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Capacitors and capacitance

Capacitors are electrical devices used to stored energy in circuits (commonly for a backup release of
energy if the power fails)
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(C is often written in microfard and nanofarad)



Capacitance of a Spherical Conductor

The potential Vis defined by the potential of anisolated point charge (since the charge onthe
surface of asphericalconductorcanbe considered as apoint charge atits centre):
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Substituting this into the capacitance equation means the capacitance Cof asphereis given by
the expression:
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Derivation of C=Q/V in series and parallel

The circuitsymbolfora parallel plate capacitoris two parallellines
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Area under a Potential-Charge Graph

When charging a capacitor, the power supply pushes electrons from + to - plate
-->work is done on the eletrons, which increase electric potential energy

Adding more e- to the negative plate at first is easy because there is little
repulsion, but as the e- builds up, more work is required to overcome higher
repulsion

-->The greater amount of work must be done to increase the charge on the negative plate
(i.e. the potential difference V across the capacitor increases as the amount of charge Q increases)
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Capacitor Discharging Graph

Capacitors are discharged through a resistor

-->the electrons now flow back from negative to positive plate until it reaches equilibrium (when there are equal
number of e- on each plate)

at the start of discharge, the current is large and current, p.d. and charge all decrease exponentially to zero

(this means rate at which the current, p.d. or charge decreases is proportional tothe amount of current, p.d. or
charge it has left)

high resistance = current decrease = charge flow slowly = capacitor take longer to discharge

CAPACITOR IS CHARGED THROUGH THE RESISTOR

| /A V/V/\ Q/C/\ BY THE BATTERY

WHEN THE SWITCH IS WHEN THE SWITCH IS CONNECTED
CONNECTED TO P, THE TO Q, THE CAPACITOR DISCHARGES
P Q
'e) \ O

EXPONENTIAL
DECAY CURVE -

—— ——\ECAPACWOR

T
> > > —

t/s t/s t/s THE MICROAMMETER
RECORDS A LARGE
CURRENT WHICH .
GRADUALLY DECREASES




Capacitor Discharge Equations

Time constant of a capacitor discharging is represented by ‘tau” (t)

time constant = time taken for the charge of a capacitor to decrease to 0.37(1/e) of its original value

T =RC

VOLTAGE (V)

Where:

= T=timeconstant(s)

= R=resistance oftheresistor(Q)
= C=capacitance of the capacitor(F)

TIME (s) 3

The graph of voltage-time for a discharging capacitor showing the positions of the first three time
constants
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Where:
= |=current(A)
= |p =initial current before discharge (A)
= e =the exponential function
= t=time(s)
= RC =resistance (Q) xcapacitance (F) =the time constant t(s)



