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LET p=The probability for sending a binary 1, then the probability for
sending a binary 0 is (1-p). From the enr.ropy formula for H{(p), we can draw
the figure of H(p) ,and from this figure , we can find the maximum entropy
and the p.

H(p)=(p*1n(P)+ (l-Pl*lnil-P] )/ (=1n(2))
k=0 ..50 p = — HMAX := 1

0 p 1
k
From the.above figure, we know the maximum entropy is 1 where the
probability for sending 1 or 0 is 0.5.
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(a) chars := 110 Humber of characters available
log(chars)

log(2)
> b=7 bits

b := ceil[ Number of bits required to represent a character

(b) B i= 3200 Hz Channel bandwidth
SKRAB := 20 dB Signal to noise ratio

SNRAB
10
SNR := 10 mm=s=—=> SNR = 100 (Absolute power ratio)
log(1 + SNR) 4
Ci=p§ |————| ==>C=2.131-10 Channel capacity (bits/sec)
log(2)
C 3
Ci= = e—— C= 3,044 10 Channel capacity (chars/sec)

b

(c) Assuming equally likely characters,
information content of each character is:

 §
P :=

Probability of each character
chars
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(a.)
M := B M
N := 2 N = 256 k ..N - 1 T := 40
T
de := - t := k dt -
N k
W 1= @t - 1.0 - dit - 5.0 WAVEFORM
k k k
1.5
Ww =0 dt = 0.156 w
0 f4 :=2 4 k _J
-0.5
n:=0..N-1 0 [ o 10
[+ "
W := dt 'J; icffr (w) MAGNITUDE SPECTRUM out to 4th null
n 1 4
£ = = fs =2 —
n T dc
W
W = 3.906 fs = 6.4 n \
4]
f = 0.025 f4 = 4
1 0 Sa——
0 £ 1
n

(b.} v :=2 2.0

ae- [rl;] icffL(v)

MAGNITUDE SPECTRUM out to 4th null
so [

0 £ 1
n

NOTE: The FFT cannot give the correct amplitude value for a delta function
since the delta functicn has an infinite amplitude. However the area under
the FFT result that approximates the delta function will be approximately
the correct weight for the delta function. The value for the weight of the

delta function may be calculated directily wvia the FFT by using

This is shown below.

1
V = -— icffr (v)
N
v = 2
1]

<--Weight of &

(2-187) .

-0.25 £ 1
n

e P T T e BT T

X :=dt [Er icEft (x)

1.5
MAGNITUDE SPECTRUM out to 5th null b4 /'/1\\

5 k 1 s
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‘x ‘ -5 t 15
n k
\ X =5
0 e 0
0 £ 1
n
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(a) t := 0,0.05 ..15
=-0.1 t -t =10t
v (t) :=0.1-e v (t) == e v (t) = 10e
1 2 3
1 5\
v (B),v  (t),v (%)
1 2 3
o LA — =
0 t 15
(D) f := 0,0.001 ..2
0.1 1 10
v o(£f) := : V (f) i= ————— ¥V (f) :=
1 1L+3F-20m¢f 2 1+ 2-7£ 3 1+ -0.227m¢f
v (0} = 0.1 vV (0) =1 vV (0) = 10
1 2 3
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<c.) W, =w, b =40 =TT
s(t) = A, caq(oufﬂﬂ + A, cos wit
=<A2”A,\ Cos a0 €
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e T
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2-62
M := 6 M
N := 2 N = 64
T1
dt = =— C 1= k dt
N k

NOTE: In FFT time domain, points for negative time are the same as those

measured from the end of the data span-length T1 for positive time.

t - (T1 - T}

=1 k
w := if(t e« T,|—| [t - ],U]+ift s {T1 - T},
k k T k k T
WAVEFORM
1
W
w =1 dt = 0.156 k
0
0
n:=90.,..N-1 0 t Tl
k

W oi= dt [Jﬁ] icfFt (w)

n 1
£ 1= — fs = =—
n T1 dt
f =0.1 fzs = 6.4

MAGNITUDE SPECTRUM out to fs
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