EE 3008. Fourier Transform Tutorial Solutions

Q1) This is already given in the notes. We repeat the result below.
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(1) This is in the sin(x)/x form. |

j2 xf :
= Asin(x fT) [ f / i (2) sin(X)/X=1 when X—0.

= ATsinc(z fT)

Al 9® ATI

IG()

> f

> 1 |
T2 00 T2 @ 2/T-1/T /T 2/T
Q2) (a) Note that f(t) in Q2(a) can be obtained by replacing T in g(t) in
Q1 with T/4. Then H(f) can also be obtained from G(f) by replacing T
with T/4.

F(f)= G(f)\TCm . A}sinc(ﬂ f %)
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You can verify the scaling property as
1 f
F(f)=—-G(—

(1) 2 ( 4) .

(b) The time shift property is: s(t-7) < S(f) exp(-j22f 7).
Now h(t)= f(t-b). Thus
H(f)=F(f)exp(-j2 #fb).



We can also directly derive H(f) as follows.
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This means that delay will not change the magnitude spectrum.

Q3) (a) Refer to the previous result. Substituting A=2 z}p_c]__r_—_g_ }{1_t_o_ _t_l}g: __________
result of Q1, we have ' . It is useful to memorize !

S(f)= Arsinc(z fr)=4sinc(2x ). S(f)= Arsinc(z fr) !
The first zero is at %A. | for a rectangular pulse. |
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(b) Refer to the time shift property. The spectrum is the same above.
The first zero i1s still at V5.
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Q4) Note that s’(t)=s(t)-s(t-2). The Furrier transform of s(t) has been
derived earlier. Using the linearity and time shift prosperities, we have



' Time domain shifting
_ _ . will not cause any .

S'(f)=S(f)—S(f)e 122"y =5(f)(1—e122") | difference in the :
_jont jort  —jonf i magnitude spectrum. This

=¢€ S()e —€ ) is a direct consequence of |

=2je 1 *"'S(f)sin(27 ) | the time shift property. !

Therefore ‘S'(f)‘ :‘2S(f)sin(27z f)‘. The first zero is at 0. The second

zero 1s at Y. , .
IS"(F)| \ This example shows !

f ' how to obtain the |
—> . spectrum of two pulses. |
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Q5) (a) The derivation is similar to that in Q1:

X (f)= ATsinc(z fT) = 0.006sinc(0.0027 f)

A=3 and T=0.002

Magnitude Spectrum: Energy Spectrum:
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(b) The function is the sum of two rectangular pulses (one from 0 to 1
and the other from 1 to 2). Thus the Fourier transform is the sum of the
two Fourier transforms.

X (f)=0.002sinc(0.001z f)e 1" +0.001sinc(0.0017 f e 1%

= 0.00ISinC(0.00Iﬂ'f )(2e—jO.0017rf + e—jo,oo37zf )

' It is difficult to draw this function by !
' hand. The figures are done by a

. i computer.
Magnitude Spectrum: ! .
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(H F { } 26(f). For these answers, read

(2) F{sin@zft) =(5(f - f)=6(f +f,))/(2j); | the properties of

FOUI'IGI' transform in

Fleos@rft)}=(o(f - f)+8(f+1))/2.
(3) X(t) exp(j2xfot) (using the frequency shift property).
(4) Note that sin(2z f,t)=(e""—e ")/ (2})).
Thus F {x(t)sin(27 ft)} =(F {x(t)e*" } - F{x(t)e*""})/(2])
=(X(f=f)=-X(f+1))/2])).
Similarly, note that cos(27 f.t) =(e”"“+¢*")/2,
F{xt)cosrft)} =(X(f-f)+X(f+f))/2.
(5)Let g(t) be the rectangular pulse in Q1) with A=2 and T=6. Then,

the lecturer notes.

F(g(t)) = 12sinc(6 #f). A=21 g(t)
From the duality property, we have _3| é .
F(12sinc(62t)) = g(-f) = g(¥). A=214 a(h)
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Q8) The time domain function with such a spectrum is a sinc function.
It has an infinite span in time. This is impossible to realize in practice.

_____________________________



Q9) X(f)=[ x)e *"dt=["xt)cos(2z f)dt— j[  x(tsin(2r )t

X(-f)=] (et = [ “X(t)cos(2z F)dt + | “x(t)sin(27 f)dt
If x(t) is real, then

X () =( [ x(ycos2z f )olt)2 +( [ x(®sin2r )olt)2 =X ()"

Q10) (1) The magnitude spectrum of X(t—to) is the same as of X(t). It is
symmetric to the y-axis.
(2) Using the frequency shift property, we have

Q?{X(t)e””f‘)‘} =X(f-1).
The magnitude spectrum is plotted below, which is no longer symmetric
(since x(t)e”2# is not real).
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Q11) As shown in the lecture notes, the Fourier transform of C is CX().
From the frequency shift property, we have S(f)=Co(f - fg)

. frequency
T j S(f) C§(f fo) | ' domain
i shifting
f | property

_________________
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Q12) X(f)=[2Arsinc(2zfzr)+ Arsinc(r f r)]e J3Mf ! «— ! time domain |
" " \ shifting property |

Q13) (a) Recall from Q1 that Azsinc(7zf ) is the Fourler transform of a

rectangular pulse with duration 7and amplitude A. Using the duality
property, we have X(t) = Arsinc(zrt) .
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(b) J.OO x(Ddt = joo x(t)e 2 tdt‘ i = X(0)=A i X(0) equals the total
area of X(t).



