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Figure 1: KCL Circuit (\
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Figure 2: KVL Circuit
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RC Circuits

In this problem, we will be using differential equations to find the voltage across a capacitor over time in an
RC circuit. We set up our problem by first defining four functiops over time: I(z) is the current at time 7,
V(t) is the voltage across the circuit at time 7, Vg(t) is the voltage across the resistor at time ¢, and Ve (t) is
the voltage across the capacitor at time 7.

Recall from 16A that the voltage across a resistor is defined as Vx = RIg where I is the current across the
resistor. Also, recall that the voltage across a capacitor is defined as V¢ = % where Q is the charge across

the capacitor. C Al(& Q = C,Vj
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Figure 1: Example Circuit

(a) First, find an equation that relates the current across the capacitor /(¢) with the voltage across the
capacitor V¢ ().
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(b) Write a system of equations that relates the functions /(z), Vi (¢), and V (¢).
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(c) So far, we have three unknown functions and only \\ne equation, but we can remove () from the
equation using what we found in part (a). Rewrite thé\previous equation in part (b) in the form of a
differential equation.
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Figure 2: Circuit for part (d)

(d) Let’s suppose that at # = 0, the capacitor is charged to a voltage Vpp (Ve (0) = Vpp). Let’s also assume
that V(¢) = 0 for all # > 0. Solve the differential equation for V¢(¢) fort > 0.
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Figure 3: Circuit for part (e)

(e) Now, let’s suppose that we start with an uncharged capacitor V¢(0) = 0. We apply some constant
voltage V (¢) = Vpp across the circuit. Solve the differential equation for V¢ (z) for r > 0.
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Figure 2: Circuit for part (d) \D\m {,&L )
S
@ _L\X w - -,_‘_\J LB) + Nob
R 1) M Ve = RQe V< =
—AN——— J
V() +
n 1 L]
or () et = L N )

Figure 3: Circuit for part (e) - “ﬂh - HWW
D '\"@ : »00\/-~



