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Lecture 3: The Electric Field  

The Electric Charge Density 

 

We should distinguish three types of the charge density. 

1. The ratio of the charge value to volume is called the volume charge density: 
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2. The ratio of the charge value to area, over which it is distributed, is called the surface charge 
density: 
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3. The ratio of the charge value to line, along which it is distributed, is called the line charge 
density: 
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The Electric Field 

The temperature at every point in a room has a definite value.You can measure the temperature 
at any given point or combination of points by putting a thermometer there.We call the resulting 
distribution of temperatures a temperature field. 

The electric field is a vector field; it consists of a distribution of vectors, one for each point in the 
region around a charged object, such as a charged rod. In principle, we can define the electric 
field at some point near the charged object, such as point P in Fig. 22-1a, as follows: We first 
place a positive charge q0, called a test charge, at the point.We then measure the electrostatic 
force that acts on the test charge. Finally, we define the electric field at point P due to the 
charged object as 

                                                                  
,

0q
FE



=

                                                (1.7) 



Al-Karkh University of Science                                                         Electricity and Magnetism 
College of Science                                                                              Lecture 1: Electrostatics  
Department of Medical Physics                                                          Prepared by: Dr. Nihad K Ali    
where q0 = +1 C. The direction of E


vector coincides with that of the force acting on the positive 

charge in the electric field. The unit of electric field intensity in SI system is 
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Hence, it is possible to describe an electric field by its intensity E, which is defined as follows 
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The electric field from a positive charge points away from the charge; the electric field from a 
negative charge points toward the charge. Like the electric force, the electric field E is a vector. 
If the electric field at a particular point is known, the force a charge q experiences when it is 
placed at that point is given by  

                                            EqF


⋅=   .                                                (1.10) 

If q is positive, the force is in the same direction as the field; if q is negative, the force is in the 
opposite direction as the field.  

The electric field of fixed charges is called the electrostatic field. We should distinguish the 

homogeneous and heterogeneous fields. At any point of homogeneous field the vector E


 is the 

same. On the contrary, at any point of heterogeneous field there are different E


-vectors. The 

superposition principle takes place: the vector E


 at a given point for electric field of any system 
of charges may be found by summing the vectors for the individual charges 
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where n is the number of charges, fig 1.9.  

 

Figure 1.9 

Electric Field of a Point Charge 
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Electric Field Lines 

Michael Faraday, who introduced the idea of electric fields in the 19th century, thought of the 
space around a charged body as filled with lines of force. Although we no longer attach much 
reality to these lines, now usually called electric field lines, they still provide a nice way to 
visualize patterns in electric fields. Electric field lines extend away from positive charge (where 
they originate) and toward negative charge (where they terminate). and the direction of the 
field line at a point tells you what direction the force experienced by a charge will be if the 
charge is placed at that point. If the charge is positive, it will experience a force in the same 
direction as the field; if it is negative the force will be opposite to the field. The fields from 
isolated, individual charges look like this, fig.1.10.   

 

Figure 1.10 
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When there is more than one charge in a region, the electric field lines will not be straight lines; 
they will curve in response to the different charges. In every case, though, the field is highest 
where the field lines are close together, and decreases as the lines get further apart. A view of the 
lines of force depends upon arrangements of charges. The electric lines of force have got two 
properties:  

1. They can be initiated and terminated at electric charges or at the infinity only; 

2. They cannot cross with each other. 

Examples of some electric fields are shown in the next figure 1.11. 

 

 

Figure 1.11 

 

The Electric field around a charged conductor 

A conductor is in the electrostatic equilibrium when the charge distribution (the way the charge 
is distributed over the conductor) is fixed. Basically, when you charge a conductor the charge 
spreads itself out. At equilibrium, the charge and electric field follow these guidelines:  

• the excess charge lies only at the surface of the conductor;  

• the electric field is zero inside of the conductor;  

• the electric field at the surface of the conductor is perpendicular to the surface;  

• charge accumulates, and the field is strongest, on pointy parts of the conductor.  

Let's see if we can explain these things. Consider a negatively-charged conductor, in other 
words, a conductor with an excess of electrons. The excess electrons repel each other, so they 
want to get away from each other as far as possible. To do this they move to the conductor’s 
surface. They also distribute themselves so the electric field inside the conductor is zero. If the 
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field wasn't zero, any electrons that are free to move would. There are plenty of free electrons 
inside the conductor (they're the ones that are canceling out the positive charge from all the 
protons) and they don't move, so the field must be zero.  

A similar argument explains why the field at the surface of the conductor is perpendicular to the 
surface. If it wasn't, there would be a component of the field along the surface. A charge 
experiencing that field would move along the surface in response to that field, which is 
inconsistent with the conductor being in equilibrium.  

Why does the charge pile up at the pointy ends of the conductor? Consider two conductors, one 
in the shape of a circle and one in the shape of a line, fig 1.12. Charges are distributed uniformly 
along both conductors. With the circular shape, each charge has no net force on it, because there 
is the same amount of charge on either side of it and it is uniformly distributed. The circular 
conductor is in equilibrium, as far as its charge distribution is concerned.  

 

 

Figure 1.12 

With the line, on the other hand, a uniform distribution does not correspond to equilibrium. If 
you look at the second charge from the left on the line, for example, there is just one charge to its 
left and several on the right. This charge would experience a force to the left, pushing it down 
towards the end. For charge distributed along a line, the equilibrium distribution would look 
more like this, fig. 1.13. 

 

Figure 1.13 

The charge accumulates at the pointy ends because that balances the forces on each charge. 

Summary; 
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