Ch. 18

Electrical Energy and Capacitance

Electric Potential Energy and Electric Potential 
· Electric potential energy is analogous to gravitational potential energy.  If a charge is placed in an electric field, the charge experiences a force.  Work is done on the charge when it moves parallel to the field (or has a component of displacement that is parallel to the field).  Since the electrostatic force is a conservative force, a potential energy can be associated with it.  As shown below, a positive charge gains electrical potential energy when it is moved in a direction opposite the electric field.
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· In chapter 17, we defined and used the concept of electric field so we could easily analyze the force experienced by a charge of any magnitude or sign placed at a point.  It is useful to develop an analogous concept for determining changes in potential energy of any charge.  Similar to electric field which is force per unit charge, electric potential difference, or simply potential difference, is energy per unit charge (the change in electrical potential energy associated with a charged particle divided by the charge of the particle).  
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Electric potential energy, as its name implies, is energy and, therefore, is measured in joules.  In contrast, electric potential difference is energy per unit charge and is measured in joules per coulomb, or volts.  When we speak of voltage applied between two points we are actually referring to the electric potential difference between those two points.  Because potential energy is a scalar quantity, so is electric potential difference.

Example 1:

A proton is accelerated from rest through a potential difference of 240 V.  Calculate its final speed. 
Capacitors 
· Capacitors are electrical devices used to store charge.  In its simplest form, a capacitor consists of two parallel plates separated by a small distance (lower left diagram).  If one plate becomes charged, an equivalent opposite charge will be induced on the other plate and a nearly uniform electric field will be formed between the plates.  For a given capacitor, the amount of charge Q acquired by each plate is proportional to the potential difference V across the plates 
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C is the constant of proportionality for the above relationship which is called capacitance. 
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If we rearrange the above equation for C (C=Q/V) we see that the units for capacitance are Coulomb per volt with these units being defined as a farad (F).  One farad is a very large capacitance, so we often use microfarads, nanofarads, or picofarads.  Note that capacitance does not depend on Q or V.  Its value depends only on the structure and dimensions of the capacitor itself as will be explained below.  If Q is changed, V must change accordingly with capacitance remaining constant.

               

                    



Factors that affect capacitance of a capacitor

· As shown in the proportionality below, the capacitance of a capacitor is directly proportional to the area of each plate and inversely proportional to the distance between the plates.  This is because, capacitors constructed of plates with large areas can store more charge.  That is, if area increases, capacitance increases.  But capacitance is inversely proportional to the distance between the plates because the closer the plates, the stronger the attractive force.  But there is a limit to how close the plates can be.  If the electric field becomes too strong the air will break down and conduct charge between the plates (discharge the capacitor).  Therefore, dielectrics (insulating material often added between plates of a capacitor) are often used to increase capacitance because of the way dielectrics alter the electric field between the plates as shown above right.
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The constant of proportionality which makes the proportion above into an equation is (o, which is called the permittivity of free space and is equal to 8.85 x 10 – 12  C2 / Nm2. The permittivity constant gives us an indication of how well space holds an electric field. The equation for a parallel plate capacitor is 


[image: image8.wmf]d

A

C

o

e

=


Electric field within a capacitor

· As shown in the diagrams below, the electric field between the plates of a parallel plate capacitor is nearly uniform.  Since the electric field strength is nearly uniform, the equipotential lines are also evenly spaced with a uniform change in potential (below right).  The electric field lines are always perpendicular to the equipotential lines and always point towards lower potential.  The electric field, voltage, and distance between the plates are related by the equation
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Calculating amount of energy stored on a charged capacitor

· The electrical energy stored in a capacitor can be found by relating its charge q, voltage V, and capacitance C:
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Example 2


Each plate on a 3750 pF capacitor carries a charge with a magnitude of 25nC.  (a)What is the potential difference across the plates and the total energy stored by the capacitor?  (b) If the plates are 1.2 mm apart, what is the magnitude of the electric field between the two plates? 

A = area of the plates	


d = distance between plates


(o = 8.85 X 10-12 C2/N m2
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