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UNIT 1

FOURIER SERIES

1.1. DEFINITION: (PERIODIC FUNCTION)

A function f(x) is said to be periedie/if f(z + p)= f(z) is true for some value
of p and every value of x. The smallest value of p for which this equation is

true for every value of z will be called the period of the function f(z).

1.2. EXAMPLE:

(i) Sinl‘:Sin(l‘+27[):sin($+47z'):...
. sinz is a periodic function with period 27 .

(ii) cosz is a periodic function with period 27,

(iii) tanz is a period function with period 7.
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1.2 | UNIT 1
1.3. DEFINITION:
The Fourier series for the function f(z) in the interval 0 < z < 27 is given by

a (e} [e]
f(z) :30+ Y a, cosnz+ )b, sinnz
n=1 n=1

Where ay =— J. f(z) dz

1 2z
a, =— J. f(z) cosnz dx
o

2

b, = z J. f(z) sinnz dz.
o

The Fourier series for the function f(z) in the interval —z < z < 7 is given by

a [e] oo
f(z) :30+ Y a, cosnz+ )b, sinnz
n=1 n=1

Where ay =— J. f(z) dx

a, = z J. f(z) cosnz dx
71:-7[

1 V3
b, =— I f(z) sinnz dx.
Ty

1.4. NOTE:

sinnz =0

cosnzw =(-1)".
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Bernoulli’s formulae:

1 n
Iuvdxzuv —UVy + U Vg =

1 3
Where u = Z—u v, = Iv dx
T
n d2u
U :ﬁ 1)2:‘[1)1 dx

1.5. PROBLEMS: TYPEI: PROBLEMS UNDER THE INTERVAL
(0,27):
1.5.1. EXAMPLE:

Find the Fourier expansion of f(z)=z in 0 < < 27.

SOLUTION:

The Fourier series for the funetion f(z) in the interval 0 < z < 27 is given by

a (e} oo
fl@) ==L+ a, cosnz+ Y b, sinnz
n=1 n=1

27

Where a, = — I f(z) dx

—

1 2z
- I f(z) cosnz dx
o

s
I
I

1 2z
n I f(z) sinnz dx
o

S
I
I

Now,
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1
a, =—
V4

1
b, = —
T

T

T

www.FirstRanker.com

2z
I f(z) cosnz dx
0

27
I T cosnx dx
0

2

I f(z) sinnz dx
0

27
I  sinnx dx
0

(=)o)
_[27r(—%j + Oj —-(0+ 0)}
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.. The Fourier series,

a oo oo
fl@)=-L+>"a, cosnz+ Db, sinnz

n=1 n=1

2 - (=2
L Z(O) cosnx + 2(—j sin nz
2 n=1 n=1\ T

fz) = 7— 22 [%j sinnz

1.5.2. EXAMPLE:
If f(z)= %(7[ — 1), find the Fourier series of period 2z in the interval (0,27).

SOLUTION:

The Fourier series for the function f(z) in the interval (0,27) is given by

a oo [e]
fl@)=-L+>"a, cosnz + Y b, siwnz

n=1 n=1

27
1751
-l la-vde
7r02
27
1
- L [-vde
2
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a, = z I f(z) cosnz dx
o

1%71
=—_[—(7[—x) cosnz dx
7r02

2

=— _[ (m—2x) cosnx dx

2

1 2z
b, =— I f(z) sinnz dx
o

127[
:;£

2

(T —x) sinnx dz

2o | =

=— _[ (T —2x) sinnz dx

2

2

0

L7020 )
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r . 2r

1 —COS NI sin nx

=— (7[—1‘)( j— 5 }
27 | n n° g

1

Hflerl B H2)
27 n n
2rln n

! _271
2rl n
1

b, = —

n

.. The Fourier series,

a oo oo
fl@)=-"L+>"a, cosnz+ Db, sinnz

n=1 n=1

—Q 3 3 l in
=5 +nZ=:1(O) cosnx+nzz‘i(njs na

(1

fl@)y=> (—j sinnz .
n=1\T

1.5.3. EXAMPLE:

Expand f(z) =e" in a Fourier series in (0,27).

SOLUTION:

www.FirstRanker.com
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The Fourier series for the function f(z) in the interval (0,27) is given by

a oo oo
fl@)=-"L+>"a, cosnz+ Db, sinnz

n=1 n=1
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1 |:€a$ :|27Z'
T| a 0

a, = %[ema —1].

1 2z
a, =— I f(z) cosnz dx
o

27
=_ I e™ cosnz dx
0

2

2 2

eaa:
=— (acosnz + nsinnx)
a”+n

0
ax

[ J‘e” cosbx dr = 26 5 (acosbx+bsinbx)]
a”+b

2

b, = E I f(z) sinnz.dz
0

2z

== I e sinnx dr
0

1] e™ 2z

= —{ 3 (asinnx—ncosnx)}

a”+n

0

ar

[ Ie” sinbz dr = 26 5 (asinbx—bcosbx)]

a”+b
=ﬂa2 -Il-nQ {eQ”G(O—n)—a)(O—n)ﬂ
1 1 Ta
:;[a2+n2 {—neQ +n}}
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n

2—2)(1—62’”).

R

n

.. The Fourier series,

a oo oo
f(z) = 70+ > a, cosnz+ »_b, sinnz

n=1 n=1

oo

%(62”(1 —1) +

a

’)

n

a+n

+
n=17[(

e?im -1 a(€27m — 1) o

+ nZ::l (

f(z)

5 cosnx

27a a“+n

T

’)

1.5.4. EXAMPLE:

Derive the Fourier series expansion of “s/1—cosz in

SOLUTION:

f(z) = VI=cosz = [2sin’ (gj =2 sin(gj [

www.FirstRanker.com
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(62”(1 - 1) COSNT

(1 - 62”‘1) sin nx

0< 2 <27 and deduce that

1—cosz .92
—————=gin“z

)

The Fourier series for the function f(z) in the interval 0 < z < 27 is given by

a (e} (e}
f(z) = 70+ > a, cosnz+ Y. b, sinnz

n=1 n=1
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1 2z T
=— I ﬁsin(—j dx
V.4 0 2
27
_ z
_ Q 008(2)
1 5)
2 0
242
= =2 [-(-1) = (-1)]
T
42
CLO = 7 .

