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Unified Engineering I Fall 2004

Problem S13 (Signals and Systems)

Note: for this problem and Problem S14, please do not use bibles or previous so-
lutions.

Consider the RLC circuit below:

–

+
u(t) y(t)R3C2

L1

–

+

This circuit is a notch filter, meaning that the output y(t) is almost the same as
the input u(t), except that the circuit “filters out” frequencies in a narrow range,
determined by the component values. For example, this circuit might be used to
filter out 60 Hz noise caused by electrical wiring from the input to an audio system,
to prevent 60 Hz “hum.”

For this circuit, find a state-space description of the system, in the form

dx(t)

dt
= Ax(t) + Bu(t)

y(t) = Cx(t) + Du(t)

No component values are given, so just find the matrices A, B, C, and D in symbolic
form.
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Problem S14 (Signals and Systems)

Note: for this problem and Problem S13, please do not use bibles or previous so-
lutions.

Consider the RLC circuit of Problem S13, shown below:

–

+
u(t) y(t)R3C2

L1

–

+

1. Find the transfer function, G(s), of the system, using

G(s) = C(sI − A)−1B + D (1)

2. Find the transfer function using impedance methods. Show that your result
agrees with the result in part (1).

3. For component values

L1 = 1 H, C2 = 0.25 F, R3 = 10 Ω

plot the magnitude of the transfer function G(jω) vs. ω. Explain why the filter
is called a notch filter.

Note: You may find it useful to use Matlab or a spreadsheet to calculate values of
the transfer function, since there is a fair amount of complex arithmetic.
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Problem S15 (Signals and Systems)

Consider the RLC circuit below:

–

+
u(t) y(t)R3C2

L1

–

+

In Problems S13 and S14, you found the state and measurement equations for this
circuit, and transfer function. For component values

L1 = 1 H, C2 = 0.25 F, R3 = 10 Ω

find the response of the circuit, y(t), for the following input signals:

1. u(t) = cos t

2. u(t) = cos 2t

3. u(t) = cos 4t

You need find only the particular solution, that is, the steady-state sinusoidal re-
sponse. You do not need to find the homogenous solutions, which are exponentially
decaying sinusoids.


