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] : : i fy(x)and f,(x )ha\'é-fhé sdmé.pen‘od p. then the
Afunctlonf R--)R is said to be pfsned]c trthere : Lo ST L

exists some real number P> 0 ‘such that . ~ function e ' o
- > .
o f C.f x+Cf ) eR also have th
f(x*i’) (X)—é( )VxeD The least value of }*>0 S (x )d (1) ( ) lcz ¢
- period p. S I
o sat:sfymg Eq (1) is called the period (some-times . _p , ¢ 5 and o
. .~ - called primitive period orfundamnntal penod] of f — .'If'f( x)and f,{x) have perrod,,‘ f“" g respectively .
X AMPLES ) .. then the period of the functlon f(x) thl( x)+Cf (x)
,AS__Smx—Sm(x+2::)=Su_r(n+4ﬂ)=sm(x+6n)=;-----{ s the LCMofpandg. _
- S0 Zr, 4m,6m,-----, "are periods of the function sin x. -1, A constant function is periodic and has any Ve
. However, since 2 is the least of the perlods .., ‘realnuimberasits period. = .
 2mAn,6%, . So sin x is a-periodic functlon w1th ) ok NITION Let a functmn f be deﬁned in-an -
pnmmvepenod 2n. '; . R P P ------
. m’gs“;__ .

ey - iexc[ 2.2
f(x+P) leE[-—F-.E] o
2.2

L .Thus, to sketch the penodlc extension Q)( ) of f( x),

L ._snnply sketch f(x) for —2£<,x<~§- and then go on ™

C R v R ' ‘repeatmg the same pattern ofthe graph thh penodP
. AsCos x~Cos('-:+2n)-—-Co's('x+4n)'-Cos,(gt+6n) ¢
- - Sothe prlm.nve periodof Cosxis2m. - . . . let f:[~m, 7] = R.bedef ned by f( )=x
' i o ' ' .'ltsgraphls shown in ﬁg- EE
N X . i _ i “T £
. -. ’ N "
R ) ‘:' —"Jt 7 0 ;:‘ ‘I:x i

, .The(anltlve] period oftanxand cotx1s . N

- - | ' ) Fig=1
' _lf a funcnnn of is penodxc with penud P then T ¢

.f(x+np) f(x) Vne 7t = {1 i JO } Clearly the mnmon fls ot permdxc. Its Denodxc §

."rhus 2P,3P,4P, are alsc its periads, | l_ I cxiension ofpex i0d 21 is shown in Fig-2.
'_:'I'he period of sm nx and:cos nx is ?!—:-t-, where_ ’ [»n )= [.._2%’_’_ g;—t-]:w Zﬂ '
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Fig=d

Letf :[~1,1]> R is defined by

y 0 forx<0 -

fx)=], i

: (x) {1 - forx>0
ItsgraphisshowninFig3 = .. . .f. 0 -
L g

LS
o

. _'-Fi'ges._l e

- v -
Clearly f is not periodic. lts permdlc extensmn of
period 2 is shown in fig-4. . :
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nun\um\ _ :
(Piecewise connnuous functlon) A function, fis said
to be piecewise continuous on a ﬁmte mterval
a<x<bﬁ ' :
fis defined on [a, b]

number of submtewals m each of whlch f lS
_ continwous., = - CT
L. Theone sided limits of fasx approaches L
the end pomts of each submterval are finte but may:
or may not’ be equal see Fig-5. :
ORA functlon fis said to be piecewise continuous on
asxs < b lfthere are at most a ﬁmte number of pomts

' xk(k 123 )
: at Wthh f has finite dlscontmultws and i$ continuous
-on_each open interval x, <x<x, of {a, b]. Thus a -

I fls plecewxse continucus on [a, b] with -

cuntmuous

flx)=i(x) -
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A plecewise continuous function may have a finite-
. number of. jamp. dlscontmumes at thé points ot'_ '
'subdivxsmns of [a,b]. -

a3 f(‘x)

Do

.-__-_-
-.-————h— -

[~

3 ‘

Fig=5

A contmuous-&mctlon is pleceWJse continuous.

---,th partition a= aa<a,<a,< ------ then '

If(x dx exnsts and

‘:,.'vij'fx)dx j‘f dx+_|‘f(xdx+4 +jf

‘Where on each sub-interval [at_,,a{] th.ere_:s a’

functlon‘ f - such © that .
-forai_l<x‘§aij . S

- Afunction Fis said tobe plecewise srnooth on {a, b] if o

-f and 1ts derwatwe f’ are piecewise continuous on
'Dt}lNllKl\ oo : .
'Atrlgonometric inﬁmte seriet of the form .

Eli—a,(!os x+a2Cos 2x+d, Cos3x+-----; '

| . : +b Smx+b,$m2x+b351n3x+ ------ : : e - .
. The mternal [a.b] can be divuled Into 3 finlte ' o

= +Z (a, Cosnx +b,Sin nx)——>(1\
=

. Correspﬂndlng to a functlon f( ) is called its four- _ »

series and the constants a, and b, are known as four,’
constants or coefﬁcients

B (1) above we have chosen to wnte the constant

ter m as

mstead of ao Thls tS for convemence L '
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which
we are gomg to establish soon, will then reduce to a

------

" only, the Euler’s formula for a“,n =1,2,3,

'.forn =0.

“ COEFFICIENTS THEOREM”

: If the series _2—+..Z-; a. Cos nx+h Sm nx) is: assumed .
mtegrable tef'm by-term in the interval C<x<C+2n'

- and has sum , then the coeff cxents a, andb are gwen .

. by, a, =£Tf( . )Co_s nx dx, h=0,1,2,. -

- a cin o

S %If( )Smnxdx,n =1,2,3
° . - - "“c . . .“ -.

. ',‘T-'Let f(x i {a,Cosnx+b Smnx)—>(1) _," :

e

n

Where f(x)- is mtegrable term-by- term in- the

interval C<x<SC+2m. and is a penodlc funcnon of'
perlod 2n. ' .
To find a,, we mtegrate both SIdes of Eq (1] term~by-

~term from x=C to x=C+2=,and get
Ce2n c+2-;

E[ f(x

n=1

I dx +CT(Za Cos nx)d# +CT(ZIJ:Sm nx)dx

- +Za fCﬁénxCosmx dx+Zb ISmnxCosmxdx—a

-,,Now

-‘::s jf(x Jax=22 jdx-s-z ICosnxdx+ib c'jz'“’.imnxdx—-b( 2) -
. l=| K
c 2 Aadl o
Now Idx ”-—fC+2n) ~C=21 -
Ca2n - :
= [dx=2u
" - c . : . -
T e - : R -
‘ J"Co'snxdn=[smrlx] ' =—[Smn C+2ﬂ) Sm nc]
C ‘L C C ‘ .

C+2n

= I Cosnxcin=—[$m nc+2mt) Sin nc] n=1, 2,3

cGv2a .
= _"Cosnxdn —[Sinnc—Sinm:] '

A= Sm(m:-t-Zm:) Smnc for ri= 123,
‘C%zﬁ 1

j Cosnxdnz-(0)=0

¢ LA

. Ce2e )
.. |Thus I-Coshxdx:()
¢
Csin ‘ e S o
jSm nx dx-- (—Sin nx)dx
¢

.

e

L Chap?er Nobl

:l.[Cos .n(G + 27.‘)‘_ Cos ‘"'C]?zn

C42n : < T oL
= _[Sm nx dx——-.—'[C_os fic~Cos nc}=0,

* " (- cosn(c+2n)=cosnc)

C+2n .. )
e JSmncdx o.
| o
Puttingthe valu;es in Eq(2), we have .
c+2n -
.J‘f( dx—~— +Za +Zb _ann
Se E '"‘1 e .
c 1C+2u - . R
= . f dx=a.- '
| :’nj .(, ) "_.._a? ~
L. - 1c+zn T
JOr. a°=; ! f(:ﬁ)dx—;(A’)

To find a,, we mﬁl_t_iply both sides of Eq {1) by cos
mx'Whéré_ m is. fixed +ve integer and then integrate
the  resulting  series” term-by-term from
X= Ctox C+2n andget ‘

L+28

j f(x Cosmx dx —*—-

Ca2r
I (Za Cos nx}c«.smxdx

f Cosmx dx+

n=3

c+7x .
j (Zh Sin nx)Cosmx dx

¢ \n=t _
C+2!

I (x)Cosmxdx —2— fCosmxdx+ |

[ C Lo

o C+2n ' i C+Zn

» =l

‘C42n S +m 7 \ .
ICosmxdx l:mme Y| R
S T T SR ‘
Ca2n — .:” .
=| jCosmxdx ol
¢
C+2r :

_[Cos nx. Coamx dx=— I[Cas(n+m)x+€os(n m)x]d‘

" a2z C+2n ’ .
=5 jCosnx Cosmxdx-—l- I Cosan+Coso)dxform n

C+2a C+2n ¢ vz;:

. '. = ICosnx Cosmxdx;-— jCosznx+— Ildx.m n

N N

Available at

- www.matncity.org .-



c+2n : AR
g ICOSnx.Cnsmxdx T for.mf—;n’ -
=
& . ¢ - .
: =0 ' ,far-m-ﬁn e

C+2n 4 Ca2n

}'Sm nxCos mxdx-—% jf-Sm(n+m)x+Sm(n m) x]dx
C

ey ' B cor '
I Sin nx Cos mx dx 5 I Sm(n+m)xdx+— J'Sm ne m)xdx
‘cm: AU SRR .' - <
j Sin nx Cqs.inx dx'm__ﬁf_()f e

. t+2n

= menxCosmxdx 0 .
Y _

. Putting the values in (3) we have

Xedn e
[flx )Casmxdx —(0)+a n+0
. _Emﬂ.' o .3 K
=3 I-f(x)Cnsmxdx:a T
¢,
Puttmg m=n,we have
‘Ce2m . .- .
"‘-L-_[f(x)casnxdx-»a o P . e
.t . . ‘ . ¥
l_ 1 [T ' o
erfa, EI x)Cesnxdxn 1,2313(4;) »
. c .

i Slmllarly, to ﬁnd bn, we multlp!y (1] by Sm mx and ,

.then. ' integrating®’ . term by-term farm :
X=ctox= c+2m w:ahave.:.- T e

T ... C.-:-Z!r . '.
. jf( )Smmxdx* ISmmxchZa ICosnxSmmxdx .
i 'C o, ned € ‘ ’
: o Can S T L
o +Zb ISinnx Smmxﬂx RO
. n=l - . R oo
o o SETIEE
= J' (x)Smmx dx» 2( )+0+b a
- _ : _
G+2n .

| '-"e.r‘Enzl _[f(x)Smnxdx. n= 123 TN .Q(As)
5 ] )

' The equatlons (A ) (A )and(Aa) are called Euler 's.
formulas fof the Fauner coefﬁcnents '

Whn C=0, the formulae (A,). (4, )and( ,) reduce
respectwely to

a‘-— [ (x)d*(

| a ~—-]'f- Cosnxdx

- ' Chapter No.6

jf( )Sm nx dx .

GRDLIARY 2

the formulae

WhenC=-n,
. reduce respectively to '
P lnf L ’ o
P’ n-[ Q() x
a, =~ If(x )Cos nx dx- o

- b »-If Smnxdx

graph from x=-2% tox= 41t

R o:uTio~

Let f( x)= —2-+Z 2 Cnsnx+b Sin' nx)—-:»(%)
" By Eulex’s formutae we have | v o
a ——-If dx——fxdx L
B xz:“t ’ a3
réaﬁ"["‘l' - twmeg
S a2 @ g
_ . . '%‘é .

:>a == _[x Cesnxdx

’ Inbegratmg by parrs we have '

L ‘.l{xSmnx:{D 1* ISmrrx’
GERIELLL (L, BT
. ﬂ n . .4 n

0

Loy A%
=_(0)+_-_-—_; J‘(-.-Sm nx)dx. .

[COSML
=, 20— —
. nm{ n

1. e L
| >a,= E[FD.STM = E[_Cos 2nm 7C§s 0-1

(8 (e ana(n,)

LXAMP[E 18 Fmd the four series representing the .
identity function: f(x}=x,0<x<2z aid sketchy its
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"bn'e-—'.-j'f(x)an‘nxdxﬂ. e

) 12’
- :&b =:-Ix$1nnxdx
O nq L
_lntegratingbyparts,we have o
SR —~Cusnx ~Casnx dx

"ﬂ L ﬂ; . n

s bré:—[xc'n's nx]z”-d--l jﬁos mk dx

8
b, = ——-[ZnCOSZnE ﬂ}_'_i[Slnnn'x} :‘ |
o =>b a—ECosznniv—-[SmZnﬂ-Sino]
1)+—==—(0
é ‘- ()+ ."( )
=b, __E
n o
=ib, =“—2 -
- Putting a,-—LZﬂ.vd =0,b, =:I1;z-in-(1) -wve:héve o
:-+Z OCnsnx+( Z)Sllnnx} "““ o
2 = n } '.
' ::»:t=ﬁ+(—.-2)28m e . ‘
. =l n . . .
:‘.xx nnzzsm "x-n—z[sln x+—Sin % +%Sm x4
©oom=l- n L

~ Which is the required four representatmn for thce |
.identity function in the given interval.. e
. Its graph'in required internal is as under o
o o ) |

N é,, =Esmm_ -

= A=et

A=

Chap'l'ar No 6

Obtain the meer sefies fﬂl‘ ¢ in the intefval

1423 1
RsoLUTION:

 Let f(x) T =—2-+Z(a Cos nx+h Sin nx)———a»(l)

. n=}
. By Eu!er's fnrmulae, we hav“
a == ff x)dx . .
' =>a,,—n-— Ie . |

waelle I

g 1 - el '_.,-' | Z . L e
=2 =1 e"-—e". e e_ ==Sinht - . '

-

=>a, =— Ie Cos nx dx——r(z)

-‘l

- et A Ie'Co,inx‘dx-—-é(S)
: lntegrating (3] by parts, we have
B ::>.A=e jCas nx dx— 4( )ICos nx dx]d

Sin nx - I,e, Sin nx

. _,.,_._n_‘dx'
e -3;“-‘”‘ - Ie‘(—Sin ne)de

=A=

. %A o s;nnx 1[ e [-Sinnx dx- j{[ de:} [(-Smnx d*x)dx]]:‘:

) e‘Sinnx+1{ Cosnx ,-eCosnxdx]

n -nj .n. " ,.3. n
* x
- A= Smnx-l_e.Co@nx 1 fe"Cosnxdx
: n C ]1
o eSinnx ¢ Cos nx 1
A= “n .."7;. n? —A(B Eq( ))

) _=>A+E—A =—e—(n Sm nx-l-Cas nx)

nZ

| :>(n :l)Asf—z-(n Sin ux+Cas nx)

n n



= fﬂ[n.Sin nx+Cds nx]
. . 'Vﬂl

U P TN I
A= !e ({OS-nde?;z:I[n'SIQ'“X+C°§ nx} -

. g Lo _. ’ s
= Ie Cosnxdx-[ s (n.Sm ux+Cosnx)] -
- _ n _+1 L P
= Ie Cos nxdx'= -
n +1

[ (n Sin n.n+Cos nﬂ)

=> j'e Cosnxdx— -1
n_.+1_

-

»:[e n bm rm+Cos nn) - "‘"( _nSm nn +Cos nu)]

.=>_[e Cosnxdx-ﬂ—l‘x -~ .
n’ 41 .

:c[ne Sm mt+e Cns mr+ne“$m n'.zt—"' - Cos mt]

Ie Cosnxdx- llx I

W

[(nSmlmt)(e +e"')‘+l(;§: ‘ )Cosmt] &»‘

‘ :_"e Cosnxdx— +1 i

‘u&mg this value in F.q [2) we havei .

a"' ‘ 2(-1)'. Smlm
n(n +1) '

1 .'.. ]
== [€( d -
_ nI x)Smnx X )

'bb =— Ie Sin nx dx——)(‘l») h

et B= j'e Sin nx dx
tegrating by parts, wg_ have

Ba-

(n Sin rm)+C05(—nﬂ))] |

T Sy
3 2 3.: m(sm nx-nCosnx)

'ii;_ﬂ)(é"_f_é )‘ (¢ é")(-l ]

: Putﬁng itin eq (4) we have

» Cl'mpfer No 6 .

' oB= eISmnx;ix Jﬂ Jmenxdx]dx Lo ,

| _-:>B-e (-—Cesnx) j-e,(—_(:osnx)_dx_ )
n JY L o

_e *Cos nx 1

Ie Cos nx dx

=B=- 59% 1{ jcusnxdx J(_) osnxdx]d

n

=B=

ve.Co_'snx*.}z_[e.,, Sinznx_jfe Smnqux} '
.. n n° Yoo :
=5p=_t Cosnx e S",mx,._,lﬁ

N n .’ n ‘n .

=B+ E-B =~e;(Sin nx-nCos nx)
n’ o

l'l

| b(n ':1) E-2-(Smnx nCosnx)

PR A

g . Ty

:&fe Smnxdx :_ -(Sin nx~ nCosnx)
o
':::» Ie Smnxdx:-m[ (Smnx nCosnx)]"

[ (S;nnu nCosnn) (Smn( ) nCosn{-m ))] :

[e Sinnn ne‘CosmHe ‘Smmt+e “nCos *m]
. ‘Ei'll"i“[(e +e )smmt n( )cosnn]
B zn(—r)(i)} .
3 T ‘. 2t -1. Lo
:>_j;e an.m’a{'dzmrl 1[0 ZnSmhx( I) }
x5 . o n+l .
= J"e"‘.%'innxcli(—E‘L--)-;—---—S——l_EE
‘ n"+1
2n(-1)""Sin b

" This fe Smnxdx-—-———-————-——-—-—-

n+1

- e‘.‘ o o

2n( ™ Smhn‘ :

n(n +1)

Putting the values if 4;,a,andb, in (1) wehave -



¢ Sinhn & 7(—-1 ‘imlm
© *Zt ) T )

‘imhn ZSm hnz )Cosnx n(-1)"".Sinix]
7;_, [ = '_n+1 SR o S D

" Which is the lequired Fuurier series fm- e in the
gwemnterval Do -
- Fmd the Fourxer senes correspondmg to f( )--X+x2 '

' inthe mtervai < x < also deduce that

7. 1T v
- .....__1+__2_+._2.+......-
6 2 3

i B L WY
P .

" Thus 4=

. %_’]‘f‘(x}m; i dx :
_‘:>-a =%’j(x+'x7)c-bs n% dx :
-%

In targetmg by parts we have K

T n. n.
=>a, -0-———_[ 1+2n)Sin nxdx

A gain mtegratmg by parts we have

_“anr 'n ﬂ{ e )( Casnvq H 2)t—tas nx)dx} |

_=a, zﬁ[(i + Zn)gas nn~(1 72n]Cosn?tJ—ﬁ—_[Cos mx dx

" Sink e
( ) 1 ﬂ“innx}

b —-.r.—g»'[f('_ﬁ_c}-Sinn-xidx'_. '_' '
: =:>b -—sz(xﬂ: )Smnxdx . 8
| = S b‘*—[( )(———“)] EYWSh:
) ,Let f(x) x+x _?+Z a, Casnx+b Smnx)a—-)(l) S A T

T
v L =>b ——1—[(1z4-1:’)Cosam (—Il:-l-"ﬁ )Cosmr. ,
,_ By E:g!eﬁrs F?rr_r.mla.., wé_hf‘ave. -: ;F &)U‘(—) cjﬂ" | _

1[(1+2
. nm fn

oo o

S\ =b, = “2("1) __["CosnXI i
o n'n . .

:":>b';j-;“

o | Putnngthe values mEq[l) we have
il Sinnx| Smnx.» o
A == fxex 1+2x de -, .
a.[(x+x)_ Lnj( ) e
o | X +X ——3—-+42 —- Z

N thch is the requ:red Founer representatmn of t

- given function in the given interval,
.. Now putting x=m in Eq (2) we have

R+m =?+4Z(_

s

Chupter !ue:: 6 .

:>a ——-}—(1+2n 1+2n)Cosmz]—-—-——{smnx]_\
n'nt o n
SR - Ao
=l dqi -1} |-0
a, M[ 1) ]

"n
’ -f

‘.,.u.

lntegratmg by parts we have

- ~
' .

mc

l--.—-—-’

+—- j(1+2x Ctasnxdx ._ -
=b, ——-—-1—[(1t+1r 4Ti- uz)Cos mﬂ+ e
il

Smnx
042
G

Smx] ‘1 T

dx
. ll'ff._ S

]

n

| _z(_ ) ,_

n -

o ‘“Z[ : )"““‘i—’

n=1

1 Cosnx ' ;

=1 D n=t

Cusnn ZZ( 1) Sinrm -_.'w‘.'

n=t . n =l - n . .

+4Z( ),,g 1)" 0 .

asl
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>n+n’._—.—7;i-1-4i
- -ns}

ext putting x=- in Eq(2), we have | ;5a°¥;(#nz)+;(ﬂz} '
n+wt -.-ni-+4z Cosn Z(" 3“"‘ *") "

= i _ T Ty,

=l

) - In - ' _
AT —ﬂz+42 1) —-—;(4) - e
ldmg Eq (3] and Eq (4) we have o L >a,=

L (—1)‘“'” | T
1= e o o ‘ma = (-x)Cos nxdx+-fx€osnxdx

o =a, -—-ijoanxdx+—ijnsnxdx—~—>(2) o

“In targeting by parts. we have - -
- IxCosnx”dx xfCosnxdx J( fCosnxdx)dxj- o

% Sin nx ;iSinnx
n n
:afx(:osnxdx—xsm"x 1 *annxdx
. n n

T :IxCosnx:lx _){Sinl;lx+1C0§:nx _

o8 non o
xSinnx Cosnx
‘p nz

S »Now IxCosnxdx [xSmnx Cosnx]'

o =>fxcosnxdx Idx.f

. => ijosnxdx

2
.‘ Ty . 2 n i n 3 uds
I.P'Qn‘ . . - ;

! Im_snxd* (0\:. ,f][°+‘—33—] ‘

n -

E . I! . R . “ n‘.-l. N

Ix-(foshxdx:—!‘-{ (_1?) L (2’1) =1'?‘(21)

. 0 L . ._ - "~ Tl ‘.
' T ‘ . "'-"?.ijosnxdx.;'l_'i' 21)

_Ifx)dx e R a )

" ind -.J.xcbsnxdx?[x_51nnx+€us nx].
¢ : ' 0

. M -2 - -
. g .

