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Problem 1. 13 points (Paper and Pencil)

1. The signal at the output of the matched filter is

Y (t) = R(t) ? hMF(t)

= R(t) ? ψ∗(−t)

=

∫
R(α)ψ∗(α− t)dα

= 〈R(α), ψ(α− t)〉.

2.

c(α) =

∫
R(t)s∗(t− α)dt

= 〈R(t), s(t− α)〉

=

〈
R(t),

∑
k

skψ(t− α− kT )

〉
=

∑
k

s∗k 〈R(t), ψ(t− α− kT )〉

=
∑
k

s∗kY (α+ kT ).

3.

c[m] :=
√
Tsc(mTs) =

∑
k

s∗k
√
TsY (mTs + kT )

=
∑
k

s∗kY [m+ kN ].

4.

c[m] =
∑
k

Y [m+ kN ]s∗k

=
∑
k

Y [m+ k]ŝ∗k,

where ŝk is the upsampled sequence with upsampling factor N , i.e.,

ŝk :=

{
sk/N if k/N is an integer,

0 otherwise.

5. The formula above expresses c[m] as being the correlation between Y [ ] and ŝk. It can be
also expressed as the convolution between Y [ ] and pk, where pk is obtained by flipping ŝk
and complex conjugating it:

c[m] =
∑
k

Y [m+ k]ŝ∗k

=
∑
k

Y [k]ŝ∗k−m

=
∑
k

Y [k]pm−k

= (Y ? p)[m],

where pk = ŝ∗−k.



Problem 3. 4 points (Bonus Question)

1. Let x(t) = caPulse(t) and y(t) = caPulseDelayedWithDoppler(t).
From the problem statement, we have that y(t) = x(t− τ)ej2πfdt. Since

F{x(t− τ)} = xF (f)e−j2πfτ ,

we can easily relate their Fourier transforms as follows:

yF (f) = F{x(t− τ)ej2πfdt} = xF (f − fd)e−j2π(f−fd)τ .

Hence,
|yF (f)| = |xF (f − fd)|.

The correlation between |yF (f)| and |xF (f)| will have its maximum at fd.
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