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20.8: Sample problems and solutions

? Exercise 20.8.1

A simple RC circuit as shown in Figure 20.8.1 contains a charged capacitor of unknown capacitance, C, in series with a
resistor, R = 2{). When charged, the potential difference across the terminals of the capacitor is 9V.

At time t = Os, the switch, S, is closed, allowing the capacitor to discharge through the resistor. The current is then measured

tobe I =0.05A at t = 5s after opening the switch.

a. What is the capacitance of the capacitor?
b. What charge did the capacitor hold at t = 2s?
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Figure 20.8.1: A simple circuit with a resistor and a capacitor.
Answer

a. In this case, the capacitor is discharging as a function of time. At time £ =0, the voltage across the capacitor is
AV =9V . We can model this discharging circuit in a similar way as we modeled the charging circuit.

We start with Kirchhoff’s junction rule, which leads to a differential equation for the charge stored on the capacitor, Q(t),
as function of time:

AV —IR =0
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This differential equation is straightforward to solve, since it says that the derivative of Q(t) is equal to a constant
multiplied by @ (t). Thus, Q(t), must be an exponential function:

_t
Q(t) = Qoe xe
where, @y, is the (unknown) charge on the capacitor at £ = 0. You can easily verify that taking the derivative of this

equation will result in the differential equation being satisfied.

The current, I(t), as a function of time is given by:

I:ﬂ:—LQ:&iL_ -4
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Qy .
where Iy = 2% is the current at t = 0.

C
We also know that the current through the resistor at ¢t =0 is given by Ohm’s Law, since, at that time, the voltage,
Q .
= 9V:
A%
=D _OV) _ea
RC (29)

We then know that the current, at time ¢ = 5s, is equal to I(5) = 0.05A, allowing us to determine the capacitance:
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b. To find the charge stored in the capacitor at ¢ = 2s, we can use the function @ (¢) that we determined before:

Qt =25)=Qoe 7

where we can determine, )y, now that we know the capacitance. ) is the charge on the capacitor at time ¢ = 0, when the
voltage across the capacitor is 9V:

Qo = CAV = (0.56F)(9V) =5.0C

At t = 2s, the charge on the capacitor is thus:

CD)
Q(t =2s) = (5.0C)e En0sF) = 0.84C

? Exercise 20.8.2

A voltmeter with a resistance of Ry = 20k{2 is attached to a circuit with a battery of unknown voltage and two resistors with a
resistance of R = 2.5k} as shown in Figure 20.8.2 The voltmeter reads that the voltage drop over one of the resistors is
AV, =5.647V. What is the voltage drop, Vg, over each resistor when the voltmeter is removed from the circuit?

20 k£2

Figure 20.8.2: A circuit with a battery of unknown voltage.

Answer

In order to know the voltage across one of the resistors, we need to determine the voltage that is across the battery. Once we
have determined the voltage across the battery, the voltage across one of the resistors will just be half of that across the
battery, since the two resistors have the same resistance.

We can model the circuit with the voltmeter in place, since we know the voltage across the parallel combination of the
voltmeter and resistor (that voltage which is readout by the voltmeter). We can combine the voltmeter and one of the
resistors into a an equivalent resistor, Ry :

1
Rejp = —4———+
R, +R™!
1
R =
7 20kQ) 1 + (2.5kQ) 1
R.sr =2.22kQ)

Now that we have the effective resistance as well as the voltage drop across that effective resistor, we can solve for current
through the circuit:
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I =2.541mA

Now that we have the current through the circuit, we can determine the voltage drop across the second resistor. By adding
that voltage drop to the known voltage across the effective resistor, we can determine the battery voltage:

A%attery = I(Reff + R)
AViattery = (2.541mA)(2.222k) +2.5k0)
A%attery =12V

Thus, with no voltmeter present, the voltage across each resistor is 6V.

This page titled 20.8: Sample problems and solutions is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Ryan
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