Fourier Series Analysis of
Continuous
Time Signals

ch4



* A Fourier series is an expansion of a periodic function f(x) in terms of
an infinite sum of sines and cosines



Periodic Signal Representation by Fourier
Series

* A continuous time signal x(t) is said to be periodic if there is a positive
non-zero value of T for which

x(t+7T)=x(tr) forallt

* The fundamental period 70 of x(z) is the smallest positive value of T

A

Ti“ 1S ucalled \fﬁndamental frequency fy

_ o
Wo = To



* The real sinusoidal signal

x(t) = cos(wot + @)

* the complex exponential signal

x(t) = !
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* The prerequisite for the representation of any arbitrary continuous
signal x(t) in Fourier series is that it should be periodic.

* Non-periodic signals cannot be represented by Fourier series but can
be represented by Fourier transform ch5



Trigonometric Fourier Series

e Consider any arbitrary continuous time signal x(t).

* This arbitrary signal can be split up as sines and cosines of
fundamental frequency w0 and all of its harmonics are expressed as
given below.

o0
x(t) = ap + Z a, cos nwot + b,, SIn nwyt

n=1
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1
= — 1) dt
o Tof"“
I

2
a, = — /x(t) coSs nwyt dt
T
Ty

2
b, = — fx(t) SIn nwot dt
Ty
Iy
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't can be proved that

1. If the periodical signal x(t) is symmetrical with respect to the time
axis, then the coefficient a0 = 0.

2. If the periodical signal x(t) represents an even function, only cosine
terms in FS exists and therefore bn = 0.

3. If the periodical signal x(t) represents an odd function, only sine
terms in FS exists and therefore an = 0.



Find the trigonometric Fourier series for the
periodic signal shown in Fig

4 x(1)

1




By investigative the figure

* itis evident that the waveform is symmetrical with respect to the
time axis t. Hence, a0 = 0.

* By folding x(t) across the vertical axis, it is observed that x(t) = x(-t)
which shows that the function of the signal is even. Hence, bn = 0.

* it is easily obtained that the fundamental period TO = 4 seconds

. 2T T
W=7, =2
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x(t) = ag + Z |a, cos nwyt + b,, sin nwyt]

n=1I

T

Substituting ag = 0 and b,, = 0, and wy =

b2 |

x(t) = Zan COS —r
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= 2 (1) (nﬂr)dr
a”_TD x(t) cos >
—1
| —
=3 fcns —rdr—l—f( 1) cos —rdr
|1
12 . N : 2 . nmw 3
= — | {— sin —t —{—sin —f
2| |nm 2 ) nm 2 ],
_1 _nn+,nn+_nn+_nn
=— [511’1 Sin > sin > Sin 2]
4  nm

= — 51N —
ni
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=0 for n = even

= — forn=1,5,9,13,...
nit
4
=—— forn=23,7,11,15,...
nit
> ni
x(t) = Zan COs TI
n=1

x(t) = —|cos =t — —cos —1t+ —cos —1 — —Ccos —1

4 T 1 3 | 5w 1 T
T 2 3 2 5 2 7 2
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