2z
a, =— I f(z) cosnz dx
o

127r ) T
:—Iﬁs1n Z | cosnz dx
Ty 2

2r
2
= £ I cosnz sin (Ej dx
Ty 2

=2 [3lmn(oe3)e- o3

(. 2‘cos A sin B = sin (A + B) —sin (A - B))

1 27
—cos(n+ jx cos(n—jx
_ 1 2 + 2
P ()
2 2 0
2
(2n+1j (27},—1)
—Co T  COoS T
_ 1 2 N 2
e G I )
2 2 0

- _(_11)+ (_1)1 - _11 11
P2 (nrg) m3)) (+3) (3)
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R N S TS S
SCZ R L
2 2 2 2
1 2 3 2
_\/571- n+1 2n-1
2 2

_4( 1 1)
Lr\on+1 2n-1

_ 4 2n—-1-2n-1

C rl@n+1)(2n-1)
4 ( =2

_E(4n2—1j

5w

7z \4n?-1

an
2

b, = 1 I f(z) sinnz dx
o

1 7 T
= I ﬁsin(—j sinnz dx
Ty 2

27
2
= £ I sin nx Sin(zj dx
2 2

27
= Q I %[cos(n—%)x—cos(n+%)x}dx
T
0

www.FirstRanker.com
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( 2sinAsinB = cos(A—B)—cos(A+B))

) e e 1
sm|n——|T sm|n+— |x
1 2 2
%)
n+-

2/ do
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1 sin(2n2_1jx sin(2n2+1jx 7
|
- 5 1(0-0)=(0-0)
b, =0

n

.. The Fourier series,

a [e] (e}
f@)=-L+>"a, cosnz+ D b, sinnz

2 n=1 n=1
42 & 42 1 -
:i+z _i( 5 j cosnx+2(0) sin nz
27 n=1 V4 4n° -1 n=1
W2 42S 1
) = - COS NT
fl@)==—=-— Zl .

Put z=0 (x =0 is a point of continuity)

222 42& 1
0="F-—2> ——(1)
T T oo4nT -1
- 1 1
= D —5—==
San® -1 2

1.5.5. EXAMPLE:

Find the Fourier series of f(z) =z sinz in (0,27).

SOLUTION:

The Fourier series for the function f(z) in the interval (0,27) is given by

a (e} [e]
f(z) :?0+ > a, cosnz+ Y_b, sinnz

n=1 n=1
2z
1
Where  aq, =— J. f(z) dx
4
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2

=— J. rsinx dx

o

= %[x (—cosz) —(1)(—sin $)]§”
1 . o

= ;[—x cos T +sinz];

=%{pgﬂu)+oy40+0ﬂ

= l(—27:)
T

a, =—2

1 2z
a, =— J. f(z) cos nzx dx
0

27
=— J. z sin x cos nx dx

70

2
11 .
=—_ | z2cosnxsinz dz

7[20

1 2r
=— J. z [sin(n +1)@<sin(n—1)z] dz
2z 0

1 2r 1 2r
:—Ixsin(n—i—l)xdx——jxsin(n—l)xdx
2r 0 2r 0

_ 2L{JE(—Cos(n + 1)xj_ (1)[—sin(n +21)xﬂ27r
T n+1 (n+1) 0

_%{x(—cos(n - 1)xj i (1)[—sin(n _21)35]}2”
V3 n—1 (n=1)

0

2
_ b _xcos(n+1)x+sin(n+1)x i
2 n+1 (n+1) 0

—L{—x cos(n—1)x N sin (n —1)xT”

o7 n—1 (n-17% |,
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=%H—27zn11+0]—(0+0)}—%[(—27rn1_1+0j—(0+0)}

1 (—27r]_ 1 (—27rj
2t \n+1 2t \n—-1

1 1
=— +
n+l n+1

_n+l+n+1
=
n® -1

a,. = lf n;tl
N (n#1)

2

=— | zsinz cosz dz
7o

27
1
=— | zsin2z dz ( 2sin A cos A ='sin 2A)

27[0

5ol

b _1 J. f(z) sinnz dx
0

2

=— | zsinz sinnz dx
7o

2
11 . .
=—— | z2sinnz sinz dx

7[20

1 2r
=— J. z [cos(n —1)z —cos(n +1)z] dx
2z 0
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1 27 1 27
= zcos(n—1)zde—— | zcos(n+1)x dz
5o ) weos(n=1) 5 weos(nal)

_ﬂ-O 0
o
_ 1 . sin(n -1z —cos(n—1)z
_24[ n—1 j(l)[ (n—1)? HO
o
1 sin(n+1)z —cos(n+1)z
—g{x( n+1 j_(l)( (n+1)° ﬂo
_ 1 1 3 1
_mum(oﬂ(n 1)2] [0 — ﬂ
1
2z (n+1) (n+1)
1

1
27[{(77, 1)? (n l)} 275{(7“‘1) (n*‘l)Q}
b, =0 if (n=#1)

27
b, =— J. f(z) sinz dz
0

2

:—Ixsinx sinz dz
0

27
:—Ixsin2xdx
70

27
zljx(1_0082xj da
7y 2

1 27 1 27
= xdx——jxcos%cdx

27[0 27[0

ls] sl

0
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b =x.

. The Fourier series,

f(z )——0+Za cosnm+Zb sin nz

2 n=1 n=1

a [e]
70 . .
=5 +a, cosz + E a, cosnz +b sinz + E b, sinnx
n=2 n=2

—2 -1 2 . — .
:—+(—jcosx+z 5 cosnm+7zsmx+2(0)smnm
2 n=2M = 1 n=2

1.5.6. EXAMPLE:

z, (0,7)

Find the Fourier series of periodicity 2z for f(z)= and hence
2r —z, (m,21)

deduce that i2+i2+_2+...:_‘
1 3 5 8

SOLUTION:

The Fourier series for.the function f(z) in the interval (0,27) is given by

oo oo

——0 z cosnT + an sin nx

n=1 n=1
1 2z
Where a, = g J. f(z) dx
0
1 [z 27
== If(x) dz + I f(z) dx}
d LO F 2

1_7r o
=; jx dr + I (27 —x) dx}

0 V.4
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2 2
_17 ., 2_31}
7| 2
1] 2 +4x® - 327
7| 2
_1[22?

7| 2

a =7T.

1 2z
a, = p j f(z) cos nz dx
0

B 2z
1 f(z) cos nz dx + j f(z) cos nz dx}
b4

=R el

T

2
x cosnx dx + j (27 — x) cosnz dx
v/

(o]

1
V4

O —

1
V4

+ i[(?ﬂ' - x)(smnmj - (—1)(_COS n

n?

" 1 1 (=)
i B E e B .

