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1. The first stage of a digital signal processing system has the Finite Impulse
Response system transfer function

2

H@ =1+ +a?r % +a?:7 (N-D,~(N-1)

+a’z7 +.ta
where N is a positive integer.

a) Write down the difference equation for the system directly from the
above form of H(z). (5 marks)

b)

~

By employing the sum of a geometric series, or otherwise, write H(z} in
the form of a ratio of two polynomials in z™'. Hence derive the difference
equation for the system from the new form of H(z). Comment on the
result. (12 marks)

g .

¢) Comment on the allowable values for & when N is large but finite, and

when N is infinite. (4 marks)

d

-

Two new transfer functions G;(z) and G(z) are formed from H(z) by
setting ¢z =1 and e = —1 respectively. Determine appropriate expressions
for their amplitude and phase responses. (12 marks)
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2. The frequency dependent gain of a system is measured and plotted in Figure 1. The
vertical axis is the amplifier gain in dB while the horizontal axis is the logarithm,
to the base 10, of the angular frequency.

a) Justify the expectation that the order of the numerator of the transfer function
can be made the same as the order of the denominator. (3 marks)

3

N2

On the given graph by locating approptiate 3 dB points, or otherwise, select four
break frequencies and draw on the same diagram the Bode linear approximation.
Explain fully all steps you take. (8 marks)

¢) Determine a minimum phase transfer function H;(s) and a maximum phase
transfer function H,(s) that have the given response on the basis of your choice
above. Make sure that all relevant constant factors are included. (12 marks)

d) Construct for H|(s) the Bode approximation to the phase response. (10 marks)

(NOTE: Additional copies of Figure 1 are available)
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Figure 1

System gain in dB

SR T 1 H
10 10 10° 10’ 10° 10° 10*
Angular frequency in rad/s on logarithmic scale
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3. Explain what is meant by the terms linear systems, transfer function, and
impulse response. (3 marks)

Two continuous-time systems are described by the following differential equations

d’yl O, 5y 31O
dt

System S1: + gy (1) = 2ax(t)

42 x(t)

System $2: ~

a4 ,Vz(’) 20220 02,220
ar?

where o and @ are real positive constants
x(t)  isthe input signal
Y1)  is the output signal

e

a) By ing zero initial cc and using the Laplace transform
determine the transfer functions Hy(s) and H,(s) respectively. (10 marks)

b) Find the poles and zeros of H(s) and H,(s). (2 marks)

¢) Sketch the amplitude responses of H;(s) and H,(s) and provide arguments
to support the opinion that one is lowpass while the other is highpass. (10
marks)

d) Determine the outputs 3 (t) and y,(f) when the input is x(z) = cos(wg?) .
(8 marks)
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4. The Laplace transform of a causal signal x(¢) is given as X(s) . Determine the
Laplace Transform of x(s), 2= 0. (6 marks)

A causal linear time-invariant system has a transfer function
H(s)= _i_
s2+55+6
Determine the differential equation that relates the input x(#) and the output
»(1). (5 marks)

a

=

b) Determine the impulse response A(¢). (10 marks)

C

is x()=e ™ —te™ for 2 0. (12 marks)

Without using the convolution relationship find the output y(t) when the input
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5. A causal discrete-time signal {x(n)} is given from which a new discrete-time signal
{mm} is d ding to the relationship
y() +ay(n-1) = bx(n) + x(n—1)
The parameters a and b are real.

a) Derive the transfer function H(z) of the above operation. (5 marks)
b) Determine the range of values for @ and b to make H(z) stable. (5 marks)

¢) Show that when a = b the amplitude response of H(z) satisfies the condition
|Fe®)]=1 forall 6. (11 marks)

d) By using the difference equation above, or otherwise, determine the impulse
response {h(n)} of H(z) when a=) for n=0,1,2,3,4. Show that
h(n)=—ah(n-1) for n> 2 and hence derive a general expression for {h(n)}.
(12 marks)
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Figure 1
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