ECE 209 - FOURIER SERIES - INVESTIGATION 24
STEADY STATE RESPONSES TO PERIODIC INPUTS - PART |

FALL 2000 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

Aswe've seenin the last several investigations on Fourier Series, periodic signals x(t) of
frequency fo can be expressed as sums of sinusoids at integer multiples of the fundamental

frequency fo asfollows
X(t) = cg + 1 cos (2pfot + q1) + Co cos(2p2fot +q2) + . . .

Thisis particularly nice because it means we can use superposition to find the steady state
responses of linear circuits to periodic signals x(t) asfollows:

(@) First calculate the Fourier Series expansion of x(t)
(b) Then calculate the sinusoidal steady state response to each of the harmonics
(c) And then add together the sinusoidal steady state responses to the harmonics

We call thisschemefrequency domain analysis. Memorizeit. The objective of this
investigation is to get some practice with frequency domain anaysis.

1. Suppose acircuit with the following lowpass frequency response

IG(GwW)|
2
w
5x103
/ G(w)
: w
5x103
—p/2 +

has a periodic input x(t) of fundamental frequency wgp = 103 and spectral plot asfollows
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a. Which harmonics are in the passband and which in the stopband of the filter
b. Sketch the spectra plot of the output y(t)
c. Findy(t) asasum of sinusoids

2. Suppose acircuit with the following lowpass frequency response
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a. Make aspectra plot of the input pulse train x(t)

a. Make aspectral plot of the steady state response y(t)

b. Expressy(t) asasum of sinusoids

c. Make use of Mathcad to obtain a graph of the steady state response y(t)

3. Draw theideal frequency response of acircuit that will only passthe DC term and first five
harmonics of aperiodic signal of period T =1 msec

4. Sketch the steady state response of a circuit with the following frequency response
it
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5. Suppose acircuit with transfer function
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has a periodic input of fundamental frequency wg = 103 with the following spectral plot
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a. Sketch the spectral plot of the steady state output y(t)
b. Expressy(t) asasum of sinusoids

6. Generalizing on the results of the problemsin this Investigation we see that if
d, cos(kwt + ¢,)

is the steady state response to the k'th harmonic ¢, cos(kw t +6,) of aperiodic input x(t) then
the corresponding phasors are related by

Y (jkwip) = G(jkwip) X (jkwi)
and so
d, =Y(j0) = ¢,G(j 0)
d, =[Y(jko,) =|G(jko ) X(jko,) = |G(jko, )| X(jkw,)| = 6| G(jko,)

0, = DY(jko,) =D G(jkw,)X(jkw,) =D G(jkn,) +D X(jko,) =B G(jkn,) +6,

Make use of these relationships to express the steady state response y(t)
¥
y(t) =d, +Q dcosko,t +9,)
k=1

as afunction of ck, qk and G(jkwp)