(x "‘2"*2(3 Cosnx-rlb Sin nx)—a( ). | .

L

' uler’s furmulae we have

..on ook

i

_If dx+——j‘f x)dx . . - | “ | b
== j "’")dx"“—fxdx ST => !xCusnxdx,(Of——_nz _ _(o.;.;z_)
“I‘H - E . om0 ]

n , T2 n o
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n

)

S 1) 41
ol nzn _1+(— 1)]
('l;'l)"‘ n+l E n+l
| -1
=, = {24 _), & ]
_-(‘1‘); ' ” n+l
:}an —-E'_Z'l' 2("1) ]
~Z .1“"("1)\“1);
=3, =——— :
n’n
1![

b == S dx
e |
=b, A ﬁ]'f(x)'S'ir'\.'nx dx{—-l-:‘[f(#.) Sin nx dx <‘
R .‘ - : S
s> b &~ [(~x)Sin mxdx+= [xSianxdx
=b, u_j;( x) in nx x+- _[x i nx X -

i _-:-Sbn.--—-ijm nxdx+-fx5mnxdx-—->(3) ;

In targetm g by parts, we have
1{~Cos nx
) IxSmnxdx-—(.cosnx) [ ( )dx

n n o
) . ixCosmx 1
= fx Sin nx dx-———-——--——— I(‘osnxdx
: T
' -x’Cosnx‘ ISmnx
:::IxSmnxdxz e e
Snon
xCosnx

| = jx Sin nk dx~-——Sm

nt. n

Nuw jx Sin nxd xr_[ Sin nx xCos nx»]

: ?xSmﬁxdx (0 0) (UJ—TM}

n .

1o . 1 ey
= ijinhxdxﬁ ﬁ( n)

~R

= I'Sin.n'vc kCosr;x |
and IXSin nx’dx=[—71—*——'—--I :
4 AR H | LR

0

R . - -1\
=»| [x Sin nx;ﬁ( 1)
. n .
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.Then Eq (2);—:’ a; z%[“(ﬁzl)nﬂ‘l.,._l_.[-'“'(z‘l)“-]

Cosx Cos3x CosSx
:f(X)—dT— -

' _ Whlch is the reqmred representation of f(

_glven interval, , CeLe T
Putting x=0 in Eg (4] wé have el

o ® 41,1 1 o]
f“”n[r?z] '-

Is periodic smgle valued and finite in’ [—-n, )

- hand and left hand hmxts of f ( ) at each po

'dlscontmmty In" other ‘words,  the

: -?+Z a, Cos nx+b Sm nx) converges to

. - R ) o o = - . E : ’ K
\ = |xSinnx dx-——_(o—-"—t(—l)'—_]-(_d-ﬂ) o

) f(x-(}):g]l"r}gf(x— h)=RH.S LJHmt of_ £(x) at ).:, h>0

i

T“er!fq(”“ “1[ nl ] [ - 1)'#1]

e

N Put'ti-ng'the valuéc fn (1']' Wé have

,zﬂj 2 r1+(_1)n+l
- ey

(2i0=5-7] {*-a-f—}cos'nx.- | S

Ea ,.:..32 : =

oS

i. Has a finite numbef of fi nite’ dlscontmult!es
ii. Has only a ﬁmte number of max;ma and

=1
£(x) ifxis point of contmulty

Mﬂ(_"_ﬂ 1f xisa pmnt of dlscontmmty where> i

f(x+o)_=1imf(x+_h) LHS Limitof () atx W

h~0
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) ‘ 0 ’ S -1f -Cosnx
.Iff(x)xsdeﬁnedby e e AT T

© for-mex<o - . . .1 : :
T flw)y=d . Gonmioo - =2 ..=—-{Cosmr—(lasﬂ
f(X) { fOTQ(_‘{<1F, \ » R n ﬂ?ﬂ: - : ]

W g;g__f

Hill

2| BUIBIOW]

Find thie Fourier series expansion for f(x). Also.find - >a, é-»%;-[(—‘i)“ —,1] .
the sutn of the series for x=0.and x=tn and deduce - _ :
S L R T e
that Ti 3 52'+ B T B &
|— ; - P o ) % .' - ) . . " i .
le e TR b,._a-l—jf(x)Sinnxdx o _
~+-+Z(a»-Cbs-nx'+b"S ‘ '. e
. '_' . R K § - - ] L. -
’=_>b,| -':l J'f {x Sin nx dx+-—1~j'f (x)Sinnx dx '

By Euier's formulae, we have

a »--—jf(gdx o Sl ” -__-:;h =-j‘ Smnxdx+ J'z;Smnxdx |

L *—'?bw*'"'lf@s-n‘x} +l[.(_(;osnx):l 1;1(«Cosnx)d
y ' R L ..n'-

=b, —[Cos o-Cos rm] ———[n Cos mz 0] e ICos nx dx -

- " ; :" , __=>5.j-“-i[1.-—'§-1)"} 1[ (—vl)] :ﬂ{ﬁ‘i’il

™4
=1
=
=
A

. _ v' v'Puttmgthevalues mEq (1] we have - S
‘ _L_h+Z[ } 0snx + { ( 1) JSIHM ) 3

ﬂf(x):‘_ﬁ i(-in x+Z[ I‘Ji-}ln-nxl ‘

_Tl PECRE 1} n=1

=a, =-—j'f Cosnxdx+ If ownxdx - -3

' 1% o .n
- =a, -—-I -7) Cosnxdx+ ijusnxdx _ T3 i 3 1 4T
- T S [ISmx~ESm2x+3Sm3x—ZSm4x+ ---- }

fCosnxdx+-—fxCosnxdx
o ’-eriluc}3 1[xbmnx ;ISmnx : : o -
e el B et o 2 R T 1 Y
: SR T T A TR o+ 35mx-ESmZx+Sm_3x—-ZSm4x+------ —-(2)
1,0 1% ' oS- -r'.l o : T

S g _
=a =(0)+—(0)-= [Sinnxd SN
= n’( ) nn() mn_m.n.x, .

. - ~g-2[Cosx CasBx CeeS\: o
f(X) 4 n!- 12 -+ 32 '+ 52 .]+

L

i nf(x) =22, [TCuSX—-?J—Z—Cﬂssk—gz—Cos?m }- L
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1

~
=+

) r—-_--ea..——‘_-.'._

Clearly x— ~m,0,m are the pmnts of discontmumes. E

. Putting % =0 mEq(Z)wéhave R

BTt ) I W2 N S
' .f(o)_"'?—"[lz 32+51+ :I (3) ,'.' )

Since f(x)is dlscontmuous at x=0,

So by Dmchle; cor_xdltmns, we have
o limf(x)+ limf(x)

. f(o_)::f"" 2"2;9' - I
o R lim(-n)+lim{x) . .
B L O

:>f(0)=-ﬁ+0 -1

2 2 .
B Pu&ing- f (0),:.,-_%5 in’Eq (3] we havé_,

o _’E_E[ g
.2 4w

L
F) 1z 3z 52
Now'when x=n then :
_ : Jim f{x )+lxm(p(x)
‘Value of the series - =i 2"”_' :
Is the penodic extension of f(x). *

limf( )+Iimf(x+2::) -

‘Valueufthe series~"*" ST
1imf(x)+hm(-:t) _
Value of the series = —L—z"ﬁ'—-——-
| - limf(x)+ lim '
: Value ofthe series = X2% ( )2""" (p( ) "

- Value of the series =E_;_"_t

 Value of the series 0
Finally, when x=-n then

- Obtain the Fouriér series representmg
© f(x)=x,-n<x<n

- _Glyenthat f{x)ax,_ n<x<n '

whel_'e' tp(x) .

:;a [ (Sm an' ) J-l Smx
. " oL

B -—1[—Cos nx]
._:a =

.

lxm x)+ lim f(x
Value of the ‘series =XE (p( ) ”“’"_( ) where.

2

- <p(x) is the periodlc extenston of f(x).

- lim f(x+2u)+ lirn f(x ) o

: Value ofthe senes m R s’

,2 I
lim (x+21t)+ lim (—1:)

" Value of the serles =X2E =S

2
—RA2R-T

Valuié‘ofthq}:éﬂés SACLaEY I

Let f(x)= x=-5+z a, Cosnx+b Smnx)

B S .
By Eulei’s Formula, we have ~ [
a°=;[f(x Jdx |

=a,= 1 ‘]':?dx

a Hnj (:»%)Cos-mtdx‘ |

} _=>a =— Ix Cos nxdx

' -o——s d
>3, ( nImm;x

nrn n

=a,= -n—z;[Cos nm— Cos(-—m::)]



Qumd Maths B. A/B Sc Per’r-I

‘ 1 '_77‘ 12
=i =™
>a, mt() =a, ﬁ;ﬂ'e dx
.=a, =0

- ﬁ‘hﬁs @

L
" bn_;—'jf(x)smnx dx.
;—ijmnxdx o

b =-[x(—_cm an EII[-Casnx)m .
. _ b .n / by ‘Iﬁ!‘f.—n’.l_ - 4[1 £

. =b =l1»{x Cos mé]:‘ +—1~ IC&é %lx,dx- "

v

‘nml cn )

= -n—;z[w Cos, rm+ mﬂns mm] + m—(ﬂ)

: :» b, :'_—-—(Zat Cns mc)

S 1)'"‘* o

-—:»h ——( -1)

: ( n+1
, ;rhus h,, —l

Puttmg the values in Eq [1) we have '

" xg—+2(a Cosnx+b Smnx] . e

e "'é( 1).,4: -
- :x-i+2»{ p){)osnx-l— Y ‘Smn.x o

- n+‘.l'. e
hxs ZZ Smux
= .o :
, 1 1, .0 1.
= x.:==2 Sin x—-nSm_ 2% +>-8in 3% —~8in 4x4--enn
: 2 3.4

* Which is the required Fourier series. represent’__atiﬁn‘

ofthe given fum:tmn in the gzven mtarv:ﬂ

¥ R D ‘,

,Ohtam the  Fourier senes for’ f(x) e in the

’ mtemal G <x< Zﬂ

Let f(x)me ——é-+}: a, Ces nx+b, Sm nx) {1)
ael :
By Euler’ 5 Form.ttae we hawe

=--ff dx _

: __—[n(:asmt (.-:t)t:os(—-mt)j 1 [Sinnxl o | »
, : . Nawlet .

: A ] "Casnxdx é""

-=>Ie Cﬁsnxdx- 21 [f
o
Lo

::>

Chapfer' Mo 6 )

T
:—:san=-j “Cusnxdx—-—sé(z‘i
A ¥ :

Sinnx lf e \Sm fix d

: ) -
. 1
:,A; Sm nx+~4f * Sinnx dx -
. m. Rn° . : '
5 Gin ; ~(-cosnx) , |
L pene 1 (-6] by,
" n. on no !.1' .
,_€7Sinnx 1 - =
::>A=~————»_ —— Cmsnx—-—fe Eosnxdx
B n _
7 e*Sinnx e™Cosnx 1
. ] e n - n m . B

:>A+—LA=--?'-§—(11 Sm nx—Cos nx‘,{
3 n

h._.

o +1} e" l
: :>( ra _;;E'(_"S_m“’x Casnx)

= A=~f—'—.—(n Si_n ’nx-—-C‘o.s nx) >
n +1__

L
~K

. x -.‘...L . i}
»_*_->_[e Cnsrtxdx 5 +1(n5mnx Cmsu)

2 I,

j' e Cos nx dx*nzlﬂ[e “ nSm nx—('nsnx)]:

)

e nSm 2rn Cos Znn)
n'#1

1

3

i —é" nSmﬂ Cosﬂ

=N e”‘ E‘as nx dx

et e (n (-m) 1{0 1\]

E’h—-s? “"——-?

1 .}



B UESTION 3 - |
- Find the Fourier series expanmcm of the step functian ‘
f(x) which is pemd:c with period Zﬁt ami is deﬁned =

i

‘Then Eq|2):; a, == Ie *Cos nxdxa

P 12" .4 P B "- )
b, =— [f(‘x)sm nxdx
LWy .

. 2n ‘
. b, =l _{ e Sin nx dx
. oy

ﬁb 1 1e‘u)'--:

rj"“(n +1)(

a‘u’ o o
' { I Smhxdx- b(aSmbx bCosbx))

S Futtlngthevalues mEq(i) we have =+
_ﬂ‘e-'x'z'l"é» __+Z(Cosnx+n$iunx) v
B FAP- PO Rl | B
L 1-e¥1 &1, "
or €7 = =+ , Cosnx+n8mnx

Whichis the required Fourler series representataon
of the given function in the gwen mterval.

in —n<x<nby _ e
' -n<x<0 e

_10 .
f(x)=40, -~ x= 0
iLf.'0<x<nn

: ._Let f(x —7+Z %, Cos nx+b Sin nx)-—-—)(l) L

oa=]
‘) By Eu]er S formulae we have :
@, = If dx “

| '.::aa i J'f dx+—ff

=3, -——J ‘ dx-t--—j(l
== —;[x]_‘ + ;{"L

) e TP | .
=3 =; ‘[°"_(-“)]-+;[7€—0]_
=3, =-1+1=0

—)

Cha ,Ter Nn 6

fy
E- 3
]
ERE
3.'*..5
’—-« E i
ﬁ
Lo
L% |
.
b
ﬁ‘

'3
. . [} :
=3 = ! ICos nx dx+~— jcos nx dx

YT

A b

(x)Sm nxdx

=
T
A [

Rim 8 e f

A._!_‘u A

gL
o
i

[£(x )Sm nx dx = J'f )Sin nx dx

4
=2
i}

( )Smmtd.x+ f(lSmnxdx'.

U
n

U
o
| W S
_E».’;IHSI'-*%I._- F—‘I.L
o

;'.qu,e

Sm nx dx+=—-f5m nxdx

—Cosnx | +_1_[~Cosnx
‘kn -r n n .e'

Cesﬂ Cos(—nn))-gl;(cvs;nw-—Cosﬂ) |

U
(=
L

I_"_i

=f~_bn'= (1) o1y -4
=b, = .1—(—1)"—(—'1)"_+1).' :

y
o
it

a

gl~gl-

————n A
%)
. i
o]
-
. p —
=
g
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'ih'ntting the valués in Eq (1) we have
fx —-2»+Z (a, Cos nx+b, Sin nx)

]

E
nﬂ
FREV A : “oya, == jCosnx dx+= Cosnxdx., -~ . - .
(x _-—+Z( Cusnx-q.g(l (n.l.) }Siﬁn‘x} N . “I_ | I | T
| 1
®

Tl

a
. S T F [Sinnx:[ Z[Smnxl
) W T sas e et I
25 (lf(—l] ) o el e homte L

Sinm: . C T g e T

, Tny R Sl LT oy =—j-[S‘m nn-Sin 0]+ —{Sin 2nn-Sinnx] . ..

SV & T S 2y e e e

':f(X)=.—~—(—Sinx+—Sin3x,+——Sin5x-+"---~] N TR -
Ry 3 s - ;},anﬁﬁ*(ﬂ)'*-_-'(ﬂ) '

. 4 oS3 Sinsx ) S T m T
© f(x)=—|Sinx+ AR X ] =a =0
‘< A 35 5 _ : o

thch is the requlred Fﬂuner seraes eﬁpanmn ofthe" T :> S
‘ gwen ﬁmctmn m the gwen mterva] B : =_i 1 1?f- (x) Sin'nx' di.
g o8 g ] - . N

x)’.:’fmnxdx-i- jf{x 5mn.xdx '
72,,.'_ x<x<21t oy

i~ . .in a .Foutier series anr:l examme the semes at the o =b,
‘ pomts nf discuntmmty : . T

el
:I( )Sm nx dx + -T(Z)Sm nxdx |

Af(x}é{%! D<x<n . o * -‘ n'
, .
‘ . 5o

]
;:\Il—'

-

r

ISmnxdx-l-— _[Sm nxdx |
o . N

E '_;:;bn_

ﬁln—»

o Letf x ——+ aL‘esnx+b Sinnx —3 = ST e R : R
( 2 Z ) () o _ 1[—_Ca-snx g{-(:usnx W
':l K LI ) . $ bn =_ - - + S i * .

- ~--ByEulersfnrmulaa,wehawe L U DR | S D " < N U SR

gl J-f x}dx : ‘ C =5bn=;w'{cm““"Cﬁﬂl“g'[mszm‘cﬁsnﬁ] .

-

-'f_==.a,,-— J‘f(x dx+—}f(x =>b=§;((—1)"1)—f,;( (~1)}

| '_:a “'Iil d“’“f(?' R f*b=~n1;[1—(4) +z(f;)‘-z]s'"
: ' o : Ib, =£~;t_[{_1)n?1] .

: '.Puttmg the values in (1), we have

_:>a@, -—-*;[x];}; Zx -

e o Maole 2ol |
—>a,,-..-u.[_nlg]+ﬂ{2? ﬂ] S ', s f( ";‘“‘"+Z a_,Cmsnx+bSmnx)

D ) . Bl ) n' \ ‘
S - :—>f(x)——-LZ[ Casn;x-l--i[( 1JSmnx] -

8 - , ' -1 o
g e _ ' z}f(x):lz (1 -1 Sinnx
an‘:—{f.(x)tosr:xdx o : | WL _

¥ L _ . . ‘

= f(x); %’(—?Sia&—éﬁin 3x—-§-5ih Sx--'_m-.J 4



" =f(x)=—| Sinx+

Whtch is the requlred Fauner series expansion of the N
 given function in the given mtervgl '

S O UESTION 5:

—z(s. __ S‘ZBX*EM*":?")’

R -5

- Develop f(x) ina Fourier senes if deﬁned as.

- ‘,Lét-'f(-' )=E+Z a C°§“x+}b sin 'mt);_}( )

' :a ‘..._j" Cosnxdx

1<XSD
0<xsn

=l -

. .By Eu‘er $ Formulae we have

' nj (x)dx

2 .
R ) ) R Ly

=f_[f dx+—jf

e I 0)dx+~—j
:;saﬁ:0+-—u[x]u'

 ﬁ%%%@-m:y

=y =1 '

a, --j'f(x Cosnxdx

f>a -—jf(x )Cos nx dx + 1 f(x)Cos nxdx
. T T

-% e . Lt

1 (1 Cesnxdx

z
% [

a =o;,.1{sm,“.*] -0
G

m N

~ =.;jf(;4)sin'nxdx5 ST

-1,

S g
=b = 1 If{ )Sm nx dx+—If K)Sm nx dx. .

i -_‘E

-n

- =>b, == 1(0)5in nx dx+— }{1)Sin nxd
Il .n_[(_)&nnx ng( ) m.nxlx

=b, =0+1’j$m nx dx

::sf(x %+Z

=b, ——-—[Cm ng— —Cas 0] -
" onm

b=y

!?m’

b ?——( (-'1);):| 

nwn

R Putung the values In Eq El) we have
; f( ‘—-{+Z(a Cosnx+b Smnx)

L .
3 “Cos nx+1£1—-ﬂ)5i:§? nx Lo

- " I'l=l

ﬁ:)f(x] 1 1 (M]Smn? SIS
| 2 n& noC e
- ':>_f(#)-_=}-+l[-2-5in x+Z5in 3x+§5in5x4--i1.-.] L

2 ml 3 5 I

- ﬁéf(x);l+2[51nx+£5m3x+15m+ ------ ] |

T
Whu:h is the. requnred TFourier series representatlon :

" of the given function in the given mtewal

QUESTION 6:

n Fmd Ihe Fourler SETIES for the functmn f ( ) deﬁned as '

. 'f_: . | f (x) {x-i-ﬂ,

0337 '?'““*-=~y.---
~x-1; —n<x<0

} ':‘AAnd f(x+21c) f(x)

’ Lel;f(x —92—+Z{a Cosnx+b Snnx)—*—ar(l)

gt

By Eu!er s Farmulae we have
a;,, = I f(x d‘s: |

2, =~ J’f x)dm—— jf

7":"5:;":.«%%;;f(t“'f“}‘dﬁf;!‘("‘..*‘“’d?‘-'~

Ju B |
=3 = ;1{0 {_{__2:4-17.(%)}}%{ %:Z-fﬁ(n)-—ﬁ)



T2 i o s 3 i T

(b‘l\

R
el m
b_w 3P

]
k-1
]
Af=
—
s
—‘-‘\
,‘”
o
o
wr
=
]
O
e

n ’ " LT
I (x)Cos nx dx+= If )Cos nx dx

ST 48 ' ‘ \
L. Day= j(—x n)Cosnxdx-f- }(x+n)ﬂosnxdx

o 1 -3‘ Sm.nx -1 Smnx : s
=) (e —)— ha -»1 0 dx e
-] 2 e

LA |
<A sl Smnx A |
P PRI B PP = :

(e B
_ ::aan=—:;(0)+_—1- _Sinnxd;x+l ——ISm nxdx

Lo R

‘_l—Cosnx 1 —Cosnx .
" mnf n_-: _,;, nn I_‘l_- o

_—_——[C,osﬂ Cos nu]+———[Cosm; ~Cos0]

o =3 u-l-{-—CosmCes rm+ Cos - Cos 0]
: n ﬂ «

= a,= E:—[Z Cos rmj— 2Cos 0] :

b = f i d
b 'n_’[ (x).Sm.,nx X

1° : & T
= bn =— j f(x) Sin nx dx+~ jqx) Sin nx dx

=h =—I -i—n)Sm nxdx+ j(xﬂt Sinnxdx

SN (C- L) RVRINEE

n

n

*cb' = b; -,_[ 0+n Cos0- (—n+n)(:ns(-—nn

- f(s;)={

Chapfer No 6

b, -;ﬂz[(ﬁm)(}os n_x]‘: ol _fCos hx dx+

. ~—-—[ (x+m) Cosnx] +-—~ICosnxdx e

1 menx} -
] A
mt\_ noogL

~——[ n+n }Cos nz— (0+n)CosO]+-—-LsmnxJ- _
_ ‘ o

n

. --nl;(a O)-ﬁ;(ﬂ)w-ﬁ%@ﬁ(—n) n)+;}£(b) -
b, = o0 {21 1) 10
_;-ish_ [1 '2(;1)"»+1]

( ~(—1>) .

