




Problem 2 Steady State Error (16 pts)

For all parts, use:

G1(s) = k, (k > 0)

G2(s) =
s+2

(s+3)(s+4)

H(s) = 1
s

[2 pts] a) Let R(s) = 0. Find the response to a general disturbance input D(s) in terms of G1(s), G2(s), H(s) .

C(s)
D(s) =

[4 pts] b) For a disturbance input d(t) = u(t), a unit step, (with r(t) = 0) find limt!1 c(t) (show work for full

credit).

[4 pts] c) Let e(t) = r(t)� c(t). Find E(s) in terms of G1(s), G2(s), H(s), R(s), D(s) .

E(s) = R(s) + D(s)

[6 pts] d) For r(t) = tu(t), a unit ramp, and with d(t) = u(t) a unit step, find limt!1 e(t) (the final value of the

error) (show work for full credit).
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Problem 3. Root Locus Plotting (25 pts)
For the root locus (1 + kG(s) = 0) with k > 0, and given open loop transfer function G(s):

G(s) =
(s+ 8)

s(s+ 4)(s2 + 6s+ 13)

[1 pts] a) Determine the number of branches of the root locus =

[2 pts] b) Determine the locus of poles on the real axis

[2 pts] c) Determine the angles for each asymptote:

[3 pts] d) determine the real axis intercept for the asymptotes (show work/formula) � =

[4 pts] e) Use the angle criteria for poles and zeros to find the j! axis crossing point (show work).

[4 pts] f) Estimate the value of k for the j! axis crossing. (Show work for full credit).

k =

[4 pts] g) Calculate the angle of departure for the pole starting at s = �3 + 2j (show work).

[5 pts] h) Sketch a root locus below which is consistent with the information found above. Draw arrows on

branches showing increasing gain. Draw asymptotes.
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Show/explain the procedures used to find z_c and k. Numerical parts can be from Matlab.