T n n n n
_1f2(=n" 2}

T n’ n’

www.FirstRanker.com
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I
_ ;[n(m + (;12)n]—(0+ni2ﬂ *%Ko_ni?j_[()_%ﬂ
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_2|(=D" -1
T n2
0, if nis even
a, =4 _
" ;42, if n is odd
mn
1 27
b, =— _[ f(z) sinnx dz
V4
0
1 K o7
= If(x) sin nx dx + I f(z) sinnx dx
1
LO V1
1 _7[ 2
=— jx sin nx dx + I (27 — z) sinnx dx
1
LO V1
1[ (—cosnz —sinnz \["
=_|7 _(1) 2
T n n 0
1 —COSNT —smz\*
+—[(27r—x)( j—(—l)( . ﬂ
V4 », i
_ o e
_1 [_ﬁ( ) +0]_(0+0)}+1{(0_0)_[_7r( ) +Oﬂ
71'_ n V.4 n
_ L[z | )
T | n n
b =0.

.. The Fourier series,

fo) =243,

n=1

cosnT + z b, sinnz

n=1

7, (__42] cos nx + z (0) sin nx
2 S\ n=1
T 43
flz)==-= cos(2n-1)x
(=) 2 72 (2n-1)

Put z=0 (point of discont. and end point)
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www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

FOURIER SERIES | 1.19

flO)+f@2x) _0+0 _
2 2

-+ ()= 0

T 4 1
2 75 (2n-1)

1.6. NOTE:

oo

z = z , replace n by (2n —1)
n=odd n=1

oo

z = i , replace n by 2n
n=even n=1
1.7. DEFINITION: (EVEN FUNCTION)
A function f(z) is said to be even'if f(—z) = f(z).
EXAMPLE: 22, cosz, 7.
(ODD FUNCTION)

A function f(z) is said to be odd if f(—z)=—f(z)

EXAMPLE: z°, sinz

1.8. NOTE:
a 2| f(z) dz, if f(z)is even
() [ f@)de= £
—a 0, if f(x)is odd
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a (e} [e]
(i) f(z)= 70 + Y a, cosnz+ Y b, sinnz
n=1 n=1

If f(z) is even then b, =0

- 7[0

If f(z) is odd then a, =0, a,=0.

n

T

b, =— ]E f(z) sinnz dx = zJ.f(x) sin nx dz

- 7[0

(iii)  (even) (even)=even
(odd)(odd)=even

(odd)(even)=odd.

www.FirstRanker.com

1.9. TYPE: II: PROBLEMS UNDER THE INTERVAL (-z,x):

1.9.1. EXAMPLE:

Find the Fourier series expansion of f(z)=2z in —r<z< .

SOLUTION:
flz) =z
f=2) = =2 = =[(x)

. f(z) is odd function

Hence ay =0, a, =0.

1 V4
b, =— J. f(z) sinnz dx
7[—7[

MA2211 - TRANSFORMS AND PDE
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2 Va
= —If(x) sinnz dz
7

T

= —J.x sinnz dz

7

:x(_c(:nxj_(l)(_ignxﬂ:
(27 v

_ z'ﬂ}

8w

SRS

V3 n

_2(=D"

n

b

n

a oo [e]
~ f(x) :70+ > a, cosnz+ Y_b, sinnz

n=1 n=1
> —2(-1)"
=0+0+ z# sin nx
n=1 n

n

flz) = —25: (=" sinnz.
n=1

1.9.2. EXAMPLE:

Find the Fourier series for f(z) = z*

(D _1_+._1_+.;£_+ —-Zii
12 22 32 6
Gy L-l,1l_ .. 7T
12 22 32 12
(iii) i+i+i+ —7[—2

12 32 5 8
SOLUTION:

www.FirstRanker.com
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in —7 <z <7 and deduce that
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f(=2) = ? =2* = f(x)

. f(z)is even

a, :% J. f(z) cosnz dx
/4

27[
:—J.xQ cosnx dx

7

2
7[_

=z (0+27r
7[_

(-1)"
2

27[(—1)"]

2
T n2

—0]—(0+0+0)}

_ 4"

a, 5
n

a [ee] (e}
. f(x) :?0+ > a, cosnz+ Y_b, sinnz

n=1 n=1

MA2211 - TRANSFORMS AND PDE

xQ(Sinnnxj_(2$)(—czznaﬁj+(2)(—sinn$
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3T & A=) > .
:T+z ~— cosnz + Y, (0) sinnz

n=1 n=1

f(z) = %2 + 45: (=) cos N

2
n

n=1

(i) Putz=x (cont. point)

- f(m) = 7*

2 o 1\N
3 i

www.FirstRanker.com
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) 3 S CH GO SV e
n=1

2 =1
i:4z_2
3 g}
vl 7z
n=1n2 6
11,1, _
1?2 22 3 6

(i) Put z2=0 (cont. point)

L f(0)=0
2 oo n
-1
0=”—+4z( 2)
n=1 n
= Z( 2) T
n=1 n
1 1 1 -
12 22 32 12
I S
12 22 3 12
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92 9 7[2 7[2
i) 2)+(3)=> S+ =4 =—+—
(i) ) +@)= F+ e
11 ot 4o
2 2+_2
1 3 12
1 1 B 377
sttt =
© 3 12 (2)
L1, T
12 32 8

1.9.3. EXAMPLE:

Find the Fourier series of f(z) =2+ in (-7,7). Hence deduce that

M
= -
1l
o:|§\w

3
Il
—_

SOLUTION:
flz)=2"+2
f=z) =2 -2
—? —a= (0 +4)
# —f(x) # f(@)

. f(z) is neither even nor odd.

a oo [e]
~ f(x) :?0+ > a, cosnz+ Y_b, sinnz

n=1 n=1

Where

MA2211 - TRANSFORMS AND PDE
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= l J. (x2 +x) cosnx dx

T
-

n

[0+(27r+1)(_12)n —0]—[0+(1—27F)

n

1[(-D)" 2z(-D)" (D" 2z2(-1)"
;(nQ) N E;Q) _(n2) N 7[512)}

_ 4"

a, 5
n

V4

b, = 1 J. f(z) sinnz dx
7[—7[

1 T
:; J. (x2+x) sinnz dr

www.FirstRanker.com
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n

(2o

]

1.25
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1.26 | UNIT T
| [ e S0
7 _[_(7; _z)[_%}oﬁ‘t_;)"]
S L I T
_ %Y-;)" (2 -7+ 2 _z)}
_ —2_”[(—1)"]
7 ( n

a (e} (e}
. f(@)=-2+>a, cosnz+ Db, sinnz

2 n=1 n=1

ot & A (-1)" = —2(-1)" .
= + cos nx + — SIN NI

n=1 n n=1

o) oo _ n
7[— z cosnx—2z (D) sin nx
3 el o

Put z=7x (discontinuous point and end point)

fem+fwo -r+nt+r 2% 9

= 2 Q 2 -y 7

2 o 1\N
3 n=1 T

§l\.')
|
e | N
Il
< e~
1D
:M|H

|
Il
.
DM

3
Il
—_

> 1
32—2

n=1T
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NOTE:
(i) If the series has cos term we put z =0

T
(ii)  If the series has sin term we put z = By

(iii)  If the series has alternative sign we put z = 7.

