Fourier Series

Periodic Function
A function f'(x) is said to have a period T or to be periodic with period T if for

all ¢, f(t+T)= f(t), where T is a positive constant. The least value of 7 >0 is
called the period of f(1).

Example

» The function sin(x) has period 27, since sin(x + 27z) = sin(x).

» The period of sin(nx) or cos(nx), where n is a positive integer, is 27 /n.

Example
> ) 3 0<x<5 Poriod =10
x) = eriod =
-3 —5<x<0
fix)
=—- Period —»
—_— ——— —_———— (e _——— _———_
3
I
¥ f ] T I I T T T T T x
—25 —-20 -15 —10 -5 0 3 5 10 135 20 25
sin(x) O<x<rm ,
> f(x)= Period =27
0 T<Xx<2rxw
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f(x)

re——— Period —»
- P
\\ // \\ // \\\ p
~3r -2z -1 0 T 2r 3r 4r
0 0<x<?2
> f(x)=11 2<x<4 Period =6
0 4<x<6
f(x)
L— Period —
+ R - -—
1
| 7 | _{
T ~ ™ Y T— - B ot -y x
12 -1 -8 -8 -4 -3 0o 2 4 6 8 10 12 14
Exercises

Find the smallest positive period of the following functions

1) cos(x)
2) sin(x)
3) cos(2x)
4) sin(2x)

Ans.
Ans.
Ans.
Ans.

27
27

T
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5) cos(7x) Ans. 2

6) sin(rz x) Ans. 2
7) cos(2x x) Ans. 1
8) sin(2x x) Ans. 1
9) cos(nx) Ans. 27/n
10) sin(nx) Ans. 2x/n
2
11) cos(ﬂ) Ans. k
k
(2
12) sm(ﬂ) Ans. k
k
13) cos(zﬂnx Ans. K
k n
14) Sm(Zﬂnx Ans. K
k n
Fourier Series

Let f(¢) is a periodic function with a period of 7. The Fourier Series or Fourier
Expansion corresponding to f'(¢) is given by
f@)=d,+ ) a,cos(nayt)+ D b, sin(nwy)
n=1 n=l
where the Fourier coefficients @, and b, are

2 T/2
a,== [ f@)cos(na,t)d n=01,2,..

-T/2
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T/2

== j f()sin(naw,t)dt n=0,12,...
—T/2
2
with @, =—
T
T/2
and — j f(@)dt
—T/2
Example
Find the Fourier series corresponding to the function
) 0 -5<x<0 Period =10
X) = eriod =
3 0<x<5
Solution
f(x)|
~— Period —
3
e P . i
I B I I o |
~15 -1 -5 5 10 15
T=10,0,= L =227
1 5
T/2 5
3 5 3 3
=— xdx—— xdx—— dx=—x =—(5-0)==
Tj/zfu If() j M= 6-0=3
2 T/2 3 5
J. f(x)cos(nwyx)dx =— I 3 cos(— nx)dx = =X —sm(— nx)
112 5 nrx 0

156



= 3 sin(E x5n)— sin(O)} = isin(mz) =0
ni| 5 ni
2 T 2 3 Vs 13 7T
b =— x)sin(nw, x)dx = — x)sin(— nx)dx = — | 3sin(— nx)dx
s T_mf() (nw,x) lo_jsf() (57 5{ (5m)
0
_3 X icos(ir nx) = i{l - cos(Z X Sn)} -3 [1-cos(nr)]
5 nx s nrx 5 nr
+1 n even 0 n even
cos(nr) = = b =
-1 n odd 6/nrx n odd

The corresponding Fourier series is

f(x)=d,+ i a, cos(nw,x)+ ibn sin(nw,x)
n=l1 n=1

3 6( . (nx 1 . (37 1 .
X)=—+—|SIN|—x |+—S1n| —x |+—Smlxzx)+.......
f()zn((s).%(s)s() j
Notes:

> sin(nz)=0, sin(2nz)=0 0.1) (cos, sin)

0 n even f \
> sin(%) =<+1 n=159,... (-1,0) KJ (1,0)

-1 n=3,7,11...
+1 n even (0,-1)
» cos(nr)=
-1 n odd
» cos(2nm)=1
0 n odd
> cos(%) —Jil n=48]12,.
—1 n=2,6,10,...
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T/2 T/2

> [sin(keyn)di = [cos(kmt)dt=0 if k=123,.

