
Passive circuit elements continued: 
Thevenin equivalence, reactive 

elements, complex impedence, and 
some useful devices. 



Thevenin equivalent circuits

RTH is the output impedance of such a circuit



The voltage divider revisited: the Thevenin 
equivalent circuit and output impedance



Reactive circuit elements & transient circuit 
response: capacitors

A capacitor with capacitance C stores charge (Q) in proportion to the applied voltage V. This can be expressed with an 
equation as:

𝑄 = 𝐶𝑉

Q is hard to quantify or measure in practice; instead, we reformulate this expression for current I to make it more
manageable, by taking the time derivative of both sides:
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Since I now depends on the temporal behavior of V, we call capacitance a `reactive’ circuit element -> current `reacts’ to 
changes in voltage. A natural question is how this manifests itself with a simple circuit: let us look at the transient 
response of a simple circuit:





A/C circuit analysis – looking at sinusoidal* 
signals

* For the math experts, the Fourier series is a sum of sinusoids, and with appropriate weights can approximate any periodic 
function over an interval. Thus analyzing the response to an arbitrary sinusoid, and the linear property of RLC circuits means 
we can describe the circuits response to an arbitrary forcing.

Sinusoids are parameterized by an amplitude and a phase – this structure lends itself well to a description with 
complex variables, which also have two quantities of merit – the real and imaginary part. The phasor 

description, with e.g. 𝑉 = 𝑉0𝑒
𝑗𝜑 = 𝑉0 (cos𝜑 + 𝑗sin𝜑); for a signal oscillating with frequency 𝜔, the phase of 

this signal is 𝜔𝑡

Since our circuits at this stage are Linear, the output of a sinusoidally driven circuit is itself a sinusoid with the 
same frequency and at most a modified amplitude and phase



Generalizing resistance: Impedance and the 
transfer function for `forcing’ (V) to `response’ (I)







Generalizing the V-divider: frequency 
dependent response and filter devices

Low-pass filter: high-pass filter: band-pass filter:



Analysis of the high-pass filter 




