R. Balan Mid-Term Exam Solutions MATH 464

1. We need to find the inverse Fourier transform of the function F' : R — R defined by F(s)
Using linearity and the property that the (inverse) Fourier transform of a product of

L(sinc(s/2))2.
functions is the convolution of the (inverse) Fourier transforms of the individual functions, we obtain:

B 11, . /s —Lfei (5
FUEFYa) = 7 aine()} « - aine()

Now, using the dilation rule:
f*l{smc(g)}(x) = 2F " Ysinc}(2z) = 211(2x)

We obtain further:
IM(2(x — ) (2u)du = / I1(2z — t)I1(¢)dt = T« I1(2x)

fo) =7 P} =2 [

The convolution of two box functions gives a “tent” function:
z+1 for—1<zx<=0

Az)=I*I(z)=¢ 1—=z O<e<l
0 otherwise

2¢ +1 for—%<x§0

Hence the result is:
1-2x for0<z< %

/(@) = A(2a) =
0 otherwise
2. Note:
Ch—5 — Ck+5 omiks _ 1 omi(h—545)z 1 2mi(k45-5)z _
ZTe = Q*Z_zk:Ckf,{)e — %%:Ck+5€ =

k
1 yom : :
— (el0miz _ o~ 10miz) z Cne?™ " = sin(10mz) f(z)

2i
The plot of f is the indicator function of the interval (0,0.1). The plot of g is the first positive

oscillation of the sinusoid squeezed in the interval (0,0.1) and then constant 0 on (0.9, 1).

3.
(a) The signal has a bandwidth of 30KHz. Hence the largest sampling period that allows perfect

recovery i8 Trnqr = 1/(30,000)s = 33.333us.
(b) Use the formula we derived in class with Q; = —10,000 and Q5 = 20,000 and we get
) o —nT
flz) = Z F(nTy)et0000mie=nTt) gjp (x TT 1)
n=-—oo
4. The Fourier transform of e~ is T ﬁrst. Apply the polynomial rule to obtain
i d 2 8mis
F(re =l - - =2 - _
(re™ ")) = 5 25 [1 + 47r232] (1+ 4rm2s2)2
5. Apply the Fourier transform to this equation and obtain:
(2mis + a)F(s) = G(s)
where G(s) is the Fourier transform of the right hand side. This is given by
0 ; —2mis 2misz |0 2a
G(S) — / 2aeame— ‘ﬂ'Zéldx — 20/ - (eax— T”’s‘l:)|700 — -
oo a — 2mis a — 2mis
Thus 5 5
a a
F(s) = -
() (a+2mis)(a — 2mis)  a? + 4w2s?
Its inverse Fourier transform is:
fla) = el

which is the solution to this problem.



