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(@) Define the following:
(i) LTI system [3 marks].
(i) Gibbs’ effect [3 marks].
(iii) Parseval’s theorem for periodic functions [3 marks].
(b) A periodic square wave function x(t) is shown in Fig. 1.
(i) Obtain the exponential Fourier series representation of x(t) [6 marks].

(ii) Derive expressions for both the magnitude and phase spectra of x(t), and sketch these over the -5
<n<5range [5 marks].
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(@) Define half wave symmetrical and quarter wave symmetrical signals, and explain how the
trigonometric Fourier series can be simplified for each type [8 marks].

(b) A periodic triangle wave f(t) is shown in Fig. 2.
(i) Obtain the trigonometric Fourier series representation of f(t) [10 marks].

(i) Is this function either odd or even, and explain why this is so [2 marks]?

/2 f(t)

A
,_
a
ol
N a
<
—~+Vv

(@) Name and prove the following four properties of the Fourier transform:
() S (O}=F (- o) [3 marks].
(i) If 3{g(t)}=G(w), then F{G(t)} = 2ng(- ®) [3 marks].

(iii) 3{x(t—tg)}=X(w)e ™% [3 marks].
(iv) 3 s(at) | | ( ][3 marks].

(b) An aperiodic sawtooth waveform s(t) is shown in Fig. 3.
(i) Derive the Fourier transform of s(t) [7 marks].

(if) What type of spectrum would you get if you plotted S(w) [1 mark]?
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(i) Draw the magnitude and phase spectra corresponding to the frequency responses for both an
ideal low pass filter and an ideal high pass filter with cutoff frequencies o, [4 marks].

(if) What is the principle of causality? Does it hold for the impulse response of an ideal LPF [2
marks]?

(iii) What is the expression for the magnitude of the frequency response of an n™ order Butterworth
filter with cutoff frequency wo [1 mark]? What is the DC gain of such a filter [1 mark]?

(iv) Explain the difference between a band pass filter and the passband of a filter [2 marks].

(v) Explain what is meant by the “-3 dB bandwidth” of a filter [2 marks].

(i) Sketch the circuit diagram for a Sallen-Key second-order low-pass active filter [3 marks].

(if) Such a filter is designed to give a Butterworth-type response with fo = 7 kHz. If the value of R =
1 kQ, calculate suitable values for C and k [5 marks].

By modelling a noisy resistor as a voltage source in series with an ideal resistor, derive an expression
for the RMS noise voltage out of a noisy resistor R when it is connected in parallel with a capacitor C.
Make use of the fact that the power spectral density of the output noise is an even function of

1
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1, _
- dx = ~tan l(%) [8 marks].

frequency, and also note that j
0

What are the PSD and autocorrelation functions for both ideal and bandwidth-limited white noise [4
marks]?

Define the four average quantities used to describe random signals [8 marks].