1.9.4. EXAMPLE:

Obtain the Fourier series to represent the function f(z)=lz| in —7Z <z <7z and
1 1

deduce that —+—+--=—.
1 3

(OR)

-z, —7<xz<0

Find the Fourier series of f(z) = {x O<s<r

SOLUTION:
f(=z) = -zl = |z = f(x)

a oo (e}
. f(@)=-2+>a, cosnz+ Db, sinnz

2 n=1 n=1

VSCET
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1.28 | UNIT T
2{3;2}”
|2 0
2
=—|7° -0
L7 0]
ay =7
1 V4
an:—J.f(x) cos nx dz
/4

T
2
:—J.le cosne dx
a

VA

2
:—J.x cos nx dx
T

N

S

[0+

‘(—1)"-—1}

2
T | n2

—4
— if n is odd
=3{7n

0, if n is even

Put z=0 (continuous point)

f(0)=0
T A 1
0=3 zg(zn—n?

MA2211 - TRANSFORMS AND PDE
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s 1L T
n=1 (277,—1)2 8
. 1 7r2
1.e. — =t =
(ie) 12 32 8

1.9.5. EXAMPLE:
Find the Fourier series of f(z) =[sinz| in -z <z <.

SOLUTION:

f(z) = |sin |
f(=z) = |sin (=2)| = |-sin z| = |sin z| = f(z)
. f(z) is even function

=0

a oo oo
. f(x) :70+ D" a, cosnz + Y b, sinnz

n=1 n=1

27[
:—I|sinx| dz
70

T

=—|sinz dz

o

2
= —[—cos 71}
T

[1-1]

a, =

-2
V4
4
0" 4

VSCET
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1.30 \ UNIT I

T

/4

o

Va

27 .
—Ismx
o

T

o

0

» FirstRanker.com

www.FirstRanker.com

J. f(z) cos nzx dx

2 T
= J. |sin z| cos nz dx

cosnz dx

—J.cos nx sin x dx

T
zjl[sin(n+1)x—sin(n—1)x]dx
7r02

l].[[sin(n+l)x—sin(n—l)x]dx
T

www.FirstRanker.com

(n+1) (n-1)

-1

1 _—cos(n+1)x_—cos(n—1)xr

0

~ 1 [_(_1)n+1 .\ (_l)n—l

n+1 n—1

-G

=)
n—1

_ 1 [_(_1)n+1 .\ (_1)n+1

n+1 =1

R

-1

( (_1)n+1 — (_l)n—l)

+

1 j
n—1

+

- %_(n_-i-ll T 1— 1)((_1)“1 - 1)}

Ao

n° —

2 n+
7r(n2 —1) ((_1) 1 _1)

—4 . .
if n is even

oS-
Tl n+l n-1 n+1

)

0,

7r(n2 —1)’

(if n # 1)
if n is odd

MA2211 - TRANSFORMS AND PDE
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T
= —J. |sin z| cos z dz
0

T
27 .
=—|sinz cosz dr

o

v

21
:——J.2sinx cosz dx
720

171'
=—Isin2x dx
7[0

B l[—cos%ﬁr
T 2 0

1
= _E[l_l]

=0.

a [e]
- f(x):70+ Zan COS N

n=1

a o0
_ 20
=5 +a, cosT * E a, Cosnw

n=2

4 - —4
=——+(0)+ ————cosnz
n=§v“en 7[(”2 - 1)

1.9.6. EXAMPLE:

Expand f(z)=|cosz| in a Fourier series in the interval —r <z <7

VSCET
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SOLUTION:

f(z) =Icos

www.FirstRanker.com

x|

f(=z) =|cos (=2)| = |cos 2| = f(z)

. f(z) is even function

SOEES

N

S
=)

N[= Nlw N

1
a, =—
T

2
b4

2
b4

2
b4

=0

Z a, CosnT + an sinnx

n=1 n=1

271'
—Ilcosxl dx
a

(—cosx) dx
2

/2 V4
J. cost dr + J.
0 T/

:[sin x]g/Q —[sin x]Z/Q}

[(1-0)-(0-1)]

]{ f(z) cos nz dx

T
|cos x| cos nz dx
0

/2
J. cos z cosnz dr +
0

T
J. (—cosx) cosnz dx
/2

cosnx cosz dr —

/2 V4
J. J. COS N COS T dx}
0 /

/2

MA2211 - TRANSFORMS AND PDE
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_17r/2
3 J. [cos(n+1)x + cos(n—1)z] dz
0

—% ]{ [cos(n+1)x + cos(n —1)z] dz
/

/2

_l_sin(n+1)x+sin(n—1)x /2
_l[sin(n+1)x+sin(n—1)xr
1 sin(n+1)£ sin(n—l)g
== 2 4 2 |_(0+0)
T n+1 n—1

T T
sin(n+1)— sin(n—1)—
(n+1)7 sin(n-1)7

1
-—|(0+0)- +
T n+1 n—1
B T nx nx nxw
COS— COS— COS—— COS ——
_1 2 2 P
7| n+1 n—1 n+1 =1

2cosn— 2cosﬂ
_1 2 2
7| n+1 n =1
_2008—— 1 ) 1 }
T tn+1 n-1
_2cos—n_1_n_1}
T B n? -1
—4 cos —
a, = if n#1
71'(712—1) ( )
1 T
alzzjf(x)cosxdx

VSCET
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1.34‘UNITI
T
=—||cosz| cosz dx
T
0
2_71'/2 T
=— J. cosx cos x dx + J. (—cos ) cosx dx
T
L 0 /2
2_71'/2 T
=— J. cos® x dx — J. cos’ x dx
T
L 0 /2
2_”/2 1+ cos2x T 1+ cos2x
e ] (e
7[_ 0 2 Z/2 2
1_[ sin2xr/2 [ sin2xr
=—||T+ —-|z+
71'_ 2 0 2 /2
1[(x T
=—|||=+0]|-(0+0)|=|(#+0)=|=+0
T [\2 2
17 7[}
=—|=-7m+=
T2 2
a1=().
ag >
" f(x):7+2an COS N
n=1

o0

a
__0
——2 +a1 CcoS T + Zan COS Nx

1.9.7. EXAMPLE:

Find the Fourier series expansion of =
*P f(@) {sin z, 0Zz<nx

MA2211 - TRANSFORMS AND PDE
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SOLUTION:

