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11.1 Single wire - was vulnerable to interference. Using four wires made it possible to
have one twisted pair for Tx and the other for Rx.
Analogue FAX, used rastering like analogue TV.
Satellite telephony is expensive, as there isn’t many users. The main reason it is not
preferred is that the round trip from the ground to the satellite is 500ms. Thismeans
that at least 500ms of latency occurs.

11.2 (discussion)
CD quality audio BW in bits = 44.1k*16 = 705.6kbit/sec
200kHz using 4 bits per sample can also handle this PCMbandwidth. 200*4 >= 705.6
(=800)

11.3 Sampling rate = 2x max BW
15k*2*12 = 360kbit/sec
E1 line has signal rate of 2.048Mbps.
The number of these which can ϐit inside an E1 line is N:
N ≤ ͪ.ͨͬͰMbps

rb = ͭ.ͮ Ô⇒ N = ͭ
Digital BT ≥ ͩ

ͪ× 2.048Mbps = 1.024MHz
Analog BT ≥ NW = 75 kHz
Eff = ͯͭ

ͩͨͪͬ = ͯ.ͫ%

11.4 a) xi (t) = ∑k akp (t)wherep (t) = u (t) − u (t − Tb/ͪ),wherexq (t) = ͨ

ak = ͨ, ͩ Ô⇒ ma = ͩ/ͪ,σͪa = ͩ/ͬ
∣P (f)∣ͪ = ( fTbͪ )

ͪ sincͪ ( fTbͪ ) = ͩ
ͬrͪb

sincͪ ( f
ͪrb )

Ô⇒ (marb)ͪ∣P (nrb)∣ͪ =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

ͩ/ͩͮ n = ͨ
ͨ n = ±ͪ,±ͬ, . . .
ͩ/(ͪπn)ͪ n odd

Glp (f) = Gi (f) = ͩ
ͩͮrb sinc

ͪ f
ͪrb +

ͩ
ͩͮδ (f) +∑±odd ͩ

(ͪπn)ͪδ (f − nrb)



11.5 xc (t) = Ac [xͩ (t) + xͨ (t)]where,withak = ͨ, ͩ
xͩ (t) = [∑k akpTb(t − kTb)] cos(ωͩt + θͩ)
xͨ (t) = [∑k(ͩ − ak)pTb(t − kTb)] cos(ωͨt + θͨ)
Then, we can get the spectral density with M=2 and r = rb,
Gͩlp (f) = Gͨlp (f) = ͩ

ͬrb sinc
ͪ f
rb +

ͩ
ͬδ (f)

and Gc (f) = Aͪc
ͬ [Gͩlp (f − fͩ) + Gͨlp (f − fͨ) + Gͩlp (f − fͨ) + Gͨlp (f + fͨ)]

Since fc = rb, for f > ͨwe have
Gc (f) = Aͪc

ͩͮ [
ͩ
rb sinc

ͪ f−fͩ
rb +

ͩ
rb sinc

ͪ f−fͨ
rb + δ (f − fͨ) + δ (f − fͨ)]

11.6 The naive system will use 3 bits for each grade. We can use this as a reference as to
howmuch the huffman code will ”compress” our data.
Hͪ (G) = ∑i pi logͪ pi
ͨ.ͨͭ logͪ ͨ.ͨͭ+ͨ.ͨͭ logͪ ͨ.ͨͭ+ͨ.ͨͭ logͪ ͨ.ͨͭ+ͨ.ͫͭ logͨ.ͫͭ+ͨ.ͪͭ logͪ ͨ.ͪͭ+ͨ.ͩͭ logͪ ͨ.ͩͭ+
ͨ.ͩ logͪ ͨ.ͩ
= 2.4211
(Note: it is impossible to compress the data more than this level, as this is the level
of ”randomness” / entropy in the source)



Assuming descrete memoryless source.
P (ͯ,ͮ,ͭ, ͯ) = ͨ.ͩͪ × ͨ.ͩͭ × ͨ.ͪͭ = ͨ.ͨͨͨͫͯͭ.
I = logͪ ͩP = logͪ(ͪͮͮͮ) = ͩͩ.ͫͰbits
P (ͪ,ͫ,ͬ,ͬ) = ͨ.ͫͭͪ × ͨ.ͨͭͪ = ͨ.ͨͨͨͫͨͮͪͭ
I = logͪ ͩP = logͪ(ͫͪͮͭ) = ͩͩ.ͮͯbits
Construct a huffman code:

p1 
0.05

p2 
0.05

p3 
0.05

p4 
0.35

p5 
0.25

p6 
0.15

p7 
0.1

0.1

0.15

0.25

p4 
0.35

p5 
0.25

p6 
0.15

p7 
0.1

0.250.4

0.6

0.4

0.6

1

p1 
0.05

p2 
0.05

0.1

p3 
0.05

0.15

1

Option 1
Option 2

Option 1
Number Probability Option 1 Length P Length

1 0.05 00000 5 0.25
2 0.05 00001 5 0.25
3 0.05 0001 4 0.2
4 0.35 11 2 0.7
5 0.25 10 2 0.5
6 0.15 01 2 0.3
7 0.1 001 3 0.3

Average Code length = 2.5



Option 2
Number Probability Option 2 Length P Length

1 0000 4 0.2 0.15
2 0001 4 0.2 0.15
3 001 3 0.15 0.15
4 11 2 0.7 1.05
5 10 2 0.5 0.75
6 011 3 0.45 0.45
7 010 3 0.3 0.3

Average Code length = 2.5


