
EE303 CONTROL SYSTEMS
Assignment 2

Course Teacher: C. Athbel Joe, AP/EEE, BSAU

Part A

1. What are the different test signals used to study an automatic control systems? Give their
mathematical model both in time and laplace domains.

2. The closed loop transfer function of a control system is given by C(s)
R(s) =

2(s−1)
(s+2)(s+1) . Find

the output of the system for unit step response.

3. The total response of a system is defined by y(t) = 1
4(1− e4t). Write down the steady

state and transient response.

4. If the response of a first order system takes 2 seconds to reach 98% of the steady state
value, find the time constant of the system.

5. A thermometer (first order) has a time constant of 0.25 second. If the thermometer is
placed in a bath, the temperature of which is changing linearly at a rate of 10o/min, what
will be the error in the thermometer reading?

6. Find the ttransfer function of a system whose unit impulse response of a system is given
as c(t) =−4e−t +6e−2t .

7. Find the initial and final values of the function f (t), whose laplace transformation is
given by K

(s+1)(s2+4) .

8. Classify the second order system based on the damping. State the nature of roots for
different cases and write the expression for their unit step response.

9. Show the locus of closed loop poles of a second order system as ζ is varied from 0 to ∞.

10. With a neat sketch, explain all the time domain specifications.

11. What would be the damping ratio when the percentage overshoot of the system is 100%?

12. The unit step response of a servo-mechanism is c(t) = 1−1.66e−8tsin(6t +37o). What
would be the damping ratio and natural frequncy of oscilations?

13. Find the type and order of the system with G(s) = 5
s(0.1s+1) and H(s) = 1

s .

14. A unity feedback system with TF= K
(s+1)(0.1s+1)2 has a step input. Find the value of K for

a steady state error of 0.1.

15. State the disadvantages of static error coefficients. How are these disadvantages ad-
dressed by dynamic error coefficients?

16. A unity feedback system has an open loop gain of G(s) = 10
s(s+10) . Find its steady state

velocity error.
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17. The steady state error of a type-0 system has to be reduced to zero. Suggest a suitable
controller and justify your choice.

18. Comapare P, I and D controlloers with respect rise time, peak overshoot, settling time,
steady state error and stability.

19. Why is a derivative controller always used along with a proportional controller.

20. Write the transfer functions for the PD, PI and PID controllers.

Part B

First Order System

1. For the translational system shown in Figure 1, find the displacement x(t) and velocity
v(t) of mass M when an impulse input 6 units is applied. Also find the time constant (τ)
and final steady state displacement and velocity.

Figure 1

2. The open loop transfer function the unity feedback system, shown in Figure2, is K
s . Find,

i) Unit step response and

ii) Unit impulse response

Figure 2

3. Find eL(t) for t > 0, in the series RL circuit shown in Figure 3. Also, plot eL(t) and find
the numerical value of eL at t = 1 s if L=1 H and R=1 .

4. Time constant τ of a first order system response is 6 s. The initial and final values are
0 and 3 units respectively. Express the response in time domain and find the transfer
function of the system.
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Figure 3

5. A balloon is equipped with temperature and altitude measuring instruments and has radio
equipment that can transmit the output readings of these instruments back to ground. The
balloon is initially anchored to the ground with the instrument output readings in steady
state. The altitude-measuring instrument is approximately zero order and the temperature
transducer first order with a time constant of 15 seconds. The temperature on the ground,
T0, is 10oC and the temperature Tx at an altitude of x metres is given by the relation:

Tx = T0 −0.01x (1)

a) If the balloon is released at time zero, and thereafter rises upwards at a velocity of
5 metres/second, draw a table showing the temperature and altitude measurements
reported at intervals of 10 seconds over the first 50 seconds of travel. Show also in
the table the error in each temperature reading.

b) What temperature does the balloon report at an altitude of 5000 metres?

6. An unmanned submarine is equipped with temperature and depth measuring instruments
and has radio equipment that can transmit the output readings of these instruments back
to the surface. The submarine is initially floating on the surface of the sea with the instru-
ment output readings in steady state. The depthmeasuring instrument is approximately
zero order and the temperature transducer first order with a time constant of 50 seconds.
The water temperature on the sea surface, T0, is 10oC and the temperature Tx at a depth
of x metres is given by the relation:

Tx = T0 −0.01x (2)

a) If the submarine starts diving at time zero, and thereafter goes down at a velocity of
0.5 metres/second, draw a table showing the temperature and depth measurements
reported at intervals of 100 seconds over the first 500 seconds of travel. Show also in
the table the error in each temperature reading.

b) What temperature does the submarine report at a depth of 1000 metres?

