
Professor Fearing EECS128/MEC134 Problem Set 8 v1.0 Fall 2015

Due at 1700, Fri. Oct. 30 in homework box under stairs, first floor Cory .
Note: up to 2 students may turn in a single writeup. Reading Nise 10, 11-11.2

1. (25 pts) Nyquist Plot (Nise 10.5)
Consider a closed loop system with unity feedback. The open loop transfer function is:

G(s) =
k(s+ 5)

s(s2 + 4s+ 25)

[6pts] a) Hand sketch the asymptotes of the Bode plot magnitude and phase for the open-loop transfer
functions.
[10pts] b) Hand sketch Nyquist diagram.
[5pts] c) From Nyquist diagram, determine range of k for stability.
[4pts] d) Verify sketches with MATLAB (bode() and nyquist()) and hand in.

2. (25 pts) Gain and phase margin (Nise 10.7, 10.10)
A closed loop system with unity gain has open loop transfer function

G(s) =
425

(s+ 10)2(s2 + s+ 4.25)

[6pts] a) Hand sketch the asymptotes of the Bode magnitude and phase plots for the open loop system.
[6pts] b) Determine the gain and phase margin.
[6pts] c) Assuming a second order approximation for the closed loop system, estimate the transient response
for a step input from the phase margin and gain margin. (That is estimate ξ, overshoot, peak time, and
settling time.)
[4pts] d) Compare the actual closed loop step response from MATLAB with the estimates from c).
[3pts] e) Verify sketches with MATLAB (bode()) and hand in.

3. (25 pts) Time Delay (Nise 10.12)
Given a unity feedback system with forward path transfer function

G(s) =
40

s(s+ 3)(s+ 12)

and a delay of 0.5 second. (This could be a controller with a two hop geosynchronous satellite delay). Use
Gdelay=tf(num,den,’InputDelay’,0.5) to include time delay in the system.
[2pts] a) Draw a block diagram for the system, including 500 ms propagation delay for error e(t) to reach
the controller/plant G(s).
[12pts] b) Draw Bode diagrams for the system with and without delay, and estimate gain and phase margin
for both systems.
[8pts] c) Estimate overshoot and settling time from second order approximation for both cases.
[3pts] d) Use Matlab to plot the step response for the closed loop system with and without delay and com-
pare to the estimate from part c.

4. (25 pts) Gain Adjustment (Nise 11.2)
Given unity feedback system with OLTF:

G(s) =
K(s+ 2)(s+ 7)

s(s+ 6)(s+ 8)(s+ 10)(s+ 15)

[11pts] a) Sketch by hand the Bode plot for G(jω).
[8pts] b) Estimate the value of K and phase margin such that the step response has an approximate 20%
overshoot.
[6pts] c) Use Matlab to plot the step response for this value of K and compare ζ from this step response
with estimate from part b). Also use the margin command to check estimates from hand drawn bode plot.