Puttmg the values in Eq (1) we have

| ,f‘ =——+Za Cosnx+Zb Sin nx

n=l nsi

!—+Z——-~( 1) 1)Cosnx+z (

)Sm nx

B - Which is the requu"ed Founer senes fm‘ the glven
- function in the given interval. . ‘

QUESTION 7 :
Obtain the Pourler series representmg the function.
0,, . fﬂ? Sxs0 .

. Sinx,_ 0sx<sm -

Let f{x) =—2—+Z a Cosnx+b Sin nx)———}(l)

_H—I.

By Euler’s Formulae, we have

. %

= [l

-1 .
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—a ci?f(x)ﬂx}i,}f{x)dx .
cRa T ’
1 2
:oa == jﬁdx+-—f$mxdx o
ﬂ_u _ ‘Ea )

-:e.;aw, ‘s-:ﬂi[cﬁs.w ~Cos0] .
- .lj,'_a" =:-E1-f—1"1]=§ .
[ 3] .
1%
=~ G d :
W.‘i {x)Cos nx dx o
' :,:wanssa-]f x)Cos mz\ch_1 jf(x)ﬁnsf'nmafc
L o ‘ﬂ_ﬂ .

L =8, -t j(@jCaé hxdx*—i_;]‘s&nxtﬂsnx dx-

‘ ﬂ;n - Ty S

>a, -ﬁ+ ZSmeasnxdx .
Zﬁm ,

Af‘

=a, =] _ﬂ: in n-ial)x—Smf n- 1)x}ﬂx

1 Cns(n+1 Eas(n l)x

1 [—Cm ZxL o
L omaEel—— L .
b . M .2.{ b .

" b, i] (x}Smnxdx |

} "whéré‘h;'é:i E

,n+1 . n#ﬂa n+l

- 1{ ﬂCns na-l ﬂ Cos(n 1}@] (-cgsﬂ casa

1 ) ( 1 1'-*-‘._ 3
n=—— Cosm: +
Esz[ n+1 -1 n+1 n- -1/

.
0

% *Fctrn lwehave

a aa]f x)Cosxdx
= If(x}ﬁmxdx+—jf Cﬂsxdx

. Sa, n-jfﬂ C@sxdx+—j$mxﬂosxdx ‘

-wheren#1|

=53, =d+if‘[25inxﬁnéxdx '
R ¥ E :

=a, 3!1= jSi;n Zx‘dx :

o

S i, :%‘[Cb;:g#jﬁas 0]

-
1!

o .
_1. J' Sm nxdx+= j x)Sinnxdx
ki X e g .

' ﬂ

**h =-——j Smnxdx+ memSmnxdx

- ”:5’ .bn -‘Eﬂ +~,— j?-Sm x.ﬁmm dx_ '

- ‘;ﬂ —n A)i-Cos(n+ 1) ]'

o _
T:}‘bn 21 Sm{n ﬂx .S:mfnﬂ] el
?’*‘f%‘“’-‘-‘?- .

Far n= 1 wehave

1 T '.' ‘- : - A-‘. ’_‘.
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-

I B N 1® R
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_7[ -

" =b, = ﬂ+-[xm x dx.

. 1 1 CﬂstJdD(

o l{x SmZx]
=b, =
2wl s



Now Eq (1) can be wntten as

; (x)aa+(a Cosx+b Sinx) +Z a, Cosnx+b Sm nx)
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A‘_,,,__>-,-.~=_, ey
> e R

‘ __-;,bl_z ' | o ' ag;!f( )Cz)smcdx

' - S g oo
=a, =—-jf (x)Cos nx dx+-1- If(x)Caé nx,dfc

puttmgthevalués wehavé e ':a ——J'xCxasnx dx+— IZ%—~ Cosnxdx .
B ’ ) : ; 1 1 - . N ’ ’ ’ -
.. =4 0C05n++—5mx+ Do : ;
)= O)Cesn gsinxs e _[ﬁm]”’ 1,&1)$iﬂ+mm MJ_ .
T _1 n - _'m f] 8 . g . - n : dn
Y ([Cns( )+1JCosnx+(O)S_m nx) ' S e
' . - nf Cos(nm)+1 : : . . ' L
or f(x]=1—1+-1-8ﬁ1x.+2(925(:ﬂ) Cos nx} _ . 1 g qm ,
: % T2 = oot )] ',:53“-4-4—(0 '-~_—-~_{Siﬂ:n'xtb{-k—[(]]é‘r—;1£ ISin nx dx '
:)f(x}:l—l—le&inﬂ 2 "oszw 2 Cusm+--gi-;] e oE an '
o __:;2 FaT 4“_-1, R S __d_[(—tosnx)} s [»Co_snx}
S| [ 1 1. 1. 7" ml. n onl- n -,
- Y= e __._C I PR
=>f( ) ﬂ+n Smx+[2z__Cest 71 08 4%+~ } oy ’ .
. Whlch is the- requlred FOUTIE!“ series repre«;entatmn ‘_?"_ ‘:?,a'l',n?n n[CD;B:E*(?DS o]~—l;;-[(2us - CQS mt]
] " of the given functmn in the gwen mterval T - ok e S
MOUESTION 5§ . o C e, —-;2—&[ 0s nn-C&;o_—CosZnn-{-Cus :m] o
“Find the Fourier series conespondmgtn the functmn R N 7 a1
. f(x) definedby e | . mnf;z;[(‘l) ~1-1+(-1) ] o
R A osamgfar-] 8-
2;1 X, MSX<In ) - : B n e ' ﬁ a '
- . LS ’ o 27 n . ‘ @ U
DLUTION S o :ba'nzﬂ[(—l). _1] = % .
g Letfx =3, aCosnx+b Smnx—r——él' T e = ¢
( 2 ; ) () T i 2((_1) :._1) % E -
By Eu!ersFarmu}ae,wehave L I R — < %

. N i: ) . z’: N - -
=a, =?1£ [rx)ax % ff(x)ax
' a1 B L]

R e Lt R | E P m  (Cosn)
SRR | S B ey | B 1[(2,; X)L:C_ﬂs_nﬂlzf pCosnm)
P T ST n ny ‘

i - : L

.::-'f 4 d ’ 7-- m ,
3 ﬂJ "‘f 7“ bn-.é_'-:;jf( )Smnxdx
. 0 .

1° FET
—I Smnxdx+~— If Sm nxdx ‘
PP 5 L ’
== |xdx+= {{2n-x)dx o r '
=, _n:f;[x‘ * 1:,!.(- x)x %IxSmnxdu I{Z‘E X) Smnxdx =
- 1 }{2 " 1 | . xz 1o ) ) - . o : ! ’ . ' ¥
g, == o | 4| 2R B - INE
;‘:.anl ﬂ[ Zl-‘.n{ X - Z]ﬂ ( __ ::»bn':.—-[x( Cos m:)I _1! (—Cos nx)dx+ 3
‘ S 4 n ny n

. % _ ='>hn zll-.—-'*—.[;lﬂCGSﬂﬂ-O]-l-_-L [Cos nxdx+
o on ‘ , . nm m;
== v : : ’ |

2h=3% _ SR ( 1)

[0 nCos nzi)= ICos nx dx
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. 1, . 1 menx 1, .w 1[Sinnx v Lioy-
: . ) L. L >a;= (0 + (0)—9
- éb" n‘( ) nzl n n( ) nm;[ n ],, ik ) n

S o =la, =0
o A s (1) B
oy, L B 2y . :

S nn mtn ..n )rm: a == If(x)Cosnxdx ‘
S e I o P Ta :

" Com oo iy dxt j? ) Cos nx &

L : =a =— os nx dx+— 05 nx dx -
,:’, . ‘ . L ﬂ‘: : N :
Puttingthevaluesin Eq{1) we-have e -=>a.. _1 I(x;_.]gm nxdx-i-lJ(E—-x)Casnx dx

S . . B B ﬂ—n 1;0 2 B , . i

x)-—+z aCusnx+b §innx) N S - T .
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- n o }ffxsE)S0 ——ju.o-_ & .
:—‘f(x):-‘i%- ‘ mn’ Cosnx+( )Smnx " affx \Sinnx] . Sin nx.
' it B S R »-t'-—f-v;x) —--IG 1 ~dx -
_ Qf(k):_i*;%ml T C'Off“_"‘ e (D)«— Sm nxdx+ﬂ(0)+-— Sin nx dx
: - : e . : o 0 :
=f(x )=E+Z[Z%CUSJ:—E-CUSSX—-Z—CQS5x+---5’-:-] oy, _“1[“505“" _{—Cdsnx}

a . 2 71 32 . 5 . E - ¥
R 1 T ;

:>f( )=E—-£[Cosx+—ﬁas3x+5 C@SSJH- ..J ‘ ._.:a =—[Coso-—€05(nn)]-—[(,osnn-Coso]

. Whichis the reqmredrFounersenes correspondmg o . >4 = i '[1_(_1) ]___[(_1) 1]
the given functlon e

SMOUESTION 9: ,

 Obtain the Fourier senes expansmn for F{x ) deﬁnéq-‘;‘” :a"“}rﬁ[z 2( 1y ]

.. asfollows. e 2(1_(_;1)-). : "i.‘_
S maiso T e PRI
=— f[x Smnxd
b ,JI il
. . 1Y |
e : : L S n:—jt‘( )Smnxdx+ Jf Smmﬁdx
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S - . o 1Y 1Y n o
"By Euler'sfermulae,wehave - : f=$h,,_=;I-(:Hz)Smnxdx+;j(§—x)5mnxdx _
. ‘aﬁ-—-n."f( )d" S S ___1x+_)(—Cosnx ‘_ 1j(1+ﬂ) —Cos nx P
. “?;"OA . R B - - v. - L 7 - 2 ‘n -','[ .n_‘ﬂ - n e .. .‘.
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:ban_-i'?(g'{“)ﬂx!{.lﬂj'[“'# dx . o A 1':0» . h .
CRagE— I ao e Joexgde e
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3 A0 2 T.onm 2. 2 b
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n'. Rlzoz o, mz 2 Co +—_—)[—C0$nﬂ~ﬁCoso]~é—ICosnxdx
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_ =>bn :Lé_-(ﬁ(—l} .)+“-((f1_3"'+'1)- |

Let f(

a-=—J'f' dx

1 1

]

= E“ = -Z}E[——'ll -

" - Putting the: values in 'Eq [1) \}iehaVe :
.- 1(x) -,—i—+2(‘a Co@nx&—b Sm nx)

| re‘!_-

g [2(1_(_1) )

- Cos nx+(c}5mnx |
nm ‘ .

 Which is the reqmred Founer series of f ( x).

B UESTION 10:

F‘ndthe Founer series to represent c
flx) ( ) 0<x<2m -

DLUTION

2 Sy Z(a Cos nx + h Sin nx)'—)(ll

bl -

By Eulel"s« Fm’mulae. we have

ma .

-Cosnx
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w .
an”—_f’z“-'
124 6
1.,
={a, =7
6
e ]

é“:%-i-!f( )Cosnxéx -

‘Zn' .

' ':::»a =1 _tl. R-T )Cosnxdx

= a :-;; !(‘n-— ;z)z Cos j;dx D

I | 1 l--"'zﬁnni)& g . -Si'n..nx '
',—3 . ‘%[(1?. x) - ]ﬂ ',‘”‘ii{' Z(Eix}. - dx

0]+—~I R-x) Sm nxdxr

ﬁ_[< )(-émﬂl ﬂ; nx)

T [—nﬁmsZm—ntosu]—-l}» Cosnxdx
' ) Znu o
-1, 1 FSmnx

ba—nzz_:zfg[d = ] 92
nn 2n'm| n _;,D
¥ 1 o
—|0
" 'n Znn[]’ 2’5"'0‘9
a;=-— AP »
in T
—_[ Smnxdx ' . 4‘,‘("‘
uﬁ . -8 ;

: 5 b " ‘,I 6 -Si“;“x.dx -

1 Zu F) o .,
y I(n-‘x) S.in nx dx
%, _

e

. 4;7‘[n custh -7 cose]——-» j'(n X cosnxdx

| ' Si Si
== ml- —u’] — Ln %) "’”"‘L ch[(::a 1)_“_'”&1
-1 { 0 o
=k =—0f0
—“‘v'bn 4_m:—‘) o 12( ISm nxdx

-1 [-ﬁosnx]
:;b-
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Putting the values in Eq {1), we have B
" f(x): a—+2(a Cos mc+b Sin nk)

. = o
:f(x):%fm-[%ﬁos nx+(0)5inn‘x} : '
L oy Cosnx
.;’f(x)“"l_z+ - ﬂz. , )
U1, e @ T Cos cﬂsax".i-'-‘
A fr—xY = | C s ORI
34(11: x)’ 1‘2+|_ 05 x+ =  +‘__‘?£2 + _l o

~ Which is the reqmred Fuurler series represantauon
‘ ﬂf the given functian ' ‘

QEIES-TION 11:‘

_ f( ) X7, U<x<21z anddeduoethatZ——%

]

Let {( *f*-2—+z Cus nx+b Sin nx)—+(1’) '
- a=l )
" By Euler’s Formulae we have P
2z .

' 3 ~;.=':;&'-f( )dx gy == J'x dx '

. 2m‘ . ' -
1 R T R '
I g Ay a'—'ﬁm- )
- ,t[g],, Wl e

=>ja, =—n
| 3 |
1'2::
a -»If(x)f.usnxdx
0
1, a4
=a_ = ——I L’nsnxdx
. L . o
'.-‘—z“anzl[x Smnx] --"1"j'____._..;':",‘‘Sm M ax
Steal m g :

Ty N

. ) u 14 .
T ;->’an=ﬁ—i#-fxsinnx"-dx '

| : :)a n;[x{acﬂ;nle +ﬁ% (1)['{43:!11?)@ .

=3, _—2~[xCos nx] —-2— JCos nxdx '
» n’n’. rn] '

Find the Fourier series expansion for f( x}, if.

>a, = [zncﬂsznn-o]-T
n SII R

21&" ,’-|

rm:

| _Chapfer' No.6

2 [Sm nﬂ _

LU

'-x’( f%os nx)]zl_l .%(rCc:snx Ix
n b Ty AN

n

| -:b =-—[41r2(2352nn ﬂ] ' hf Cosnxdx *
. ? .o .

g Puttmg the values inEq (1) we have ‘.
| f{x “_*'Z a,Cos nx+b, Sin 1ix)

n=l

' 4:1 3 Z[——Cas nx —-;;Sin nx)

n=}

Cas nx &S
= =T+4Z _41{2 in nx

1 D

L g 2 xSmnx 27 ISmnx
b, =——t— |~ |——dx
S -411 ‘
" :>b '~—-«+0—-—- -ISm nxdx
g 2 [-Cosux g
b, s 5 | LOSTX |
no.n'gl” n |
C w2 oy
=b, =— +T[Cos“2nn_—i:os 0]
‘ —4% '
::sb ——r-—-+ﬂ
=
N R 1 L
AR N L1 B
L. mwooo [}
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Sin2x Sin3x

-4-_::[Sinx+"_2 + 3 +]__}(2) v

- Wh!ch is the requlred Founer series representation
of the given function in the given interval. '

Clearly x=0,2n are the. _points of < jump - -

discontinuities of the function.

Putting x=0 i in F.q [2} we have o
f(O)_E__+4 C»O 0 Eﬂ-}.@ﬂ.}. .|-7
| KX 2 32
-41t|:5m 0+——S';0'§-—-——51:D_ »} S

- ”f“’.’“is"-.*‘;‘[‘*%?*s““‘i" ;
By Dirichlet conditions, we. haife -
: . hmfx-flimf S
o
. 2
-l R
z .
:f(ﬂ):i:—-#m’ ‘
= £(0)=2n .
Putting it in Eq f3}, we have

thh is the required result.

: We get same result by putting X=27 in Eq [2) '

- and then using Dirichlet conditions. -

JouesTion 12:

Find a Fourier series-to . represent X~ x from

- X=-mtox=% and ﬂeduce that

Let i’(x):'xwx2 =&

8 L

Z(a Cos nx+b Sin nx)— (1)

-‘By Euler’s Formulae, we havé -

L
a,? ﬂ{f( )Césnxdx

T m't

 ma =
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. =a =-Ix x Cosm:dx

.-ﬁ‘
2

LY _aSinnxT 1% sinax
aan‘—m[(x xl)‘n .L ni(_l- 2x) . dx

WL (0 2)(—Casnx)dx' |
:an' 30-}- -nT“-{(l—Zﬂ)Cmnﬂ_(l_'_zﬂ)cos(_nﬁ)]_*_ ] 4. -

2%
_-F«—-'fC’osnxdx
B

5 =m[;ggtﬁ zg;cQsmt- ,Ces{' ZnCosmt]
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n’al n |,
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B

of#

+0 N - o e

—4 Cnsm
2

- =4
Thus fa, =~-Cosnn
. ) n '

. '1'1! e -
b, ﬂ_{ (x)Sin nx dx



;hnééj-x—'x’)smnxdix
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"
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M:{l zx)C&smdx

«9--3~ _{(1 Zx)ﬁosmdt
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. 1 r" ' . x N
=b :-—{ZnCosm:ﬁnu-j#-i {1 —-Zx}gip——i] G
ne R A T e
L I(Ouz)'ﬁuﬁ'ﬂx dx'.
G :
b =:£Cbsn +-}——[ﬂ} —-2-? Sinnx di SR
L nzﬁ ﬂz :
. o aw . . .
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: _n nw dx JL;:
2 w -
|~ Y— SR ¥ o -
-:sb - Fﬂsn# 1[ ?srm Casn(" )j 3
2 2 S
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2 ' - L N
.:»b -—Lusmt—-—*—*-(% e e
T-hu-é b, =:—~—Casnﬁ o -

N : _Puttfng the values in Fq (i} we have

B=1

7 £{x) *—2*«-1-2(3 CasmH—h bmnx)

1. \ -
=X «-x 32 -+ Zg Cosnn.ﬂosnx - ——Cosnm Smnx) _
n ).

. u:sl .
eyl 426951% Cosnn _72 Cmmn Smnx
. . =1 n + R=t N !1
Cus‘n: Snsx Cnslu. szﬂ
1 (, B 22 -
Casm&;ssx Cosf}*n: Coséw
32 42 . j

: _gj CosmSinx _Cos2r. Sin2x . Cos3m, Sindu N Cosdm.Sindx . |
‘ el oma jx Sinx. Cosnxdx = =t jx Binx. Casnx dx

T T R

!;?D:snx)dx
C.oor

X-x = ~-+4
KR 3

:jb =~——[nCasmt~n ,Cosﬁ’«mCusmm’Eesﬁn] -

Chapter Na 6

., —.né [ -Cosx  Cos2x C@sEx Cos-h } '
: + ¥
3 L F T F T E
Sin2x Sin3x  Sindx 1
v [ Qulablolickil SO
'z 3 & j

ro
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ettt Yottt 4 }
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 which is the require Fourier series representation of .
the given function in the given interval. .
Serting x=0 in Eq (2) we have

T e O i e e — e e w A R &

| Which is the requis ed result.

QUESTION 13:

. Expand f( ) xSnm,0< x<2nina Fwner series,

smumm |

(mfen that (x) - xSinx, 0.5 ‘z g 2‘1

- Byl Euler's fﬂrmula, we have

an;fﬁjf{x}-dx- B
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R

: :-;a,,:-.JxS‘;nxdx
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nl-'

A [{Cos(n+1) Cos(n_l_)x][- ,
=a, =—|x . S LR | R
»_.,2n i n+1 n-1 _
1 Cus(n+1)x Cos(n 1) " ' |
- 211 ﬂ+1 L n 1 ; X
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. s
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Sin 2%1 .

=a, =%[2n€os 4u—0]+ﬁ[

4_1.2» 4n

© b, == |f(x)Sin nk dx =3
= .‘—'v".b,;Elfx‘Sinx.Sfi‘nanx L % =
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- T '

H )(gln(n 1)x ‘ Sm(z‘w-l)]dx

: 21:0‘ on-1 n+l
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b, =0- 1. [~Cos{n l)x._'
e I T
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Zu(n ~-1)

S : ;[CnsZn-'Cas()]

- 2n(n+1) f‘ _ o
1 {Cuszn—t:ose}- _[Cos2n-Cos0] -
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b, = {- _{ % Simx. Sin x dx

T4l
=b, = —}‘-jvzbmxdx
: T oy r-'
i 1“ . i ‘
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2
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-

- "E;cpand the fai]owmg funttion in Founer serws

. f{x)=x, if-n<x<0
- =2k, #o<x<n
SOLUTION:

By Euler’s Formulae, we have

nx+2b Smnx h
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| b“:;t- If(x]Sinnx d
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" Thusib = 3( ) -

Hence the required Fourier Series is

f( "*"2"4-2 a,Cosnx+b Smnx) -

asl

)= [( U1 s 22 'smnx];_

4 =T n'n . n-

.‘. | '}t 1 - ‘f‘(_r_l)n ”'1‘\ ’ . ( 1)“41

ﬁﬁzl“k. l't. J ' usl n

. '.Expand the followmg functmn ind Founer series
fx)=x, -mEX<R

BNS0LUTION: I
"By Euler’s Farmulae we have

" a, =:=—_[f x\dx

‘Thus ( —1)

~—— | Cosnx + BmeSmnx ,

=2, =; ]xzdx
1"-xaT -I -, ,
==l 3 ), wl? ]
SEINEE S
s ;
3

Thusau=-“% -

1 N
o = {f{x)C d
2, Ei()osnx X

= o s -

| »af;?.a;,,:—ffﬁ’Cﬂsmdx B

B b ] L

o ﬂﬁ _.ﬁ }_J-i: .5 a
=a,=0+ ;z‘,;[x EQWEE” ) T[ ‘n L
20, |
aanﬁ'ﬁ[zm("l) ]—ﬂ |
4n —1 4 1“
e ( y ¥ 2)
~ . n u I

-B
: l I Smnx dx
. n u

i::bn-'-*'—'ﬂj'xISinhﬁiﬁx N
Sty Lt o

b g (.LW)]?". 4o tu_.__”_.c‘f‘s_"_," Jo
: ) . .n n " ﬂ . n o

%

=0, w[x EnsnxT +

6 - 3

= jx Cosnx dx
Nz ;

b, i[xz Cosnx % Cosmc]+ --[x SmnxJ" ¥

n -

27 J»( 1\iSnmx dx

’

w7 T
_hl i 2 l 2 '-m ‘z" "
=, = m[ﬁ]f m{ﬁ]ﬂ- szl Sinnxdx
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2 [Cosnx T - o " To Fmd the Fourier series for f(x)in-P<x<P,
=.-.b 040+ ————[ ] R S IR |
n'zl noJ, We replace thy —x in (2) and get . '

b ,;_-__[Cosnx] ——[o] é _. .. - _- | f{x)= ( )

.Thus- . ) f;(a c“s[ ]H’ Sl( P.Df’(?)

where
Hence the required Fourler series s S B : ,
' =L o[ ™ \cos Eﬂj‘de—l+ '
f(x)~—2-+z (a.Cosnx+b Smnx) %= ?g P Plp P
n=l. ‘ L. . - )

Cosnx+0 Smnx]

. -_+Z[

FUNCTIO\‘? HAVING ARH!TRARY PFRIUDS
Some times we reqmre Fourier series representation .
-of a function oveian interval of Iength different from
- 2r. In such cases, the intefval of arbitrary length is
_converted into one of length Zn by sultable.

