EE 7620 Solutions to Problem Set # 5 11,10,08

1. Since the frequency band is (2500,3000), the system must be a bandpass sytem.

(a) We have R, =500, W = 1000. Thus R,/W =.5. Also
E, P, P P
No No RpNy 500x2x10-5

i. Any PSK system satisfies the R,/W requirement. BPSK and QPSK require the
least power. 5—’6 = 100P =9.12. Thus P = .0912.

ii. BFSK, 4FSK, 8FSK can be used. 8FSK uses the least power. For 8FSK, 1ETZ =
100P =7.07. Thus P = .07.
iii. We can use any ASK system. BASK uses the least power and we get P = .0912.

iv. All QASK systems are feasible. The least power is used by 4QASK which is the
same as QPSK for which P = .0912.

= 100P

E 2Re/W_1 _
V. b =100P = g7l — 8284 Thus P = .0082.
(b) We have R,/W =3.5. Also
E, PL, P P 100P

No No RNy 500x2x105 7

i. 16PSK system satisfies the R, /W requirement. Then % = 100P/7 = 52.4. Thus
P =13.66.

ii. FSK can not be used.
iii. 16ASK can be used. Then 100P/7 = 177.8. Thus P = 12.44.
iv. 16QASK system is feasible. Then 100P/7 = 20.8. Thus P = 1.45.

E, _2R/W_ _
. Nﬁ = 100P/7 = RyW = 2.9468 Thus P = .2063.

2. (a) By examining the signal set we see that we can let ¢;(¢) = % and ¢1(t) = ﬁ%,

where ||s;(2)|| = ||s2(2)]| = a\/g . The vector representation of the signals are given by

s = (0,0), slz(a\/g,a\/g), szz(a\@,m, 53 = (0,a g)

(b) T=2T,=2/R, =2msec. W =1/T =500 Hz.
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P(E)=1- 1Q< s

(a) An O.N. basis for the signal set is given by ¢(r) = \/%sin(Zﬂ:fct) for0 <t <T. The

signal vectors are so = 0,81 =A % andsp = —A \/g . The receiver block diagram is
plotted below.
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P(Clso) = P(_E\/;SRSE 5|SO)

AT
= 1-20 4—1\’0
(©)
P(C) = 1/3[P(Cls2) + P(Cls1) + P(Clso)]
Thus
4 AT
P(E>:1—P(C)=§Q m

Note that you can also get this from the general formula for ASK with ¢ = 3.
(d)
1 R
T log,3T, log,3

Thus % = log, 3 = 1.585.

AT AT
Fae =0+ =

4 log, 3E
PIE)= 50 [\/ T b}

Setting P(E) = 107> we get 12 = 25.3 or 14 dB.
We cab see that this system has better bandwiddth efficiency than BPSK but requires
higher SNR.

AT

Also E,y =log, 3Ej. Thus

(a) For BPSK, R,/W = 1. Thus R, < W. Also in order to get P,(E) < 107>, we need

Ey/No > 9.1 Thus & = 2> 9.1, Thus

P 1
Ry = min{W, — —
p=min{W, 57}

Ry, = min{1000,5000/9.1} = 549 bits/s
.

R, = min{10000, 1.5 x 10°/9.1} = 10,000 bits /s



(b) For QPSK, R,/W = 2. Thus R, < 2W.

P 1
R, — min{2W, — —
p = min{ ’N09.1}

R, = min{2000,5000/9.1} = 549 bits/s
ii.
R, = min{20000, 1.5 x 10°/9.1} = 16,483 bits/s

(c) For BFSK, R,/W =2/3 and E}, /Ny > 18.2. Thus

P 1
Ry = min{2W /3, — —
p=min{2W/3, 5155

R, = min{2000/3,5000/18.2} = 274 bits/s
ii.
R, = min{20000/3,1.5 x 10°/18.2} = 6,666 bits /s
5. Using the O.N. basis functions
01(7) = V2T cos(2mfor), 92(t) = V2T sin(2m for)

), where a; and b; take all possible values in the set
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we gets; = (&,

Sk
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It can be seen that this is a 64QAM system.
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© T =Tylog,q= R% = bmsec.

(d) Since 64QAM can be thought of as two 8ASK systems in parallel,

Psagam(E) = [Psask (E)?

where

Pask(E) = Z(qq— 1)Q L/;,To]

A
where d = 7 Thus

PSASK(E):%Q[ A ]

2/ Ny
Using Gray coding we get P,(E) ~ —P8A53K )
11 Ry
T 8T, 6

Thus Ry/W = 6. Also Eq,, = 242 — 6E,,. Thus

7] [P
Pbus)—lzg{ 7NO}

Setting P, (E) = 107 gives £ = 18 dB.
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