0, —-7<z<0
sinz, 0<ax<7w

{O, —-n<-2<0

—sinx, 0L -2 <7

{O, T>120

" |-sinz, 02z>7x

—sin z, —-z<z<0
0, 0<z<~x

Here f(-z)# f(z)and f(-z) # —f(x)

f(z) is neither even nor odd

oo

a (e}
w f(@)=LL+> a, cosnz+ Y by sininz

2 n=1 n=1

T
=_—|sinz dx

o

1
= —(—cosm)f
T

——Lea-
V3

www.FirstRanker.com
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1.36 | UNIT I
1 T
an=—_[f($) cos nz dx
7[—71'
171'
=—jsinxcosnxdx
'
171'
=—jcosnxsinxdx
'
171, . .
=—j—[sm(n+1)x—s1n(n—1)x]dx
7r02
1 T
=—j[sin(n+l)x—sin(n—l)x]dx
27[0
_i_—cos(n+1)x_—cos(n—1)x i
2z | (n+1) (n-1) 0
[ qyn+l _1\yn-1 _
_ L= =D _( 1, 1)
21 n+1 n—1 n+l _m-1
[ 1yn+l _1yn+l N\
(=™ ey _( v
- (—1)"“( 1 .2 j—( L
2 | n+ln-1 n+l n-1
1 [/ -1 1
271'_(n+1 n—lj(( ) )
1[(<n+1+n+1 +1
S Ll (e —1}
271'_( n? -1 ]( )
2 1
- = (_1)n+ _1
27[(712—1)( )
-2 . .
—— if n is even
o, =7(n* -1) (if n 1)

0, if n is odd

MA2211 - TRANSFORMS AND PDE
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1 V3
a, =— J. f(z) cos z dz
71.-7[

T

=—|sinz cosz dx
a

117%
:——j2sinx cosz dx

7r20

1 T
= —jsin2x dx
27r0

3 L[—cos 2@}”
27T 2 0

1
=_E[1_1]

b, =— j f(z) sinnz dx

T
175 . .
= —|sinz sin nz dx

o

T
1 . .
= —j sin nz sin z.dz

o

:%I [cos(n —1)z —cos(n +1) z] dx

B i[sin(n—l)x B Sin(n+1)x}”

_271' n—1 n+1 0

= =[(0-0)~(0-0)]
T

b, =0 (if n=1)

Va

b = pu j f(z) sinzx dz

VSCET
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1.38 \ UNIT I

T

1% . .
=—js1nx sin z dx

G

=—|[ sin®z dzx
”()

1% ( —cos2$)
:_I T
a

1 [ sin 2x}”
= —\|x—
27[ 2 0

- (-0~ (0-0))
T

a (o]
" f(ac):70+a1 cosz + Zan cosnz + b sinz + an sin nx

n=2 n=2
2 - —2 1
=——+(0)+ Z ————— cosnz +—sinz+ (0)
7[(2) n=even 7[(”2 - 1) 2
=l—zz cos22nx +—sinz
7oxaa(ee?-1) 2
1 2 2
f(x)z———z 008 2 +—sinz.
r 7w, @2n-1)@n+1) 2

(i) Put =0 (continuous point)

1 2
;‘;E(zn 1)(2n+1)

ZZ: 2n — 1)(2n+1) 2

(ii) Put z = g (continuous point)

MA2211 - TRANSFORMS AND PDE
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=L 25 (-1 +l(1)
r 7w, 5@Cn-1)(2n+1) 2
1 & (="
1_5____ 2(271 1)(2n +1)
-2 _ 23 D"
om 2(271 1)(2n +1)
s ) (72
ZZ: 2n — 1)(2n+1) ( 4 ]
1 1 1 _ (z-2
13735 5707 ( 1 ]
(i.e.) Lt 1.t 72
3 35 5.7 4
1.10.

1.10.1. DEFINITON:

www.FirstRanker.com
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TYPE III: PROBLEMS UNDER THE INTERVAL (0,21)

The Fourier expansion for f(z) in.the interval 0 < z < 2! is given by

T) = % Z a, cos(mmj + Z b, sin(w)
2 n=1 ! n=1 l
Where
1 21
ay = 7-[ f(z)dz
0
1 ni
a, =—If(x)cos( ) dzx
0
z nxx
b, = —If(:v) sin (Tj dzx
0
1.10.2. EXAMPLE:

VSCET

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

1.40 \ UNIT I

Find the Fourier series expansion of period 2! for the function f(z)= (I — x)2 in the

2

range (0,2]). Deduce that Z LQ _rT
n=1" 6
SOLUTION:
The Fourier series be,
f(:v):(%o—i-z%cos( j—i—ansin(n_mj
n=1 n=1
Where

1 2[

G =7 j f(z)dx
0
1 2[
== j (1- :U)2 dz
l
0
21
_1 {(z - x)"’}
l -3 0
_ ol
= g[( -1
0= g

21

I G P 0 U

G T

MA2211 - TRANSFORMS AND PDE
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l {(0) -

(m
l

2(-1)

Sl

www.FirstRanker.com

sin | —=
9 l

www.FirstRanker.com
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21

(7

0}{021(%)2

oﬂ

in| 1
l

)

0

2] ——5=

21
nwTx
COS (j
9 L }
0

)

VSCET
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1.42‘UNITI
:1 ZQL_ 2;3__2;4_04_2;3
nr nix nr nrx
G ERG EES
I O S S
T (m) nr )’ (nﬂ) nz\?
O 7)) ()

b, =0
% +Za cos( j+2b sm(nﬂxj
n=1
_ 2P i 472 Cos(nfm) i(o)sm(mxj
3(2)  Zynn? l - !

put x =0 (dis. cont.and end point)

0 20) PP 4P &1
fO)+f( ):_+ 2_2

2 3 ”_n=1n

1.10.3. EXAMPLE:

Find the Fourier Series of f(z) = él . in the range (0,21[).