P then the correspondmg Euler’s formulae are

“substitution, . ) a 21 If(x)Cos(—-—-—J dx, n‘=0,1,2,3,-~---
Let a function f(x) with period 2P be .g!eﬁned over-. |
the interval ~P<x<P, where p is any +ve number »

1 : 4 -V ----- l - '-.. v
we introduce a new variable "t' to change f(x) e | b, P !f(x_)sm( P )dx L -

g(t) w1th period 2n. For th;s purpose we let - : | o o
t P S Expand into Fourier series f{x)=x2, —l<x<l .

X-
- Z=—orx=—tthen . oL L
P @ . FSOLUTION:

. f(x)=f(£t}=g(t)—--)(1) L .- Goven that f(xjﬂx’ - texeln
-l : SRR -Herepenod*ZP 1- (—1) 1+1= 2:>-
- Now g(t+2n) ( (t+2n)] e 'I‘heFourlerseriesofthefunctmn f(x) is

o .-._g(.t'+zn)‘ f[-;+2;’) _  | S 'f‘("‘--_ffé(a COS( F _)+bSl,( PD .

(p - . Putting p=1, we have

g(t'+2u)=f(;) (e hsafunctwnofpenodZP] A e, .
S : — 9 - .

o : : f(x =—2.-+Z a,Cosnmx +b, Sinnmx)}——(1)

feezmmgly) (By0) . - o P

h Thus g(t+2;_m) g(t). -1|:<c<u N Where aa——jf
Showing‘that'g( )haspenod m R . L .
) HencetheFounersenescorrespondmgto g( ) is . : :ao._:% J’xzdx;{%J ':%[(1)37(_1)3]
. ’ T S R
gl ..—-+ aCosnt+b mnt~+2 o I
-8 ;( St ) ¢ ) sl
Where a, =~ Cosntdt ‘n= 812 o
, Ig _ Thus ao=:§
¥

And bn=;fs(t)81nnt.dt- R =1']£(;)cos(zfé«.)dx
- -;» - R | . -n'PPv‘, P



. ~i L B
: R T e
| L W_— S I R
f-_fdaum[;x,f..mfm L -jx.Smn.gxm; |
o («Cosnm:} ‘1(—Easmx)
= R
_ om|  nx ' nﬁh nn
N 2 () |
- =pa, =04+ xmsnm Y Lusmtxﬁx
_'!__ nﬂt ]1 gﬁx}
o2 ! ~Sinnsx |
A, = z[icnsm] a—;-[
T i nfit| - nw i)

g = 2 =-E-.[3(:~i)','-};;~3—[5mnﬁx]

BT L S _.‘.

na

J ‘Eﬂs_{hnﬁ]‘t}: _ ]- zx(-»r»s[mzx))

:.’.rb ,;é-[x Cosmm]_ +——-—_fx€asmdx |

i ] gftmme

¥imt
; 2 [“Cosnux
b =0- [ - 1 —
= *’ o zla] o 25’ T ]1

h = "*‘;{kﬁﬁa ﬁﬂ}

b, =?E;[Ca§nx ~Cosn|= E%Ef‘ 0) ={

N "@u;umw

. l'“hﬂpfer Ma& 7

' Putting the values in [1), we have

. f(x) =§1Zaﬂasmm+h Sinmx) - - g
-1‘ N

- ? § 2‘[...._,_ f‘mlm+{o\5"mm}' -

et

E_x;f_“‘lqm(zﬂﬁ\}, .' ﬂ{xff
o2 mgs A 8 )

Let F{x)———x, . ﬂs:xéff: _' -

A
R Hempermd ngf—ﬁﬁzf' fﬁp"’“z'

- The Famrier series of thfe function f{x) in B<x< <z

fﬁ’*);"*ﬁ[a fés }-b Sm(-_“

n=l

2 _‘=-§ra]:a

Thus: l;:] ’

—-Iﬂx Cos(——-jﬁx" o

1, ; B
=2, = ,,lf évx)ﬁas[ﬂ)éx
;/2@ 2 Log
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\ - - ! B e
[E - X)S‘“(T ) 9 (0‘ 1) 51“("8—'}31‘ Obtain the Fourier series for

" 2nm T f(x).—. Lo for -1<x<0
(___,) : N |x#2, forD<x<l

. .:bau'=-—1~[o]+gx-_i- :Sin(sﬂﬂ—i)dx . _.-- Giventhat °
: nwt £ 2emiy £ ) -

: : - o [xe. . for=1<xso |
oo (2nm}] ’ =15 oroexst
_COS(T) . ‘ T lx+2 for0exs R
' ... Hereperiod =2P=1-(-1)= 1+1=2=::>ﬁ‘

The required Fourier series of f{x} s,

Zt'mx” 'fx=_+ aEOS )_’_hsn(nm)) .
lz:. =0’ x)=2* 24 (P b -

. Putting? lwehave

. m)dx - ‘ | f(x) _ H—E-+“Z=l(a Cusnmﬁb Smnux) (1)
“Lp J - . Whereaﬂ=F__£f(Xﬁx y
::a,,ls— j'f(x)dx o (ep=l)
= If(x dx+j'f

= = IXd&*I!H‘Z

s =’-%%4=1w4~<_%1ﬂ+-[%ﬁ+é;<i>¢<~"—-"--rzza)-}-jf' i

=b —2 - 2 |.E%m ] : :
ne- nn 2N Thus
=b, = B B o
th 2a’nt T 2mm . . cor e A== ff(x Cos( )dx
T onm L _:>a“_=——jf(x)=(:ﬂs(nnx}dx - (wp=1)
,.Pumngthevaluesin[x)wehave ' ’ e B S

£_x—§_+ (a Cus(%m)w Si (ZIT‘D o =a,= [i{x)Cos(nmx)dx+ jf(x)ﬂ-os(nnx)dg D
. a=l - S L. . e . -

_»‘_:é,_-x%q,é[(ﬂ).c ﬁ[z?x} E;t;_ S [E%ﬂi)) | _- :;»,g_".=.:!'xCgs(nﬂx)dxa»n](ﬁz_)f:os(_nnx};lx

£ 2nmx
S } &
5 X= z :Sin ( 7 )

Which is the requtred result.



g

- _:'b,‘-i=

=b

N

1

%I%tx>sm<n%%;>éxi,’ )

U T |
_[f(x sin(nmx) dx+ [i(x) Sm(nmt)d ‘
Lo o o

ke

[X(fc"’?(m))} -]

r(l)(}-Cosj(m_tX))d'

B 1

X

.\ {(xﬁ)(_cgs(nnx))} ‘5(1+0)( Cos(m?:)) i

: [x Sin( “ﬂx}q o Sm nmx)
=a,= j
. L0 |
Jﬁ%ﬂﬂﬂ¢ﬁﬂ%ﬁﬂﬁ
S n:n m..'u i nﬁ
=0-— o Llonmds -
:%a | nn:!Sn‘( mx)+ _ nn';,[ lj‘(nnx;)dx S
NP LT .
_ﬂa;%ﬁﬂ@lgfﬁﬁ@l 2
. . nn nn 1 nm nﬂ, B
- >a,=0-0=0 . - L
Thus - _
U )
EVIPR. T

1
©on ’ o1 ' ' :
b= jx Sin{nux)dx + I x+2)Sih(i1m;) dx- -
=1 e -

Ox,

b; =i[x Coé(rﬁm ]:-f “‘1’ -?Cgs(ﬁme)cix t

=b, ————-[0+Ccsmc +—

'l'lTE

TE[?chrsmt 2CosO]+—-—\:

——[ (x+2) Cos (nnx :| +-—J'Cos m'cx)dx

[Sm( ) [

J+
nn L

}1

ﬂ

. ;-, ._%f(x +_z[

| f{x ) in'the given mterval

s “Expand into Foug;r senes the funmon :
o ‘f(x)=x.-_'- 0<x<1 ‘
RsoLuTIoN: I

'uGiv‘en"that f( X)=X, 0€x<-1 )

- Hereperlod =2P=1-0=>2P= 1:;' '

Putting the values in (1), we have

;ﬂ=*QkM“W”@4M)

1+Z( lCos

n-l

2 ) . \ .
| ?1?:‘(_;1‘.2(-1)".)&11(9@)] N
}Sm(mtx)

JOR -

Sinmx ZSiHZ’ﬂ:‘+§Sin3nx—1Si'n4nx+ -

|3

B (X,),=_ 1+ L
ZSinSRx —~=Sin6mx +..
5 6

which s the requlred Founer senes repr esent ation of

. The requlred seriesin gwen by "

f _l—,—_—+§(a Cos( > J+b sm(n?))-”__

ammm”mmmwmﬁhﬂ

=a, .—.zijQS(Znnx)dé' , (..p_ 1)
. e - Ty
. . o _ :
e Z\ix. Sin (_Znnx)i\ - 2‘}-(1) S_l‘n(zrmx)
I . D ﬂ

© 2am - -dx
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Za ;—[x.ﬁm Zm ] —-——ISm o) :}f('x)=%i-i(iﬁ%{ﬁﬂ).%hnSin'(ﬁ‘;cx))—i{l) {+P=1) |
' ¢ o 1:;":!- ’
=3, _—.._1_[ ] 17 }. _ ns(anc)i} o o : Where'aﬂ;-F; -f(x)_da.
nn n_mc];_ 2nm ¢ v

Sa, —u+*—*—fcas 2nM~)] o LDy ﬂ(z’“’lld (wP=1).
. ) ’ o s

2

- . . ¥ : E . .;z.-,‘ :
=a, 2 - 2[ll‘::-sZrm Cusﬂ]s———fﬂ—i—[l -1]=0 - =, {QLHL o

2 g
" Thus 2, =0 _ : s ; ,
| A :-,sa“z[xzﬂ}l‘:-_-(_z)z'«ez—i}?—;ﬁ-'4,
If(x)Sm( )dx fa, = o
. :_. T 1.” m:x
:abﬂ’sgfxiin Znnx)zdx('."P:%) o v 3, 7 :(?‘)EMS(T}‘I"' . N
_ :>b oly -cas‘(me), 2‘(1¥ ~cqs(2n¢)-"£s' - mas %f(ZxH)Eus(nm)dx (eP=1)
ng A am, - - L ' -
- PO ' ;.1 " S [ ;‘S-in{nm:) ' zf{2'+ﬂ)5in{m).
N SPVTPu s - | al L =a, = {20+ 1)——t| =~ P Ly
éb,,-ﬁ[xggs(an)]?lfm!@s(l{nﬂ)@ oo T L( ;. |, = mo
_ _ 1 L1 Sin(nmx) | - -=..‘.._,._, inln S_E.Ec’ﬁ_(m“fl"
: -:}.bh =—B;[€052nn—0]*-—n;[—-—&;‘—ll | - ?-3‘3,.. 0 nm g jSm(nm)dx u[ nn -
. - . | ' . I N _. 2 - : ®
o pe o (a =a, cz;mco =0
T A S X \ i
. Co=14 o . . :_ o . . . , N
g . ' e bnz“l‘[f(x);s:n(%de
Puttmgthevaluesin (1],we have = R TRNC N 40 E B
f(x u——+2{a Cas(Znﬂx)+h Sm(an:)) o =b; %I{ZHI}Sm( }dzf { P 1) S
o T 0 ' o
o wzfF,(‘.“":"‘S‘Z“’“""us‘“‘z“”}] ROEY Jtzx.n_.>{:“‘:°-?(*?’m ’r(m)( )
B ,:xz-é--zc—-i—&n@nﬂx} - o I
. ﬁ-i . __1 ) -2 2 3 -
= b, = {2x-+1}Cos{nnx) | r"'— Cos{mnx jdx
:H~-—-—Z—Sm thx) N “"U ' ) ( 'ﬂ” } ( )
, 2 magn - o -
| | T = ﬁ“-[SCos?nE cmapi Sin(uimy) |-
_.-Expand inte. Fuurwrserwsthe fupction . o0 T om S R an J
f s S R Ll
. () 2x+1, . O<x<2 L f.:a:vbnﬂ-—-{S'—l]+0=—£
B <01.u7 10 [N S R T
». Gwenthatf( ) 2x+1, D<x<2 C e -"Thus ib- __i -
Herepenmd =2P=2-0= 2::»{ I . L. 0on
The required Fourier series of f(x) is o .. Putting the values in Eq (1), wehave

0 o Enan(rm]) Rl bsntm)

dx . ¢



= ‘éx +1=3+ 2(0 Cos(nmx) +‘,;:E)Sm(nm)} :

2 tls 3+Z—f1—35m(nﬂx)

n=l o

"-:.>2x+1 3——Z—Sm mzx) {ms. e
a=1

A -The Sook answer is wrtmg._, '

R ESTION 2]

. Expand f(x) in Fourier series in the interval (—Z 2)

IR (| N L =2<x%0
- "‘when f(x)={1. D<x<2

RN Given that
oy 18 --2<x<0
e f--(f‘) *"{1. "0<x<2 .

' Here nennd =2P=2- (-—2)::» 2= 4=>-
* The requxred Founer series of f(x x).is '

-. f(x): '_'—TE(E COS[ )+b sm( ?)} 'Q.“:

:;f(x)=-321+g(a Ccs[ )+b Sm( szn——i(l] |

P

Where a, = ; I f(x)dx | V‘

_ . - . _

: 1% o s
N

-2 )
: _ *1“.- 13
' .:}.?"a‘zf‘_!‘ 26[
1
=a, ==

2? dx+—j1 dx

~

e

:,~a“ %15(:{)(‘.@5[3?)&% | (P=Z)
Sl

%j o ’dx)-i-— !( )cos( )dx

‘ ' 12‘_ DX |,
‘~:>an—0+-2-jCosL——-dx

2)

1 1
=>a, == = ]
2 nn n7
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23 N
=>'»b,; =--;- szf(x) sm(??-")m %EZ[fl(x) Sin (P—ﬂ—x-)dx
=b, = %1(0)5111(-—"—?)@ ok j'(l)

. =b .-=-_—T£‘[Cbsn#—Cosﬂ]-'

| .=.T>b =— 1[(—1) -1]

. hn

|".'"

Thus. b --_-—»[ (-1f 1

e

SOLUTION:

)

L

- Putting the values in Eq (1) we have

il gfoe{pECh{=)
:f(x)-%%ﬁ%%ﬁ}ﬁ{__w L
il

Firid'a Fourier series for f(x)= X2

2nx -2 (Smc) ;
—— 14+ =Sinj — [+
2) 5 \ 2

1 (S’ﬁx) ]
+=Sin{ == [+~
5 2 ,



 Here f{x)zx C1ex<2

. t
‘To make the period 2r, we set b

, r
2 32 " ’
. ty [t t
= == | me—w =gt
.Then f(x) (ZnJ (2“) v.*ﬂ’ E{)
Thus g(t} ﬁ'f('szEZq? 2n<t <4n

The Fourier serles of g(t) is

g(t)= 5 +Z(a Cosnt+h Smnt) (1)‘ -

S & nsl . . '
Where gy == fg(t)dt

| l-iu- 2

8, =~ m)ﬂsg nt dt

1 ¢ I e
‘-’%—;;s[tal i

.'»—_:ﬁé 135:3[(4“) (27"')3]

v

1 3
%a& IZIr’[MM -Eﬂ:} | -
' 1 65 - 14 c
T G5 | ezt . .
=% IZRS[ ] 12 3 L
_Thus.'an_ﬁ‘ -
= jg(t Cosmt dl’ ,;_‘;.'.'
L ‘ " 4;: tz‘ - R SR
C=a s~ -‘immdt
. ﬁz::4 '
: -
- ,
"{_}an = Iﬂ;{!t Casm; dt

: :éa - 1 IS Smnt j-Zt Smm ;
SRR Y1 }zﬁm? "

.’-:5'3,@ =ﬂ-‘—"2—5Jt Si-ﬁnt dt |

-W

SENINNRIEON (rIPURRC f—Cosnt‘) ,.
; _:}a"—Z'nﬁz[t(T)J +2nn I( )t B jd - .

RN E - gﬂtﬁﬂsnt] ; jrm-s-ntﬁt

! Smnt
mt:os‘}m\s Zml: 2nn —
[ 05 2n ] = n‘s[

»m 2“2 3 f

:?b —--e—(12w3)+0
. T -

=b, = —-{tz CnsntL_ +—-.-—s- It Cosnt dt

| =>h a-——-[mn c:mm wt:osznx]

b-*ﬁ [1&»: «m] 1 {xSinat +
Zrm? no

L(I)Smnt

Z

Zmz

ment dt

Puttmg the valuas in Eq {1) we have
t}-=~—-a+z (2,Costit + b,Sinnt) - -

n=l

- :}g(t):zsk%( o Cmnb-%Simjt].. | A

s=]

gl t)=—+v—*zf—6‘annt~—§—=Smnt———+(2)

Replacing t by 2rx in Eq {2), we have

jt Cosnt dt .



|
g(-z:';x)zs..-.};z.gn COS(Em’EX -—-—Z—-Sm an() DR
x2=1+._li_1_.c (Zn —--EmSm 2mtx)
3 ﬁ:zn;l l‘lz _ ‘ ) n-m . )

JovisTion 4:
'Expand f( )—
(e o
| _Gwenthat ST
. t(x) X - x, . —1<x<1
Here period =2P=1~

:>2P 2:>-

“The required Founer senes is -

n=l

| T f(x :I-_‘_2.+Za C§s( ? )+h Sn( P} ) |

. ::@f(x) %*‘;a-so, —P—)+b Sm(nnx)—a(_lh)

. Where

- p=1)
EPEE o

Thus _
o %3(, ool o
. - =8, —f{

( P';j) ,

) )Cos(mtx)d% |
:a“-z[(x_x )@ﬁ?)] {( .2 )Sm(m)

. . 7 _”1 1 Coa
"=va =0--— [{1- o) dx o

=a =

nm nm .

r . ¢
=a —Cosnn 3Cosnm |
. o]

e

~x*&sa Fq-u:"ier serie's in the interval

[

sl +z(

= {1-2;)“*-——(@5(“@)}1 '+l?(d-é)—~——‘*°5§(““)) -.
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ey
e

..1 *

:»bn = ](x-—-—x"’ Sin(nm()dxn
. . ;l

| , | :b —,;%[(x ~X )ﬂaé nmx) l +-——_[ Cos(nnx)d“ | |

B4

.- b -—*[0;2&;5 m: ]+_[1 2x)5m(nmc)] . .
I
T_l;,(o_z)SIH_(nnx) dx -
nR nm
io ’ - "*‘2(‘_1)n | 2 :
. _' =b, = - +0+n2x" :!Sm( )dx
‘ i+l - y i
=b, =2(‘1)' + ZJ— -Cﬁs‘lm.mx)
. I.nn - nz‘.TEfL _ nn _!.‘
Lo 2‘“1 T‘I*I-I 2 r - 4
| =5 h,, =-—(mn;xz—.—ﬁl:c05(ﬂﬂx)ll .
- ' _ nel . .
P
. 0
' ’ . - An+1
Thus-{b, '-_;g( 1_)
nm

Putting the values | in Eq (1), we have
fx _3+Z{a Fos(nm)+b Sm(mn:))

n—l

l1+1

Cos(x;m) ﬂllgism(mq
Ll)pﬂ " i n+l

1 4 Cos mcx Sm rm

pry
E =l

QUE‘ITION 5

Develop f] (x} in a Fourier series in the interval (ﬂ 2)

,‘ l”( )-: xf. 0<x<1
: 0, .1<x<2

ﬂLUTf ON: Gwen that

‘—“5‘3!!)("
nel



s

. =, = ff(x)dx
. [

~f(x)=d” )
. _{x) {[J, - l«xx<2

Here period = 2P =2-0=225 [F=7]

- The required Fourier series is

f __,_+ZaCus( J+bSm(n;xJ

o=} *

Where (p= 1)

,_—;_jf

:::-f( | -i'--r-Za Cos{amx)+b, Su.n(nm)—a(I)

bﬁ%g

>3, --:j-'f(x):dx_-!- ?f-(x)dx -

St 7 -
L Sa, = *xdx+fﬁdx'
e i

_ [xSm mtxJ: ll-(l)Sm( +0

A - |

1
‘::»a;n_-—:n;;rx Sm nm:)] -~ISm(tmx

Comt T oanl g

=

=a ;?}E[CBS(HM)]:_ .

>a, ==X fCosnn-Cos o]
=3, nz_{Cusm_Cﬁs:ﬂ] _

_ manxi[b];il.(“ﬁ—cos( - ))Jl ' .

,3._

” -ﬁf(x -~—+Z[(

'=j.' (x)slm nmc)dx

o

é
1
b = If(x)Sm(mx)dHff(x Sm nﬂ:x)dx
o
; ,
= J' Sm (nrx)dx+ f( f ﬂ)&m mtx)d

[ Cns(nm))l r(I)(-{cs(nnx))d-_
L .: -

n® i nr-

Il

=b, % i;{[” CDS(“M)}; +. !%i !Cus( n__ﬁ)dx

S S . , "1
=b, zj[cms"muﬁ]'+ i{______&n(nm_) l
g ol - nm ‘

‘ I':Puttmg the valuas in F.q ( 1), we. havze

(x)a—‘r}:(a Cos{ m)+b Sm{mx))

n=]

fi=1

st"-ﬂ. , Tomy
-1 1 -2

VR T

;-lﬁsin('m)~—Sm(2ux)+—5m(3"tx)“*15i“( ) ‘

:f( - )_ % _ ﬂzz [ COS(TEX) Cus(Sm) Cosg;smg)i"-m”}_

1? 3F

. ,;;[Sin(m)_Sin@ﬁx)ﬁi"(?m)jﬁ‘_{‘iﬁ)j )

1 2 3 Tt

)Cés.:mx)ﬂr—-—)f—Sm (nmx) ] -

Cns(m)#-lz(—:}‘iﬁn(nm)
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(e
-..f(x =€, '-'?f‘<'x<£ _
Here period =2P={~(-. } 2=5P= F
- The required Fourier series is

X]"“ﬁ Z(a C.us( 5 )4 b Sm{“’s"D .

