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123 Discharging capacitor
A capacitor with capacitance, C' is connected to a resistor with resistance R. At time ¢ = 0
the charge on the capacitor is Qg. Subsequently the charge satisfies
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The aim of this exercise is to solve this for @ at all later times.

a) A solution to Eq. (1) is a function Q(¢) such that when it is substituted into both sides
of equation Eq. (1) the resulting statement is true for all times t. To test this consider
the possibility Q(t) = 3. Substitute into both sides of Eq. (1) and carry out the relevant
mathematics. Is the resulting equality true for all times 2

b) Consider the possible solution @ = Ae® where A and o are constants. Substitute into
both sides of Eq. (1) and carry out the relevant mathematics. Is the resulting equality
true for oll times t¥? What condition on o would guarantee this?

¢) Determine a value for A such that the charge at t = 0 is Q.

d) The resulting expression is written as
Q= Que™"" (2)

where 7 is a constant called the capacitive time constant. Determine an expression for
7 in terms of R and C.

The capacitive time constant quantifies the rate at which the capacitor charge decays. In the
following, suppose that R = 2.0 x 10°Q and C =5.0 x 1077 F.

e) Determine the capacitive time constant. What fraction of the initial charge remains at
t = 0.187 What fraction of the initial charge remains at ¢ = 0.2s7

f) In experiments data for () versus t is conveniently represented by plotting In (Q) versus
t. Determine an expression for In (@) in terms of ¢t and constants. What sort of plot
would this yield? What is the slope of this plot?
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