Communications |V Exer cise Solutions

Exercise 7.10

Assuming a matched filter is used:
Snn(f)z(x:N—ZO=5><10_3

Ep A%T, AZx107°

@ o 51073
A =106.3

SNR = =0.002A% =4.753% for P, =107°

Exercise 7.15
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By hindsight we see that this is a matched filter. But note that the integrator must be “dumped” (reset to
zero) after each pulse.
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The circuit shows that the capacitor must be “dumped” before the current symbol is applied, otherwise there
will be significant ISI. If you plot the SNR a function of x = T/RC, it has a maximum at x = 0 and is

monotonically decreasing. Hence the optimum RC is avalue large compared with T, but thisis equivalent to
an integrator (ie. the same asin the first part).

Exercise 7.34

Assuming a matched filter,

No =2x10710 W/Hz

2E 2 .
b =%:4.7532 if P, =107°

0 (o]

SNR =

6.722x10™° :10kb/s
A=4753/N, /T ={2126x10"% ;100kb/s
6.722x1072 :1Mb/s

If the impedance of the system is R, the values of A must be multiplied by V(R).



Exercise 7.43

For constellation (a) the outer symbols have coordinates (+2A,+2A). The average energy per symbol is:
Es =%(4>< 4AZ 4 4x8A2)= 6.0A%

For constellation (b) the symbols on the X axis have coordinates (+A,0), the two on the Y axis have
coordinates (0,£AV(3)) and the outer symbols have coordinates (+2A,+AV(3)). The average energy per
symbol is:

Eszé(ZXAZ +2x3A% + 4x (4A2 +3A2))=4.5A2

These would have the same error performance, so clearly constellation (b) is more power efficient.

Solutionsto Exerciseson Slides

Slide 7.52
In MPSK the symbols are on acircle of radiusr = VE; and are spaced d = 2r sin(n/M) and E;, = EJK. Hence

d? =4KEp, sin®(n/ M)

~ [ o2 ) [2KEp sin?(n/ M)
PeQ{ ZNO}Q{\/ N,

To get the same error probability for 4PSK and 8PSK requires

Egpsc SiN?(n/4) = Egpgy SiN?(n/8)

E
—SBPK_ 34142 (5.30B)
s4PSK

E
b8PSK _ 2 x 3.4142=2.2761 (3.6dB)
Ebspsi



Slide 7.53

The inner circle has radius r; = d/V2 = 0.7071d. The symbol in the first quadrant on the outer circle has
coordinates (x,x) and we must have d’= x* + (x—r,)? giving
2x2 —20x+ 12 —d? =0

x2 ~0.7071dx — 0.25d%2 =0
x = 0.96593d

r, = X+/2 =1.3660d = 0.5(1+ +/3) d
Eg(av) =0.5(r? +r3)=1.1830d?
Ep(av) = Eg(av)/3=0.39432d% =19.953N,

At [ 19983 | ~ _7
Pym = Q{ N, } = Q{ 503945 0.39432} =Q{5.030} = 2.45x 10

since we have E,/N, = 13 dB = 19.953.



