EECS 120: SIGNALS & SYSTEMS Midterm 2 Solutions APRIL 16, 1999

1.
a.
1 1
Y(w) = %X(w) * (m(d(w — wy) +d(w + wy))) = §(X(w —wg) + X (w + wp))
Y (w) is plotted on figure 1.
b.
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Figure 1: Problem 1: Y (w)

Let v(t) = > p— . d(t —kT). Then s(t) = v(¢) * [1(T/2). Therefore,

S(w) = V(w )QSZn(Tw/4 271' Z 5w 27rl<7 25m(Tw/4)
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S(w) is plotted on figure 2.
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Figure 2: Problem 1: S(w). Note: numbers next to impulses indicate impulse strength.

Z(w) = %Y(w) * S(w)
Z(w) is plotted on figure 3.

d.



From previous part it is obvious that

H(w):{ T |w|< B

0 otherwise

Let

Then f(t) = > 72, brcos(kt). 1t follows that

Z bi(8(w — k) +8(w + k)))
Note that )
o(0) = 5 7(t/2)11(t/17)
, 80 that
11 t
G(w) = F2_F~T~(f(t/2)) * FT(H(E))
FT.(f(t/2)) = 2F (2w) = 2= Z be(6(2w — k) 4+ 6(2w + k)) Z by (8 )+ 0(w +
where we used 6(aw) = ﬁé(w) in the last step. Also note that
F.T.(T(t/47)) = Zsin(2mw)
So that if )= sin(2mw)
and . ’
Y(w) = %( > be(d(w = 3) +d(w+ )
Then )
G(w) = X(w) * Y (w)
b.
Glw) = X(w) Y (w) = %(i k(szn(i:(iv; 3)) Sm(i:(f; 5)))) _
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Figure 4: Problem 3: Fy(wg, wy). Lines represent impulses in w, of height 27
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Figure 5: Problem 3: Fy(w,, wy). Note: impulse strength is 27

sin(2mw 4 =~ )))) _

sm 27Tw — 21k
St =
”2 w—§ w4
since sin(x 4 27) = sin(z) and sin(z + 7) = —sin(x)
sin(2rw) — : :
m? k:o w—3 w+t3g

— We0)d(wy — wyo).

3.

a.
Fi(we,wy) =27 Z d(wy — 27k)

k=—oc

NOTE: In this problem, a black circle at position (wgn, wyo) signifies (possibly scaled) d(

which produces lines of deltas shown in Figure 4

— 7k) 2(5 —27l)

b.
Fs(wy, wy) = 27° Z d(wy
l=—cc

k=—o0

Fy(wg, wy) is shown in Figure 5

C.



W_y

e o o o
e o ‘e o ©
R e = e @ |
® © ©0 0 o "X
e o o o

Figure 6: Problem 3: Fs(w,,wy). Note: impulses have strength 272

Let - -

ST (e —2k)d(y —2)

k=—o0l=—c0
Then
G (we, wy) = 72 Z Z M wy — wk)o(wy — wl)

k=—l=—

and since f(z,y) = g(z,y) + g(x + 1,y + 1) we have
F3(wge, wy) = G(wg, wy) + /et Glw, wy) = 72(1 4 ¢ Watwn)) Z Z I wy — wk)d (wy — ml)
k=—o0l=—c0

Note that when k 4+ [ is even then (1 4 ¢/(“=+%v)) = 2 and when k + [ is odd then (1 4 ¢/(“=+%s)) = 0. Thus

F3(wg, wy) = 272 Z M wy — wk)o(wy — ml)

k41 1s even

F3(wg, wy) is shown in Figure 6.
d.
Note that fi(z,y) = (f3(z,y)) * (II(x — 1/2)1I(y + 1/2)). Thus,

1722510 (we /2) edwyl/2 2s1n(wy/2)

Falwr,wy) = Fy(wr, wy)e 2= wy




