EC204: Networks & Systems
Solutions to Problem Set 4

. (a) z(t) isreal = z(t) = 2*(t) = X(w) = X*(—w) = X(—w) = X" (w)

zelt) = 2 R
2o(t) = x(t) — x*(—t) _ x(t) + x(—t)
° 2 2
X(w)+X(~w) X(w)+ X*(w)
(1) W) XX pepx(w)
at 1 B a w B
(b) 2(t) = e™u(?) a+jw  a+ w? a?+w? X(w)
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CTe(t) = 2 [a + Jw + a —jw] B a? + w? = Re[X(w)]
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Figure 1: Problem 2(a)

Figure 2: Problem 2(b)
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Figure 3: Problem 2(c)
3. z(t) <= X (w), therefore we have
X(w) :/ z(t)e ™ dw
— X(0) :/ z(t)dw
Similarly, we have
z(t) = L /00 X (w)e™ dw
21 J_ o
—a0) = - [ X(e)a
z(0) = — w)dw
21 J_ o
We know that rect(t) <= sinc (&)
/ sinc(zx)dr =7
L (”)d 1 — [ sinele)dz =1
o | sinc (o ) dw = - sine(x)dx =

Similarly, rect(t) x rect(t) <= sinc? (%)
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Figure 4: Problem 4



Method 1:

X(w) = /_OO z(t)e ' dt
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Figure 5: Problem 4
Method 2:
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Method 3:

We know

t t <= d sinc wd

rect | = —

d 21
- t L <— El nc ﬂi
a2 2 "N\ 4

& . S (wd\]2 d . ,(wd
— X(w) = {Zsmc (E)] 5= e (E)

5. From the given z(t), 2'(t) and z”(t) can be determined to be as shown in the figure
below.
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Figure 6: Problem 8

Now y(t) = 2"(t) = 6(t — 1.5) +0(t + 1.5) — §(t — 0.5) — §(t + 0.5). Therefore, we
have

Y(w) = eIt edlhw o700 005w — 9 [cos 1.5w — cos 0.5w] .

Y 2
X(w) = _Ej;) == [cos 1.5bw — cos 0.5w] .
6. B, = / 2 (t)dt = / e 2tdt = —
—00 0 a
1
X(w) =
a+ jw



We need to find W such that

a

095w (K) — W = 12.706 rad/s

2a
L 2(t) = ——
®) t2 + a?
We know e/l @%,fora>0.

Using the duality property we get

2a
a? + t?

(if z(t) <= X(w), then X(t) <= 27wz(—w))

Therefore, we have

o 1 o0
Egg:/ 22 (t)dt
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Figure 7: Problem 8

G(UJ) = Fl(w)Fg(w)

) -2 e (22)] - e (2)

2
Fy(w) = 2 sinc (%) = 2 sinc (%)

= G(w) = 16 sinc <%) sinc (27&})
1
sinc (%)
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Figure 8: Problem 8

9. Let x(t) be bandlimited to By Hz & let z5(t) be bandlimited to By Hz.

yit) = (E)oa(t) = -0+ Xalwl] = 5 [ Z Xi(0)Xa(w — a)da
If w4 271By < —27B1, Y(w) =0,
le. ifw< =27(B1+ Bs), Y(w) =0
If w— 278y > 27By, Y(w) = 0

ie. if w > 27T(B1 + BQ), Y(w) =0
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Figure 9: Problem 9

i.e. y(t) is bandlimited to (By + By) Hz.

Repeatedly using the above result we get 2™(t) is bandlimited to nB Hz

10.

Therefore, we have
—jta(t) <= Xw)
J dw
1
—at t
e ult) a—+ Jw
d 1 -1
te~"u(t — =
Jee u(><:>dw [a%—jw} (a—i—jw)Q(‘j)
1
te” u(t
e ul) (a+ jw)?
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11.

Figure 10: Problem 11

Now,

1 1 6_]wt
X(w):/ tef“’tdt:/ td( >
0 0 —Jjw

te*]wt 1 efjwt 1

—Jw
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e e —1
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we ¥ 4+ e —1 1
+J + = E[e_w + Jwe ™ — 1]

0

w2
We observe that

r1(t) =ax(—t+1)+z(t+1)

X (W) = X(—w)e ™ + X (w)e”

1
= —[(e" —gwe™ = 1)e™ + (e + jwe™ — 1)e]
w
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Again, notice that

zo(t) =x(—t+ 1)+ x(t) + z(t + 1) + x(—t)

S Xo(w) = X(—w)e ™ + X (w)e? + X (w) + X(—w)

1 - .
= Slw(e™ = e)] = —(27sinw)
= zsmw = 2 sinc (f)
w m
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