MA2211 - TRANSFORMS AND PDE
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SOLUTION:

The Fourier series be,

f(x)za?O—i-nZ:“lancos( j—i-nzz:lbnsin(w)
Where
21
a, = %jf(x) dr
0
1 [ 21
=7 jf(x) dr + If(x) dx}
LO l

www.FirstRanker.com
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L44‘IINYTI
1 (-1)" 1 1 1 (-1)"
=—=||0+ -0+ + = - —-10-
B I = R N
! ! ! !
I N L SR S Vi
Fl(nx) (nz) o (nE) (07

n
l

{

2 I n
AR

2

n’r?

(D" -1)

i nis odd

a, = n-7mw

0, if n is even

nxx

.

dx

)

1 21
b, Y‘O[f(x) sin

l 2]

1
l

o~ =

J. f(z)sin

S

nxT

)

dz + J.f(x) sin
l

[

—mlm j dx}

nxx

MA2211 - TRANSFORMS AND PDE
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1 —COS(rnjl[x) —Sln(n”x)
= 3|~ () —
S A |
nwrxr nxx
b))
! ) Eom
NI

= |-

"I

-H)—m+0)+%(o+m—-4enn—o

T ")

1 iy

‘ ")

L)

b, =0.

fa)="2+ il o cos "2 )+ il s 1)
::%+n§;d&é%2](B(n7$)+;;(mSm(ﬁ££)
:%_%g[@nl—DQ] ()

1.10.4. EXAMPLE:

Obtain the Fourier series expansion of f(z) if

2,1<z<2

L, 0<z<1
1) ={ cand f(z+2) = f(x).

SOLUTION:

Since (0,210)

VSCET
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1.46 \ UNIT I

Here (0,2)
= 2=
=l=1

f(z )—70+n211a cos( l ) Zb sm(mlm)

n=1

a oo
= 70 + Z a,, cos(nxx) + Z b, sin (nzx)

n=1

1 2
=j(1)dx+j(2)dx
0 1

=zl + 2[z1}
—(1-0)+2(2-1)

=3.
:—J.f cos(mlm) dz

= %J.f(a;) cos (nxx) dx
0

1 2
= J.(l)cos(nfm) dr + J.(2) cos (nzwz) dz
0 1

sinnzz T sin nzz
= +2
nw 0 nw 1

1 1
=—(0+0)+2—(0+0)
niw niw

=0.

MA2211 - TRANSFORMS AND PDE
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= If(x)sin(nﬂ'x) dx
0

1 2
= J.(l)sin(nﬂ'x) dz + J.(2)sin(n7m) dx
0 1

1 2
[remaee] | eman

= %[(—1)" -1]- 37[1 - (-1)"]
= %[(—1)” -1]+ f—”[(—l)" -1]
== [(-1" -1]

_—2, if n is odd
b =<nxw

0, if n is even

a oo oo
flz)= 70 + " a, cos(nxx) + Dby sin (naz)

n=1 n=1

= = (-2
:g+2(0)cos(nﬂ'x)+ Z (—)Sin(nmﬁ)

n=1 n=odd nx
_3 2 &sin((2n-1)72)
f@)=5 z; en-1

1.10.5. EXAMPLE:

(I-2),0<2x<]

Find the Fouri i ansion for f(x) = .
ind the Fourier series exp f(z) {0’ < o<

ANSWER:

VSCET
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1
CLO —5
9
—212, if n is odd
an =N 7T
0, if n is even
b=
nmw

1.10.6. EXAMPLE:

Find the Fourier series of f(z) =72 in 0 <z <2.

SOLUTION:

www.FirstRanker.com

1.11. TYPE IV: PROBLEMS UNDER THE INTERVAL (-i,1):

1.11.1. EXAMPLE:

If f(z) =2z is defined.in"—I <z <[ with period 2/, find the Fourier expansion of

f(z).
SOLUTION:
fla) ==
f(-2) = -z =—[(z)
- f(z) is odd.
a,=0,a, =0

MA2211 - TRANSFORMS AND PDE

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice )
www.FirstRanker.com

1 —cos(n x) (1)—s1n(n7ém)
nx n
(") I
-2 —l%—l)"ﬂ) —(0+0)
LT
L2 (-1
)
by = (="
nmw

f(x)=_72lg(_i)n sm(’”lm)

1.11.2. EXAMPLE:

Obtain the Fourier series for the function

www.FirstRanker.com
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1.50‘UNITI
1+2—x, —-1<z<0 1 1 1 71_2
f(z) = l , and hence deduce that — +—+—+--=—.
2z 1 3 5 8
1—7, 0<z<l
SOLUTION:
1+2Tx, —-1<z<0
flz) =
1—273;, 0<z<l
1—2Tx, —[<-2<0
fl=z) =
1+2Tx, 0<—z<I
1—2Tx, 2220
1+2Tx, 0>z >-1
1+27x,—l£x£0
1—2Tx, 0<z<l
= f(z)

. f(z) is even.

=0.

n

f(z) = C;—O + i a,, cos (HTMJ

n=1

MA2211 - TRANSFORMS AND PDE
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l

- o

l

l

e ey
R 07)
S [ A

if nisodd

= n27[2

0, if niseven

- f@) =04 Y a, cos[ 22
X 5 nZ::la/ COS( ] j

=0+ Z %cos(@j

VSCET
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RIS Y

8 & 1
f0)=—
© 71'27;::1(271—1)2
8 & 1
1=—
71'27;::1(271—1)2

1.11.3. EXAMPLE:

0, —-2<zx<-1

Find the Fourier series of f(z) in (—=2,2) which is defined by f(z) =1k, —-1<z<1
0, l<z<?2

SOLUTION:
Here (-2,2)

(_la l)

0, 1l<-x<2

0, 2>z>1

k, 1>x>-1

0, -2<—-z<-1
f(=x)=<k -1l<-z<1
{Q -1>z>-2

MA2211 - TRANSFORMS AND PDE
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0, —-2<z<-1

=3k -l<zx<l
0, l<z<?2
f

v flx) = C;—0+ i a, cos(nlﬂj

n=1

VSCET
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1.54 \ UNIT I

—Ikcos( 5 )dx+j(0)cos(m2[ jdm

1
. (nﬂ'x)
sin [—=

1.12. HALF RANGE SERIES:
1.12.1. FORMULA:

Half range cosine series in (0,7)

www.FirstRanker.com

in (0,1)
f(x):%+ Zan COS N f(x):c;—0+ Zan cos(nij
n=1 —
27 . 2
Where a, = ;J.f(x)dx Where q, = ij(x)dx
0

a, = zJ.f(gr:) cosnz dx
/4

n
0
Half range sine series:
= z b,, sin nx
n=1 n=1
2 V4
Where b, = —J. f(z)sin nxdx b, =—
T
0
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1.12.2. EXAMPLE:

Expand the function f(z)=1z, 0 <2z <z in Fourier sine series.
SOLUTION:

f(z) = i b, sinnx
n=1

27[
b, = —If(x)sinnxdx
70

=2y
n

1.12.3. EXAMPLE:

Find the Fourier cosine series for f(z) =2 in 0 < £ < 7.

