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Homework Assignment 1

Assigned August 28, 2008.

Due in lecture September 4, 2008.

Note that you must include all of your work to obtain full credit. Also the paper you submit
must be your own work. To copy someone else’s homework is cheating, which is not permitted
and will result in a score of 0 for both the original and the copy.

1. (Review) Consider the system with transfer function

G(s) =
Y (s)

R(s)
=

30

s3 + 10s2 + 31s + 30
. (1)

(a) For input r(t) = δ(t), t ≥ 0, find the corresponding output y(t) using partial fraction
expansions and inverse Laplace transforms. Then use Matlab to obtain the solution
and plot the solution on the interval t = [0, 2].

(b) Repeat for r(t) = u(t), t ≥ 0.

(c) Repeat for r(t) = t, t ≥ 0.

Note: In this course you must always label your plot properly using Matlab commands
title, xlabel, and ylabel.

2. (Review) Consider an input r(t) = t, t ≥ 0 applied to a system with transfer function G(s).
The corresponding output is y(t) = e−3t − 2e−2t + e−t − 2. Find G(s).

3. (Review) Consider the initial value problem (IVP) consisting of the differential equation

ÿ + 6ẏ + 3y = u, (2)

where u(t) is the unit step function, and the initial conditions

y(0) = 0 and ẏ(0) = 0. (3)

(a) Find the solution ya(t) analytically.

(b) Find the solution yb(t) using Matlab.

(c) Using the subplot command, plot in the upper half of the space ya(t) and yb(t) on
the same graph; and plot in the lower half the difference ya(t) − yb(t). (This error
should be very small.)

(d) Remember to properly label the graphs.

4. (Section 2.3)

Suppose that
y(r, θ) = mr2 + mℓr cos θ − mℓ2 sin θ. (4)

Find the first order linear approximation to y(r, θ) near the operating point (r, θ) = (r0, θ0).

Note that the function y is declared to be a function of two variables: r, and θ. Therefore
m and ℓ are constants.
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5. (Section 2.6) Consider the transfer function blocks that we reduced in lecture on 8/28. (If
you have the 11th edition, the diagram is in Figure 2.26 on p. 75.) Delete block H2. Add
a new negative feedback loop H4 from the output of G2 to the leftmost summer. Insert in
the forward path from the input to this summer a block G5.

You are given that

G1(s) =
1

s + 1
(5)

G2(s) =
s

s2 + 2
(6)

G3(s) =
1

s2
(7)

G4(s) = 1 (8)

G5(s) = 4 (9)

H1(s) = 50 (10)

H3(s) =
s2 + 2

s3 + 14
(11)

H4(s) =
4s + 2

s2 + 2s + 1
. (12)

(a) Find the transfer function from R(s) to Y (s).

(b) Find the closed loop poles and zeros . (Use Matlab if necessary.)

(c) Let H1(s) = H3(s) = H4(s) = 0 and find the transfer function from R(s) to Y (s).

(d) Find the poles and zeros of this open loop transfer function.

6. (Section 2.7)

Create a signal flow graph for the closed loop system of the previous problem. Use Mason’s
formula to compute the transfer function from R(s) to Y (s). (If it does not match that
you found in the previous problem, you need to find and correct your mistakes.)


