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1. Determine the TFS coefficients for the periodic signal shown. One period of
the signal is 3(9) = e?‘for0 < ¢t<1 s

The fundamental period is 7, = 1 second which corresponds to a
fundamental frequency of 4, =1 Hz or @, = 2z rad/s.

2 = | e7%'alt = 0.4323

1
a, =2 .16_2[COS(27Z/(Z‘)0'I‘ _ sl \I\\I\I\

T (t)

0 1+ 7°K 1 > f
S . 0.8647 rk
b, =2\ e?sin2rkt)dt =
o ( ) 1+ 7%k
=, 0.8647 = 0.86477k .
X(f) = 0.4323 + cos(2tkt) + Sin(2 rkt
(0 - 04323+ 5B coserk) + 3 TR ok
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2. Consider the periodic signal x(¢) of exercise 1

a. Determine the EFS coefficients from the TFS coefficients obtained in
exercise 1.

b. Determine the EFS coefficients by direct application of the analysis
equation.

c. Sketch the line spectrum (magnitude and phase).

a.c, =a, = 0.4323
1 : 0.4323
% =2 @S0 = 13 ok

1 : 0.4323
C, = 5(3k+/17k) =1 ok’ k>0

k>0
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3. Determine the EFS coefficients of the half-wave rectified signal shown:

7 (t)

N

ck_fo jo sin@2ztl T,)e at Lo

—To
_ 1 a1 _q7_ 1L ~jrlk+1) _
= Ik L -2k le a
Case 1: koddand k=11 /"% D =g /"* D -15¢ =0
Case 2: k=1 Clz—ﬁ Case 3: k= -1 C_lzﬁ
Case 4: keven e/ _1_pgintkd _q_ 5o 1
(k- 1)

2T%
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4. Determine the EFS coefficients of the full-wave rectified signal shown:
T {f}
\NVVWW
. \ ; 2 / t
~T; | Loog 2T,

1 7. _jorkt!T,
Ck_f) jo sin@2zt/ T,)|e at

B i 7,12 . _j2rktIT, _i To . —J2rkt! T,
-7 jo sin(zt! Ty)e dt = _[TOIZSIn(Zm‘/ T.)e dt
(2

Ce=111-K)

0, k odd

Kk even

.
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5. The transform pair
24

a‘ + w*
Using this pair along with the duality property, find the Fourier transform of
the signal

e_am (L)

1

z(t) = 3+ 22

1/3
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6. Using the differentiation-in-time property of the Fourier transform, determine
the transform of the signal shown.

T {f}

l__

Let w(¢) be the derivative of the signal x(¢), that is

a’x( t)

(1) = 28 _ ot —0.5) - 0‘511(%)
W(f) = smc(f)ef”f - sinc(2f)e’8”f

W) = X1 = X(D) = W7 =

|
|
|
1

f/

Jr

]

{

[smc(f)ef”f—smc(Zf)e/S”f]
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7. Determine the Fourier transform of the signal

e 1) (sin(xf), O0<t<1
X() = sin(zo)I (f N §j N { 0,  otherwise

a. Using the modulation property of the Fourier transform
b. Using the multiplication property of the Fourier transform

a. F{p(t)sinQr £t} = %[P(f_ £)e /™ + p(f + 76)6,/72/2]

1) = H(z‘ _ %) — P(f) = sinc(He ™
% =0.5 Hz
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X(f) = [P(f 0.5)e7/*" + P(f +0.5)e/"" |

= % sinc(f — 0.5)e /709 /™2 4 sinc(f + 0.5)e /0 |
_ % Sinc(f — 0.5) + sinc(f + 0.5)]e 7"
b. F{p(H)g(n)} = P(8) * Q(¢)

o(f) = H(z‘ = %) — P(f) = sinc(He /™’
1) = sin(xt) = O(F) = —j1 S(F—0.5) + j1 S5(f+0.5)

X(F) =0(F) = P(f) = [smc(f 0.5) + sinc(f + 0.5)]e /"’
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8. Consider the pulse train with duty cycle dshown. Its EFS ¢, = dsinc (&d).
a. Working in the time domain, =)
compute the power of the :

pulse train as a function of the
duty cycle d. T, A T, f

b. Sketch the power spectral density based on the EFS coefficients.

c. Let d= 0.5. Suppose this signal is processed through a lowpass system
that only retains the first m2 harmonics and eliminates the others. How
many harmonics should be retained if we want to preserve at least 90
percent of the signal power?

