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Problem Points Score
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1) Fill in the boxes with the suitable answers:

1.
A control system has Laplace Domain Transfer Function: G(s) = 3s+1

(s+1)(s+2)

What is the system’s Unit Impulse Response?

2.
The Transfer Functions corresponding to each of the
following differential equations are:

5ẏ + 12y = 2u(t)

d3y
dt3

+ 5d2y
dt2

+ 40dy
dt

+ y = d2u
dt2

+ 2du
dt

+ 3u

3.
The differential equations corresponding to each of the
following Transfer Functions are:

Y (s)
U(s)

= 1
s+2

Y (s)
U(s)

= 3s+1
s2+9

4.
For the non-linear function shown below, answer the following two questions:
f(x, u) = ẋ = 3x3 + 5u

If at equilibrium (ẋ = 0) xo = 1, then uo =

The linearized function about (xo, yo) is:

Hint: f(x, u) = f(xo, uo) + ∂f
∂x

∣∣∣∣∣
xo,uo

(x− xo) + ∂f
∂u

∣∣∣∣∣
xo,uo

(u− uo)

Student’s ID: Question 1 continues on the next page. . .
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5.

When transforming the following Transfer Function to a State Space
Representation, then the matrix A will be:

G(s) = 8s+10
2s5+18s4+26s3+8s

6.

The Transfer Function C(s)
R(s)

is:

7.

The Transfer Function Vo

Vin
is:

40 marks

Student’s ID: Please go on to the next page. . .
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2) Using block diagram algebra, reduce the block diagram shown in the figure below to find

the transfer function T (s) = Y (s)
R(s)

. Show all the steps in detail.

30 marks

3) For the vibratory system shown in the figure,

(a) Derive the differential equations needed to model the mechanical system’s response to
the force f(t). Assume x1 and x2 are measured from the equilibrium position, and the
point at x1 is massless.

(b) Give the Transfer Function X2(s)
F (t)

(c) Write the state space equations needed to model the system where f(t) is the input of
the system and x1(t) and x2(t) are the outputs.

(d) Draw the electric circuit that is analogous to this mechanical system. Label all voltages,
and currents. Express electric passive elements in terms of b, k, and m.

30 marks

Student’s ID: End of exam