L2

n=1

:E _Ezg,tz[a Cﬂs{ ; )+h smtwp%[j‘)l, !

’ . P
Where 2, =2 Jf(x)ds .
I

' 1% ...
D=y jend

. T o
P

Let | e"‘Cus dx
,g‘J (ej

£ ) (amx)
.« -smtﬂﬁ—’f) —eSmL?E—x-) .
AL _f - ﬂ d

ol =e

PRSI P P S . mm' e (m'}'
-, Ay e ] me—e ™, S| - “Cos| —
' :}[rfn’ ]I’ mze ( J [ ]

o - (o . £ fmrx) !
>, mp—ile™ S @ Cosj— ] ..
; %,‘;n*’#‘f%ﬁ L ) Zn’h’!’ R 25 A

.
e nn
ge* (omx) €[ rmx}l
= |, = ——-Sif} —— |~} & . L8 — |
= .,._ s ln(.ﬁ ] _nzﬁzl._ Qf ? 1
# o (mtx o D
S Cosl ~——ldx.. - foL
' I L€ } * . )
iy ( £ oo () &
I =——e*.5in| —— - ——e7". (o} = {-——=1,
T 1 ( ¢ ) n'n ( 4 } n'e |
L =-e".5m:--'—— - "‘Eus —_
h wE o “ﬁz ¢ )

Cos(xm‘x) _ Elm e 5 {nm}+

4 +£ - g op
& nAX -

S .e’*.c.u?s —s

i 4 g [ ﬁ] ‘

fe'“ CUS[ = ld =ﬂ—- e-‘*sm[-_miJ
T e T

| 0y ’
SELA, Py
T A ( t H

—

. _
= 'Ie Eos[ )dx- 3 af+ ez[e"Sm rm' +e‘5m(mt,]

[e ‘Cus m;) "Easm 1"

"nl’n 1+ S
o el Jaro- L ofercor ]

fj *"t:;s(f”;")d;. 20(-1) Te! e ]

n’n +E*{ 2

=

|  =:- j’ "Cuis(-g )d_x—zf( Y i whe’

n’nt s

¢

o e o P Yo 22)
:f-{e Cas( 7 )dx- S eszhE

o uy
:a,_aﬁs nzﬂ‘+£2 Smhf

{8y Eq ("1))_" "




¢, _‘ ,Where ( 2)
‘ = j ”‘Sm(n:de
: _g.ll m:T
E ‘“"nzﬂw[ 5“( : }
. - ..
- - t’rme :
L= le™ Sy ——2 |
3 I {7

dx = ;*-——-[e Casmn e’Cosnn] 0

:}% ‘[e;“Sin |

el -]

. 2n o
::*3 b,.'-‘-“TW 31!11113 .

'Puttmg the values in Eq (A) we have - N
n7x

J==4+¥ag b,.S
..iﬂ os( _)Z . m(e]

fo :)e_x___Sthg Z 2[(~—~1) Smhf Cos(m;x) .- B

¢ Entmlae

' nwx
+Z o 2”2 SmhlSm( : )

S ore —-M—+2£’Smh£’2

o {nmx
.Cos
min'm +€2 ( 4 J

S (-1)" o
+2m, SmhzZ——J-_ Sin| “""] . Ans
..,lnn+£ L
QUFST[ON”’ ' s
‘Expand into Founer series.
_ 0, ~2<x<-1
f(x)= k, -1<x<1
0, 1<x<2

SOLUT!OM Given that

0. 2exe-t
Hx)=ik, -1<x<1

S8, 1<x<2
;",_ Herepermd =2P= 2—(—2):—:»21’ 4::»P =2,
 The required Fourier series of f (x) is

o ool

<. -. -,:T 3 +Za Cos[ , )+Zb'5m(nm‘]———‘>

fin]

Q=

f{ x)dx

w"'—a'”

1
P.

Nl—\

. T
Say= -—I x)dx
e ;--j ot ﬁ(x)aﬁlj’f(x)&x
o g" 25 23 2]
| .1:_1@_-11__ 1%
=a, = E;! Odx+ -2~:!k 'dx--l,- ) 1"‘0 dx

=a, =0’+§[kx]: +0



" 1
=b; == fk sm(ﬂi"f)dx
v L2
r -
a3
b =—| —=
2| m
Loz L
- -
=b =:E Cas(m]-l =
nx| 2 J,

) Pattgibe valizes in Eq (1), we have . -

f(x i...;za Cﬁs(T)+Zh Sin( 2 ) .

n=l

ok 2o

n=1 AT

BRSS!

2 aT. n-l

ro(Fe{ )

"' Here period =2P=1-(-1)=> 2P=25[p2

. Where a, ="—~'}f x)d:
A - Py

. :&aﬂ ;!f(x)dx
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| %S'xn(z}f:os( 2']-4-% Smn,Cns( )+
' +~;:Sm(3§)c (3?]+:Sm2mws(2nx)

‘ -i%sm(sn)%(?}’ %Siﬁ(s.n).@w(?m};.., "

_x'

2

o

2

.Fmd the Fourier series for the ﬁmctmn deﬁned by

' X+ I<x<ﬂ
f(x) { L .
e xml- 0<x<1
I ()i, U T1ON: rwenthat sty
o g x+1 -1£x<0 .
' X .
- 1) {x -1, 0Sx81

,Vl:.‘ .

“The reqmred Fnurmrsenes of f( X)is.

n=1

gl el

2ol )4 (=]

‘=§f(x =f2—+23 Los m)+2h Sm mcx)—wb( )

=l

(eper)
g%‘; ]r(x_)dx-+ ]f(x)d_x

: 0

}.;a j(x+1)dx+j( -¥1_)'d;_-v .,

| Q

.

e A ST
- 4 -; 1 X .
== {2 +X +[—£~x}

Jo
aﬂs[ﬁ-lﬂ [w-—l 0]
. 2 2
ﬁéu%i¥l=fﬂ
z 2 j. .

. ~ .. ‘ .. I :
a, =%__[i (x)Cﬁs{E?)dx

;= Ji{x)Cos{omx)dx (p=1)

-1



' CBa= If(x]cgg-(nm;)dx'+'_jf(x).Cas(nqt§} dx

i
=a,= f x+1)Cusim dx+fx ~1)Cos{nzx)d
¥ . :
' tnmx) b - "{140) Sin{onx).
Fjgﬁ[.&x&l)Sm{mm)f {1 )Sm('mx]
- . 4

—- L dx+
nm o ]

et

‘f(l O)Sin(mm)
_ﬂv L
1

1, 1 .
=a, fi+;~ I(—Sm(nm})dmmg;; I{—-Sm m])dx_ §

=1 1]

- & ﬁas(m:x).r

:H mnl. wan |
=4, =—{Cos 0~ t’ns uﬁ}+———{ﬂasn:c-£o& ﬂ}

wa, = Iw[ﬂoso Cnsnmcﬂsm Cmﬂ] 0

+

2h=t. '
1 [ . -
b, 5'1[ {x}. Sin( 7 )dar

= H{x ')Sia{ma;)dx -

i,

o=

f( ) Sm(nm(}dx-lsjf(x) Sin{ m“cx)dx

‘x,

"._-f:—a:: . j(x+1} 51n(m)dx+jx i), Sm( )dx

Yy ,_[ .(x~+il).Cos (ﬁm)} f(l-i-ﬂ)ﬂos( )dxx*'?;
. nn da _1 nn _—

'+[f§#4{)-¢ﬂ3(mﬁ] .-

‘ i{l—ﬂ Cua nm:) .
nx .

ok J
b = Mcos0ote k- Feo e
=b, zv—»[(:n_s ﬂ-—ﬂ]+«— fcas(mtx)dx-x

' -———{ﬂ+CﬂSﬂ S ICersmmr)d
L

) :ahnz iSm "M) J 101 | S“m(mzx)l
uE M | nt nR| nx-
b, =049 )

T‘T‘

' ::z«f()

MouEsTion 9

= {r(% .x) 1sxsz

: '-3a=f-l;.jf(x}dx .

: Puttmg thz values in Eq (1) we have _

=x}=—ﬁ+ Za— Cos{ nm}+ Z‘h Sin (nx)

”D“‘Z Cas DAx )+

2u53n mm

a=i R
Sm{rmx) in{nme)

v n‘l

ﬂ%;tam Fﬂuﬂev series- fm' the ﬁmctmn deﬁned by

: " . 0<xxl
0% e, 1222
‘nwﬁm er; that

G<x£1

- Here period =27 2-0= 2p=2[FZ1]
The required Fo urier series of f(x)is .

it wzﬁm( ) ()

) -?-Za . Cos{ m)+2b .Sin )b—;«(1)'-
“ - pel L a .
Where {p= =1) <

%

LI

-



_—::sa_n=ff( )Cus(mtx)&x |

K]

s ;f(vx)cés(n?x)di+:[f(:§g). s .

ot oy
a,= Im: Cos(nnx)dx + I_n(_z——x)‘. Cos{nmx)dx -

R ,. ;an=n[XSin(nﬁjI-# N

r
n io.omn
(

+‘[(2;x)si“(@)}?  o-1)sinome) |

nx '

=, ,=.0+% -Sin(nm)dx'+q-—l‘j_sm(m)dx e
L A F

ng. N i

34, —=——-—[Cnsnn Cosﬂ]-——-———{[loszm Cosnn]“,

i)
mn =y ]
o5a, _;%'2(4)" —2]%;3;((“1)“ -1)

=a- b, = jf(ic).Sin(nmk)dx | ( P=1)

ﬁ'#b ff ). Sin( mmx)dx ff(x). Sin(nme)dx.
o : C1 ' S

‘=b, = jnx.sm(m:x Jax+ jﬁ(Z-—x)iSin(ﬁm)dX'

s s(cCostome) || s cosf)

o

nm

4m[f(2_;')§usi(nm-!]‘.+_'n‘]:(g'_I)Cos(nm);i;:.‘ :-.j
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- ——[ 2 -X Cos(nnx)]

‘ﬁ%mﬂﬁw%;ga‘

."-;-;-"f( )<

b, ;—l[x Cos(n‘n'x)]; +%[§l“_(£‘_“‘_*l]: N

3 <1[s;n(m);]f ,.

n| am .
1

=h, = —;}[Cosmt—'G]+0-—1r;[0_—cosn1;];_—-n _' :

gl

Futting the values in 'Eq (1), we have |

K f[x —«-—ﬁZa Cas(mzx +Zb Sin mrx)

"n

,_._—+Z———( 1)" I)Cns {nmx) +Z Sln m‘;x) S

n'l
t pE(er)
_n M-—————-( m ’).Cos.(nm-x) _

= f(x) = -g +§[i—ZCbsﬁ —%Cos(.’%nx) -gz-; C«;s(s;ﬂx)‘~ : :! - o |

- Expand into meer series f (x) 1 —]x| —1 sx<1

-' vtﬂventhat f( =1~ ]x] —1$x<1 ST

1)=>2P= 2=>-

Herepenord =2P=1~

_' The reqmred Founer senes of f(x) is

- f(x _--.A-+Z§ Cés( J+Zb .Sin [ )\

©OR

1 lx]--—+Za Cos (nmx] +Eb Sm rm:x)--;(l)__ o

""Where o - fep=t) ]
](1 e
11@ ﬂqux _

e . 1 X, -:\c>0‘
=a,=[x], - [(-x)ax- [xdx |~[gf={0, x=0
0 -x,x<0}




x
=]
_1"

.' ﬁgs(m)czx (- - 1)”_".-« -
o e

j {*K)Cos nm)dx ~ lfx. ﬂﬁx(nnx)@x N

S .
=z, 20+ fx Cos| m);i:x - Ix.ﬁqs( nmc)dx

- | [x.smcm; i)

[ﬂ }Sin{ nﬂx)d .

":ga -s»;l—lw—{tmﬂ Cusmj——“-;[ﬁmnﬂ—ﬂas 0}
--_::a ﬁs—*—{CDS@ Casmt Casmﬁﬁgsﬂ}

= ;1 zﬂiz [ZCDEQ - ECOSI‘IE]

=b, = {1. fx])am nm:)dw

::}h !.Em(mw dy - jxfbm Mx}dx

=1 5,, 5[:955(_%} = f (‘&)Sm(n;x)d‘x + lfx. Sm(m}dx

-

.ﬁ __ :;b; gme'%?lHﬂ ~1(1;[——E%“"}]dx+

-

+ix{f-"%f—"iu ot

}{x. cgs(mfx)] +UT Jﬁas nmx)dm .
__[x Cos(rmx ] +mf£ﬂs("m) -
=b, z.-_[g+£os(m)]‘é"n}ism’{ﬁn; ! Lf’ : :

“Htos m—ﬂ} 1 Fﬂ.’ﬁ"l}

nn nn  am b L
b, ;il)mm%_(-zg w0 ‘.
_ % . :

‘R

'.Putting the values in Eq [1),, we have '
B . f{x) —-—+Za Cos(nmx) +Zb Sm{.qnx]

| | _:;.1'-;.-',‘_1%%22%’__(;_}1%5 (nrx +L*—L5in_(n1§;)
25t }m(ngx)ﬁ _z_i( C o

]
b=t T Bnai-

2 =
. 1.2 Z |
1= |sd{=§+—3 —-f&s‘ﬂm+-~ﬂasf3m)+—‘ﬁmf5ﬁx) 1+
o

2 Nidgh gt ]
EE. 1 Stmm\)w&m{ ) S‘mﬁm} J

4 [Cosfx) _ cos{im) Cosfsm) ]
EX w"{ [ - e

'+;;{Sm( ,)“‘—Smtzm;:)%—Sin(ij—-“San(q,mg) ;iﬁns

Find the Fourier series correspondmg ta the finetion
- £{x) defined in (~2,2) as

3, . -2<w<f
f(x)={i - a%izﬁ'
L SRRe
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~2£%%0
ﬂ<x<2

,IH} l

Here p&md P=2- (—?}::»2?*4%'—@_
The required Fourier series of f{x) is

f{x} =?+Za F-ns{ ? )+Zh Sm(n:x]

A=l a=1

| SR
‘ f(x f~—~.-+Za. E“’["_'F?b S,m( m}—a{l

=l . k ‘a
* Where (wP= ﬂ ) e

g ff(xm

‘;ﬂjﬂ -—Z{Cﬁsﬂ Ensmlm—i“—[ZC.osnﬂt—ﬂ]L——« s
. nxn ' : ﬂT\'} ﬁn

e

R | SR SPIRR B
=8, = [f(x)Co o "m)dx+ jf cm[ﬂ’f-";)dx.- TR A+ ] |
L 23 L 2 : L e . sl

\ -y ) ] b .
i dxﬁ-?-jx Euer—'i;» dx . .5 o '
2/ 3y e . Futtmg the values in Eq [1} we have

 &SEHLE?)T_.&(H'S?J%LK v-.f‘(x ~.f—*+§_,n Cos( J Zb ,,an(“w",) o
2| - 2y () -- -

- ! nn)

. "“._;;,'mi:' ‘2 '
mux}im o (, y ) : o
' N Soma} 21, (omg
)3Tt 2 T
_ z %L 2

' Avallableat
- Www.mathcity.org



- 41 (& 1énx 1'-v5n,x-"_
SRR RO
‘ _E[Sm(ix) —Sm(u)i-—sm[g: )+%sm(zh)+],gm
O UESTION 128 ~ o
~ Obtain Fourier series for f(x) of period 2t deﬁned as

follows. ' :

) {=x; 0{x<€
f(x) {0, £5x<2€

'Gwenthat B 77» S =>a =2 C;ars;(nn Coso]
: ‘-f(x') {t’ X, Q<xs<e e '

e esker 0 " =a ____[( 1f-1]

"Hete period = 2= Unp=g - - T L n'e’ » S e
The required Founersenesm_ L (1-(_1)) L q?
. nmx . . :a’“————-— o 5
f(x _-—+Z J+Zb Sm( J - . kN

: =i F a1 P ' T e

'=>f(x)=——+2a Cos( )+Zb Sm( ) )

=1 n=l

Where . - . ) ( ‘P=t)

5

PN -I, RS -
: .- oy

‘=->..a,, L J'f(x)’Cus ( %@de ; . Putnng the va]ues in the Eq (1), we have

| (x)=—“+Za Cus(——)+Zb Sm{"::x)‘—

n=t F n=l
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PR ‘:, -f(l“"("l)n) ,, X o ¢ | (nax) hus” c
:>f(X)=Z la“- “znz —=L0S T +Zi;‘;.51.ﬂt‘}'* . % ; . .
= ' " T T u S
R ’ L ; , _ ) »
f(x)_i ¢ i(iﬂ(—l) ) Cos(nmhle*;,”in{fﬁ)'_' Then (1)-:> -_cf(x)dx—-_ﬂf(x}dxw. 6;f{’x)dx
S 4 .74 o ‘ { ) R tf ¢ "c[ e w> 5?5
Tz () .2 [ 3mx) fix)di = [Flxddx v [F(x)dx o
r ﬁf(x)______i_'.{_%[%("os %—-){-%Cg&(é}%) _SE_COS(%E}‘P_} BN { l‘_X) X g \y) X ‘! (X) X. .- g‘, §
L R - 4 ) .
m I F
I, t

venfﬁﬁc’uomh Fbunersenes Sl
_ DEFNITION - v
- ‘Afunttmnf is saxd to beeven nf -

- f(-x)=flx) VxeD |

e Cosx, M i {n 1 2, 3 ------ arébven

functions. The graph of even funct:ona is symmetrlcv -
- -about y-axus Moreover, the area under such a curve .
from -Cto C 1s double the area from D to C

ij( )dx =2 jf( ]dx

@ .'o' ' o
jf x)dx= [f(x) dx+jf( )d’:’:—g(ﬂ’

f,e:i jf(x)dx_a(z)' B

R
Suppase x= -t then dx = —dt
““When X —, —C thent=C .
When X=0 then t=0

e Sol _[f(x)dx j f{- )

- .
()dt (- fis evenﬁmctmn) .

| = Jitgo 1 (e ;f

= "If(x)_g_ixf

T

G

g cj‘;fu('x)dx j

’S_(F"r\?

"j.‘(jv\w /

e

‘ - A function f is said to be odd if -

(—x) --f(x) Vxe D,

eg Smx, x“‘\1 (n=1;2 ::.-:----) are odd-f\mctions" ‘o

origin. -

' Show that the area under an odd funr:tmn from —L ta

- G

-stzero Le; If( )dx 0 |forf an odd functmn

oG

' sowrmv

Trixjaes }f )dxl—a( i)

oL

© Let x=-t then dx=jdt_ .
‘When x=-Cthent=C

Whet x=0thent=0 .
S - _-M(X) _ y
‘ odd fanctmn_ n

: -.\— 1 - ' . '){




o - e
}fii)d =[ :t =- [f t)dt
Z}(x)éxl—jf(t)dt 5
:_If(xic;xe=—:ff(x)dx

' Then J'f x}dx = jf(x dx+If
J’f x)dx~ jf ldx+ff dx=0

-'I'hus J.f dx 0

~ Show that the sum of even (odd) functlons iseven ]
{odd}

e

Letfand gare even. functlons then
f(-x)=f(x )VxeD '
and g(~x)=g(x)vxe D,

Let h(x)=f(x)+g(x)
- Then h(- x)=f(-—x)+g(—x) SRR
 Then h(—x)= - £(x +g(x) h(x) .
Thus h(-x)=h(x )"

;s
ie.thesum of even functions iseven. :
.- Slmalarly we can show that the sum of odd functlons
isodd. . - L ) 3
- Show that. the product of two even or odd funct:ons {s
even : - :

' Let fandg be two even functmn then
f(-—x)=f(x) * vxeD, -

“and g(—x)=g(x)_. VxeD,
et h{x)=H{x)ge)

Then h(~x)=f(- x). (—x)

Sh-rlg-h)
: :>h(-x) h( x) VxeD, - o
Showing that h(x) ie. f(x).g(x) is even function. _

Similarly we can show that the product of two odd .
functions is even, . :

: Showmg that (p(x)

_an even and odd function.

Norw e

_' [f(x‘).ef(*«)]" i

) Thus f{x )

e =even+odd

Chapter No 6

: Show that the product of an even and an odd
functlons is odd :
- ‘Letfisan ev._en and g is an odd function’

Then f(x)=f(x)  vxeD, -

i and g(—x):-—-_f(x)_ VxeD,
g

Let ¢(x)=(x). g(x)

Then o(-x)={-x) g{-x)
=o(-x)=1(x)(-1)g(x) -

= o) =~(x)8()=0(x) o
( ). ( )lsan odd functlon

|

Show that any functmn can be expressed asasum of

|
L‘__leg £(x) bevany function.

"f(x)+l"(?x')
2:

Sl.i'ppo'se -cp(x) =- and- \p(x)

Showmgthat—i——)-fzi(—}—) is even whlle _

()f(-)

is oddfunctmn. PR

:[f( )+f(—x)} [f_(’c).—.f(_x)} ;(Zf( D T
f(x)+f(~ 1) -1(=x) o
[ X)J+[(‘ J( )' o

. 2 '-... S " - ...._- .

