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Q1. Draw the odd and even signals. ( 5 marks )  
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Figure 2.3 Time-shifted signals.

An example of the transformation in (2.6) and (2.7) is now given.

EXAMPLE 2.1 Time transformation of a signal

Consider the signal in Figure 2.4(a). We wish to plot the transformed signal

y(t) = x¢1 - t
2
≤ .

x(t)



 
Q2. Sketch the following signal and decide whether it is : 
a) Bounded or unbounded. 
b) Power or energy signal. 
c) Odd or even.  
d) Periodic or non.  
Then draw !

!"
 of the function.  

  ( 7 marks )  
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Figure 2.28 Linear sweep voltage.

The function steps from to 0 at for a change in amplitude of 3. Hence, the equation
for x(t) is given by

To verify this result, we write the equation for each segment of the signal, using the proce-
dure illustrated in Example 2.11:

We see that the equation is correct. ■

Next, an example of constructing the equation for a practical periodic wave-
form will be given. A problem in the design of circuits to drive a cathode ray tube
(CRT), such as are used in oscilloscopes, computer monitors, and television sets, is
the generation of a constant lateral velocity for the electron beam as the beam
sweeps across the face of the CRT. This problem was mentioned in Section 2.2.
Control of the electron beam may be by either an electric field (set up by a voltage)
or a magnetic field (set up by a current). In either case, a linear waveform, as shown
in Figure 2.28, must be generated. For electric-field deflection, the waveform of
Figure 2.28 is a voltage, and this is the case for the next example.

EXAMPLE 2.13 The equation for a CRT sweep signal

We wish to write the equation of the sweep voltage for a CRT, as shown in Figure 2.28. The
value T is the time required to sweep the electron beam from the left edge to the right edge
of the face of the CRT, facing the CRT. From (2.44),

 t 6 -2, f(t) = 0 - 0 + 0 + 0 = 0;
-2 6 t 6 -1, f(t) = 3[t + 2] - 0 + 0 + 0 = 3[t + 2];
-1 6 t 6 1, f(t) = 3[t + 2] - 6[t + 1] + 0 + 0 = -3t;

1 6 t 6 3, f(t) = [-3t] + 3[t - 1] + 0 = -3;
3 6 t, f(t) = [-3] + 3 = 0.

x(t) = 3[t + 2]u(t + 2) - 6[t + 1]u(t + 1) + 3[t - 1]u(t - 1) + 3u(t - 3).

t = 3,-3
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Figure 2.27 Signal for Example 2.12.



 

Q3.  

    ( 8 marks )  

a)  
b) Repeat part ( a) when x(t)= u(t)  
c) For part (a) and ( b) : 
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The importance of the impulse response of an LTI system cannot be overempha-
sized. It is also shown that the impulse response of an LTI system can be derived
from its step response. Hence, the input–output description of a system is also con-
tained in its step response.

Next, the general system properties of an LTI system are investigated. These
include memory, invertibility, causality, and stability.

A general procedure for solving linear differential equations with constant co-
efficients is reviewed. This procedure leads to a test to determine the BIBO stability
for a causal LTI system.

The most common method of modeling LTI systems is by ordinary linear dif-
ferential equations with constant coefficients; many physical systems can be mod-
eled accurately by these equations. The concept of representing system models by
simulation diagrams is developed. Two simulation diagrams, direct forms I and II,
are given. However, an unbounded number of simulation diagrams exist for a given
LTI system. This topic is considered further in Chapter 8.

A procedure for finding the response of differential-equation models of LTI
systems is given for the case that the input signal is a complex-exponential function.
Although this signal cannot appear in a physical system, the procedure has wide ap-
plication in models of physical systems.

PROBLEMS

3.1. Consider the integrator in Figure P3.1.This system is described in Example 3.1 and has
the impulse response 

(a) Using the convolution integral, find the system response when the input is
(i) (ii)
(iii) u(t) (iv)

(b) Use the convolution integral to find the system’s response when the input is
(i) (ii)
(iii) (iv)

(c) Verify the results of Part (a) and (b), using the system equation

y(t) = L
t

- q
x(t)dt.

u(t)-u(t - 2)(t - 1)u(t - 1)
e-5tu(t)- tu (t)

x(t)

(t + 1)u(t + 1)
e5tu(t)u(t - 2)

x(t)

h(t) = u(t).

x(t) !"
y(t) # !t

x(  ) d$ $

!
Figure P3.1

3.2. Suppose that the system of Figure P3.2(a) has the input given in Figure P3.2(b).
The impulse response is the unit step function Find and sketch the system
output y(t).

h(t) = u(t).
x(t)
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3.17. Consider the LTI system of Figure P3.17.

(a) Express the system impulse response as a function of the impulse responses of the
subsystems.

(b) Let

and

Find the impulse response of the system.
(c) Give the characteristics of each block in Figure P3.17. For example, block 1 is an

amplifier with a gain of 5.
(d) Let Give the time function at the output of each block.
(e) Use the result in Part (b) to verify the result in (d).

x(t) = d(t).

h1(t) = h2(t) = 5d(t).

h3(t) = h4(t) = h5(t) = u(t)

3.18. Consider the LTI system of Figure P3.18. Let

Hence, system 1 is an integrator and system 2 is the identity system. Use a convolution
approach to find the differential-equation model of this system.

h1(t) = u(t), h2(t) = d(t).

3.19. An LTI system has the impulse response

(a) Determine whether this system is causal.
(b) Determine whether this system is stable.
(c) Find and sketch the system response to the unit step input 
(d) Repeat Parts (a), (b), and (c) for 

3.20. Consider a system described by the equation

y(t) = cos(t)x(t).

h(t) = etu(t).
x(t) = u(t).

h(t) = etu(- t).

h2(t)

x(t)

h3(t)

h5(t)

h4(t)h1(t)
y(t)

!

Figure P3.17
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