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Problem 1
a) Since Vt < 0, h(t) = 0, the system is causal.

b) [75_|h(t)| dt < oo, hence BIBO stable.

c) y(t) = z(t)*h(t). Solution can be found either by the geometric method (flip
and shift) or through analytical means.




Problem 2

a) Given z(t + T) = —x(t). If we write down the Fourier synthesis sum
x (t + Z) = Z akejk%w(“r%)
2 k
_ Z akejﬂkejk%“t
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= Y (a(~1)F) 7 (1)

k

also
—a(t) = D (~a) (2)
k
Since z(t + T) = —x(t), we will expect the corresponding Fourier series coeffi-
cients to be equal. That is to say;
ap(—1)* = —ay, ¥k (3)
When k is odd, the equality holds however for k:even we end up with ay = —ax,

which can only be true if ay = 0,k : even.
b) Note that T' = 2.
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Note that ay =0,k : even as z(t + L) = —z(¢).



Problem 3
a)

(X (e)] 4 <X(ev) 4
1 T
-7 T Z -7 s Z
—Tr
Justification:

Time reversal property: X,(e) = X(e™7*). Flip around the y-axis. Due to
the symmetry in the magnitude, magnitude plot does not change.

b)

|X(€jw)| A <X(ejw) A

—T

Justification: z[n+1] «— X (/). | X3(e7%)| = | X (e79)el?| = | X (e7*)]]e/*] =
| X (e79)]. £X(e%)e?* = £ X (e3%) + L& = —w +w = 0.

\

|X(ejw)| A <X(6jw) ﬂ_l\

Justification:



X, (e?) = Z x[n — 1)e 7" = Z w[n)e¥e I = ¢TI = eIV X (e7I¥)

n=—oo n=—oo

So | X.(e7%)| = |e7 || X (e/¥)| = | X (e/*)] and £ X (e7*) = —w + £ X (e7¥).

d)
|X(€jw)| Al <X(6jw) A
i \\
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Justification:

Xy(e¥) = Z (—1)"z[n]e 7" = Z z[n]e Ime I
= e Jw — Z J;[n]e_‘j(w—"_ﬂ-)
— X<€j(w+7f))

So | X4(e)| = | X (e7@F™)| and £ X4(e’*) = £ X (e7@F)) (i.e. everything is
shifted by half a period).

)




Justification:

Xe(e™) = Z 2[n/2]1p=0 mod 267" = Z x[n]e 72n
= X (7)

So |X.(e)| = | X (/)] and £ X, (e/*) = £ZX(e’*) (i.e. the frequency axis is
scaled by 1/2).



Problem 4

a) The frequency response of this system is given by
H(ij) = b0+ble_jw+b26_2jw+b36_3jw+b46_4jw—|—b56_5jw+b66_6jw+b76_7jw+b86_8jw.
Thus if the DC gain is 1 we have

1:H(€0):b0+b1+b2—|—b3+b4+b5—|—bﬁ+b7—|—bg.

b) If bo = bg, bl = b7, bg = b67 b3 = b5, then
H(e™) =bo(1+ e %)+ by(e™7* + e 7%) + by(e” ¥ + e7%%)
+ bg(e—?)jw + 6—5jw) + b46—4jw
— 6—4jw <b0(€4jw + 6—4jw) + b1<€3w + 6—3jw) + b2<62jw 4 6—2jw)
+ bg(ejw + G_jw) + b4)
= ¢ Hw (260 cos 4w + 2by cos 3w + 2by cos 2w + by cosw + b4>
= A(w)e IPw—ie

where A(w) = 2bg cos 4w + 2b; cos 3w + 2by cos 2w + 2bzcosw + by € R, v = 4
and § = 0. Therefore this filler is generalized linear phase.

c¢) The ideal low pass filter should satisfiy

Hi(e*) 1 |w| <047
&) =
0 |w|>0.4n7.

As we saw in class, this corresponds to an impulse response

sin(0.47n) 0
hi[n] = " " f
0.4 n=0.

Windowing this response with a rectangular window of width 9 yields

sin(?r.f;m) 1< |n| <4

hin] =< 0.4 n=>0

0 otherwise.



To make this filter causal and have DC gain 1, we then shift by 4 and normalize

by M =04+ 2 Zi:l Sm(?r':”k). This yields the FIR filter with coefficients

sin(0.47(n—4))
n=4

otherwise.
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Problem 5

This problem is similar to Problem 3 from HW3.

a) We can write

Hew) = S0 =00 _ L 1206e (1= 06"
(& = Y =€ ——— - =€ I ——
1—-0.6e7 1 —0.6e7v 1—-0.6e7v
Therefore ( oy
- (1 —0.6e779)*
H(e®)| = |ei@ | =
’ (e )’ |€ ‘ |1 _ 0.66_'7w|
[H(e)] 1
1
- T o

b) The phase shift is given by
ZH(e™) = Ze™ —2/(1 — 0.6e77%)
=—w—24(1-0.6cosw+ 0.6 sinw)

0.6sinw )

— —w — 2arct e
“ arctan (1 — 0.6 cosw

In particular

o 0.6sin 3 0.6v3
ZH(e3) = —g—Z arctan (ﬁ) = —%—2 arctan (1—l/_> ~ —2.3243

and

; 0.6sinm
JH(E™) = -1 — 2 _OSRT )
(e’M) 7T — 2arctan (1 — 0.6COS7T) s

Therefore the output corresponding to the input
x[n] = cos (gn> + cos(mn)
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1s
y[n| = cos (gn - 2.3243) + cos(mn — 7).

c) We have

Therefore
Y (e) = 0.6e77°Y (') — 0.6 X (e/) + e X (7).
Transforming this equation to the time domain, we get the difference equation

y[n] = 0.6y[n — 1] — 0.6z[n] + z[n — 1].