= f(x ).-even+odd

: e.g. e =-*-;-(e~ e _)+%(e"—e"")‘_

e =Coshx+Sinhx -

AND 0DD FUNCTIONS

FOURIER SERIES FOR EVEN
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' - — a—— . P N ) - \ ) .
We knnw that when f( x)is d"-ﬁ“e'i n (’P P) ' va, = 1 J'f (x),Cos(PEc-\dx =0

 Where P is 3 +ve number, then the Fourier series of P P

o ffx )1sgwenhy SR o ‘-‘-"[an=ﬂl

L 'f(x ".f"'Z[a C"S[ P J+b-Sngx ))'—’ (A) R ’-'Simﬁe f( )and Sm[ :x} ar; both odd functlon _
R .Where'aq::'_—;ff(x)dxf—*(l) - | ‘.. So f( )-Sin (;rx) 1satx even.-f’u‘nm'(.m .l |
_‘ -:. an .:;1 605( P )dx—-—-e(Z) ‘:-'l.:—l L. . | '. - %1 Sm( ) |

' ;-l).fi._“— ff x). Ces( ? )dxa—-%(3) L o (b =2If( )Sm(—de o -

"
K - Pi

" Thus for'odd f.unction»f(.),, we have 3
=50, sinl = |
1) Zbﬂ. ‘"(»P]

Fmd the Founer expansnon for the functxon ¥

SRR ) REERN f(x) Sinkx, —t<x<d o

~ - Since f T2 | are both evenfunctionse . S
m:e()andCos(P]a ' nluncuanse . e

S _ Gwenthatf( )—Sm(kx) ~f<x<t

_ lsthexrpruduct. ' .

- A Here period = -2P= 2= [P={]

' —If Cos( ) T " Thie required Fourier expansxon is given by

=a, :ff,%_jf( )Cus( = )dx S flx= +Z1[a ces( ]+b m( )
o e . : S ‘Smce f( )lsan oddfumctlon,so au-—O-
Smce f (x) l% even énd Slﬁ( 3 ) is an odd fun.ctlc_m | Zb Sm( ) ( )

1: When‘ fi f‘x) is an even functmn then L

" so £(x). odd functi R X
,_So (x) m[ )xsv umI: ion. o | . Where_,bnf'%jf(’f)r'si“[%?m‘)d? : '%;@ _

1, [ ] Lo T @

b =— f..x.Sm dx = 0 S ‘ R r— -t

! P.'!- () AP T ISin_lcc.Shittnf?ﬁf\dx §
{ A

. —:.>- Thnsfor meven functnon f( (), we have o '. 

.-1 m R - ) -_-\ -
f(x . *—-+Za Cos[ - ) - .

“" . -

II

Case 2: When f(x ) is anodd function then |

B |v§'!

B - B » -.. _. ) - - » - ‘- .» 1 . . . : '.]"
A P-[ (x)dx S b, cos(‘-‘—-k)x Cos(—-—+k) xldx
-P | e . L ; S fvo ‘ ? 7 l .
o B - - A

. - : . . 19
_ _ S _ , o o
' T U S : : Sin[—m—k)x Sin[——+k]x
Since £(x) is,anoddfuncﬁﬁnandcos[.'lﬂl) isan . o yo\e ) A

" even function, so f(x )Cm(n;m) is an odd function

ﬂ
h—a mls-a e i N «hh—i
ey
——
-.:
9.”
=
/—"’\
hl
i .
o -
- K
%

I




E . When n=1,then Eq (3)

.'__ c ', - - ‘. V l{ ;
1 -z nn L £ T
b, == —— Sinl ——k lx— Sin] —+k Ix .
F v Py m(z-_ Jx-.nmfk.m('f kH«

b, =‘l[~‘—--5in(ﬂ-k}_z-' : Sm(.-"f-.’hk s

fiom-fk | ¢ nn+ 2k

'.'_=>b;,

n-fk A nn+ k.

- h - (mHL)Sm(nn-Zk) (nn £k)$1h(nrc+fx)

.Sm(mt &)= —J——Sm nn+'fk;)

. oninlegit
Slmplifymg,we have” -

Jfk.s'm nn};os( )- nm'.Cbs(m‘z) Sm(zk)]

an é1k2

_ 2[£k Sinm, Cos( k) -nCosn. Sin( lk)J

-k
1 ZnSin(t’k) _
N
TR et ol B

When n=2, then (3)=>

- b, = _Lfk Sin( Zn) Cos{#k)- 21-;€os(21.t)51n( &)]-..

1 x 2 )
————Sin| N &
ERy '“( } aw g S'"( ¢ )+

~ 3 2mx
msln( )+.

- Expand f(x)={Cos'zk}5 in a'Fourierlse‘rie:s. inthe

interval -'(-—1;, n)

" Given that f {Cos x] ~M<K<T.

Here perlod 2P= 27::»] = ni
: T'he requtred Founer senes is

f(x) 2 Z(azCos( b, .Sm( )

n=1

Cor ICos’tl=‘+Z(va- o ) bsm( D

n=]

.or fc%xi——+2(a Cos( m:)+b Sm( ))

Sirice  £{x)= ICos xl is an even functmn

Sob O

ICosx[ —22-1-23 Cos( IHI) - (1) -'

. n"I

- Where a,== If_(x)dk
EENRER N ¥ * o
el F S

| »Eﬂcf,sx;d ce ,.«_? =§

P T
' —4nSm(!k). . ' . <
= Pz | SR :>a == _ﬂCosxldx+ _ﬂCrasxldx S
When n= Bthen() "'-. : .
b i’ks'“ (3m)Cos(¢k)- BMos(Bn)Sm(lk)] o maye i a2 ICosx dx
- __wEe e T SEES
L GnSm(Zk)' e el -‘_
- Eq(Ycambewrittenas . e _'??o’.'£[5i§?f+3snn UJ“*[SM—Sm%]
: vf(x Sm(kx) b .Sm( )-kb,Sm( ]+b Sm(a‘g )+ ; -N" _ R
B S =2, ==[1-0]-fo<1] |
. Sm(kx)‘ Zﬂ.Sm(fk) sin[ ™ J MSm(lk)s AR
S R-eR TN e »a,=2.2 %
—--Z-—T..i. ln Aessnaa B o . 4 .
"~k Thus |a, =~
or Sm(kx)TZm Sm(t’_k) . .u -

:%én =;.£[Ffzs: x[.Cos(inx‘)dx" -'

:.‘s a,= % ﬁCosq.Cu-s(nxv)dtx -



. ) K . ' . “' 1 ‘?‘4.= m n . . .
=>an=%,i|‘3-0‘5 x|.Co_s(n:tt}:dx+;z-E_ﬂEOleJ:a;.(nx)dx | a-.n:%m&:s[—z—). -n;tl._ R o

_ For n=1, we have
L Da iCosx Cnsnx dx——— _[Cosx Cos nx dx

e . i
' . % . -V_a1-=ll‘[f(g)(:ﬁsxdx'ﬁ

.?.Eostosnxdx«—-IZCnstosnxdx L  ::~ ——ﬂcasxlcosxdx

Ha, ==ﬁmsx1 cosxdx

z . . T .
S Icosx]xdx+ “casxlcosx dx
: e n : .
’ =>an _1 Sln(n+1)x+$m(n 1) + " »‘:% ba, == fcpsxca;xdxf I-cos)cosxdx

‘ & n+1 n- 1 o’-’ SR ST ST % ;! )

' Sm(n+)x Sll‘l(ﬂ"l) - _ ‘“" LI ;ga =}— IZcofs xdxv-— J'cuszxﬁx )

“al el onc -1: / Bl R 7; _ ~-.-4-‘.f oo

1‘,Sin(n+1)-2:,, -Sin(n‘-:lj-;E S =>a =E-j' c052x+1 dx-— I(cost-l-l)dx

I B arsad L L . .
" n+l ~n-1 | _ S (R

B R szx l__[smzx
__l[sm(nﬂ)'nLsm(nqi)u_Sin(ﬁH)%_Sin(‘n-l)%] | | L a

n
il

1™

i ' .

‘m4l- . n-1 o nel mel -
| | | ‘ 9+—-0 0|—— o+u 0-—
R A &

,t.

- , i _}_E'—.'o"': I
1 nel n—1: T n+1 —2- n ,2 _. N 't

n»;_Si'n(-ﬂ 1-) +Sm(n+1)— Sm(n 1)— _; ._.>- _ , .
n~-1 '-n+1 1 l Eq(l)canbewrxttenas _
‘ ;%—.Sm(ml} 2+———Sm(n 1)-;  : ._' -.,;_icasx]--—+a1cosx+nz_;a cusmf a
Sin{h+1)n - Sin(n-1)x. . ¢ it o i ' Puttmgthe values,we have

"nflt_i = RPL R "fcosxl——+ cosx-}-z ( | ) . (n;)cos(nx)

2 17 2 nm) 1. , -'
| ETSina PN AP ) YT B A TR
R L s - g N ::Icnsxl-———w cas( )ctrsnx S
' ' ) : b1 n=2n 1

o .Smgnflli ,Sm_(‘ ) Sm(n+1)

U
Cm
i

"

.*zHH =1I--*'- aisa .

1

.bos("“}(-l—q-*——)sln nn)} or|Cosx|= E_i 2~

+1 n-1) w1

'1(‘-1)@952!&_.4?._; 1-(1)Em4x+ |

n
—Z) (nﬂ:) B o 1 L b
1= .Z_Cos——-#'_'-—(ﬁ)] ' _ Y o
[(,“2_1 ‘ t 2) o'+l - . orlC-osx|=-¥-+-4—' lC'oszys;é-—1--(Ins4x+—Cosﬁx—-~~--~-]~
: - &3 15 . 35 -
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QUESTION1 N  0L.U 110N E
. ‘Express the function f(x)=x,-m<x<minaFourier ~  (iyen thgt £(x)=Cosx, Mex<®
series. . . S :

R SOLUTION: o L o Tomakethemtervaloflength 21, we set x=L
Here f(x)=x —n<x<n 1sanoddfunctlon o C 2

and'p_'eriod '2P—2ﬂ=>- o Then f() f(;).:ﬁos(a=g(t)r
SotheFourierseriesof f(x)is -~ - ST 2 SR
‘ S  Sg(t)=Cos £| —msten - -
o = N " Since g‘(t-) isan even function, s0 it Fourier seriesis
f b .S “P= ’ . .
| :m' (x Z ,,.m( » ) ( : '1;)‘

n=1

or f(x) Zb Sm (nx)—> (1).

o e C '~Wherea =~
1 ¥ . . 0 n‘g

. glt -~2—+Za Qosnt———)(l) | o

Con=l

-Where b, =— |f(x .S-in(_,—)dx L o L g gy -
S P_n!: () P Lo ;—;ao'_—.l- COS(E)dt
. =b =~ |x.Sin{ak)dx . E Y U A A :
f‘ 1;_-[ | ( ) . E A :aoﬁ.z.,fcos(-;-)dt- ',(j,-_&:os(-;—)is:e_ven ft;lnctionJ
:>bn=_2_Ix.Sin(nk)dx‘(-;:x'.-_Sin(nk)i's even fuhction) T ' (y) . . R
=a =E{ 2 e ' '
. &

. 3{ C"S"?")];' %:Jr(l)l colmi o

- B -oR

. _ - T T Thus fa =)
_.b;=1-2-[x.Cds(tiX)J +.-—;[Sin(rix)] ST Y, : % TR B
R - e Pt A £ SN b IO
. - :an=_Ig(t).COStht R

. = ] C _0_ L. 0 o

e glrces(m) =0 0)

. L n 2 ) nH‘»

b, =22y = Ry o e
N ’.‘._- n ( ) N n.( ) S B by

24 .-—ijos.[Z) Cos(nt)dt 4 .-L':-

. Thus b, *2(—. )™ o — _I : ::»al\--—J'Ct;ls (nt Cos(szt

: Thf-‘“ (1)= =>a, =I-1—; j?.c-os rfr.).Cqs(}é)%it.

me B " N
: , ot net o . S _';:’_a“,=-_—-€('cs(n+ )t+Cos(n—m}t]dt'-.
L .‘“2(—1) l o oL - n, S 2 2

Jor x=Z-'———— Sm(nx) co T R .

. sl n. . ’ . { i

S eL : 1 a4 . : I[Smtn—f )t Sm n—i)t
.. or x-Z[ Smx-——SmZx+ Sm 3x-—-— Sm4x+ ------ . .:u -'--—1 ; L e

- 1. 2 '3 _4 L

|
fiad
- n+‘. L

L.

Expand into Fourier series - :
’ T >
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g.
1]

J
i

= .

.
"

[ 1 1 .
2n 71 Cns'(nu) + %:E(—Cos(nﬂ))]

&) - )]
2n+1 2n-1 L
2(—1) (01— (2n+1)]'

Cant-1

WH R

4n -1) n( 1) :

-‘-:Iw. alm'-:d.h—* :-'rlr--

U'.L
T
i

Tl T A n+1 e e :': ~ .
sl —(ﬂ TR R
C Putungthe values in [1),wehave '

8t --—+Za Cosnt™ - . :.°
. 2 n=1 | - P
. : n+l .-
- =>Cos —+ nt
_ [] T .z::m(@n —1) )
! n+1 ’
::t(:us( )#E.Fn;«}n _1Cos nt)
Puttmg tst, wehave

u-k] E ' »".' .
'Cus;(- +—-Z( ~Cos an) - Ans.

N ﬂn=1 n - )
QUESTiON 3: '

S0LUTION: S

Gwen that f(x) K, —m<x<n
. Here fi (x) is an odd function and

‘ '.'Permd 2P= Zn:-lm

So the Fourier series of f(x).is

.

| =% -Zb Sm( :tx) (P=n) :

- n-].

- =X -Zb .Sm(nx)——a(l) ’

n=i

| Whéfﬁ , Lﬁ_{ f(_x)Sin(T")

Obtain a Founersenes for f(x)-x , _—:n:<x<n o

Zb Sm(n;cx) | | _ ' ;

2 t-- 2 (0T
-—--Sm(nH- ) —Sin| ng~~ ] -
n+1 2} 2n-1 -2

-1...Sih[mt+ )+——1—Sm nn——} )
20+l 2) Zn-1 2/ :

' 1’I 3 ’- ] . E
=b == [x*Sin(nx}dx " P=
=D, ﬁjx m(ng) X 3 T

=b, =;2; Ix’.Siﬁ(nx)dx_ (- xasm(n‘;) is even_ﬁmctiqn)

-, ;z[x __..__.._<~cos<nx»'f+z'}g,;:__.ccrsfvx> o

T n S R -
. ) oflo )

N ‘l,=zsb -—-[x Los{nx )]ﬂ +“1Jx chsnx dx " L

:a-bn =:——[n’Cos m:-n] _,{ ¥ Si“(m‘) 6 |-21. Sm(n-() E
e L7oan and -

n | m) @

2

L b, = A +0---— Sin(nx)dx
= - ( ) e fx mnx)

orb 2( 1)"+1 LT

1 ,f*‘zi.

g -Then Eq(1)=

z( 1)"” ' 12 [—xCos(nx)l ’.(1)1';05

n .- ﬂ‘lt

_(._%? 1_;52_+-—|'1:Cos(nn ]—-— jCos nx)d

¥

3

- ( 1)""5;’"1_12( 1 . 1 [Sm(m: ]"

I : I'l

w 2 o
‘xz';: ZZ(—I n+1 %_.@. _Sin(nx) '-

Com=l . L X

| =% —2):( }“*‘[%—ﬁ}&n(nxj

wsl, : .
_ w6 (26 ). I7 6 - ]
) .(-:l——-l-]Smx (?—§)$1n2x.+{—3‘—-§;]ﬂl.n3x+
= = 3 T : L ) ) [ '
. .11_—-6— Sln+ ’ A S
127 ¥ B o

(. UEQTIDN 4

Expand in a Fourier series f( x) ixl —1<x<l

. Giventhat f ) [x{ —_1 <3<1

Here f(x) is an even function and



Period =2P=2=3P=1
- Sothe Fourier series of f(x) is

i '='".+Za C‘”( P_)

L
=>a =2 ﬁx[ Ca‘s(nm’r)dx

:\.«a -2_[:: Cﬂs jdx' .

e M Cas(m] lseven ﬁmctlon)

' z[x Sin(nax :L ‘r(l ). Sin( n‘mc)@x R ¢

nn - ; R
Sa _-z-[x 'Sm(m)] . ’“f;[_—mn E;M)]’ "
>a “}%E(O) o ~5[Costn~ Casﬁ]
| >a, ~ﬂ+*?[( .l)n"'.l]_ :_
gl ]

' Putting the values in Eq (1) welave

|"|f"+z : [— .:'.Cﬁs(mtx)

*—vixl—~+—z—m[(-1) Acom)

n=t 1

f’ B

Cos(3nx) Cos S‘M

T . 7'31 7

-.'—1<x<-1.;.

Here f(x) is,an even funcuon and g

. Period = ZP 2=>-
~ So that Fourier series of f(x )

n=l

 Wheré s, .=.F-'- [f x)dx
- " Y

- | .f(x‘ —-E-+Za Cos mnx)-——;(l)

oo Fmda Fourler series for f x) 1:—x .
B O1LUTION ] ol
Giventhat f(x)= 1- % ,

—lsxSI _

]

S
':nﬁ'sz(x’)dx (~-£(x)is even function)} - -
' :‘o ‘- i 7 . . ’

o -

=a, e—zm[(l—_xz_)._sm(‘n#x)]i+Jn—f—§.ijx.'5iﬁ{-nn¥)dx .
| T e |

o,

k :ae =.21](-I;__-xz)dx
e S

| -::{aniazf (1-x) ‘Cos(mm'x) dx [
L ix .

| '1F-' M I
] a,,ﬂajf ;c) tfias[ . )dx

R

Jeosamlex

(1_}‘2)(:05(%)

‘ is even func,tian

=a i}_(o)_{_i fX-CﬂS{,ﬂM)i +_4_lr(1)c05(ﬂm¢)
nn nr, nn X mu;,' o
e v 4 [Sinfam)|
=z, —0-—;2-[3{ Cos(mzx)]aq.;ﬁ;? \ : )l

nmw - -

)Sm(ﬂ@)} 5

9::—--‘

R

l(ﬂ Zx)Sm(nm)dx e
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: -éﬁttiﬁg@the Qalués isEq (1), wehave

. _ oAl nel - _
: '_1732=E+Z4( 1) ~Cos(nmx)

2 ﬂz

’ narl _ .
_ =:>1 x2—~2~+ *3 Z ~ = Cos( (nmx)
r.si : .

1

2 | iJCom—-—COS(Zmr':—'

3 @ 1.y .
R
QUSHUM;, ;-':-_j :

E ,fraction. asaFounersenes A2
B SOLUTION: B - '

Given that f(x}=Cos Px, f-—-n-:x <m,
- Here f(x) isan eveh fuhctionaﬁg[ IR

Period =2¢=2n=] -

> S0 the reqmmd Fauner senes is

- f(x) '-—+Za £0&( ?]

n=1

n=1

.:)Cos(l%}f‘ ?“"Za Cns(m) (f=n)

= Cos(Px '_ 2%, Cos(nx)-——)(l)

i < a=l
- Where -
14 o
a0=—r—vj'f(x)dg :

j (-f(x) iseven functmn)
ﬂ . . .

=Z[c

a, ﬂ:! us(Pfx)dx 5

P
. -B- -

) ::>a,=;£—;[ =E;[SI?(P“)*S?"Q] i

= aﬁ-?_ism(én)

.:_,a __If(x)Cns( )dx |

;C“.(?ﬁ)%; |
| *—_m

'--zExpress f(X) Cost -«n<x<1c:f:wherehsa S

( Pis fractmn and notan mteger sosin(pr)#0)

e (7 )» S
| f (x) Cas(%) ~. | -

even function .
< Px).C =
s ot o 9

=3jzcus(ﬁ§).€dsi(Px),éx T

1]

= »-—jTCas(n+P)x+C@s n- Px]dx

l Sin(n+P)x bm(n P)

PL n+P. T -n-P. o ;
1 Sm(n+P)n Sm(n P) -
P ‘n+P =P | .

() sin(en) (1) sm(w)] .
| n_,+:P n-P

ll.'-

T 1

=§a..=( B :lSm(Pn)

- P .|n+P n-P

{1 [neP-n-P]

. :>anz P 1 ,“I;P% ]Sin(}"u) .

»Puttmg the valués in (1}, we have

Sm(Px) =2{- 1}"*1

 con(p)= 20 S sntprcos(n)

n=l f#

| :Eas(Px) S P(P“] +2sin .px‘)z( )M Cus(nx) |

::sC-o's(-Px]_=§E;-£ﬂ+ .(Sm(Px))

11 1
——-—~€osx ——Cos2x +
-p P-p
#- 1 Cos3x —~ '1',;-y.c§s4x+-------

32 TFZ .- . 42 - PZ



aﬁ

Cnsx _Cos Zx Cns3x _Los 4x+
1 P’ 4- P’ 9-P 16- Pz

|Smx] mexen-

LY

_. Gwenthatf() [Smx] —u%xqt
" Here (x) isan even functmn and - .

. Permd 2P = Zn:-

' So, the Fourier series of f (x) is grven by

--‘_f(x 2+Ea Cos( = ) _

=1

=3+, ol (1) ren)

n—l

Where 2 .='".[f x)dx

- a.‘ﬂ = !f(x)dx (- f(x) is'eve# ftmctmn)
$a°4=§‘1j]ﬂjnzf}di e

‘"*"-?é =%jsi?x-€x (e |smx| =sinx, fa'nijSx-S: n)
masgond

a2 Zeosn-coso]

i
. a, -!-I (x Cos( )
Py .