-T/2 -T/2
Proof
Tj 2sin(ka) H)dt = —Lcos(ka) t)‘m
-T/2 ' kwo v
__ U (cos(k 27 Z) - cos(k 27 iD
@, r 2 2
= L (COS(kﬂ') — COS(—kﬂ')) =0
kaw,
Tf zcos(ka) f)dt = Lsin(ka) £
-T/2 ’ ka)o o
= ! sin(k2—7r X Zj — sin(kz—” X i)
ka, r 2 r 2
= i (sin(kﬂ) — sin(—kﬂ')) =0
k 0
T/2 T/2 0 m+n
> Icos(m w,t) cos(nw,t)dt = I sin(mo,t)sin(nw,t)dt =
-T/2 -T/2 T / 2 m=n

where m and n assume any of the values 1,2,3,...

Proo

Using the trigonometry cos(A4)cos(B) = %COS(A - B)+ %COS(A + B) then

Ifm+#n

T/2 1 T/2 T/2

_f cos(ma,t)cos(nw,t)dt = — I cos((m —n)w,t) +— J- cos((m+n)w,t) =0
-T/2 2—T/2 2—T/2
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Also, by using sin(A4)sin(B) = %COS(A —B)— % cos(A + B) then

Ifm#n

T/2 1 T/2 1 T/2
[sin(mayt)sin(noyt)dt == [cos((m—n)w,t) == [cos((m+n)at) =0

~T/2 2—T/2 2’—T/2

If m = n, we have

T/2 T/2

I cos(ma,t) cos(nw,t)dt = % : (1 + cos(2na)0t))dt
-T/2 -T/2
T/2 T/2
L [ cos(2ne,t)dr = 1(2 +Z) I
2 7n T/2 282 2) 2
T/2 1 T/2
[sin(mayt)sin(ne,t)dr = > [(1=cos(2na,))dt
-T/2 -T/2
T/2 T/2
= 1 J‘a’t—1 jcos(2nw0t)dt = l(z +Z) = !
2.7, 2.7, 2\2 2) 2

T/2
Note that if m =n =0 then _[ cos(mayt)cos(nwyt)dt =T
-T/2

T/2
and j sin(ma,t) sin(nw,t)dt =0
-T/2

T/2
_[ sin(ma,t) cos(nw,t)dt =0
-T/2

Proof
Using the trigonometry sin(4)cos(B) = %Sin(A —B)+ % sin( A+ B)

Ifm#n
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T/2 T/2 T/2

[sin(ma,t) cos(nar)dt = % [sin((m — n)wyt )dt + % [sin((m +m)a,t)dt =0

-T/2 -T/2 -T/2

If m =n, we have

T/2 1 T/2

j sin(ma,t) cos(nw,t)dt = — _f sin(2naw,t)dt =0
-T/2 2 -T/2
Example

Find the Fourier series corresponding to the function
—k —7<x<0 .
f(x)= Period =21
k O<x<rm
Solution
flx)
— k
- 0 n 2% x
e 1
27
1 T/2 1 4 1 0 4
d,=— xX)dx =— xX)dx=—1| | (—k)dx+ | kdx |=0
=t Jpovm= o= [feoasfu
T/2
a,== [ f(x)cos(na,x)dx
-T/2

_ 2z

. ﬁi(—k) cos(nx)dx + ]:k cos(nx)dx}
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0

+ k sin(7x)
n

-7

= L{— K sin(7x) } =0
| n 0

2 T/.Z
b, == | f(x)sin(nw,x)dx
T 7,

2 ff (—k)sin(nx)dx + T k sin(nx)dx}

27
0 V4

= L{I—( cos(nx) k
| n . n 0

L —7

—— cos(nx)

= i[1 —cos(nx)—cos(nr)+1]
nrx

_ 2k [1-cos(nz)]
nri

+1 n even 0

cos(nr) = i dd =  b,=14k
— n o

ni

The corresponding Fourier series is

F)=d,+ Y a, cos(nx)+ b, sin(ne,x)

n=l n=1

4k
T

J(x)=— (sin(x) + %sin(3x)+ % sin( x)+ j

The partial sums are

n even
n odd

S, = hid sin(x), §,= 4k {sin(x) + lsin(3x)}
T T 3

’
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flx)

