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1. Consider the random process x(t) = A cos(ωc t + θ), where A and ωc are constants, and θ
is a random variable with probability density function (pdf)

f(θ) = 4/π , -π/8 < θ < π/8 .

a) Find the statistical mean of x(t) by computing E{ x(t)} .

b) Find the Autocorrelation Function of x(t) by computing R(t,τ) = E{ x(t) x(t + τ)}

c) From your answer in part (b) what is the variance of x(t)?

d) What is the time average mean and time average variance of x(t)?

e) Is x(t) a stationary process? Why or why not?
(20 marks, 4 marks per part)

2. Consider the pulse signal s(t) = e-t [u(t) – u(t – T)], where T is the pulse width.

a) Sketch the impulse response, h(t), of the matched filter for detecting the presence of s(t)
in additive noise.

b) Find the shape of the output pulse when s(t) is passed through filter h(t).

c) If white noise with Power Spectral Density Sn(f) = N0/2 Watts/Hz is added to s(t), then
passed through the matched filter, h(t), find the maximum Signal-to-Noise Ratio (SNR).

d) Does the matched filter you found in this problem preserve the shape of s(t)?
(20 marks, 5 marks per part)

3. Let a random signal, s(t), be added to noise to form the random process x(t) = s(t) + n(t).
Given x(t), we desire a Minimum Mean Squared Error (MMSE) estimate of s(t) by
passing x(t) through a linear filter with impulse response, h(t). Assume s(t) and n(t) are
uncorrelated. The filter defined by h(t) may be non-causal.

a) Given that s(t) is characterised by a Power Spectral Density (PSD) of

Ss(f) = 3 / (1 + 2ω2 + ω4)

and that the noise is characterised by its PSD

Sn(f) = 3 / (1 + ω2)

find the transfer function, H(f), for the MMSE linear filter to estimate s(t).
(15 marks)

b) Find the Minimum Squared Error for this filter. (5 marks)