'-agnﬁif u'uq Cas ' (P=u) |

mxl Cos{ nx
L ]

-2

=a, = me €os( nx)/dx
0
f

-1— 2, Smx Cos{nx)dx
L ]

m n+1 x Sm(n

°?%:" f

i —C (n+1)x Cas(n 1)

1 x]dx

.n+1 . D=

= J

n‘+1' : n-

.% ’
. 1[0 (n+1)u Cos(n 1)1! Cosu Cwsﬁ
o LI 1 ’ , l’Hfl

n+l - n-1 n+1

1-
n-1

n
S —Cosnn Cosm: 11
=>a, =— +— d
v .ml n+l. n- -1 n+l n-1) -
ol @ 1
%,_1[(.) A,
, U
1

i

g %[(-IJFI](;%.T;.%J
T
.

e

T (_1)_;_'-  ~
| "’*“‘f{ o

n#1

. o Forn=1,wehave - L

N

531-?*:?I|5im‘|-§?5;;ﬁ:§ G (wps

L= al’}fﬂs.i“?‘l‘ Cbsx dx-
-l"v'?’-ar =1 2.5in x. Cosx dx
oLmy T
it =.§;1359(2x)dx |

" R R

| :)ai-=l[’ms('2}_()l

=3, = foos()]

= a = -;-3[09521’: ~Cos 0}

| :al?%[l—l]:()

I
P - i
Lo 4
/
/
/
;;. '/
4 /
. g

n+l- n1



SR th M g gt s
LM M e DR e

ag

Eq (1) can be written as o _ . X [ -o
[Sm)c]-——-ka1 Cusx+Za .Cos{ mc) - b =

e 1)?'*1417) N --_$E;=i[(—1)-.'- ] '-

| '=§{Smx[-.%}_0+2—-—————r-ms(nx) o oo

e T s v |

: :’Islnxls-'—*’—}:(—l—l}ﬂbs(“x) | -- : S "J.;j”?' 'mt':.- Y

={Sin = "+2[;_--'21“353x 52', Cos5x 7,21505%]

; f(ﬂ- o
f{x}:%"

-

ﬂlsimd=~er-—[1“€053x+—C055x+%CosTx+ }Am _v..‘

Fihdt-_héFourie;‘seﬁesfdrf—(x) it e —

¥ - %lﬁ | ’ﬁ<x<€l | 3

dfemet) R
o ; ‘ Puttingthevalués in (1), we have -

f(x f—z(_f——l—]sm(nx)

n=1

R . f(x)-—ESmHgSmS‘HgSmsx-i-----.-~-}'_
....Henepenod =2P= Z*Il::?«- ST f(x)gi-[s;nﬁ mg )-+‘ (5 +,;....] o
.. The graph of theé given function is symmetnc about R . : :

" - the origin, there for; ( x) isan odd func'non,so its

| Fouries seriesis .
- H(x)=Lb, Sm(fﬁ)
Zb Sm nx) (1) -(','P="Tf) ._

Obtain Foﬁrieréeries for the function f(x) givenby -

S S
. _1+—x -~n$x.<_0 C
“1 U w

) "“1; o) e And deduce that
b oo [F)sinl = ldx . . v z-
Where b, == jf_(x).SIn( > )dx- DR 11;4_ 1 +;+ Ja_

o=l

=b -

"

I
CRE SN

e snfrax - AR Given tha
< _ . : . , 1'+3x, ~n<x<0
b, =2 Jf(x)sinx)dx(-7(x)sin{ax)is even fonction) )= 5

]

‘.=||‘¢'~'-l H it

1-Zy, 0sxgn .
[ .

Y
o .
)
"

]‘s—Sm(nx);cl:x _ o o . Here period =-2P?2_1:z>- _‘
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" Since the graph of the given functmn is symmetnc S ‘ 3 4 -C.@s(-nx) 3.
about y- axis, so f [x) isan even furactwﬂ, sothe = - =a, ;E[ﬂ] F ] im—= | -
Fourier series of f(x) is o ‘ CR

. n) L >a, =.—:i[ms nt~Cos0]
f ¢—+Za Cas( ) : - o R &
2

e ]

1]

Putting the valués m VEq (1), we have

f(x 0+Z ~ z( 1) )Cos(nx) -

f(x) I3 HZ_;{ i )]Cos&mf)
' f(x) ;'ni{—z-ﬂnsx +£Cbs‘3x + -—CasSx o ] '
f(x):m[ci'fx . c-;;szax+ cQSin__k,__,;;}._é(z) -

‘ ~ Which is the required Fourier sefies uf f(x) putnng .
x=0, m (2), we have ;

8{Cosd Cnso. Cm,ﬂ 1
f(0)=1=2 [125,32 - J

ST By Founersenes for MK s’hmw that o

'x Cosx --——-Sinx +22—)-ix S;n(mg)

oL m'mm o
o o e S Let f(x)b—x.Coéx, ~M<X<R
- :f}.a‘ngljf(X).Cos‘(nx)di : (*P:n) [T Here’périud---‘ZP;Zﬁ::hP_w ; -
‘ ﬂ;" o oo Sinee f(x )f—x,Cos(-x)z—xCosx=r¥f(x)
' '=3;—If(x)c:os(ﬁx)ax,  [erestu)i) - Sof(x)is odd Ranction. :
n : - : evenfunctlmr ' ~ Hence Its Fourier series is gwenhy

St e,
g e e

o *gu __2: . L e ()= S rmx) .

,ﬂ-gg[' 2. ]Sm(mt) L j( ]Sm | or #.l:zosxﬂzib.ﬁ.sil1(ﬁx}=—.~ua>(1)- (pzﬂ)

n=1
P! T .
‘Where b, = Jf(x). Sin| 2=

7 , .
T ére b =~ tf(x).Sin| — {dx
. —?‘t Z ,"- 4 : . R " P'A (P) . h




, 5
== |x.Cosx.Sin(nx)d
=b= jx.Cosx Slrf(nx) X

-

=3 ='1J'x. Cosx. Sinx dx’

v -n

REan

‘n1

o (1)

n+1

1 1

e

S e T

For n=1, we have-

E -
b, = }-‘j; f (x-)_Sln(—P-]dx

=b,

n#}

s

=b .-anXC(')sx Sm(nx)dx. [',;'X-FDS)F,S In{nx) :;,bi:ij.Cosx,.Sinxdx."":
IR A . .-\even function’ S - :
l“g’zs.nm; Cosxv | =b, = j ZSinx Cosx
R+ L o ST R - ,
=w1~jx[5m n+1 x+Sm (n- 1 x]dx o Jsm 2x)dx IR
My ~ . . o . .
1 —Cos n+1 )x Cos(n 1)x e -Cos Zx) ' 1] —Cos(2x)
n- 1 '+4 ' - “o 2
- s 3
__1_ "COS(“”)X Cos(n 1) & -=>h -—1-[xCos Zx) I s(2x) .. -
mgl om+l- . oa-1 {0 - E 2n ay T
. o - : . o o . .
T : . . . -t S 2 . i
: 1] Cos(n+1)x Eas(n 1) L b, -_l ,tcoszﬂ_ [ niex } .
] :>b === X} - . ) 215 : . -
- R L L2 SR 1 L , 1' 9 ,
SRR Cos{n+1)x: 'C_os(n-—l) AN . "=>b1=—[“(-}ﬂ‘”"ot
= ‘1 1 _+' ey _dx._ -
. un il C o P :’blz__z__
b, = =1 CoS(n+1)?t os(n ) i o e
- Cmy n+l n-1- Thus bl'__.:_._.'
Lot ., N . - X R C . N 2
+_1{Sin(n-+1)x*Sin(n—l)x]ﬂ _ - o~ Eq(1)canbewrilttenas
T T —a 4 . L o
T _(,-“*1) (n-1)" J - %.Cosx=b, Sinx+ ) 'b,.Sin(nx)
-1 [Cos(nm)Cosn Cos(nn).Cosn S '
..::rbn_=.—'l1r, () +'__( ) T ,*2(_-1)n.-.
. m|-\ n+l n-1 ] .=>,x.Cosx=-E~.S1mg+Z Y Sin(nx)
- 1fsin(n+1)n_Sin(n-1)x o o )n o
-r;- (n'-i-l)z" + (n41)2 -.-0. | - ;:»:)c,Cosk- Sinx+22 * Sm(.nx]
. Sl (A (_1)“. 1 sin{on) Cosn _Sinam Cosn herequlredresult, L
=b,=—In- + + + .
_ﬂ n+l - n-1 ) (n+1 (n-l) -

’ If a functlon is deﬁned over half the range (say] o to L
" . instead of the full range from -LtoL, it may be
- expended in a series of sine terms only or of cosine
" terms only. The series produced i is then called a half-
range Fourier series.’ :
FOURIER SINE SERIES: o
If we are required to expend a given functlon f(x )

- a series of sine in half-rang 0<x <L, then we extent o
the function reflecting it in the origin so that
f(~x)=-f(x), thatis we constructa functmn ¢(x})

" which isidentical with f(x ) for 0<x< I.. but equa] to
—f(~x) qu¥L<x-<0 - : :
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- ""'fx- ()<x<1,-. . - (nnx) o
degye] B T hY :%,*Za COS( L )ﬁ(z)
- —f(x) ~L<x<l , nel
. i . .
Then the extended function (p( ) is an odd functmn . W_h:ere a 2 =.Ejf(x-)dx .
* of idefined in the interval -L<x<Land -~ =~ ° AP Li :
conanuently will have a Fnurler semes mvolvmg sme ' nx)
. terms alone given by _ - , S and.a '__ f( ). Cos dx ’
tp(x Zh Sln( ) '_ B o - 'The series (2)1sknown is known as Fourler cosine.
C el . .+ seriesof- £(x )onthemterva! 0<x<L
' Where b lj Sn(nm)dx‘ STy, EXAMPLE 1] _ N
N R N T2 S E.xpa,ndof(x) =x+1, . 0<x<m in’a Fouriet sine
gt - _ L serdes.
f (x) “mu—)dx R 5 1.1 T10N:
L3 e B - Giventhat f(x)=x+1, = O0<x<= ,
But o(x)=f(x). for 0<x<L o - , S TR
. ) . ..+ Since we have to expand f(x) in a Fourier sine serics
:.'f(x)-—_u b“.Sm(—f——)—é(l) - and we know that a function f(x) has Fourier sine
S0 wet . P o
; gt (), . senes when f(x‘ is an odd function~ _
~ Where b, =ij( )Sm Sy, 'n=1,2:,_2!3,----?-” Here f( ) is notand odd function since f(-x) = -f(x)
- The series (1) is known as Fourier sere series of f(. x) & Sowe define a new f'f“‘?"’“ %(x) such that
- onthkeinterval 0<x<L.’ oo , (x\ f(x), O<x<m ° '
’ FOURIER COSINESERIES [ ~f(~x), ~n<x<0
If we are interested in expressing a function f(x}), . ' '
L x+1, O<x<m,
defined in the interval 0<x<L, as a: Fourier- senes o 1-'9-}!3(’(): ; S —r<x<0
-+ containing cosine terms only, then we, create a new oo A -
-~ function g(x )suchthat T S ,f Now o(-x)=(- x)- 1""(“1)" ‘P( x)
. f'(x'), 0‘<x<-!._. | 5 5-_.'. S0 ¢{x )ls an odd function on ~T<X<n ‘ _
: tp(x) (Qx.)- : —L<x<0 S . | . .;'_':".j, * ) ]F 1saisﬁ nlear fro_m the got(']aph of the functlon RS
* Thus the extended function (p(x) is an even funcuon i 1 = -
- ofxin ‘~L<x<L.and its graph will be symmetrlca’l?*‘ oA i K
- abouty-axls Its Four:er series is:given by S e [
.(p(’_ts_.-t i Ce
Where a=1 folax .00 P o7 '
) - . '- 1 : . S R Vo H .
R 1L- - e :
_‘anda -I:J. Cos( T )dx T . . i T .
C o '. e L o " Here period =2L=21 _:>. N
=Ef chg( - )dx . .-%* The Fourier series of ¢(x) is
. : o '

But g(x)=f{x ) fordex<L . _ 2 ,» ' Zb Sm( J -
. There fore, in 0<x <L, f(x) will be represented by ~ * - :
R o AP 0r(p Zb Sm nx)————)(l) (Lﬂr)
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i is even function

=>h = 1).8i dx
=b,== (1) Sinfmdx

@

- onc n; n.--
=h =—T(x+1) Cos(nx :[:+ [SL“(_'_'.’.‘_)_]
T i e

-2
= — 1)C ~Cos0 0
h m‘[(aﬁ ) osrm oS ]+

" an

=i, ’zr(ﬂr*l)( V]
‘ Then Eq(l)::» .

n=1

But-tp( )mdentlcalmth f( )1h O<x<m .

So f{x)= L(ni)[(un)(_ A1)’ I]Sm(nx) . 

"glf(x)éifg[gfl)n,l) 1] Sin{n )

==

i LT S—— K
2o ‘

3 :f(x)——f— .
+-—Sm4x-=----_-,;

B pLE 2: o
Find the Fouriér half-range .
- i. Sine series

" ii. Cosineseries oL

- For the function defined by. f(x)-.-_- xX*, 0<x<n y

RELIR Given that f{x)=x?, 0<x<m

~i. ‘Since Fourier sine series mvolves .only sine
terms, 50

Let f(x)=x :=¥h, Sm(n:x) -'

ned

orx "Z.b iim )-——-—)(1) (L=st)

. oned

= =%j¢(x)sm(nx)ax [’-‘fp(-x')-_siﬂ-(ﬂ?‘) )
. ) ;'b,;;

,.. 2 [ ~(x+1)Cos(n )]: L2 'f(;1+;))Ca;'s(.nx‘) d;

- ) ' . . .“2 ) .
< :bﬁ#—[n"Cosmz 0 +——'
J nw .

~‘_. ;:}.bn?.: -
R A, .

O G R P

(-@1 2)Sm:u:+ Sm(.Zx) (-n 3 2)Sin3x . o

(1:+2)$ir.1_x+§5in2x~—g“; )-__511_13& .

| Wh-ere -b,, =2 jf(x .Sin(ﬂgjdx -

::vb -———j:\ Sm nx)dx

2[—}( Cosr(nx)]" 2 FZx Las(nx) W
R me A

GI.—

3 .Nz;

T ‘.‘..;""’21' 2
- -?b“qﬁl'_}'( .Los ]ﬂ+—-—- X. Cosknx)

rx Sin(m;)l’l 4 '(1)Sm
Jn "2 r; ,

_é R .- 4 ['Cos(m

nﬂ. :

o -2—1-‘?”:: 4 '
( 3 +E{Cos(m: CosO]

i CH-1)"m Ay,
b=l ]‘"‘*(2)
Puttmgn 1234 ------ ,mEq(Z)weget
Bt 2n—~b smb =By mi‘,--,_
3 A'ht D20
Eq (3) can be written as
x =b Sinx+b,.Sin2x+b, Sm3x+b Sindxteeeees

L ::»x = Z:t-—)Smx-mSmZx+(w-—-§——\‘Sm3x~-—Sm4x+
' b 3 27 2 -

- Since Founet cosine senes does not mvolve sme
- .terms, so

f( ) x* -2 +Za Cos( :x)

.ol

n=l

or‘xw—3+Za CO,S. )"’(A) (L‘"‘")

L

' :Where a‘;z%jf(x)d_x -

Slg.

- =_‘23 .
a .au}#—!xzdx _
. :-..' nu .

‘;. “ '. ‘ 2 .‘xg a. 2 C | ) § . o -~ A
FEE T 3
S Thus aosznz _ . . \ .Qfds ‘
o 'and a, If(x Cvs[. )a.x.‘ o L $
- =— T &

22
T

Tj' Cos ; =
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| __.g!”x’..sm(;n;)}; 2r2x Sin{nx )ux

" »n",‘_on’ ‘n.

. ';»a'n‘smi j}(—'sm nx)dx
.‘ .é--__z}_[x.i:os(nx)] rﬁi)(}:ﬁsnxdi_ .
U]

" onm n PR |

“.—f[x{lns( J] - l’;[?_‘?(_,l] N

- n
o

_ _=>..a,\_.=bn—:1;[ﬂ‘(:osnn—0]—ﬂ .

b, ;E.[1~Cos-_—i|=—2v,. >'
_. 2

= b, =22 COS(E;E) ~Cos 0]

=b, =24 cQs(P-’f)ﬂ] |
. ki) 2)

or b_,;_-—:-%- I—COS(%)]""’(Z) |

nx
Puttmg n=1,23, -, in Eq (2), we have .

n
o 4('_1)" ) :
Putfing the valu«esin Eq (A), we have b, _ 2 1 Cﬂs(:m)]? 2
'y n’+2——-—2—- Cl:rs(nx) 3 -
: nt , %[1 CosZn]zo and so ofi.

> -R.HZ w) -(nx) .Aﬁs, .

n=t

EXAMPLE 3
Represent as Fauraer sine senes

rrey ’ Gwen that

V<x<l. |

' Slnt:e Founer sine senes mvalve only sime terms 50, ‘.

w=Ehsal o

- el '
' L
Where '-b'n': IF( ) Sm(mm)dx

' 0<x<%' : .. i- ' _' | | E :

=:»f(")= ;[sm( L ] +Sm(2,:x)+; fm(afx}} ) .

M soLuTION:]

Eq (1) can be written as

'.f(x);b,.Sin( )+b Sm(m)ﬂa Sln(3m]+
L L L,

_+b‘.sm(f’.._°.“‘.'.')+.'....,-‘ L
=>f(x)=-z-.-8in(¥“—_x]+3.siﬁ mx) 2 3,
+05in] ﬂ‘)‘;.,;.,. SR
. L X
2

B _" , Pﬂwe that for all values ofx between % and +§ o

A 4(5,“1 Sm(Bx) Sm[sx) \

X=—
i 9 25

o .- AR
-Here —<¢x<=
e 2 2

.:v»(}<x+}-3<n

=>0<t<n Wf_leret'-‘:xi-g-

Let f(t)=t,0<t<m |
To get the reqmred resul we éxpgnd f(t) ina cosine

: SEHES
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Let ft ).—_!"——'E+Za' Cos(nzt)
_or t-—l—-t—Za ,Cos( nt) (vL=n) . -
. L=l . ) . .

"Nhere', 3, =i jf(t)_‘(_itk
: )

rzn
.:;>a@=--jtdt
T{D
.~ -.l k4
“» t‘-
::‘aa“=ij[_' =%
) r 2
o L 4]
=la, =1 4

- “=;a.. "—’—-ft s;n(m)]" ._?-_['C"S(“' ')T | “

an® | nn

=a, =0+;~2—£[C;os(nt)]ﬂ
ﬂanfﬁ[(‘.on(m}j@sp} )
- _n'n * _ .
_ Putting the x(al_ueé in Eq (1), we have
L ﬂ -.n_.z- n. -
- =t=— i1} ~11C i

f(1)- 2+§nzn_( , 1]Gos{nt)
A (( 1)n.“1) ‘

_ L0 -\ -
:>t 2~1-ﬂ“=l — \os(l_nt)

:),t 5Ll 2 —ECnst——z—Coﬂt ———-CosSt e _
- 2 w1 3 E? :

. .
t*.—»——4- Cnst+jCas3t+1C055t+ cyiae ]
S n‘_ 5 ,

' Putting t=_x+E, we have

_'5_1'._1[cﬁs(ﬂ:v)+1€as iﬂ.}+£tﬁsg(.ﬂ}4....j
2 2 2 5 _ 2
-4 $in{5
== :—‘Sinx.{.%—_i_x—)- ..... . \
Rk 25 )

_sin3x Sin(sx) Sin{7x} ]
:"3‘=:}{Sinx_s‘“3x+ in( ")__.m.( x)+ ‘‘‘‘‘‘ i

Whlch is the reqmred result. .

0<x<'n K-*-——l Sink +

- K= Z—-—( (1 )Sm(nx).
' --:K-ZK {—-ﬂﬁ}m{nx)

. or K—4 Smx+——~—-+-=————u+
i 3 5

'Which s the required result.

Chcpfer No 6 _

T 9 - - 25 7 1

Gwen a cen,stan K show that, in the halt—range :

47 Sm(3x) Sm(’)x) - ] X
b

4 .

Let f(x () =K 0<x<m o |
Sinfce we need a Fourier sine senes of £(x ) in the

h;]f-range 0 < X<M;50 let

g Zb Sm( :x) \

o;’K=Zb Sm(nx) -(1)~ .L 1; S

- onsl .

R . 2‘-'
3 Whe_re_',b,::Ea[ Ax) Sm( )

2%
=—IK Sln nx
7‘0

gb;‘. _E[‘Ci".(_‘lﬂl:
= b, = -—-—'_—[Cqs(_'nx)-]: =

' ::>b —-!%[( 1) 1] '

:}E{Cesnn—clds-d]' S
amc-

orlb, =
[}

T R M‘“

Then Eq (1):3
) n=l

v
‘:}‘

. Topa n

L2 Esim<+-2-sma;a+Esmsm-----'-
PR

nl1
Sin3x  Sin ]K _

d

. Findthe half-range Fourier cosine series for the
" fonetion, f{x)=x; -

0<x<nh

ISOLUTION:]



_leenthat f( ) 0<x<1|:

Since the half-range Founer cosine series does not
involve sine terms, so let

: f( ‘)=x=~»—“2—+Za Cos( ;x)

sl

:.ﬁorx=?+z‘a Cos(nx) (1) wl=n

f#=1.