SOLUTION:
flz) = Zo 4 z a,, CoOSNT
n=1
27 21
=—| f(z) doe = —
ay = — | f(a) dv==

27 4 N
a, = ;J.f(x) cosnz dr = n—Q(—l) .
0

1.12.4. EXAMPLE:
Find the half range sine series f(z) = z(x — ) in (0,7). Hence deduce that

1 1 1 z

==t — —.
1?3 5 32
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SOLUTION:

flz) = i b, sinnz
n=1

b

27[
= —J.f(x)sinnxdx
70

= (=)

nmw

8

—3 lfTLlSOdd

n
0, if niseven

flz) = i b, sinnz
n=1

- 8 .
= Z S1n nx
n=odd

n3r
flz) = 8 %Sin@n -1z
Zi5(2n-1)
8|sinz sin3z
T)=—|—FF+—5—+
)= 2| BT R

putz = g (Cont.point)

z(ﬁ_zj_é[i_i+i_..}
2 2) mlid 3 5

1 1 1 P

—_ + —_
1?3 5 32

1.12.5. EXAMPLE:

Find the Fourier sine series of f(x)=1[1-2z in (0,])

SOLUTION:
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f(z) = i b, sin (@)

n=1

21
T =—
niw

f@) = 2Lein (@)

1.12.6. EXAMPLE:
Find the Half-range cosine series for f(z) = (z—1)* in (0,1). Hence show that

L S S
12 22 3 24"

SOLUTION:
Here (0,1)
(0,1)

= [=1.

f(z) = CL?O + i a, cos(nlﬂ)

n=1
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~~—~—

putz =0 (dis. cont. point

1.13. PARSEVAL’S THEOREM:

1.13.1. STATEMENT:

Let f(z) be a periodic function with period 27 defined in the interval (-z,x),

then
1 7 2 a? 1 2 2
— | (f(@))de =L +=>"(a; +b;),
27:_[[ 4 2n:1( o+ 0)
where a,,a, and b, are Fourier coefficient of f(z).
1.13.2. DEFINITION: "ROOT MEAN SQUARE (OR) EFFECTIVE VALUE OF

f(@):

is called the root

Let f(x) be a function defined in (a,b) then

mean square and is denoted by 7. Hence

— 10 2
7=y [ (@) da.
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1.13.3. NOTE:

Parseval’s theorem gives the value of root mean square (RMS) of f(z) in

terms of its Fourier coefficients.

1.13.4. EXAMPLE:

Find the Fourier series of z° in (=7, 7). Use parseval’s identity to prove that

SOLUTION:
f@) = 2"
f(z)iseven, .. b, =0

a oo
v flr) =2+ z a,, CoS NT
n=1

2 ].of(x) cosnx dr = iz(—l)"
Ty "

s
I
I

2 <)

4

f@) =% Y S (-1)" cosa
3 on

By Parseval’s theorem,

o _[ (f(x))’ da =%+§Z‘1(ai +0;)

1 F 4, 4art)9 1”[(4 2,
— | 27 dx = +—z —2(—1)"] +0
271'_-[[ 4 2. 5\\n

27 9 _n_

2 7 SN |
— x4dx:7z—+§z ?(—1)2"
0 n=1
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5% 4 oo
1H NEAS Y
LS |, g ()
1| z° - S |
Lz o0 7§ L
T 5 9 iy

=1 T
= Z—4=—

n=1"1

1.13.5. EXAMPLE:

www.FirstRanker.com

Find the sine series for f(z) =z in 0 <z < 7, then using R.M.S. value show that

T
Tttt
SOLUTION:
= z b, sinnx
n=1

Va

b, = 2J.f(gr:)sinm:dx
70

=2y
n

_ )TL+1

22 (-1 sin nx

Using RMS value,

%_fﬂ(f(x)f dx=%+§§(ai+bz)
1 F 1
%_J;er dx = O+EHZ::1(O+—(1))
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T
1| 2® |
5] S
0 n=1"M

1.13.6. EXAMPLE:
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Obtain the Fourier series of f(z) = in (=I,1). Hence find the value of the series

a, = %J.f(x)cos(nTm)dx = 412(—_1)71

n’r’
By Parseval’s theorem,

1! a,2

20 _ % 152, 2
2_l£(f($)) dx = . +2Z“1(an+bn)
oo 4
Hence we have z%zﬂ-—.
) 90
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1.14. HARMONIC ANALYSIS:

1.14.1. DEFINITION:

The Fourier series be,

a (e} oo
f(z) :Eo—i- > a, cosnz+ Y b, sinnz

n=1 n=1

Where

1.15. TYPEI: (GIVEN DATA ARE IN z FORM)

1.15.1. EXAMPLE:

Find the Fourier series up to.two harmonic for y = f(z) in (0,27) defined by the

table of values given below:

x: 0 /3 2 /3 T Az /3 57 /3 2T
Y 1.98 1.30 1.05 1.30 - 0.88 -0.25 1.98
SOLUTION:

Since the last value of y is a repetition of the first, only the first six values will
be used.

The Fourier series be,
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0 2 2
f(z) = 704- Y a, cosnz + Y b, sinnz

n=1 n=1

a
= —O+a1 cosz + a, (:os29L'+b1 singv+b2 sin 2z
2

CosT cos2x

T Y sinx sin2g | ycosz | ysinz | ycos2z | Y5 2z

0 1.98 1 0 1 0 1.98 0 1.98 0

/3 1.3 0.5 0.866 -0.5 | 0.866 0.65 1.126 -0.65 1.126

27 /3 | 1.05 | 0.5 | 0.866 | 0.5 | -0.866 | <0:525 | 0.909 | -0.525 | —0.909

V4 1.3 -1 0 1 0 -1.3 0 1.3 0

4z /3 | —0.88 | 0.5 | -0.866 |~=0.5 | 0.866 0.44 0.762 0.44 —0.762

57z/3 | —0.25 | 0.5 -+0.866 | -0.5 | -0.866 | —-0.125 | 0.217 0.125 0.2167

z 4.5 1.12 3.014 2.67| —0.328
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ay

