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Properties of Fourier Transform Operations

Operation g(h) G(f)
Superposition ain+e) G+ Gf)
Scalar multiplication  kg(7) kG(f)
Duality G(1) g(=f)
Time scaling (at) LG (L)
= 8 |a] u
‘ Time shifting g{t —1p) G(f)e_jz”ﬁ"
~1 Frequency shifting g G~ fo)
‘ Time convolution a1 x g GLiHG)
; Frequency convolution g (1)ga(t) Gi(f) * Ga(f)
\ i P S, dng(l) . N
A Time differentiation —=lc (2nfY'G(f)
\ ar
"\ Time integration }i ~ 8 (¥ dx j%gf) + %G(O)S(f )
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6 &(1) J
T . 8(/)
8 6.,i2nfol 5 — fo)
9 cos 2rfyt Q508 +fo) + 8¢ —Jo))
10 sin 27 fyr JOS[8¢ + f) — 8¢ — fo))
S e
10 ul(r) 58(f) + ot
2
12 sgnt Jonf
13 27t fot ult) l[ﬁ(/' fo) + 8{ + fo)] + jnf
COS LT u =14 - ‘ e T e
e Lt 0T Q- @nf)?
14 sin2mfyt u(r) L[«S(f — 1) =8 +fy)) + —Z—T-L—
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15 e sin2mfol u(r) . _f-rjf” — a>0
(a+j2af) + dx=fy
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16 e™ cos2mfr u(r) — a>0
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Tutorial 1

Signals - Review

: d g . A - the following
I. Find the exponential Fourier series for the periodic square wave shown in the following
figure.

w(t)
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2. For the following periodic signal; find the exponential Fourier series, then sketch the

amplitude and phase spectra.

-7 = =1 L 3 5 7 R

3. Find the Fourier transform for the signal g(t) = ¢™ u(t), a>0.

4. Verify Parseval’s theorem for the signal g(r) = e™%u(z) (¢ > 0).

o Estimate the essential bandwidth W (in rad/s) of the signal e~ u(r) if the essential band is
required to contain 93% of the signal energy.

6. Find the power of the output voltage y(t) of the system shown in the following figure if
the input voltage PSD

Sx(f) = I (xf). —— o
o f i 1Q d &
Calculate the'power of the input .\f—!) T 1F dr i)
signal x(t). = > | W




7. Sketch the following functions:
a) Rect(t/2)
b) Tri(3w/100)
c) Rect(t-10/8)
d) Sinc(nw/5)

8. Recall the table below, then prove number 9, 10 and 13.
Short Table of Fourier Transforms
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+ions 9 and 10.
S ! e anewer questions 9 ¢
Recall the Fourier transform properties in the table below, then answel questic

Properties of Fourier Transform Operations

Operation elf) Gf)
Superposition g+ G+ G
Scalar multplication kg (i) AG()
Duality Gt) g(=f)
Time scaling glar) e ([ )

|ez] a,
Time shifting gt — tg) G(f)e 42/
Frequency shifting ()27 G = h)
Time convolution g w ety GrHGa)
Frequency convolution g (1)g(f) Grif) * Ga(f)

. i T o5 d" (0 Y e
Time differentiation AL, (P27 Y'G(f)

ar't N
Time integranon _f_/_,_\,J g(x)dx ;GT%) + »_l,-G(O)&(_f)

9. Apply the duality property to show that:
a) 0.5[8(t) + (/nt)] €= u(h)
b) 8(t+T) + 8(1-T) €= 2cos(2afT)

10. The signals in the following figurc are modulated with carrier cos10t, Find the Fourier
transforms of these signals using suitable Fourier properties, then sketch the spectra.
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3. Find the Fourier transform for the signal g(1) = et ulf)a=0.
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Verify Parseval’s theorem for the signal g(r) = e~ “u(1) (a > 0).
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stimate the essential bandwidth W (in rad/s) of the signal e~“u(r) if the essential band 15
required to contain Y5% of the signal energy.

Mt

in this case.

and the ESD is

|
~ 2 =
194N = (211’]')2 + a?

-W 0 W oe

t I ; i
.y i
This ESD is shown in Fig. 3.33. Morcover, the signal energy £, is the area under this
ESD, which has already been found to be 1/2a. Let W rad/s be the essential bandwidth,
which contains 95% of the total signal energy E,. This means 1/2x times the shaded area

in Fig. 3.33 is 0.95/2a, that i,

0.95 /Wﬁ” df

2a -W/2r {27Tf,}?' + 612
> W/2n
1 o 2f | 1 gt W
= — tan”! f = finf! —
2na a |_wpg 7@ a
or
0.957 a W
=tan  — = W =127arad/s
a

In terms of hertz, the essential bandwidth is

8%
B=—=202a Hz
2

This means that in the band from 0 (dc) to 12.7 x a rad/s (2.02 x a Hz), the spectral
% of the total signal energy; all the remaining spectral

components of g(7) contribute 95
% of the signal energy.”

components (in the band from 2.02 x @ Hz to 0o) contribute only 5
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7. Sketch the following functions:
a) Rect(t/2)
b) Tri(3w/100)
¢) Rect(t-10/8)
d) Sinc(nw/5)
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9. Apply the duality property to show that:

a) 0.5[5(1) + (j/xt)] €= u(f)

b) 8(t+T)+ §(t-T) €~ 2cos(2afT)
i We rneed to have ulf) So use U‘/(‘t\).k
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cos @) = cos(-F)
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