Fourier Analysis for Continuous Time Signals and Systems https://manara.edu.sy/ 2@3-2R4 14/22
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d. How many harmonics should be retained to preserve at least 95 percent of
the signal power?

e. How many harmonics should be retained to preserve at least 99 percent of
the signal power?

1 (72 1 e2/2
a. P, = 7 j_rolzxz(r)c/r -7 L/z dt=d (r=dT,)
b. ¢, =dasinc(kd) k=—oo, -+, 0

S = Y lafotk- )= Y dsinc(k)o(k - £)

k=—o0 k=—o0
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Sz (f)

40.25

0.1011 T:m
—oo0o000o00o0 o0 o, et o 2 o 000000000 | (Hz)
—Qfg —E‘qu —_:;}L.;] 0 3ﬁ] fﬂf“ Qf(].
c. If EFS terms up to and including the M-¢ harmonic are retained, the
normalized average power of the signal would be

M M
PM = N gl = > dsinc®(ka)
k=—M k=—M

and the percentage of this to the total average power in the signal x(¢) is
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- pX(/V/) p(/V/) M
=5 Z dsinc’ (ka’)
It can be shown that, with d= 0.5 and M= 1 we get Z 0.5sinc®(0.5¢) = 0.9053

k=—1
d. Frequencies up to the third harmonic are needed to retain 95 percent of
the signal power since

3
> 0.5sinc*(0.54) = 0.9503
k=-3
e. Frequencies up to the 21-st harmonic are needed to retain 95 percent of

the signal power since

21
> 0.5sinc*(0.50) = 0.9908

k=-21
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9. Repeat parts (c)-(e) of Problem 8 using d= 0.2. Does it take fewer or more
harmonics to preserve the same percentage of power when the duty cycle is
reduced?

c. If EFS terms up to and including the M-¢2 harmonic are retained, the

percentage of this to the total average power in the signal x(¢) is

(M) (M) M
n = Pjé P Z dsinc®(kd)

It can be shown that, with d= 0.2 and M: 4 we get

4
> 0.2sinc*(0.24) = 0.9029
k=-4

Fourier Analysis for Continuous Time Signals and Systems https://manara.edu.sy/ 2@3-2@4 18/22



[Py

6jliall

d. Frequencies up to the 11-s¢ harmonic are needed to retain 95 percent of
the signal power since

11
> 0.2sinc*(0.20) = 0.9528

k=-11
e. Frequencies up to the 51-st harmonic are needed to retain 95 percent of

the signal power since
o1

> 0.2sinc*(0.26) = 0.9900

k=-51
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10. Determine and sketch the power spectral density of the following signals:
a. x(7) = 3cos(20x7)
b. x(9) = 2cos(20x7) + 3cos(30x7)
c. x(9 = 5co0s(200x7) + 5cos(2007¢) cos(30x9)

a. For the signal x(¢) the fundamental frequency is £ = 10 Hz, and the EFS
coefficients are

3 Sz (f)
=, k=#1 9 9
=12 . 1 1
| 0, otherwise [ “
The power spectral density is — n f (Hz)

S5,(f) =20(f+10) + 26(f-10)
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b. For the signal x(¢) the fundamental frequency is 4 = 5 Hz, and the EFS
coefficients are

{ L ) ’
—13, k=13
Ck = 5 §, - — 1 ]_
0, otherwise T 1 f (Hz)
L ~30 —20 20 30

The power spectral density is

S,(f) =20(f+30) + 6(f +20) + o(F — 20) + 2 6(F — 30)
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c. For the signal x(¢ the fundamental frequency is

coefficients are

-

O
I

\

The power spectral density Is
S5.(Ff) =26(F+230) + 26(f +200) + 2 5(f + 170)

)

NlOo1NO1T O

k=+17
k = 120
kK =123
otherwise
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25
T

25 25
16 1 Tls

16:
S

= (

;

)

5 Hz, and the EFS

25
AT
25 25
of [ 475
f (Hz)

—100

+25 S(f - 170)+25 S(f - 200) + 2 5(f — 230)

100
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