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5. (a) The first term in the equation for H(s) is a frequency-independent gain. The second
is a high-pass filter because, by substitution of s = jw, its frequency response has
magnitude 0 at ©=0 and magnitude 1 as w—. The third term is a low-pass filter because
its frequency response has magnitude 1 at ©=0 and magnitude 0 as ®@—>o.

It is the high-pass filter which defines the lower channel bandedge frequency, and its —
3dB frequency is given by ocT; = 1. Hence T, = 1/(2n300) = 0.53 msec.

The low-pass filter defines the upper channel bandedge frequency, and its -3dB
frequency is given by o T> = 1. Hence T, = 1/(2n3400) = 47 psec.

T, is typically defined by the series resistance of the wires together with the inductance of
parallel coils and transformers.

T, is typically defined by the series resistance of the wires together with the capacitance
between the conductors.

(b) by Partial Fraction Expansion, the step response of the channel is given by
(1/s) H(s) = A/ls + Ti") + B/(s + T2'")

Where A =-B =Gy TI/(T, - T2) =-1.0968 Go

Hence by inverse Laplace Transform the step response is
h(t) =A(exp(-t/Ti)-exp(-t/Tz))

and by treating a rectangular pulse as the linear superposition of a step at t=0 and a
negative step at t = Smsec, the output is :
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(c) The 5 msec rectangular pulses of a direct 200 bit /s signal will each be converted to
the shape shown above. A run of positive/negative pulses will become a single
positive/negative ‘blip’ at the start and then a zero signal. Hence simple thresholding
cannot be used to recover the transmitted signal.

A solution is modulation, which produces a signal having a bandwidth matched to that of
the channel, so that it is much less distorted by being passed through the channel.
(Modulation can be AM, PM or FM, giving ASK, PSK, FSK signals.)

6. (a) The output of a quantiser is different from the input V. The quantiser output
integer k represents one of the quantised levels, kdV. We can express the error as
e=koéV - Vin
Thus we can treat the error as random noise added to the input signal:
kéV =Vijpt+e
If the error e can be assumed to be statistically independent of the input Vi, , then we
describe e as additive random noise. This assumption is reasonable for sufficiently
complicated signals such as speech or musical audio (especially if their amplitude is also

large compared to 3V).

For a quantiser which selects the output level nearest to the input voltage, the error lies
between - 8V/2 and §V/2 with uniform probability density. The area of the pdf is made 1
by giving it value 1/ 8V over this range:

p(e)

1/8V 4
l

________._____.__.._..» e
-8V/2 SV/2

(b) The mean-squared value of e is defined as

V72 6V/2
mse=Ipe)etde= (1/8V) [ €’de = (1/sV)[/3 ] =8V?/12
-6V/2 -d3V/2

so the rms value, defined as mse’? ,isdV/ V12.
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(c) The maximum signal-to-noise (SNR) ratio is achieved by having the smallest
quantising steps. Hence the range of the ADC should be set equal to the range of the
input signal, i.e. =5V to 5V. If the quantiser produces 15 bit values then its step size is
&V =10/2"=03052mV.
Hence the r.m.s. quantising noise is
&V /Y12 =88.1 pV.
and (since the r.m.s. signal voltage is givenas 5/ ¥3) the SNR in dB is
SNR = 20 logio (5 2 V12710 V3) = 20 logio ( 2" ) = 90.3 dB.

(d) The quantisation noise has a power density spectrum which is approximately ‘flat’
(constant) from zero frequency to half the sampling frequency.

The output filter is a low-pass filter. If its cutoff frequency is reduced, then it filters out
the high frequency components of the quantising noise (which is an improvement, since it
reduces the r.m.s. value of the quantising noise). However, it also filters out the high
frequency harmonics of the triangle wave (which distorts the triangle wave, and so is
undesirable). Hence the choice of cutoff frequency is a tradeoff between these two
factors.

A first class answer might mention further details: the distortion of the triangle wave is
predominantly a ‘rounding off’ of its sharp corners. A triangle wave (from the data book)
has only odd harmonics, and their amplitude is inversely proportional to the square of
their frequency, so for example the harmonic at 11 times the fundamental frequency has
amplitude 1/121 that of the fundamental. Thus placing the cutoff frequency at about
10kHz would only alter the power of the triangle wave by about 1/121% or less than
0.01%, while it would reduce the quantising noise power by about a factor of 10 (10dB).
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