
Physics 322 Lecture 4 September 16, 2026

Lecture 4: AC signals in RC circuits Last time, we looked at RC and
CR circuits attached to a constant voltage source. Today we will explore AC signals.
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1 Resistance, Reactance, and Impedance

V0e
jωt C

When we have a sinusoidal input signal

V (t) = V0 sinωt, we may want to compare the

phase di!erence between voltage and/or current

at di!erent points in the circuit. Let’s take one of

the simplest examples, of some voltage source

connected to a capacitor.

I = C
dV

dt

= C
d

dt
(V0 sinωt)

= CωV0 cosωt

j → i =
↑
↓1

V0e
jωt = V0[cosωt+ j sinωt]

In this simple case, it’s easy to see that the

current leads the voltage by 90→ since they are

simple sine and cosine functions. In more

complicated circuits, we may not have a simple

sine and cosine relationship. In this case, it’s

easier to view the relative phase if the signals are

written in complex exponential form.

I = C
dV

dt

= C
d

dt
ejωt

= CωV0je
jωt

= CωV0e
j(ωt+ε/2)

When we want to find the current through a component, we want to be able to use some rule similar

to Ohm’s law instead of solving a di!erential equation every time (which could be complicated). We

will introduce the complex impedance Z to accomplish this.

Z = R+ jX =
V

I
for the capacitor circuit above, this gives

=
V0ejωt

CωV0ej(ωt+ε/2)

=
1

jωC
=

↓j

ωC

This value is completely imaginginary, so we can say ZC =
↓j

ωC
for a capacitor, or XC =

↓1

ωC
. At low

frequencies, a capacitor acts like an open circuit (infinite impedance). At high frequencies, a capacitor

acts like a short circuit (zero impedance).
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