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"~ Learning Outcome(s) | [I5]

By the end of this e-lecture, students
should be able to:

Classify whether the function is an even
or odd function.

@ Utilize and compute the Fourier Series
of Even and Odd Functions.
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Even and Odd Functions HFHM

We lead

Even function is any function f such that
f(=x) = f(x), forall x in its domain.

Example: cos(x), sec(x), any constant function

2 4 .6 .8 -2 —4
x4, x*,x°,x%, ..., x4, x7 ...

The shape of the graph: Graph is symmetrical about the y-axis.
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Even and Odd Functions HFHM

We lead

Odd function is any function f such that
f(=x) = —f(x), forall x in its domain.

Example: sin(x), tan(x), csc(x), cot(x) any constant function

3 .5 .7 -1 -3
x x>, x>, x’, ..., x x>, ...

The shape of the graph: Graph is symmetrical about the origin.
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Example 1 M
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Sketch the graph of the following function. State whether the function is
even, odd or neither.

2+ x, —2<x<,
FG=y,_% 0<x<2:

Solution:
The graph is symmetrical about y-axis, so it is an even function.
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Sketch the graph of the following function. State whether the function
is even, odd or neither.

(1
—gn, —n < x <0,
fa) =1 .
— 1T, O<x<m;
_ 8
Solution:
The graph is symmetrical about origin, so it is an odd function.
J(‘z)
1
— ——7}‘ = 7}( > 2
G "
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Sketch the graph of the following function. State whether the function
is even, odd or neither.

f(x) =e”, —1<x<1
fx)=f(x+2)
Solution:

The graph is not symmetrical at origin or y-axis, so it is neither even nor
odd function. N

|
b ~— > x
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~ evenandOddFuncons | kM
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Theorem 5.4 (Properties of products of Functions)

AIf f(x) and g(x) are both even functions, then
f(x)g(x) is even.

AIf f(x) and g(x) are both odd functions, then
f(x)g(x) is even.

AIf £(x) is an even function and g(x) is an odd
function, then f(x)g(x) is odd .

'y 9
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2.2.1 Even and Odd Functions HFHM
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Calculus Properties of Even and Odd Functions

Suppose fis an even function, continuous on —L <x < L, then

[ roac=2] rexyas

Suppose fis an odd function, continuous on —L < x < L, then

[ =0,
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Example 4 M
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Evaluate the integrals using properties of even/odd functions.
T

J x? sin tx dx

—TT

JX 2% svn X x dx

)(2 (s an evewn func‘l-:'or)
Siiy--2\ X% is an gdd 7Cunc:/‘f07

X2ginAX IS awn odd ﬁ-nC‘Han,
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Evaluate the integrals

using properties of even

and odd functions.
VIA

x Ssin x dx

M
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X .
j X sSin x Ax

x

* X js an odd 74'%*70’)
oCivn X Is an OU(A #AHC{"O‘?

e X on X is an even function

J
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Fourier Series of Even and Odd Functions HFHM
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A Fourier series representation is a combination of
cosine and sine term.

It is well-known that cosine functions are even,
whereas sine functions are odd.

* If a function is symmetric, either even or odd, this
property will determine which terms are absent from
Fourier series expansion of the function.

* Thus, such knowledge will greatly reduce the loads of
determining the coefficient of the expansion.

Rakaman ini tidak boleh disalin, dimuat naik atau diedar tanpa kebenaran Pusat Pengajian Pendidikan Jarak Jauh, USM
P You are not allowed to copy, upload or distribute this recording without the prior consent of School of Distance Education, USM



Fourier Series of Even and Odd Functions HFﬂM
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* In some of the problems that we encounter, the Fourier
coefficients ay, a, or b, become zero after integration.

* Finding zero coefficients in such problems is time
consuming and can be avoided. With knowledge
of even and odd functions, a zero coefficient may be
predicted without performing the integration.
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~ Fourier Series of Even and Odd Functions || [iM
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Fourier Series of Even Function

Suppose f(x) be an even function defined in the interval
— L < x < L and f(x) be periodic function with period of
T = 2L. The Fourier series of f(x) is given by:

f(x) =@+2ancos(nllix),
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Fourier Series of Even and Odd Functions \ \“—ﬂM
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Fourier Series of Odd Function

Suppose f(x) be an odd function defined in the interval
— L <x <L and f(x) be periodic function with period
of T = 2L. The Fourier series of f(x) is given by:

Fx) = i b sin (——).

a,= 0, a,=0,

b, = %fOLf(x) sin (nLix) dx, n=123,..

where

Y 0
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Question 6 HFHM
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A periodic function f(x) is defined by
fxX)=4—x%,-2<x<?2

f(x) = f(x+4)

(a) Sketch the graph of the function over —6 < x < 6.
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Question 6 HFHM

We lead

A periodic function f(x) is defined by
fxX)=4—x%,-2<x<?2
fx) =f(x+4).
(b) Compute the Fourier series of f(x).
Solution:

From the graph in (a), the function is an even function.

2 2
ap= EJ (4 — x?)dx
0

l4 xT 16
p— x — — T —
3], 3
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Question 6 HFHM
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Solution:

2 (2 niTx
an=—j f(x)cos—dx

j (4 — x?) cosn—dx

J(4)COS—dX—f (xz)cos—dx

8  nmx 8x nix 2x? 16 _
I PY ]0_ n2n2 “° 2 * . nemd ) 2
16
__nznz cosnm
= DD
16

— 32 (_1)n+1
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Question 6 HFHM
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Solution:

Hence, the Fourier series corresponding to the function f(x) is

oy = B 10

2
n=1
Therefore,
8 (-1t nix
f(x) = §+7T_Z — cos(—2 )
n=
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A periodic function f(x) is defined by
fx)=x,nm<x<m

fx) = f(x + 2n).

(a) Sketch the graph of the function over =37 < x < 37.

> T
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(b) Compute the Fourier series of f(x).

Solution

From the graph in (a), the function is an odd function.

by,

-

—

»

2 (T . nmx 2 (" nnx
— f(x)sm—dx=—J x sin — dx
T J, T T J, T
2 xcosnx sinnx1™

21 ]

L n n 0

2[/ mcosnm Sinnm sin O
(e ) (o 20
Tl n n n

2 T COS NTT 2

—(— )= — —COSNT

7ZT n n

- (—D(=D"

_( 1)n+1
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Question 7

(b) Compute the Fourier series of f(x).
Solution

2
= — (-1 n+1
~(-1)

The first few values of b,, are

2 2 2 2 2
b1 =I,b2 — _E,bg =§,b4 — = b5 =§,b6 S YRR

Hence, the Fourier series:
nnx
flx) = Z b,, sm )

i (— 1)"+1 sin nx

T

|
N

(_1)n+1
n

sin nx
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UP NEXT......

HALF-RANGE
FOURIER SERIES

0
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Thank You




