EGR 261
Signals and systems
File: Fourier Series — Circuit with Ramp Input

Analysis of a Series RC Circuit with a Ramp Wave Input

Problem: Determine the RMS value of the capacitor voltage, v(t), in the circuit shown below.
The input voltage, Vi(t), is an infinite periodic 0 to 10V ramp waveform.
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Solution:  V4(t) should first be represented by a Fourier series. The Fourier series shown below

was determined in a previous problem.
V() =5 - Esin(ZOOOn“t) - ﬂsin(4000n“t) - ﬂsin(60007rt) - ﬂsin(80007rt) - e e
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We can now replace the ramp voltage source by an infinite number of sinusoidal voltage sources as

shown below:
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Now using superposition the circuit can be analyzed once for each source with all other sources
Killed (shorted). Note that the capacitor impedance changes for each circuit.



DC source only:
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First harmonic source only:
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VV\
1000

10 . N
- E[sm(4000 Tit) V@ 0LuF T vz(t)

Equivalent Circuit:
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AC Equivalent Circuit:
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AC Equivalent Circuit:
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Third harmonic source only:
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Fourth harmonic source only:
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AC Equivalent Circuit:
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AC Equivalent Circuit:
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Fifth harmonic source only:

AC Equivalent Circuit:
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V, = 0.193 V| (5™ harmonic component)

Total capacitor voltage:
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In general, Viys = \/VOZ + (using peak sinusoidal values)

In the example above, Vrus can be approximated by using the DC component and the first 5
harmonics as follows:
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On the following page MATHCAD is used to determine Vrus by including 100 harmonics.



