(CH 2) Signal Analysis By Dr. Hikmat Al-Shamary & Dr. Tariq M. Salman

Note:

In some systems, H(w) can be found using:

7
H(w) =7 ... (2-28)
mn

Ex 2-13:

Find H(w) for the system shown below:

Solution: jmmmmmmmmm————
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H(w) = Zout _ _jwc 1 (@)
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Spectral Density and Correlation:

Energy Spectral Density (ESD):

It shows the distribution of energy at each frequency component of nonperiodic
signal.

Yr(w) = |F(0)]?

joule/Hz ... (2-29
J

To find the total energy from the spectrum, we use:

1 ©o
E = %j_ooz/)f(w) dw joule ... (2-30)
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Power Spectral Density (PSD):

It shows the distribution of power at each frequency component of periodic
signal.

S (w) = 21 Z 1€, 126 (e — newy) Watt/Hz ... (2-31)

n=—oo

To find the total power from the spectrum, we use:

1 (00
P = %‘[_me(w) dw Watt ... (2-32)

Note:

Power spectral density exists for deterministic and random signals, such as noise.

Ex 2-14:
A given voltage signal f(t) = 4 cos 20 wt + 2 cos 30 7t across 2 Q resistor.

a) Determine PSD of {(t).

b) Sketch Sq).

c) Calculate the average power [(i) using time domain, (i1) using spectral
density]

Solution:
(@) (@) = 21 55l Cal?6( — no,)
= 2n(1)%6(w + 30m) +21m(2)%6(w + 20m) +21m(2)%6(w — 20m)
+21(1)%6(w — 30m)
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(i): P, = —f If(O)|*dt = —+— =8+ 2 =10 volt*/R

TJ, 2 2

Pay = =5 watt
(ii): P, = if_oooo Sr(w)dw = %fooo Sr(w)dw
= % fooo [876(w — 207) + 216 (w — 307)] dw
= % (8w + 2m) = 10 volt?/R

10v?
Py =

=5 watt (the same result)

Correlation:

It is the inverse Fourier Transform of the power spectral density. It is a
measure of similarity between two signals or a signal and its replica shifted by
seconds.

R (v) = F7H{Sp(w)}

Watt ... (2-33)
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Cross Correlation:

Ry (1) = fjooox(t)y(t + 7)dt Nonperiodic signals ...(2-34)a

Ry (1) = %fOTx(t)y(t + 7)dt Periodic signals ...(2-34)b

Auto Correlation:

R,(7) = f_oooox(t)x(t + 17)dt Nonperiodic signals ...(2-35)a

R, (1) = %foTx(t)x(t + 7)dt Periodic signals ...(2-35)b

Properties of Correlation:
(1) Whent =0
R¢(0) = E for energy signals
R¢(0) = B, for power signals
(2) R¢(1) < Re(0)
(3) If z(t) = x(t) + y(t) then,
R,(t) = Ry(7T) + Ryyy (T) + Ry (7) + R, (7)

Ex 2-15:

Determine and sketch the autocorrelation function of periodic square wave shown
below:

Solution:
A f(t)
A
Replica A
Edges } ' } } > t
B T g
- X %+‘r 1 2 4 4 2 1

r
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Rf(T) = %fOTf(t)f(t + 7)dt -5 Ty

(1) When % <t<0 ‘F S f;:::ﬁ-;:::J/

T } } » t
1 5717 T 0T T
Rf(T) - ;sz Azdt 4
4
_ 2 1 T T
=4 (5 + ?) ) Tt
f(t)
T
2)When 0<7t<- A \T / >
( ) 2 A \Lcl ‘/
1 Z =_ T (; T 1 » t -
Rf(’l') = Ff:_zAzdt ) K 4
4

3T -T x 0 xI T 3T
2 2

The autocorrelation is useful for the detection of signals, in which masked by
additive noise, see the following figures.

H.W:

A sinusoidal waveform, 3\/76050)1 t, is added to a second 4\/§COS(O2 t, determine
the rms value of the sum, if (a) w; = w,, (b) W; # w,

Ans: a=7, b=5

H.W:

For the system shown below, find:

a) g(t)

b) Average power at the system i/p & o/p.

c) PSD of f(t) and g(t).

d) Average power at system i/p using Fy,, = R¢(0)
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Problem Sheet of Signal Analysis

Q1: Sketch the single and double sided amplitude and phase spectrum of the
following signals:

(a) f(t) = —7sin(3mt) — 5cos (61t + 90°)
(b)f(t) = —45sin(10°7mt) + 8cos (107wt + 170°)
(©) f(©) = X3_0(=0.5)"cos[n(w,t + 10°)]

Q2: If f(¢) is a periodic signal in the period —*/, <t </, and" is given by:
f(t) = 2t; find the double-sided spectrum and the ratio of the power in first

three harmonics to the total average power of the signal.

Q3: Sketch the two — sided amplitude and phase spectrum of the signals shown

below.
£(t)
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F(o) = { T /2
/ \ 0 elese where
@ < -t/2 0 /2 >
f(t)
R = f(D) = 1 — COST ) lt] <7
: -\ elese where
@ < : -

-T -1/2 0
3 5



