOR DRAWING ELECTRIC FIELD 
LINES
▪The lines must begin on a positive charge and terminate on a 
negative charge.

▪In the case of an excess of one type of charge, some lines will 
begin or end infinitely far away.

▪The number of lines drawn leaving a positive charge or 
approaching a negative charge is proportional to the 
magnitude of the charge.

▪No two field lines can cross.
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ELECTRIC FIELD LINES



ELECTRIC FIELD 
LINES
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Electric Flux (E)
 The number of electric field lines penetrating some surface

E EA =
N.m2/
C

GAUSS’S LAW
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ELECTRIC FLUX
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ELECTRIC FLUX
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ELECTRIC FLUX
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EXAMPLE 1
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EXAMPLE 2

Consider a uniform 
electric field E oriented in 
the x direction. Find the 
net electric flux through 
the surface of a cube of 
edge length l, oriented as 
shown in the figure.
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GAUSS’S LAW

A general relationship between the net electric flux 
through a closed surface (often called a Gaussian 
surface) and the charge enclosed by the surface
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GAUSS’S LAW

The net flux through any 
closed surface surrounding 
a point charge q is given 
by q/0 and is 
independent of the shape 
of that surface
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GAUSS’S LAW

The net electric flux through a 
closed surface that surrounds no 
charge is zero
The electric field due to many 
charges is the vector sum of the 
electric fields produced by the 
individual charges

1 2 3( ...).E E dA E E E dA =  = + + + 
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GAUSS’S LAW
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EXAMPLE 3

Starting with Gauss’s law, 
calculate the electric field 
due to an isolated point 
charge q
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EXAMPLE 4

Find the electric field due 
to an infinite plane of 
positive charge with 
uniform surface charge 
density .
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A plane of charge



HOMEWORK 
1:
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HOMEWORK 
2:
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Draw the electric field lines for 
the following cases:

1- An electron (right side) 
separated by 5 cm from a 
proton (left side).

2- A proton (right side) 
separated by 6 cm from a 
proton (left side). 

3- An electron (right side) is 
separated by 6 cm from an 
electron (left side).



HOMEWORK 
3:
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