R

k

k \
! x
- k9
v -k
S
/-\{.-—"-/\ ! sz
Y
V4 N
e~ =)
/4 \‘ ,./
‘\ // ! X
- \\K/ T
b g% sin 3x
N - |
S
K2 S
k ~ Pad
/ ~——
// \\\
N N i
~_ 7 M7 J x
- =~ - n
\ / %'5- sin bx
P P . A T

a——

N NS

{b) The first three partial sums of the corresponding Fourier series
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Example
Find the Fourier series of the periodic function
f(x)=x 0<x<2rx
Solution
flx)
/
// /, // y
/ / / \ /
/ / i dr ! /
_ Ve // _ - l _ e _ ~ T
= = = ™= =
—Iﬁw —‘lirr —i2'rr 0 2r 4m
27 2xm _
T'=2r = w,=
T 2
e 27 2
4r
—jf(x)dx_— szdx_—— =
27 3 3

2 T 2 2r )
a, = 7 { f(x)cos(nw,x)dx = P 2[ x~ cos(nx)dx

_1 {(xz{sin(nx)j ~ (Zx)( - cosz(nx)) N 2(— sin}(nx)j} i _ iz
n n " ; T
b, = 2 _Tf (x)sin(nw,x)dx = 2 sz sin(nx)dx
CTy ’ 27
1 {( i I— cos(nx)) B (Zx)(_ sinz(nx)) | 2( cos(:zx)j} 2” _ -4z
T n n n . n
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4’

So, f(x)=

4’

fx)= 3

Exercises

+> iz cos(nx) — 24—7[ sin(nx)
3 n=1 N n=l N

Evaluate the following integrals where n=0,1,2,...

{ 0 n even
Ans.

1) |[sin(nx)dx
0

2) I x sin(nx)dx

/2
3) I x cosfx)dx
-r/2
A
4) |e"sin(nx)dx
5) :xz cos(nx)dx

-7

Ans.

Ans.

Ans.

+ 4(cos(x) + i cos(2x) + j — 472'(sin(x) + % sin(2x) + )

0

2/n n odd
0 n=
27/ n n=13,...
—2r/n n=2.4,...
0
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Find the Fourier Series for the following periodic functions

1)

2)

3)

4)

)

Ans.

Ans.

Ans.

Ans.

Ans.

1 + g(cos(x) — 1cos(3x) + 1cos(Sx) — )
2 3 5

l + 2 (sin(x) + l sin(3x) + l sin(5x) + j
2 3 5

T 4 1 1
+— +—cos(3x) +—cos(dx) +...
M (cos(x) 5 cos(3x) Y cos(5x) )

T 2 1 1
—— +—cos(3x) +—cos(5x) +...
1 (cos(x) 9 cos(3x) Y cos(5x) j

+sin(x) — % sin(2x) + % sin(3x) —...

4 1 1
—— +—cos(3x) +—cos(5x) +...
_ (cos(x) 5 cos(3x) Y cos(5x) )

+ Z(Sin(x) + % sin(3x) + %sin(Sx) + )
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Find the Fourier Series for the following periodic functions

)

2)

3)

4)

S)

6)

7

8)

9

10)

0 1 —7/2<x<x/2 p
xX)= .
-1 7/2<x<3n/2 "
f(x)=x —7T<x<mT Ans.
f(x)=x’ —n<x<n Ans.

T+x —r<x<0
Sfx ={ Ans.
T—X O<x<rx

0 X —7t/2<x<m/2 p
X)= :
T—x  7w/2<x<37/2 s

0 X —7t/2<x<7/2 p
X)= .
24 mla<x<3r2 O

0 -1 —=1<x<0 4
X)= .
1 0O<x<l s

0 -1 -2<x<0 4
X)= :
1 0<x<2 i

0 0 —-2<x<0 4
xX)= .
1 0<x<2 "
f(x)=x> -1l<x<l Ans.

i(cos(x) _1 cos(3x) + lcos(5x) — )
Vs 3 5

Z(Sin(x) — % sin(2x) + % sin(3x) — j

2

V4 1 |
——4| cos(x) ——cos(2x) + —cos(3x) —...
3 ( (x) 1 (2x) 9 (3x)

N 4 (cos(x) +1cos(3x) + 1 cos@x)+...
T 9 25

4 . 1. 1 .

