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Useful equations

If the signal g(t) is periodic with period T, = 2—75— The trigonometric Fourier series is
@y

g(t) =ay+ Zan cos nwgyt + b, sin nwyt

n=]

2
n TO

The compact Fourier series is given by

g(t):CO +ZC,, cos(na)ot+0"), C, = ,/ai +b3 ,

n=1

The exponential Fourier series is given by

g(t)= ZD,, exp(/'na)ot) where

n=—0

D, ZTL Ig(t) exp(- jnwyt) dt or D, =

0 T,

Useful Fourier Transformations

C‘;." exp(j6,) and D_, = Cz"

Ty
where q, = TL jg(t) dt , and
09

T, Ty
a, = J glt)cos(nayt) dt for n=1 b, = Ti Ig(t)sin(na)ot) dt for n>1
0 090

17 < ¥
glt)= Y JG(“’) exp(jor) dw Glw)= jg(t) exp(— jor)dt
gl-1) S | Glo)
exp(— at) u(t) = 1
a+jo
cos@,t < z[6(w + w, )+ 5@ —-w,)]
sin wyt < jzls(o +a,)- 5(w- o, )]
! < . T
rect (;—) 7 sinc (—2—)
W < )
— sine (W t) rect(?fy—}
glt)= A(%) —;— sinc’ (_a;_z'_)
gt+T) < Glw)exp(+ joT)
S le+7)-g-1)] < | Gesiner)
glt)cosw.t = —;-[G(a)—a)c)+G(w+wc)]
Two useful integrals : I dx= ll:an and

x’ +a’

2
X 1 X
J. dx=x-atan™ =

x2+a2 a

a
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C, =ayand 6, =tan” —

exp(—- .]9") .




a)

b)

Find E, and E,, the energies of the signals x(2) and y(2) shown in Fig. 1.1. Sketch the

signals x(2) + y(t) and x(2) -y(t) and calculate the energies of either of these two

signals.

() ¥

l——! , _

(-

2 > -1

Figure 1.1.

A periodic signal g(?) is expressed by the following Fourier series:

g(t)=3cos( 1)+ sin(S - %) - 2cos(8t - 13’-) :

Sketch the amplitude and phase spectra for the compact Fourier series.

By inspection of spectrum in part (i), write the exponential Fourier series for
gw).

By inspection of spectra in part (ii), sketch the double-sided magnitude
spectrum for g(?).

By inspection of coefficients in part (iii), plot the double-sided power spectral
density for g(z).Using the power spectral density coefficients calculate the

signal power.

Consider the time waveform, g(t)=e™* u(t) where a>0, given in Figure 1.2.

0]
1
e u(t)
{0 —
Figure 1.2.
i)  Find the Fourier transform of g{t) .
i) Using g(-1)= G(- @) and the result of part (i ), find the Fourier transform
of e u(~f)and e .

iii)  Verify Parseval's theorem for the signal g(t)=e™ u(t).
iv)  Estimate the essential bandwidth W rad/s of the signal g(t)=e™ ult) if the

essential band is required to contain 95% of the signal energy.
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a)

b)

The signal in Figure 2.1 is modulated with carrier cos(lO t). Find the Fourier
transform of this signal using the appropriate properties of the Fourier transform
given in the Fourier transformation table on page 1. Sketch the magnitude spectrum
for the signal given in Figure 2.1. Hint: This function can be expressed in the form
g(t)cosaw, t.

Figure 2.1.

A certain channel has ideal amplitude, but non-ideal phase response (Figure 2.2)
given by

|H (a)x =1

0,(@)=-wty—ksinoT k<<l

Figure 2.2.
Show that y(?), the channel response to an input pulse g(?) band-limited to B Hz, is

$0)=gle-10)+ et -T)- g~y +7)]

Hint: use exp(- jksinaT)=~1- jksinwT

Find the mean square value (or power) of the output voltage y(#) of the system
shown in Figure 2.3 if the input voltage power spectral density is S, (a))= rect(gj .

Calculate the power (mean square value) of the input signal x(?) .

‘v‘v‘v ———
* 10 d *
=) AIF @ ¥
- - . T
Figure 2.3.
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a)

b)

Two signals m, (t) and m, (t), both band-limited to 5000 rad/s, are to be transmitted

simultaneously over a channel by the multiplexing scheme shown in Figure 3.1. The
signal at point b is the multiplexed signal, which now modulates a carrier of
frequency 20,000 rad/s. The modulated signal at point ¢ is transmitted over a
channel.

my(t)

y o
o

™M
Y

2 cos 20,0007

2 cos 10,000z
Figure 3.1.

i) Sketch the amplitude spectra at points a, b, and c.

ii)  Design a receiver to recover signals m, (t) and m, (t) from the modulated

signal at point c.

