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Electric Field:

❑ Electric charges exert forces on each other when they are a distance apart. The word
Electric field’ is used to explain this action at a distance.
❑ An Electric field is defined as the region of space where a stationary charge experiences
force.
❑ The direction of electric field is defined as the direction in which a positive charge
would move if it were free to do so. So the lines of force can be drawn with arrows
that go from positive to negative.
➢ Electric field lines are also called force lines.
➢ The field lines are originated from the positive charge and they end up at the
negative charge.

➢The lines of force starts on a positive charge and end on a negative charge.
➢The lines of force never touch or cross.
➢The strength of the electric field is indicated by the closeness of the lines; means
the closer they are, the stronger the field.

❑ Electric field strength at a point is defined as the force per unit charge acting on a
small positive charge placed at that point.
❑ If a force experienced by a positive charge +Q placed in the field is F, then the field
strength, E is given by
E= F/Q

Coulomb’s Law
❑ Any two point charges exert an electrical force on each
other that is proportional to the product of the charges
and inversely proportional to the square of separation

Electric Field of a Point Charge

• Electric field strength: force per unit positive charge
• Dividing force by charge

Electric Potential

• Electric potential at a point is the work done in brining
unit positive charge from infinity to that point

❑ Capacitors store charge and energy. They have many applications, including

smoothing varying direct currents, electronic timing circuits and powering the
memory to store information in calculators when they are switched off.
❑ A capacitor consists of two parallel conducting plates separated by an insulator.
❑ When it is connected to a voltage supply charge flows onto the capacitor plates
until the potential difference across them is the same as that of the supply. The
charge flow and the final charge on each plate is shown in the diagram.

As the capacitor charges:
•charge –Q flows onto the plate connected to the negative terminal of the supply
•charge –Q flows off the plate connected to the positive terminal of the supply,
leaving it with charge +Q
•the capacitor plates always have the same quantity of charge, but of the opposite
sign
•no charge flows between the plates of the capacitor.
Capacitance
❑ The capacitor shown in the diagram above is said to store charge Q, meaning that
this is the amount of charge on each plate. When a capacitor is charged, the amount
of charge stored depends on:
•the voltage across the capacitor
•its capacitance: i.e. the greater the capacitance, the more charge is stored at a given
voltage.

❑ The capacitance of a capacitor, C, is defined as:

Where Q is the charge

stored when the voltage across the capacitor is V. Capacitance is measured in
farads (F). 1 farad is the capacitance of a capacitor that stores 1 C of charge when
the p.d. across it is 1 V.

Combining capacitors
❑ Like resistors, capacitors can be connected in series or parallel to achieve
different values of capacitance.
❑ When capacitors in series are connected to a voltage supply:
➢ no matter what the value of its capacitance, each capacitor in the combination
stores the same amount of charge, since any one plate can only lose or gain the
charge gained or lost by the plate that it is connected to
➢ the total charge stored by a series combination is the charge on each of the two
outer plates and is equal to the charge stored on each individual capacitor
➢ because the applied potential difference is shared by the capacitors, the total
charge stored is less than the charge that would be stored by any one of the
capacitors connected individually to the voltage supply.
❑ The effect of adding capacitors in series is to reduce the capacitance. When an

additional capacitor is added, there is less p.d. across each one so less charge is
stored.

❑ The diagram shows the charge on the plates of three capacitors connected in
series.

❑ The capacitance, C, of a number of capacitors connected in series is given by the expression:

❑ When capacitors are connected in parallel:

➢ all the capacitors are charged to the same potential differeneach capacitor stores the
same amount of charge as it would if connected on its own to the same voltage
➢ adding an additional capacitor increases the total charge stored.
❑ The capacitance, C, of a number of capacitors connected in parallel is given by the

expression: C = C1 + C2 + C3

Capacitance of a Body:

The energy stored in a capacitor
❑ Energy is needed from a power supply or other source to charge a capacitor.
A charged capacitor can supply the energy needed to maintain the memory in
a calculator or the current in a circuit when the supply voltage is too low.
❑ The amount of energy stored in a capacitor depends on:
➢ the amount of charge on the capacitor plates
➢ the voltage required to place this charge on the capacitor plates, i.e. the
capacitance of the capacitor.
❑ The graph below shows how the voltage across the plates of a capacitor
depends on the charge stored.

❑ When a charge ΔQ is added to a capacitor at a potential difference V, the work
done is ΔQV. The total work done in charging a capacitor is ΣΔQV.
❑ The shaded area between the graph line and the charge axis represents the
energy stored in the capacitor.
❑ The energy, E, stored in a capacitor is given by the expression

E = ½ QV = ½CV 2

where Q is the charge stored on a capacitor of capacitance C when the voltage
across it is V.

Charging and discharging a capacitor
❑ When a capacitor is charged by connecting it directly to a power supply, there is very
little resistance in the circuit and the capacitor seems to charge instantaneously. This
is because the process occurs over a very short time interval.
❑ Placing a resistor in the charging circuit slows the process down. The greater the
values of resistance and capacitance, the longer it takes for the capacitor to charge.
❑ The diagram below shows how the current changes with time when a capacitor is
charging.

❑ This graph shows that:
➢ the charging current falls as
the charge on the capacitor,
and the voltage across the
capacitor, rise
➢ the charging current decreases
by the same proportion in
equal time intervals.

❑ When a capacitor is charging or discharging, the amount of charge on the capacitor
changes exponentially. The graphs in the diagram show how the charge on a capacitor
changes with time when it is charging and discharging.
❑ Graphs showing the change of voltage with time are the same shape. Since V = Q/C , it
follows that the only difference between a charge–time graph and a voltage–time
graph is the label and scale on the y-axis.