—| sin(x) ——sin(3x) + —sin(5x) —...
ﬁ( (x) 9 (3x) Y (5x) )
4

1 4
— ——cos(x)——cos(2x) +——cos(3x
- (x) 5 ()277Z (3x)

+ %cos(4x) —...

i(sin(mc) + lsin(37zx) + lsin(Smc) + j

T 3 5

4 .n(ﬂx) 1. 372xj 1. Sﬂx)

—| sin — |+—sin —— |+—sin| —— |+...
T 2 3 2 5 2

1 2( .n(ﬁxj 1. (372')6) 1 .{Sﬂxj
—+—[smf — [+ -S| —— [+—=-SIn| —— |+...
2 2 3 2 5 2

% — % (COS(E X)— i cos(2r x)+ é cos(3rx)—...
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11)

12)

13

N’

14

A

15)

16)

0
f(X)={

X

—1<x<0

O<x<1

f(x)=sin(rx) O<x<l

f ()=

—-1<x<l1

f(x)=1-x> -1<x<l1

-1
f(X)={2x
- X
J(x)=1 x
1

—1<x<0
O<x<l

—-1<x<0
O0<x<l
I<x<3

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

1 2 1
———| cos(mz x)+—cos(37 x)+...
1 ﬂz( (7 x) 5 (37 x) )

+l{}ﬁﬁﬂx)—lSﬁK2ﬂx)+“)
T 2

cos(27x x) +

E_E( ! 1
r  7\(DA) 3)5)

cos(4rx x) + J

-— (COS(ﬂ' X)+ écos(?wx) + 2i5 cos(57x)+ )

|-|>§‘-|>

T

Wi N

(cos(ﬁx) — i cos(2r x)+ é cos(37 x) —)

N

_4
7[2

(COS(ﬂ' X)+ é cos(3z x) + )

-+2{ésﬁmﬁx)—lshﬁ2ﬂx)+”)
T 2

3 4 x| 1 1 3rx
———| cos — +—cos(7rx)+—cos —
4 2 2 9 2

1 Sex) 1
+-—cos| —— |+-—cos(37x)+...
25 2 18
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R

Odd and Even Functions

A function f(x) is odd if f(=x)=—f(x). Thus x°, x’ —3x’ +2x, sin(x),
tan(3x) are odd functions. The figure below is an example of an odd function.
f()

/ J 2,
/ ayd

Period

A function f(x) is even if f(—x)= f(x). Thus x*, 2x® —4x”> +5, cos(x),

X

e" + e are even functions. The figure below is an example of an even function.

f(x)

Y Y YN

while the figure below is neither odd nor even function.

.
———
=
S
Period

L,
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Example

Classify each of the following functions according as they are even, odd, or neither

even nor odd.

) 2 O<x<3 Poriod = 6
= er =
@O, L3cx<o ZO
cos(x) O<x<rm .
®) f(x)= Period =2r
0 T<Xx<2rm
©) f(x)=x(10-x) 0<x<10, Period =10
Solution
@) f(x)
_____ 9 —_——
X
I 1 T l
= -3 3 8
— —— — _2 —————

(b) f(z)
~~ 1 KN \
\\ \\
\
\ \ X
- N r 0 - l \ ™
—2r \\ -7 \r 27 \\ 3
A D

From the above figure it is seen that the function is neither even nor odd
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(c)

f(z)
TN
7 N
/ A
\ / \ /
N\ / \ 25 /
\ / \ /

AN \ /

\/ X

| 0 [ 1D
- 10 5 10

From the figure above it is seen that f(—x) = f(x), so that the function is even.

Note:
In the Fourier series corresponding to an odd function, only sine terms can be
present. In the Fourier series corresponding to an even function, only cosine terms (and

possibly a constant) can be present.

Exercises

Are the following functions even, odd, or neither even nor odd?

1) ¢ Ans. Neither even nor odd
2) o Ans. Even
3) sin(nx) Ans. Odd
4) xsin(x) Ans. Even
5) cos(x)/x Ans. Odd
6) In(x) Ans. Neither even nor odd
7) sin(xz) Ans. Even

170



8) sin’ (x)
9 ‘x‘
10) x° sin(7x)
1) x+x°
12) oM

13) xcosh(x)

Ans.
Ans.
Ans.
Ans.

Ans.
Ans.

Even
Even

Odd

Neither even nor odd

Even

Odd

Are the following functions, which are assumed to be periodic, even, odd,

or neither even nor odd?

1 f(x)=x —T<XxX<T
2) f(x)=x‘x‘ —TT<X<T
X O<x<rm
?) f(x):{o T<Xx<2xw
X —rm/2<x<nm/2
K f(x):{o 7/2<x<37/2
5 f(x)=x —T<X<T
6) f(x)=e™ —T<X<T
7 f(x):x‘x‘—x3 —T<X<T
S

Ans.
Ans.

