
Answers/short solutions to

Examination in Digital Communications - October 15, 2007

Problem 1:

a) True:
Wlobe

2
=

1

2
· 4

T
=

10

3Tb
=

10 · 300 · 103

3
= 1MHz

b) False: The bandwidth is constant since T is constant.

c) True:

Ps ≈ 2 · 63

64
Q

(√
36

642 − 1
· 5011.9

)
= 1.9688Q(6.638) ≈ 4 · 10−11

d) True:

E0 = E1 = Eb = A2 Tb

2
=

P

Rb

, P =
A2

2

e) True:
32-PAM:

d2
min =

6 · 5
322 − 1

=
30

1024 − 1
,

1024-QAM:

d2
min =

3 · 10

1024 − 1

Problem 2:

Eb/N0 = 19.95

Pb = Q

(√
d2

Eb

N0

)
= 10−6

d2 · α2P̄sent

RbN0
= 4.75342

α2

Rb
= constant =

α2

96 · 103

a) i)

(α/5)2

R′
b

=
α2

96 · 103
=

α2

25R′
b

⇒ R′
b =

1

25
· 96 · 103 = 3.84kbps
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ii)

(5α)2

R′′
b

=
α2

96 · 103
=

25α2

R′′
b

R′′
b = 25 · 96 · 103 = 2.4Mbps

b)

d2 = 4.75342/19.95 = 1.133

10 log10

2

1.133
= 2.47dB worse

c) See Figure 4.10 in the compendium.

Problem 3:

W99.5 =
3

T
=

6

Ts
= 106, Ts =

6

106
= kTb

P̄z/N0 = 4 · 107

a) From Table 5.1 (also from Laboration 2):

Ps = 2
M − 1

M
Q

(√
d2

min

Eb

N0

)
≤ 2Q

(√
d2

minEb/N0

)

b) i)

d2
min

Eb

N0
≥ 3.09022

d2
min

Eb

N0
=

6Ts

M2 − 1
· Pz

N0
≥ 3.09022

M2 − 1 ≤ 6Ts

3.09022
· Pz

N0

=
6 · 6

3.09022 · 106
· 4 · 107 = 150.8

M ≤
√

151.8 = 12.3

So, M = 8 and Rb = 3
6
· 106 = 1

2
Mbps

ii)

d2
min

Eb

N0

≥ 7.03452

M2 − 1 ≤ 29.1

M ≤
√

30.1 = 5.49

So, M = 4 and Rb = 2
6
· 106 = 1

3
Mbps
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Problem 4:

a)

|R(f)|
62.7 65.3

60.2 61.7 63.2 65.2 66.2

65.7f3
f1

f [MHz]

f2=64.2MHz

i) f2 = 64.2MHz

ii) |R(f)| see above.

iii)

0

|B(f)|

|Y(f)|

Symmetry ......

-1 1 3.6 124.4 127

f [MHz]

f [MHz]
0 1 1.5

-1.5 1.5 2.5 3.5
4

4.5 121.9
124.9

126.9

127.9

b) i) See the compendium.

ii) Th = the largest delay in the N -ray channel.
No overlapping if Ts = T + Tzero ≥ Tz = T + Th, i.e.if Tzero ≥ Th.

Problem 5:

D2
0,1 = E0 + E1 = A20.4Ts + A20.3Ts = 0.7A2Ts = D2

4

D2
0,2 = E0 + E2 = 0.4A2Ts + 0.2A2Ts = 0.6A2Ts = D2

3

D2
0,3 = E0 + E3 = 0.4A2Ts + 0.1A2Ts = 0.5A2Ts = D2

2

D2
1,2 = E1 + E2 = 0.5A2Ts = D2

2

D2
1,3 = E1 + E3 = 0.4A2Ts = D2

1

D2
2,3 = E2 + E3 = 0.3A2Ts = D2

min

2Eb =
1

4
(0.4 + 0.3 + 0.2 + 0.1)A2Ts =

A2Ts

4
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i)

d2
min =

0.3A2Ts

A2Ts/4
= 1.2

c =
1

4
(0 + 0 + 1 + 1) = 1/2

Eb

N0

= 15.85

Union bound ≈ 1

2
Q(

√
1.2 · 15.85) =

1

2
Q(4.361) ≈ 2.7 · 10−6

ii) 4-PPM ⇒ d2
min = 2 is 2.22 dB better.

So, 4-PPM is to be preferred.

iii)

d2
1 =

0.4A2Ts

A2Ts/4
= 1.6, d2

2 =
0.5A2Ts

A2Ts/4
= 2

d2
3 =

0.6A2Ts

A2Ts/4
= 2.4, d2

4 =
0.7A2Ts

A2Ts/4
= 2.8

c = 1/2

c1 =
1

4
(0 + 1 + 0 + 1) = 1/2

c2 =
1

4
(1 + 1 + 1 + 1) = 1

c3 =
1

4
(1 + 0 + 1 + 0) = 1/2

c4 =
1

4
(1 + 1 + 0 + 0) = 1/2 (c + c1 + c2 + c3 + c4 = 3 OK)
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