2
2(2‘”008 x} E 2(2'(57) = 0.89

n

b =

Q(M] - Q(ﬂj ~1.005
n 6

- ~
b, ZQ(M]=2( 0'328)=_(),109
n 6

a
Yy 270+a1 COST + a, cos2z + b sinz + b, sin 2z

1.
75 +(0.373) cos z + (0.89) cos 2z + (1.005) sin z + (—0.109) sin 2z

y =0.75+(0.373) cos z + (0.89) cos 2z + (1.005) sin z — (0.109) sin 2z

1.16. TYPE II: (GIVEN DATA ARE IN DEGREE FORM)

1.16.1. EXAMPLE:

Find the Fourier series up to first harmonic for the following values:

zin degree: |0 60 | 120 180|240 |300 | 360
y=f(z): [400° (31 |-13.7 |20 3.7 21 |40
SOLUTION:

Since the last value of y is a repetition of the first, only the first six values will

be used.
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z Y CoS T sinz | YcosT ysinz
0 40 1 0 40 0
60 31 0.5 0.866 15.5 26.846
120 -13.7 -0.5 0.866 6.85 —11.864
180 20 -1 0 —20.00 0
240 3.7 -0.5 | -0.866 -1.85 -3.204
300 21 0.5 -0.866 | —10.5 18.186
>, 60 30 29.964
Now,
a, = 2(&) = 2(@) =20
n 6
COS&
a1=2(zy ]= (@jzl()
n 6
b = 2(zy8m$) = (29 964) =9.988
n
a .
r)=—+4a, cosz+b sinz
f( ) 20 1 b1
20 .
flz)= > +10cosx +(9.988)sinz .
VSCET

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

1.66 \ UNIT I

1.17. TYPE: III: (GIVEN DATA ARE IN T FORM)

1.17.1. FORMULAE:

1.17.2. EXAMPLE:

The values of z and the corresponding values of f(z) over a period T are given

below, show that  f(z) =0.75+0.37 cos @ +1.004sin €, where 8 = 2%

z: 0 T/6 | T/3 T/2 |2T/3 |5T/6 |T
y = f(z) 1.98 |1.3 | 105 1.3 |-0.88 |-0.25 |1.98
SOLUTION:

First and last value are same. Hence we ‘omit the last value.

a
The Fourier series be f(z) = -2 + a,cos @ +b siné
2

Where a, = 2[&J
n

a :2[Zycosej
n

b1 22[—zySineJ.
n
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x 0= 27[736 Yy cos @ sin@ | ycos@ ysin @
0 0 1.98 1 0 1.98 0
T/6 /3 1.3 0.5 0.866 0.65 1.1258

T/3 2 /3 1.05 -0.5 0.866 —0.525 0.9093

T/2 . 1.3 -1 0 1.3 0
2T/3 | 4x/3 | 088 | 05 | -0.866| 0.44 0.762
5T /6

5z/3 | —0.25 0.5 -0.866 | —-0.125 0.2165

> 4.5 1.12 3.013

q, 22[%J=2(%)=1.5

6
. 2[29(:05 J: 2(1.;2) 05

n

in @
b1:2{zysm J:2(3.%13):1‘005
n

" f(x)=0.75+0.37cos 6 +1.005sin &

1.18. TYPE IV: (GIVEN DATA ARE IN [ FORM)

1.18.1. EXAMPLE:
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Find the constant term and the coeff. of the first sine and cosine terms in the

Fourier expansion of y as given in the following table:

z |0 1 2 3 4 )

v |9 18 24 128 |26 |20

SOLUTION:
Here the length of the interval is 2] = 6.

[=3.

flz) = %) + Y a, cos (nTM) +b, Y sin (nTﬂ'x)
n=1

n=1

a
Here f(z) = 70 +a, cos (%) + b, sin (%)

x Yy cos (ﬂ) sin (%) Y COS (—j Y sin (—j

0 9 1 0 9 0

1 18 0.5 0.866 9 15.588

2 24 0.5 0.866 12 20.785

3 28 -1 0 28 0

4 26 0.5 ~0.866 13 22,517

° 20 0.5 ~0.866 10 -17.321
> 125 25 ~3.465
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a, = 2[&} = 2(1%5) = 41.67

Zycos(@) _o5
2 = 137\ 2(?1 =-8.33

a, =
1 n
Zysm(@) —3.465
b =2 = ‘3) :2('—j:—1.16
n 6

. f(z) = Zﬂéﬂ +(~8.33) cos (%) +(~1.16)sin (%)

1.19. COMPLEX FORM OF FOURIER SERIES:

1.19.1. DEFINITION:
Let f(z)be a periodic function with peried 27z . Then the complex form of

Fourier series in the interval (0,27) is given-by

f@) = Qe e

n=—00

27
Where ¢, = = I f(x)e ™ dg .
0

1.19.2. NOTE:

(i) In the interval -z<z< 7,

VA

fl@)=" ¢, e, where ¢, = 1 j f(x)e ™ dy
= 2r
n=-oo -7
(ii) In the interval (0,2[)
oo nTT 1 21 —inxT
f(z) = Z cpe where ¢, = 2—ljf(x)e I dx
n=—oo 0
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(iii) In the interval -l <z <!

oo AT l —ing
fl@y= 2 e,e I, where ¢, =ljf(x)erx.

n=—oo -

1.19.3. EXAMPLE:
Find the complex form of Fourier series of the function f(z)=e" when -z <z <7
and f(z+27) = f(x).
SOLUTION:
The fourier series be f(z)= Y. ¢, e

n=-—oo

Where

_ 1 ™ (~1)" =" (—1)"} [ e " =cosnx+isinnx

o (1—in) =(-1)" +0

B (_1)7L (eﬂ' _ e—ﬂ'j
Cal-in) 2
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1.19.4. EXAMPLE:

Find the Complex form of the Fourier series of f(z)=¢e"

SOLUTION:

The Fourier series be

o0 INTT
)= Y et
n:—oo
where
1 l —IiNzTx
Cp :2—l£f(x)e I dx
1t :
= 3 j f(x)e "™ dx

_ 1 J‘ o~ T g o

-1

1
_ _J‘ e—(1+in7r)z dx

-1

—_

1 B e—(1+in7r)z

- 5_—(1 + mﬂ'):l_l

1 _e—(1+z’n7r) _ e(1+in7r)
2 | —(I+in7)
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Tin -1<zx<1.
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[ -1 —i 14
e le mﬂ_eemﬂ}

1
2| -(1+inx)

1—6_1 (-1)" - ol (_1)n}

2| —(1+inx)

i (_1)n 6_1 —61
 —(l+inm)| 2

i (_1)n 61 _ 6_1
C (l+inz)| 2

= isinhl
(14 inx)
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