Ans.

Ans.

Ans.
Ans.
Ans.

Ans.

odd
odd

Neither even nor odd

odd

Odd
Neither even nor odd

Odd

Oodd
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Find the Fourier Series for the following periodic functions (Even & Odd)

N 1 —x/2<x<n/2 p
X)= :
) 0 m2<x<3r2 O
y 1) X —7/2<x<7/2 p
xX)= 3
) T—x  7/2<x<37/2 s
—x —x<x<0
3) f(x)={ Ans.
X O<x<rm
xZ
4) f(x)=? —r<x<m Ans.

5) f(x)=7f—|>‘1 —T<X<7 Ans.

—2<x<0

6) f(x)= {(2) Ans.

O<x<?2

1 2 1 1
—+—| cos(x) —=cos(3x) +—cos(5x) —...
2 72( () =5 cosBx) +5eosty) j

% (sin(x) — é sin(3x) + 2i5 sin(5x) — )

T 4 1 1
——| cos(x)+—cos(3x)+—cos(5x) +...
2 ﬁ( () + S eos(3) - cos(sm) )

7’ 1 1
— —cos(x)+ —cos(2x) ——cos(3x) +...
5 (x) 4 (2x) 9 (3x)

T 4 1 1
—+—| cos(x) +—cos(3x)+—cos(5x) +...
5 ﬁ( (x) 9 (3x) s (5x) j

4 . (ﬁx) 1. (37zxj 1 . (SHxJ
1——|sin| — |+—sin| —— |+ —sin| —— |+...
T 2 3 2 5 2

Half Range Fourier Sine or Cosine Series

A half range Fourier sine or cosine series 1s a series in which only sine terms or

only cosine terms are present respectively. When a half range series corresponding to a

given function is desired, the function is generally defined in the interval (0,7/2)

(which is half of the interval (0,7), thus accounting for the name half range) and then

the function is specified as odd or even, so that it is clearly defined in the other half of

the interval. In such case, we have for odd functions (Sine Series)
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4T/2

d, =0, a =0, b = - [ f@)sin(neyt)dr
0
while for even functions (Cosine Series)
2 T/2 4 T/2
d,=— tHdt, a,=— | f({t)cos(nw,t)dt, b =0
=7 170 ; J S (#)cos(na,
Example
Find the Fourier series for the periodic function
f(x) =sin(x) O<x<rm
Solution
flx)
TN PN -~
\ / \ , \ p - N y
\ s \ v \ / M/
AV vV \‘/ x
! l 0 I
—2r -7 T 27
2 2rm
I'=r = w,=—=—=2
r =

Since the function is even then bn =0

27 2 -2 22 2 2
dy== [ f(x)dx== [sin(x)dx=—cos(x); =H{1-0)==

T 5 T T T V4

4 T/.2 /2
a, =— | f(x)cos(nw,x)dx =— I sin(x) cos(2nx)dx

T 5 T %

2 7r/.2 2 /2

== [sin((1—2n)x)dx + = [ sin((1+ 2n)x Jx
7T % T %
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T 1-2n 1+2n

2 {cos((l ~2n)x) _cos((1+ 2n)x)}0

) | I cos((l —2n) 7;) cos((l +2n) Z)

=—X — — >

7|1-2n 1+4+2n 1-2n 1+2n

2 142n+1-2n_ 4/lzx -4z

=— X

s 1—4n>  1—4n*> 4n* -1

f(x)= % — ;; G cos(2x) + % cos(4x)+ )

Example

Expand f(x)=x,0<x<2 inahalfrange (a) sine series, (b) cosine series

Solution

(a) To get a sine series the function must be an odd function. So, we extend the given

function to have an odd function. This is called the odd extension of f(x).

f(x)
Ve / 7
/7
/7 /7
7/ 7 /
/ 0] / z
| /1 I / | / |
- / —4 -2 / 2 / 4 6 /
/ / 7 /
/7 / / 7/

174



27[27[72
T42

Since now the function is odd then d, =0, and a, =0

=— Tj 2f (x)sin(nw,x)dx = _[ X sin(m;x)dx

={(x)(;—jcos(m;xj] <1)[ SIH("Z“D}

I'=4 = o=

2

0

-4
— n even
_ nw
=—cos(nr)=-
ni 4
n odd
\nr

Then f(x)= i_—400S(I’l7Z') sin(

n=1 N7T

nﬂ.x)

2
41 . (ﬂx) 1. (272'.)6) 1. (372’.)6)

