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Homework 3 Solutions

1. The derivation of the PSD for M-ary PSK is text book stuff. You can find a detailed
derivation in any of the graduate level communications text books. For example, you can
find it in Stuber’s book (one of the reference books for the class) on pages 197-200. The
PSD is of the form:

Svv(f) =
A2Tb log2 M

2
[
sin(πfTb log2 M)

πfTb log2 M
]2

2. The BER vs. SNR plots for M-ary FSK were done in class :-)

3. For
√

M − PAM , sm(t) = Ams(t) = Am�[u(t)ej2πfct] with Am = 2m − 1 −√
M,

m = 1, 2, · · · ,
√

M, 0 ≤ t ≤ T

The energy is given as Em =
∫ T

0
s2

m(t)dt = A2
mE ,

where the pulse energy is E = 1
2

∫ T

0
| u(t) |2 dt

Since the
√

M −PAM system has only one-half the power of M −QAM system (denoted
as Pav,

P√
M−PAM =

1

2
Pav =

1

T

∫ T

0

s2
m(t)dt =

E
T

M − 1

3

Therefore, E = 3PavT
2(M−1)

The output of a matched filter (matched to the pulse u(t)) is given as

U = �[ejφ

∫ T

0

r(t)u∗(t)dt] = �[ejφ

∫ T

0

(αe−jφAmu(t) + z(t))u∗(t)dt] = µm + ν,

where µm = 2αEAm and ν = �[
∫ T

0
z(t)u∗(t)dt] is a Gaussian random variable with µν = 0

and σ2
ν = 2EN0

As a result, U is Gaussian with mean µm and variance 2EN0

In a QAM constellation, in any particular row, the end points are such that errors occur
only in one direction. In this case, we have

√
M points in constellation. Therefore,

P√
M =

√
M − 1√

M
P (| U − µm |> 2αE),

which can be shown to be

P√
M = 2(1 − 1√

M
)Q(

√
6

M − 1

γs

2
),

where γs = α2PavT/N0
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4.

D2 = lim
N→∞

∫ NT

0

[s(t;x(i)) − s(t;x(j))]2dt

= lim
N→∞

[2NE − 2

∫ NT

0

s(t;x(i))s(t;x(j))dt]

= lim
N→∞

[2NE − 2

∫ NT

0

2E
T

cos(2πfct + φi(t)) cos(2πfct + φj(t))dt]

Assuming fcT � 1,

= lim
N→∞

[2NE − 2E
T

∫ NT

0

cos(∆φ(t))dt]

=
2E
T

∫ ∞

0

(1 − cos(∆φ(t)))dt = 2log2MEb
1

T

∫ ∞

0

(1 − cos(∆φ(t)))dt
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