For each of the following baseband signals: (I) m,(r)=cos1000¢; (II)
m, (t)= 2cos1000¢ — cos 2000¢ ; (IIT) m; (¢)= cos(1000¢) cos(3000¢):

i) sketch the amplitude spectra of mi(t), i=123.

ii) sketch the amplitude spectrum of the DSB-SC  signals
m, (t)cos(10000¢), i=1,2.3.

iii)  identify the upper sideband (USB) and the lower sideband (LSB) of the

spectra.

iv)  identify the frequencies in the baseband, and the corresponding frequencies in
the DSB-SC USB, and LSB spectra.

Figure 3.2 shows a scheme for coherent (synchronous) demodulation. Show that this
scheme can demodulate the full AM signal [4 +m(t)]cos @,¢ regardless of the value
of A. Show that a scheme that can demodulate DSB-SC can also demodulate full

AM. Is the converse true? Explain.

[4 + m(t))cos w,t output
LONPESS  femaie] DC Blocicer i

cos ¢

Figure 3.2.
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a)

b)

d)

A frequency-modulated signal with carrier frequency w, =27 10° rad/s is
described by the equation S,, =10cos(w, ¢ + 55in3000 7 + 10sin 20007 t)

i) Find the power of the modulated signal.

ii)  Find the frequency deviation A f and the modulation index f.

iii)  Estimate the bandwidth of S, .

Consider the signal m(t), given in Figure 4.1. A modulating signal is generated by
passing the signal m(t) through a filter, which lets through the first 3 harmonics of
the fundamental frequency and maintains the maximum and minimum signal
amplitudes. Estimate the bandwidth for a frequency modulated signal when the

filtered modulating signal is used to modulate a carrier of f, =100 MHz. Assume

_ that the angular frequency deviation constant is & =2 x 10° rad/Vs.

m()  pe——2x 10—}

IVANEVANS
VAR VARV

Figure 4.1.

A signal g() band-limited to B Hz is sampled by a periodic pulse train B (t) made

up of a unity amplitude rectangular pulse of width 1/8B seconds (centered at the
origin) repeating at the Nyquist rate (2B pulses per second). Show that the sampled

signal g(¢) is given by
§(t)= i—g(t)+ nzﬂn—zﬂ—sin(fé—:ijg(t) cos(na)st), o, =4 B.

A compact disc (CD) records each audio channel signals digitally by using PCM.

Assume the audio signal bandwidth to be 15 kHz.

1) What is the Nyquist rate?

ii)  If the Nyquist samples are quantised into L = 65,536 levels and then binary
coded, determine the number of binary digits required to encode a sample.

iii)  Determine the number of binary digits per second (bit/s) required to encode
the audio signal.

iv)  For practical reasons, signals are sampled at a rate well above the Nyquist
rate. Practical CDs use 44,100 samples per second. If L = 65,536, determine
the number of bits per second required to encode the signal, and the minimum

bandwidth required to transmit the encoded signal.
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a)

b)

In Figure 5.1, the input signal is ¢(t)= m(t) and the amplitude satisfies the
relationship 4 >> ‘¢(t1 .The two diodes are identical with a resistance » ohms in the

conducting mode and infinite resistance in the cut-off mode. Figure 5.2 shows the

diode current versus voltage characteristics.

+ 1 i ig
1
Slope —
0 eolt) ’
_G ; l Vg >
Figure 5.1 Figure 5.2
i) Show that the output e, (t) is given by (4]
2R
e\t)=——wtm\t
=22 ) me)
where w (¢) is the switching periodic signal shown in Figure 5.3 with
amplitude spectrum given in Figure 5.4.
1
—3n 2= - -17‘ ’25 4 2n 3n t>
Figure 5.3
l-a.
4
c’l 2 2'
-, r
05
. A s
° z. 4 R 10
3=
Figure 5.4.
ii)  Show that this circuit can be used as a DSB-SC modulator. ' 3]
iii)  How would you use this circuit as a synchronous demodulator for DSB-SC [2]
signals.

A frequency-modulated signal is given as u(f)=100 cos[2000 x  + ¢(¢)] where
#(t)=5sin(20 7 ¢).

Question continued over
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¢)

Using the values of J,(5) for n=0,1,.....5 given in the following table,

n

0

1

2

3

4

7,(5)

-0.178

-0.328

0.047

0.365

0.391

0.261

1) determine and sketch the amplitude spectrum

ii)  determine the percentage of the modulated signal power carried by these

harmonics

i)  From Carlson’s rule, determine the approximate bandwidth for the FM signal.

An analogue signal, whose amplitude is uniformly distributed between —A and +A
V, is to be quantized using a uniform quantizer, which has the transfer function

shown in Figure 5.5.

Figure 5.5

Find the quantization noise power in terms of the maximum signal amplitude.
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