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SFWR ENG 3DX4 – Sample Questions for Test

1. Assume that you are given a system with G(s) = s+5
s2+3s−4

. What is the output (in the

time domain) if the input is e−2tu(t)?

2. Give the step response (in the time domain) of the system G(s) = s2+30s+360
(s+10)(s+6)2

.

3. Find the transfer function Vo(s)/V (s) for the following circuit:
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c) (5 marks) For G(s) and R(s) = L{r(t)} as defined in (1b), what is the partial fractions
expansion of C(s) = G(s)R(s)?

d) (5 marks) What is the time domain output response c(t) = L≠1[C(s)] for C(s) from
question (1c)?

2. System Modelling: Electric Circuits (20 marks) (By hand - Matlab check)

Consider the circuit show above.

a) (5 marks) Write down the loop equation(s) that you would solve for the circuit including
the equation for the output Vo(s).

b) (5 marks) Write down the node equation(s) that you would use to solve for the transfer
function from the input V (s) to the output Vo(s).

c) (10 marks) Find the transfer function GVo(s) = Vo(s)
V (s) . Show your work to get full marks.

3. Mechanical Systems (20 marks) (By hand & By MATLAB)
Consider the mechanical system shown below.

a) (5 marks) How many degrees of freedom does the above rotational mechanical system
have? Draw the free body diagrams for the system.

b) (5 marks) Write down the Laplace version of the equations of motion that you would use
to solve the problem. Copy them into MATLAB.

c) (10 marks) Use MATLAB to solve for the transfer functions Gx2(s) = X2(s)
Fa(s) .
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4. Find the transfer function Vo(s)/Vi(s) for the following circuit:

MECHTRON/SFWR ENG 3DX4 Midterm Exam Page 2 of 5

d) (5 marks) Assuming zero initial conditions, what is the step response c(t) of the system
G2(s) for t � 0?

G2(s) =
C(s)

R(s)
=

7

s2 + 6s � 7

Why can’t you use the Final Value theorem to determine the value of limt!1 c(t)?

2. System Modeling: Electric Circuits (20 marks)

Consider the circuit show above.

a) (5 marks) Write down the loop equation(s) that you would solve for the circuit including
the equation for Vo.

b) (5 marks) Write down the node equation(s) that you would use to solve for the transfer
function from the input Vi to the output Vo.

c) (5 marks) Find the transfer function G(s) = Vo(s)
Vi(s)

.

d) (5 marks) Consider the Operational Amplifier circuit shown below:

What is the transfer function G(s) = Vo(s)
Vi(s)

?

HINT: An easy way to solve the problem simplify the lower and upper circuit elements
into equivalent impedances Z1 and Z2 respectively using the impedance series and parallel
rules and then substitute equivalents into a known Op Amp transfer function.
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5. Find the transfer function Y (s)/R(s) for the following block diagram:
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Introductory Control Systems 
Exercises #5 – Block Diagram Reduction 

Use the block diagram reduction technique to find the transfer functions associated with each block diagram. 

Note: The purpose of practicing block diagram reduction is to become confident in reading and understanding 

the details of block diagrams. Why is that important? Each diagram provides a visual representation of a set of 

equations that together are intended to model the behavior of a system. Understanding the details of the block 

diagram gives the analyst confidence that the block diagram is an accurate representation of the system.  

1. The closed-loop system shown in the block 

diagram has one input signal ( ( )R s ) and two 

output signals ( ( )C s  and ( )Y s ). Find the 

transfer functions ( )Y s
X

, ( )Y s
R

, and ( )C s
R

. 

 Answers: ( ) 2 4

2 41
G GY s

X G G
=

+
 ( ) 1 2 4

2 4 1 2 31
GG GY s

R G G GG G H
=

+ +
 ( ) 1 2 3

2 4 1 2 31
GG GC s

R G G GG G H
=

+ +
 

2. The closed-loop system shown in the 

block diagram has two input signals  

( ( )R s  and ( )D s ) and one output 

signal ( ( )Y s ). Find the transfer 

functions ( )Y s
X

, ( )Y s
R

, and ( )Y s
D

. 

 Answers: ( ) 3

31
GY s

X G
=

+
 ( ) 1 2 3

1 2 3 2 3(1 )(1 )
GG GY s

R GG G G G H
=

+ + +
 ( ) 3 1 2

1 2 3 2 3

(1 )
(1 )(1 )

G GGY s
D GG G G G H

+
=

+ + +
 

3. The closed-loop system shown in the block 

diagram has two input signals ( ( )R s  and 

( )D s ) and one output signal ( ( )Y s ). Find the 

transfer functions ( )B s
A

, ( )Y s
R

, and ( )Y s
D

. 

