EE 102 Homework #7 Solutions Fall 2001

Professor Paganini

1. Fourier transforms

a) fa(t) =u(t+1) —u(t —1) find F,(iw)

> : Lo 1 : 1 ,
F (iw) = / [t + 1) — u(t — 1)]e tdt = / ety = [l = L [omim
oo 1 —iw —iw
= L_(—Qi) sin(w) = 2s1n(w) = 2sinc(w)
—iw w

b) fp(t) = cos(nt) + 1 find Fy(iw)
JFrom the lecture notes we get directly for cos(mt)
md(w —7) + mo(w + ).
For the 1 term we get
210 (w).
The final result therefore is
Fy(iw) = m0(w — ) + m6(w + m) + 276 (w).

c) We see that f.(t) = fo(t) - fp(t). This problem can be solved in different ways.
One way is the straightforward way by definition of the Fourier Transform.
Another is to use the modulation property. Here it is solved using the fact that
a multiplication in time-domain is a convolution in frequency domain F,(iw) =

L F,(iw) * Fy(iw). Therefore

orta

Fu(iw) = = / Y Fo(w— 0)Fy(0)do

" 2r

= %/_(:Fa(w—a)é(a —7r)d0+%/_ZFa(W—0)5(0+7r)d0+/_ZFa(w_0)6(0)d0

1 1
:EFa(w_W)"i‘iFa(w"i_w)'*‘Fa(w)

= sinc(w — m) + sinc(w + ) + 2sinc(w).



2. Inverse Fourier Transform from magnitude and phase. We write
F(w) = |F(w)]e ).

The phase can be written as

The magnitude can be written as

1 if 2<w<-~-1
|[Flw)=<¢ 1 ifl<w<2
0 else

The inverse Fourier Transform is now

-1 2
f(t) = L/ 1e (=393 et gy 4 i/ 13973 ey
21 -9 2w 1

C2mi(t—1I) —2 2mi(t —I) 1
1 - s us 1 ; us us
_ —i(t=%) _ —2i(t—-%)| _ 2i(t—5) _ Ji(t—5
2r(t— 1) [6 ¢ ] 2r(t—2) [6 ¢
1 N us us
— —i(t 2) i(t— 2) —2z(t—5) 2z(t—5)
on(t — ) [e +e e e }
1
= 2t — %) {2 cos(t — =) — 2cos(2t — 7T)j|
L (sin(t) + cos(21)]
g 1n .
m(t = %)



3. a) Use the fact that F[ZsincBt] = u(w + B) — u(w — B) which can be written as

T
© B )
/ —sinc(Bt)e”“'dt = u(w + B) — u(w — B).
oo T
Letting B = 1 and multiplying the equation by 7 gives
oo
Piw) = / sinc(t)e—“tdt = m(u(w + 1) — u(w — 1)),

— 00

This result will be used in problem 3b). Evaluating the quation at w = 0 we
get the form of the problem and the solution

/_00 sinc(t)e~0ldt = /_00 sinc(t)dt = m (u(l) —u(—-1)) =7 (1 -0) ==.

sin(t)
t

is real we can write

[sin(t)] 2 sin(t) sin(t)

- — —

b) Because

sin(t) |2

t

t t

)

which reminds us of the Parseval Theorem
(o0} 1 [o¢]
/ FOP dt = - / P (i) dov.

Combining above equations and F'(iw) from problem 3a) we can write

0o .- 2 00 | o 2 0
1
SO gy = (71220 gy = L (o + 1) — (o — 1) dw
t t 21
—50 —00 -
1! ™ l
=2/ [mPdw = Sl = S+ 1] =m
4 fliw) = 152
a) The magnitude is
12 2
- TR

12 + (—w)?

This is an allpass filter. The phase is

Op(w) = tanfl(%) - tanfl(Tw) =tan ! (w) — tan }(—w) = 2tan"(w),

with Op(—00) = —7 and Op(o0) = 7.



b)
Flg@®)] = FIf (1 = 2t)]

Flf(t+1)] = e“F(iw)

15

- w W 1 - w W w 2 7
2t +1)] = “SF(—i2) = —e IS F(—ie) = —e %
FU =21+ 1)) = e S F(i5) = e S P(-if) = o5
c) We use the integrative property

t F(i

F [/ f(a)da] = M + 7F(0)0(w),
oo w

which yields
14w I +iw
[/ fo ] iw(l —iw) mow) = w? + iw mow).



