ECE 307 - POLES AND ZEROS - INVESTIGATION 19
POLES AND THE NATURAL RESPONSE - PART Il

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 aready seen, the poles of atransfer function G(s) - the roots of its denominator -
determine what the natural response looks like. The objective of thisinvestigation isto see what
happens to the natural response as the poles move around

1. Firstfor somedrill —
a. Find the poles p; and po of the following transfer function

100s 100s
G(s) == 7=
s +100s+10* (s- p,)(s- p,)

b. Find the denominator polynomial D(s) of atransfer function G(s) with poles
PL=0 pzp2 = -100%)200

c. Write out agenera expression for the terms of the partial fraction expansion for the poles
in part (b)

2. Find thetime constant t and the pole p of the following RC circuit

R

AN +
Vi n(t)éﬂ C == Vo(t)

How aret and prelated. What does alarge time constant t imply about the magnitude of the
pole p. Memorize thisrelation.

3. One particularly nice thing to do with poles - asit turns out - isto plot them in the complex
plane with X's as shown below. We refer to these graphs as pole-zer o diagrams (Well
introduce zeros in the next investigation - they're ssimply the roots of the numerator of G(s))

a Verify that acircuit with anatural response yn(t) = Ke=@ with a> 0 hasits pole on the
negative real axis of the complex plane asfollows
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b. Verify that a second order underdamped circuit with a natura response
yn(t) = Keal cos (bt + g) with a>0 hasits polesin the complex plane as follows
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c. Veify that asecond order overdamped circuit with a natural response

yn(t) = Kiea + Koe Dt with a>0 and b>0 hasits polesin the complex plane as
follows

4. Given thefollowing pole-zero diagrams
a. Draw asequence of graphstoillustrate what happensto the natural response of the
corresponding circuit as the poles move toward the imaginary axis as follows
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b. Draw asequence of graphstoillustrate what happens to the natural response of the
corresponding circuit as the poles move move away from the real axis asfollows
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5. Sketch the natural response of acircuit with poles on the imaginary axis as follows
+ Im
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Describe your sketch. What's an example of acircuit that has poles on the imaginary axis
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6. Sketch the natural response of a circuit with polesin theright half of the complex plane as
follows
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Describe your sketch

7. How isapol€e's distance from the imaginary axis related to the time it takes the corresponding
term of the natural response to decay to zero - assuming, of course, that the pole isin the left
half of the complex plane

8. How doesincreasing the value of R in the following circuit
R

A N
Vi n(t)éﬂ C = Vo(t)

affect the location of the pole. Why. Do an example to verify your answer

9. How doesincreasing the value of R in the following circuit

R

’\/\/\/ |_ +
Vi n(t)ét) L % vo(t)
P

affect the location of the pole. Why. Do an example to verify your answer

10. How doesincreasing the value of R in the following circuit
C L

1 +
vin(t)éi) RS vo(t)

affect the location of the pole. Why. Illustrate with apole-zero diagram

11. Given thefollowing circuit
+ VR() —

AN N
Vin(t) é@ R C —— vc(t)

with step response s(t) as follows
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a. Is(t) the step response of the capacitor voltage or resistor voltage. Explain in words

how you can tell.
b. How will increasing the magnitude of the pole affect (t)

12. How would you go about finding the pole of afirst order circuit like the following

AVAYAY, AVAYAY
X(t) éi} é —