 Answers: ( ) 2

2 21
GB s

A G H
=

+
 ( ) 1 2 3

2 2 1 2 3 11 (1 )
GG GY s

R G H GG G H
=

+ + +
 ( ) 3 2 2

2 2 1 2 3 1

(1 )
1 (1 )

G G HY s
D G H GG G H

+
=

+ + +
 

  

 

 
 

 

 

 

 

    
  

 
   

 

 

 

   
 

 

  
 
   

 

   

 

 

 

  
 

  

 

 

 

 

 

 

6. Find the transfer function Y (s)/D(s) for the following block diagram:
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7. A system has transfer function

6

s3 + 6s2 + 11s+ 6

(a) Give a state space representation of this system.

(b) You should have had three state variables in the previous part, call them x1(t),
x2(t) and x3(t). Suppose that we define x̄1(t) = x1(t) + x2(t), x̄2(t) = x2(t) and
x̄3(t) = x1(t) + x3(t). What is the state space representation for this set of state
variables?

8. Suppose we have a system described by the following set of differential equations:

d2

dt2
θ(t) + 10

d

dt
θ(t) = i(t)

d

dt
i(t) + 2i(t) = V (t)− 0.02

d

dt
θ(t)

If V (t) is the input and d
dtθ(t) is the output, give a state-space representation of this

system. Is the system stable?

9. Estimate the transfer function for a system with the following step response:
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10. A system is in the unity-gain configuration: controller and plant in series, with negative
unity feedback from the output back to the input. The plant’s transfer function is

G(s) =
5

(s+ 1)2

and the controller is

GPID(s) = Kp

(
1 +

5

s
+ 0.2s

)
For what range of Kp is the closed-loop system stable?

11. Consider the following unity feedback system:
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Suppose that G(s) = K
s(s+5) . Is it possible to meet the following requirements: Tp ≤ 1.0

seconds and %OS ≤ 10%? If they both cannot be met, can one of them be met? Justify
your answer.

12. Consider a system with feedback form:

Feedback Form
I Feedback topology is basis of

control systems theory.

I In Simplified model (Fig.
5.6(b)), we see that:

E(s) = R(s) ⌥ C(s)H(s)

I We also see C(s) = E(s)G(s)

thus E(s) = C(s)
G(s) .

I Substituting in above gives:
Ge(s) = C(s)

R(s) = G(s)
1±G(s)H(s)

I We call G(s)H(s) the open
loop transfer function or loop
gain.

Figure 5.6.
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It is negative feedback, so the signal fed through H(s) is subtracted from R(s). Suppose
that

G(s) =
1

s2 + 2s+ 16
H(s) = Ts+K

Choose T and K such that the natural frequency is 3 rad/s and the damping ratio is 0.8.

13. Consider the system described by the following block diagram:

Corrected

Box 18: Question 31

Consider the system described by the following block diagram

P (s)
y

C(s)
e

–

r +

where

P (s) =
1

10s + 1
, C(s) = k.

Question 31 Choose the correct answer. (1 Point)

Determine the smallest positive gain k such that the feedback system is stable and, when r(t)
is a unit step, limt!1 |e(t)|  0.1.
The smallest positive gain k is:

A 10

B 2

C 1

D 5

E 9

Suppose that C(s) = K and P (s) = 1
10s+1 . Find the smallest value of K such that the

closed-loop system is stable and when r(t) is a unit step function, limt→∞ |e(t)| ≤ 0.1.

14. Consider the system  ẋ1
ẋ2
ẋ2

 =

 −1 1 0
−a −2 0
0 0 −3

+

 1
0
0

u(t)

For what values of a is the system stable?
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15. Consider the system from question 13, but now let C(s) = K1s+K2
s and P (s) = 1

s+10 .

(a) Find the range of K1 and K2 such that the closed-loop system is stable.

(b) Suppose that K1 = K2 = 1, what is the steady-state error for a unit ramp input
(r(t) = tu(t))?

(c) If your steady-state error in (b) is not zero, how would you modify C(s) to ensure
that this error is zero? Justify your answer.

16. Consider the following system:

24-451            Feedback Control Systems  Fall 2000 
 

Final Exam 
December 15, 2000; 120 Minutes; 100 Points Full Score 

  
Name____________________________ Score____________________________ 
 
1. Repetitive Control refers to a class of control methods used to compensate for periodic 

disturbances or periodic reference inputs. One such system is shown below. 
 

 
a. (10 points.) Find the input-to-output transfer function . 

b. (10 points.) Find the input-to-error transfer function . 

c. (10 points.) Assuming the closed-loop system is stable, show that the steady-state error, 

, is zero, if , i.e., the reference input is a sinusoid with 

frequency 2. 
d. (20 points.) Determine for what values of K the feedback system is stable. Note that K is 

not a gain here and in general can be positive, zero, or negative. 

2. A motor speed control system with PI control is depicted in the block diagram form below. 

Before the controller was added and the loop was closed, the time response was recorded for 
a step input of magnitude 0.2 V to the motor-tach system.  
a. (10 points.) Determine the parameters τ and Km from the recorded time response as 

shown on next page. To read the data shown, 0.01 s is an acceptable accuracy for time 
and 0.5 V is an acceptable accuracy for voltage.  
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(a) Suppose that the reference input is a sinusoid with frequency of 2 rad/s. What is
the steady-state error?

(b) For what range of K is the system stable?