Second Order System

7. Derive the expressions for the unit step response of a prototype second order system,
represented by the transfer function C(s)

R(s) =
ω2

n
s2+2ζ ωns+ω2

n
, for the following cases:

i) 0 < ζ < 1

ii) ζ = 0

iii) ζ = 1

3



iv) ζ > 1

8. Derive the expressions for peak time, peak overshoot, rise time and settling time in terms
of ζ and ωn for a second order control system.

9. For a servo system controlling a motor load, the dynamical equation of the system is,
θ̈ +8θ̇ = 200e, where, θ = output position of the shaft and e = error =r−0.5θ . Calculate
the value of damping ratio and comment upon its performance.

10. a) A unity feedback system has a forward path gain G(s) = 25
s(1+s) . Calculate the natural

frequency and damping ratio of the system. Also find the response in time domain.

b) It is desired to increase the damping ratio to 0.7 by a tachogenerator having a transfer
function of (2+Ks). Calculate the value of K to give the desired damping ratio and
find the percentage overshoot.

11. A unity feedback system has an open loop transfer function G(s) = K
s(s+10) . If the damp-

ing ratio is 0.5, determine

i) The value of K

ii) Peak overshoot

iii) Peak time

iv) Rise time

v) Settling time

12. Determine all the specifications of second order response for the following system shown
in Figure 4 when a unit step input is applied.

Figure 4

13. Obtain the transfer function of a second order system which has peak overshoot of 9.5%
for a unit step input. The peak time is π

12 seconds. Also get the expression of the response
in time domain.

14. Measurements conducted on a servomechanism show the response to be,

c(t) = 1+0.2e−60t −1.2e−10t

when a unit step input is applied. Obtain the closed loop transfer function, the damping
ratio and the undamped natural frequency of oscillations

15. When the system shown in Figure 5 is subjected to a unit-step input, the system output
responds as shown in Figure 6. Determine the values of K and T using the response
curve.
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Figure 5

Figure 6

Steady State Errors and Error Constants (Static and Dynamic)

16. Find out the position, velocity and acceleration error coefficients for the following unity
feedback systems having forward path transfer function G(s) as

a)
100

(1+0.5s)(1+2s)

b)
K

s(1+0.1s)(1+ s)

c)
K(1+ s)(1+2s)
s2(s2 +4s+20)

17. For the inputs 5u(t), 5tu(t) and 5t2u(t), determine the steady state errors of the system
whose block diagram is given in Figure 7.

18. Consider a unity-feedback control system with the closed-loop transfer function,

C(s)
R(s)

=
Ks+b

s2 +as+b)

Determine the open-loop transfer function G(s) and show that the steady-state error in
the unit-ramp response is given by

ess =
1
kv

=
a−K

b
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Figure 7

19. The overall transfer function of a unity feedback system is given by C(s)
R(s) =

10
s2+6s+10 . If

the input to the system is r(t) = 1+ t + t2, find the the following:

i) Static error constants

ii) Generalized (dynamic) error constants

iii) Error series as a function of time

iv) Error at t = 5 seconds

v) The steady state error

20. A unity feedback system is given as G(s) = 1
s(s+1) . The input to the system is described

by r(t) = 4+6t +2t3. Find the following:

i) Static error constants

ii) Generalized (dynamic) error constants

iii) Error series as a function of time

iv) Error at t = 5 seconds

v) Steady state error

MATLAB Programming)

21. The transfer function of a sysetm is given below:

G(s)
R(s)

=
3s3 +25s2 +72s+80

s4 +8s3 +40s2 +96s+80
(3)

Write a MATLAB program to obtain the following:

(a) Partial-fraction expansion of C(s) when R(s) is a unit-step function.

(b) Unit step response upto 5 seconds

(c) Unit ramp response upto 6 seconds

PID Controller

22. Figure 8 shows three systems. System I is a positional servo system. System II is a
positional servo system with PD control action. System III is a positional servo system
with velocity feedback. Compare the unit-step, unitimpulse, and unit-ramp responses of
the three systems. Which system is the best with respect to the speed of response and
maximum overshoot in the step response.
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Figure 8
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