= —{sin| == | = =sin| === |+ —sin] =—= |—...
T 2 2 2 3 2

(b) To get a cosine series the function must be an even function. So, we extend the given

function to have an even function. This is called the even extension of f(x).

f(x)
/\ /\ \ 7\
7N\ 7/ N\ \ /N
/ \ s \ N/
N/ \Z X
{ [ f O 1 1 I
-8 —4 -2 2 4 6
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T4:>a)027z_27r7r
T 4 2

Since now the function is even then bn =0

T/2 1 2

=— If(x)dx— dex—z—

4 Tff(x) cos(nw,x)dx = Ixcos(nZ'xjdx

:{(x{;ﬂ sl 757 |0 oo 57

2

0

A 0 n even

— (cos(nz)—1)=

d ;82 n odd
n°mw

Then f(x)=d, + i n%z (cos(n)— l)sin(m; 'xj

f(x)=1 —i(sm(ﬂz )+é (37[7)+2i55m(5ﬂ7x)+)

Complex Notation for Fourier Series

The Fourier series for f(¢) can be written in complex notation as

)= 2Cem™

n=—oo

T/2
where =— j F(@e "™ dt

—T/2
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Example

Write an expression for the function f(x) in terms of the complex exponential

Fourier series.

Solution

T=2 = @="=""=g

lT —Jjnayx 12 —jnrx 11 —jnrx 12 —jnrx
Cn=?z|)‘f(x)e] dx=5£f(x)ef dx=5£(l)e’ dx—E!(l)e’ dx

- .1 (e +14e727 — o7 = L (1—e)
2jnrx Jnw
(2
iz n odd
Cn =<
0 n even

\

)= Y.Cemm

n=—0

- .i(ej”x FLgREE +%ej5”x R j
jr

177



Exercises

Find the Fourier Sine Series for the following periodic functions

D f(x)=x O<x<rm Ans. Z(Sin(x)—%sin(Zx)+%sin(3x)—...)
2( . 1 . 1 .
2) f(x)=x O0<x<l Ans. —(Sln(ﬂx)—5sm(272x)+§sm(37zx)—...)
/4
2) . 1 .
I+ — |sin(x) ——sin(2x
3 1) X O<x<m/2 4 ( ﬂj ) 2 9
X)= .
) /2 wl2<x<~«w e 1 2 1
+ (— — —) sin(3x) — —sin(4x) +...
3 97z 4
! (sin(4x) 1 sin(12x) + L sin(20x)
o 100 x O<x<7/8 y T 9 25
) J= n/d—x  7w/8<x<m/4 e

1
——sin(28x) +...
29 sin(28x) j

Find (a) the Fourier Cosine Series, (b) the Fourier Sine Series
8 rx) 1 3rx 1 S x
(a)l+—2(co{—)+—co{—)+—co{—j+..)
V4 2 9 2 25 2
(b);; [sir(%j+%sin(ﬂx)+%sin(3izxj+isin(2ﬂx)...j
3 2 rx) 1 3rx) 1 Srtx
(a)———(cos(—j——cos(—)+—cos(—)—...j
I O<x<l 2 2 ) 3 2 5 2

Ans.
2 I<x<2 6( . (znx) 1. 1. (3zx) 1. (57x
(b) = sin| = |—=sin(zx)+—sin —— |+—sin —— |..
2) 3 3 2

5 2

1) f(x)=2—x 0<x<2 Ans.
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L 4L rx)\ 1 3zx) 1 Srx
()——— 0{—j+—co{—)+—co{—)+...
7’ L) 9 L 25 L

3) f(x)=x O<x<L Ans.
2L( . (#xx 1 . (2zx) 1. (37x
(b) == (sm(—) - sm(—j + = sm(—j —..
T L 2 L 3 L
(a)% + %(cos(x)+ écos(3x)+ 2LSCOS(5)C)+

4) f(X)=m—x 0<x<7m Ans.
(b)2(sin(x)+%sin(2x)+%sin(3x)+...)

Find the Complex Form of the Fourier Series for the following periodic

functions

D"
) f(x)=x —T<X<7T Ans. Z( A e’

n=—o

n#0

h 1 ,
2) f(x)=€x —r<x<nmn Ans. sin (ﬂ) E ( 1) +J” Jjnx
22(
3) f(x)=x2 —nm<x<m Ans. PorE

n#0

4 f(x)=x O0<x<27m Ans. 7[+JZ_;Dn e’

n#0
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