. -‘Puttmg the values in Eq (1, we have -

: x——+Z-—~—-( 1)’ )Cas(nx)

=;;:-2+2i[( 13 _1}Cos(nxl)' 5

n+ —%Cosx —~Cos$x Ccs_Sx-'----'f;'
2l 1 _ S :

g

- [Cusx CasSx CosSx - ]
z:»x—————- +

k OUESTION 3 .
, _.Obtamahalf—range cosine series for
f(x)=2x-1,  0<x<1-. |
And show that —=—1-+lz+-1?+
: 8 .1 ¥ 8
Gwenthatf() 2x-1, 0e<x<1

Since half-range cosine series daes not mvolve sine
terms, so we have : -

454 __Chapter Noé

S =2x-1=

&

or 2x- 1=?+Za cOs(nmj (1) : {~L=1)

; Whére a, T jf (x)dx

h _a,,_zjz:; ~1)d

=a,=7[¢ -XL o
]a, =0
Rr—
a, =-§-!f(x) Cos(j—l—?f)d:'c

=2,%2 I(Zx-i)COS('.nEx)dx. 3

. =2[(2x l)s,n(nx;)] '2]2 » Méx'

e nn -

: Cos{nmx) [
- =3, ——-[ (2x-1 Sm(nnx)]ﬁm{Tl
e Z[COS(HTI Cosﬂ]
. . ;
:- ..'Thus . zn,(l) -1
S Puttmgthevalues in Eq(l] wehave ' '
‘-':zx+1 Z " 2( )Cos( )
L 4f-2. . ]
',=$2X—12=;7—t2_- ?“CD_S( ) COS(BJ’.’X) —COS(SEX)“ ---- J

8 'éos(n Cos(3rtx) Cos(Sm:) |
7!2{ 12_. + 32 + gt } (2\

" Wrich1 is the required half-fange cosine Series for

f(x)=2x-1 -

. To get the required result, we set x = 0 orlin Eq (2)

Puttmgx 0 inEq (2) wehave _
B[ Cos0: ‘Cos¥ Cos0, -1
"-.'1"'"' T + 3 + 5: kel T

:Ei&i+1+'1+
8 1 ¥ ¢

thch is the required result. -

QUESTION 4:

Find the half-range sine series for the function

“defined as f{x)=¢*, 0<x<1

SOLUTION:



e _-._,Integratmg by pai‘ts wehave -

‘C"s(“’”"]: -'.I‘[i““"‘“(“'*"}dx?%-'.~ . ’(i*—*ls@(m){gjsm(@

Qumd Maths B. A/B Sc Part-I _-455- . ., ] _ Cﬁap‘fr N;'

leenthat f(x)=¢", 0<x<1 - 22mc (( '1)n+1'e+1): B
Since the half-range sine series mvalves only sine - nirt +1 g
 terns, sowe have S . ' 'Puttmg the values of b, in Eq (1), we have

: x}-_ Eh Sin(nﬁx} .-ex_:" nn -((_1)“*1e:+1)5m(nm)

. . K : =t 2y +1
'nref'z ‘b, . Sin(nmx)— (1 C{ek=1) L T
. § ( )( ) c ( - ) L -:>e -plﬂz 5 (-l mHl‘)SiI\(nm{)-
. - : 21 ' ' ' ] nlnﬂ2+1 ) E
" Where bn_zzjf(x)._.sm(nm)dx_ ’
: ] n

o ’ o e+1i1:x+—-——-_—-—e'-r-1x
1 _ - i . IR . 121[2_'_ ( 7 ( ) .22..“24_.1(. ) I

Lo gz‘“ *Sin(nmjdx—s(2)
| ¢ sinfmmji—(2) Sin(Zma)+

+1

L 1.t

]

. 'fe" Sih(ﬁm:)dx -i-—f-&:’—i—i’m—) 11:
. n . N
-e" Cos(nrix )_,_-' . -' Expand f( ) e*as Fuurier cosiné series for D<x<1

8 TR . [ |/ 710N

je Cos(nm)dx;’. ”

:=>j Sin( nﬁx)dx*

4L e 3‘“(“’“) ____je " Sin(nmx )d" . Giventhatf(x ) ' 0<x<1
o o | onn o ' ‘Since the half-range Fourier cosine series does not

: . ’ —é‘.Cqs(nvﬁ(j.'- e - involve sine terms, 50 wehave

= e".Sm(nm)dx:—»——_—-—.—-———.-!-_ B ) ; ; L
_ o nR _ L ‘ fx =-—+Za“.Cus(-L'— - ,

| 'e"sm(nm:) 1 S R

| - nm: s je Sm(mtx)dx o _Smce L=1;50 -

= le* Sm(nm()dx+-?—5fe Sm (nmx)dx L f(x)= @ ~—Za C"s ““")"‘“”‘(1)
G .Sm( nmx) e .Cqs(nnx) ' C 2

= .n’zﬂz : - e . o Where ao-,—-i: Il’.(x)dx

 {n*nf+1 e’&n(nﬂx) e.Cos(om) . 1

:j(, nznz er- !:-".m(nm)dxr — —— B agaz :exd.x=2[ex-]z : :('."L-;:l)

' e Sin{nmx)_nmeCos(nmx) IR U D
-:.sI Smm:xdx:-_, 21 S hznz-f-l . ;330;62[e -e] .

o ' _— . "*1".. =|a ;ze--1 ‘
' .:le" Sin{nmx)dx = g"Sm(nm),_,an*.c?g-(m) o 2 - ( ‘ ) | :
- | el mntatel ) ““"z'f Cos( )dx
IR o .' i o Lyt L R
= [e sin{um)dxa 0 TEESOME g, LIRS,
2 - : n‘m+1 e+l a =2 fer Cns( )dx—-—-)(z)
R | - .
. v . ; L
.= Sln(n@c)dx nnd +1[ ('—ﬂmﬂ] . _ Integratingbymm, we have

Then (2)=



= _ _Puttmg the values in Eq (1), we have -

' Qur.ud Mafhs B. A/B Sc Part I :

.“Sm(mrx) re Sm(nnx)dx

_ Je-"Cns(mrx) dx= ,
Bt nn Do
"Sm(rmx) 1 [y .
x ST e {e* (Sin(nmx)\d
| :>I e*Cos mtx)dx o ( in{nmx))dx |

= Ie"(los(nﬂx) dx= _
S nt- nm nn

1 fe""-_(.wls'(“ﬁ"))ﬂ"

ol om

o fetCos(nme)ix= Sin(nnx) _e*,Cos(nmx)
o : nm -

. . . : - . nn
| (et Sinfrmjdx |
©oamd '

nw.

i:> e Cos(nﬂx)dﬁ 21 2j"I’J:;m{rrm{)d:vt -

_ ot .Sin(mm) ; e" Cos(nmx)

nn nZiIZ

"Sm(nmc) I[e Cos(mrx)}r;.f

nw

e

‘ "_S KE i
.:s e".Cos(nm)dx:mezﬁ:i(:m) e" Cos(nmx)

rt+l

:#2." "Cos mzx)dxa 1r2+

: :>5 - [0+e Casm: 0 e"CosD]

" 2n2+
(e('—l-)";—::t) L

:5 a-“‘ 22

+1

e*=(e~1)+
Ll ) Lan’n? +1)

u—%—é—(e(-—i) - I)Cos(nnx)

1,
mx
i
1]
H
—
-
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N
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—
v
o
I
b
[w)
o
.
=
g
el

e =e-1+2

oSx + (e«-l)Cos(_Zg:x) +-|
wefmemqsg Bl o 4w+l |

, _—é-‘:;i-l::os{ami)ﬁ»u:m

e .Sin(nm’)‘+e"£os(ﬁm) )

[tme Sm(nux)+e"ﬂas(nux)]0

) o

QUESTION 6:§

""*"“@ﬁ“?f-’ L |

| _Chap?grr Nso 6

1+>e {1 - b
B (fﬂ)cosm L TEZ+1 ;

 Vonsscro
9r° +1; .

Represent by Fourier sine and: cosine series the

functwn deﬁned by

: ,‘ , 0<x<§{/.
1 ‘%<x<n e

i. Fourier sine serles
Since the half-range Fourier sihe senes mvuives oniy
 the sine terms, 50 we have :

.f( )= erb c.;m(.{'lt.’i) . -_ | e
or f(x] =ibﬁ.3in(nx)~>(:-t}':‘ - vk=m)

Where b = l'[f( )Sm(mx)dx_ .
) T

o =b, == |f(x).Sin(nx)dx .
%“ ) m.(tfff),.x,.l
b, == If( )Sm(nx dx+—— If )Sin{ mc}dx S
. 25/“ . B
- =b, == (O)Sm(nx dx+ J. Sm(nx)dx -
T

tl:» *i%[Cos*lﬁ-rCos( :)2] -‘i
vore(3])

pedter

nm
Puttmg n=1,23,, inkq {fl), we have

|.3£ Z(Cos( J-‘ 1J=-2-
- my 2} } o=



b, =-—;;(cpé(2u)5 1)=0 andsoon. -

- Eq(1) canbe writtenas: S :
f( ) b,. Slnx+b2 Sin2x+b35in3x+b Sm4x+ ...... =
=f(x );E.Slnx—E.SmZx-i—-—2-31n3x+ﬁ+--§--- '
- T n . 3 " B

f(x)= ?-'[Slinx -Sin2x +£S’ir)3x}~ s ]
) 4 3 .
u. Founer cosine series:” -
Smce the half-range Fourier cosine seriés does mt
involve the sine terms, so we hawe ‘

R nmx) .
- f x -‘""-'%-"F a 'E’:ﬂs:-.—.— T )
Z",‘ (L) :

or f(x)x—za+Za Cns nx)———a»(B)
=T . =1 - ’.

EE
Where 3u=zé[_f(x)d"'_' |

n%

' Putting n=1234,++,

e 2 ()—2 S
a, =—Sin —
R X2 om0

'as—vzeSm(sﬂ)z——% and $0 on
X 2) 5z

‘af(x).;%_.—;{c:osx-; T 5 =

ihEq (4), we have .

n

E-*“'SHI[}E):..—%-' . . |
Y (2} 3

a, s:lSm(Zn)= 0
s H
Eq (3) can be written-as o
(x)-—+a11:usx +a2£ns2x+a§0953x +a,Cosdx+- -

1.

=>1f(x)= % _x+0Cos?x+--€us$x+0——€n55x+e-:--"

I;J I

Co§3x ‘Cosbx  Cos7x

q—-..._}-] -
QUESTION 7: [ . S
" Find the half- range sine and cosine senes fcxr the
function .

fx, _ Oﬂx'(yi ‘.

=] g

n Co
=%, 35x<m§'

RTERTINE Given that |
X, .t}éx<%/ -

£ i
—Lx<m
20

i, Half-range sine serfes

e
n-X,




Smce the h-alf-range Fourier sine series »i.nml-ves' only
sine terms, so we have -

| .' (x) Zb S“-l[mtx)

. n=t

Zb Sm nx

m=l

. :
Where bﬂ_zz jf( )Sm[ de
IR Ln N ‘L

| ;{ | |
=b, %J'(x}Sm( Jdx+= jf S,m nx)d
0 . %
=b, = %st (nx)dx+-§?(j;—x)$i_x?-(nx)dx
2[ -x.Cos(nx % 2%(1)(-(105(35{)) |
ool P
| glf(_n x(—ﬂmcag))"‘_ z jo- 1)c—co§nx)dx
& on 3 % n
| : 2‘% g
=b, =—]x Cosnx]%éjfa—j_ j' Cosnx dx +

2 ngxy 2 .
n 2) nm
2 1 r .
=b, =-[—_2. lJSi‘n(E)
A n® n| 2) .

it Half -range cosine series:| \

2f 1 1 () 4 L
b, =—} — 4~ {Sin} — =— i

A frem)

203 -1
by = =+= {Sinn=0
¥,
ﬂ"3 3 ‘_ 5
b, ég‘(—1‘+1}5in2'ﬁ= 0
bs=§'(-5}z—+§JSm(5;] -_;E anad scrf.m -
Eq (1) canbe writtenas =~ - | .
f(x)=b,.Sinx +1;.Sin2x + b, Slh3x+b Sin5x+-......

- =f(x )-'*SIRHO szx—-ﬁ— Smesﬁﬂ Sm4x+2is?— SinSx + -

= f(¥)=——5mx-—-— Sm3x +i Sanxa..

'4.‘- 2 T
. f =t Siny -5 +_ 5 - )
or f(x) 2 Ik -o in3x TR $m X }

Since the half-range Fourier cosine senes does not
involve sine terms, so we have |

il -
f(x)=—"+zam£‘as{m} .
n=t : .'
or f(x)=%+zaﬁ.cés(nx)_4+(3) (';;L:.'#)
Where ag == {f(x)dx :
LI
:>a0=g,‘ff(x}:cl# ' ¥
mg ,
- 2% v 20
B If (x)_ch:w; j. f{x)dx |
LB
N T T
=>a,== {X
SO |3
% n 2
D2y = —~
4
g "7l
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T 2 [, '
m—g= =2 2C 0
TRETTT? % 32.15[
Thus an%% . d -‘qiszﬂ-\\~2.C.'t33271*(_—.1.)4 f.lé]éﬁ ' ,
A ﬁtff(x)-.ca%(—— dx z () S
) l,z” . T 2 o . '. 2. .
=a, =;ﬂf(x)_.(:us(nx)d.§ aﬁ=ﬁ2 2C053n-(—i)6-—3 o and so on.
R T _ Eq{3)canbewrlttenas i
~ 2% e 2 YN ' ‘
=‘>a.,,'=;. j f_(x)CQS(ﬁX)ﬁhH; !f(ﬁ)-ﬂﬂs(nﬁ)d_x 1’(3::)-—2-+a1 Cnrs:»:+a2 Coszx+a3 Cos3x+a Cos4x
] i ) v ’ . ..
g o, % " “"l"as('ﬂSSX'l'aﬂCﬂSﬁx-r _
. 1. ) ) EA L
=2 j'x Cosnxdx+-z-I —-x)Cns(nx)dx ' ,,:>f( )r—'—+9 L‘osx -Coszk+06033x+&tos4x+ S
uo n% N ‘_,"“n 4 o
+0£0<5x——2-€056x+ ----- .
[xSm nx 2 Sm ) o . 9x S
—_— dx+ L e 2 '
T S :'.sf(x)—a—- Cast—-——Eﬁséx~
- . . 4. 9x ks
: o
:n x). Sin(nx f ‘2“-[ 0 1 Sin nx)dx mf(x)ﬁ———[Cas.?H-Cosﬁx-k }
. : oo .
_ % S : '
2 [ Cosnx % Epress sin xasahalf rangacosmesenes in 0<x<1: -
—_ 2 4 ;
=3 -m{x Sm(m)YnM o ]0 * - and deduce that .
- R VEN R :
+—-—{n xSm(nx)] —E—_fli,fﬂsnxr 357 - 4 \
e e PRI R
' ‘ 1 R Here f(x)=Sinx, D<x<1r.
2in . fnn 2| o) : , .
—'—>an.=;‘1i§55 (‘E)“Q]""r‘lz‘; @'5[_27)7":05_0}* " Since the half-range Fourier casiné series does not
o : ' o . involve sine terms, so we have o
2 0—(1:—2)5{11( ) ' Cusmt Cns(rm) : | nax - -"
nmn 2/ L2} n 2] "“""Z Cns( ) o
. | CoLohed 2 & L) L
iy =2 2 o)) e o
"Tn A 2 “\2)° ) » '5:‘>"Si'nxé%a—Zéﬁ.Cos(nxQ—-r(l) wb=n
2 B o nn ' : i . L B :
~ei{ =1} =Cosj — |} . - - - : g S
'nzn'(( ) 0 [2) o Where au=—iff(x)dx i
. . - . \ . 0 . i ) .
=a =_§__[ (E’E] ~1- (-al +Cos( )] N 2% T
S 2 Y :>aﬁ=éISinxdx A 69
2 nm R L SR, SR
mﬁ——r[ (”"z—) (1)~ ] —) e S&
n'n naoz—‘[{osx]_--’ o G
n='1,2,3,4, """ . o . @ R

Z[Cosn Cos G]

i
4
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=>1a 4
> lag ==
yiA

.an=%ff(x).Cns[_E%xf}dx .

ﬁan 2 [sinx. Cns(nx)dx '.
h ‘u ) .

Eq (1) can be wntten as

,Cus(nx)&nxdx : L Smx-—g‘zl+a1C0$x+Ea Cpanx)

n=Z

| “z(f -19.71)‘:'.

z:lil—"

i
S

= Sm ﬂ+1 ~—Sm (n-1)xjds . :>Smx-—-+0€osx+ Cos{nx]
Tﬂﬂﬂt . ] - TL' nz:z 'M(ﬂ 1) .. ( j
--—-———-1] _l;%S(ﬂx)

n-I ;

—Cos(nﬂru Cos(n-1)rc_ Cos0_Cos0] 3slnxaé+%{ Cos2e-—- 2 Costx-—2— cm}
e , T w21 6 -1 '
.1

‘-—Clus(n+1)x Cagin -1)x :[ |

T+l - n-1

4
=II '

=}Siﬂxs«—+~—z

T N5

3
-
n

20
| n+d -1 n+1 n+l| $r1

k]

Co&m Cosnn-, 1] ' . ::>Smxa5~ ~1~Cos2x+--ﬁt'fs4x+-];£ns&x mwa(?z)
o ® 73 35
| n+1 n-1 n+1 n-1 e .

a1 1Y 11 : ‘ Puttmgxq- mEq[3] wehav.fe
(—1)(" )+( —- ) 2 | |
n+l n*—l n+l n-1; , 4 :
( 1 1 ) - Sih-~'=———~{ .Cosn +—c +-—-Cos:in+-~-'--f]

U.
2
i

=

A i o _ 3. 15 35
7 An+l n-1 S I I LS U T e )
I ) “ _ - =>1=____.,_{__+_':."__+...:.4;.]‘
o _[1#(-1) [a~1-n- 1] o o T oA 31538

= a =. - - . . s - EY
T E'J- n _1 ) :

Y
ai
. i D
e N F‘l"“* Al Aje
2

——
s
\-ﬁ»’

4
E Y
I

)

| m:zz_(ﬁ;(:ﬂ ey ’-":'A_'z*z 3 '1?’35 J -
o’ -1) | Sl i ] -

. » ' ( ¥ A. . o
Qr e ( _.1) \2) n#l . :E:l.}l E)-l[i).‘..]_“ _;2_ ————
| , + 2 203/ 20s) 23 -
- Forn=1, wehave - . w1 1’1 1) 1(1 1}1 1(1 1)
U . == ] = |- e
“a =-=—fo}€05[ )dx 4: 22 _ . 2 e
L LI ‘
. 5 o "4 2.2
= al- == Si.nx.vﬁlﬂsx de- o '
e .o !

=, %ESmx.Ensxdx o
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ey, bBex<— =b, = -—;[Cos(%ﬂ + 1}——%;2—51{3—)4-
Expand f{x)= _— o _ g T S
C 1x—— Zex«l : . 1 _1:“+Cos.(n—ﬂ- éiSin(ﬂ
| R 8 2 . . {( ) 2 )} o'n ZJ
AsaFouriersineseries.~ . . . T e : -
" AT Given that il +_1__4_§_5 (_’I‘E}_t})_
th nzq; \2J 2xn

1 s 0<x<s
4 -2
x-—?'- ~1—.<x<1
A 2

il —>—~—-2 Sin mt)

‘ B n"'hz' LZ
* Since half-range Fourier sine series mmlves anlysme o oo | BT { 11
terms, so we have - n 2 2 ngt, - Zn

-Z _5“}( s =-'-‘4*—siin(,1’3}+!—£—r~)—)w?(z) |
A . REEE A e . . 2um- .
: >Iorf Zbﬂ Sm(m:x)-e(l) e . "@uttmgn =1,2,3,++-, in Eq[2), wehave

. ot .L' S B e ‘(%)4*(1 -~ 1)) _4_1-

.__‘ -' :ﬂﬂx o NI 3 A

M .;"lﬂz',”-'i

- S . 2D +1"(#1)2__
f(x )Sm(rmx)dx L e et 2o © 22w

Y
. o
£
i
Ng
-
o
L]
[
.&L
=]
A
1
>

o 3
e : - a) 1-(-1) 4 2 4 1
R = e RS SRS
=>b,=2 [f(x )Sm(m)dx+2 jf( x.Sin(mu)dx Fa \2) 24 o 6n o 3
' A R ¥ - - ' 4 —(—1)‘ '
s o o by :a_-«a—-—.Sm21:+ =0
2% o - gt 2.4 e
:>bn_=26[ 3 _)Sm(nm; dx+21'[(x 4)Sln(n@)dx oL sm 1_  4 _“_.=___+;. -
' R % ' s Rt : 2511 25n2- 10n 250 Sm

1l

A ~ Yo . :
Rt Cos(nux) 2 Cos( mx) - andsoon.
b, 2’['["" x) T =2 j ———dx+  gg (1) can be written.as
0 ] : -

S LA Y - g I
' ' - o Sinx = bISmx+b,Sm2x+b35in3x+b4 nnx+b55insx+-m--
. 3 COS ! nmx o - - .
*2[— _)_ -2 ( )d'x' _ :bSinx-'ﬁ( it )Smx-t-ﬂ $m2x+(—i-+ : )Sin3x+

L ! %: i L et ‘75 ; 9%’ . 3n -

J-0-
}4 2

Yoo +ﬂ.‘Sin_-‘1-x+(«-—'_—-,—+-.--—)Sinl§x+-h---
{ i-—x Cos mtx - {Sm mtx] + - . 25%° S®) . :

umr. nn

: p Smxé(i——)ﬁpx+[%+ ]Sme (——--—7 1n5x+
27- 33 - _Z, Sm(mtx) [ . 4
x5 JCﬂs(nﬂx + | , QUESTION 103
M '% .+ . Expand x(m-x) in h.aIf—range sine series when

o gf (mm) 1} 2 1 fun -' - 0ex<m
ﬂbﬁ“;ﬂ‘[*ﬁ;ﬂ"s_[“z’)?‘g}“;;g{sm( 2 }‘“J* BN 0L TION:

Here f(x) ~X) =T %, O<x<n

"-,-1';" T - ‘ T
——2~ ——-———( ) +l Cns(ﬂ) +-—'§——-2~[9-—Sin[»r;i-—ﬁﬂ ' Since the half—range sine sznes mvolve enly sx‘ e
| 4 -4 A2/} mwd 2 /). terms,sowehave . Jitte

-p()
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x(fi-x) Zb Sinnx—(1)  wL=n E | S | f(x)za?"+2(a Costx +b Smm') (1)
© e B =l - '

whmb “%J(X)'S??‘(%)dx‘ I 'whérg.%:% [F(x)ax

jnx ¥ Sm nx)dx o o :>an=%.[(.nfx=}dx»'
%3 oo ' ' “x o

%.s_l;,,- =§{-(nn l)fllﬂs:(::m)]ﬂ _%j_(n_m)(zosﬁnx) d¥ -___Ma:

=t L -

2- )
“

U
<]
=
u
Al A= "H|=
1 = ~
H,
i
+
2
-+
il

R ) '. - 2 Sin nx .
>b =—0~-0j+—| (-2 +
b= 2po-0 ,.m[( e ];

U
1
I
S

(0 2) =
ij ' An RN 4, =% I {x) Cosnx dx
-:>b 5——[ - Zx Smnx] ___[Cas-nx] ' R —n‘,r L

_ m’l n 0 _ a, = <2 I(ﬁ—x)(:os nxdx
;:b“=——2[O—'0]—E[C.qs'nnmcoso} S '_?g—n ‘ oo

".=>b"=:i{(“-1-)'ff1] - | | ' ' - ‘=a, %[( _ )ISlr:lnx]_.m ;{(0 I)Su:lnxdx

i

-

R R FRA R | CosnxT" - |
~f=1V' it o S v—O e

ThenBg(1)z. . - '-;"-?:’an‘?“‘?;[‘?@f‘“"“‘f’?‘f«“‘{"’lffil'-

| -X(ﬂ—X)ﬁz—%Sinms P S |
< n—l' ' - . . ‘ b s Jf Smnxdx
x(m-x —~Z Smr-x o el = - , :
| _' ) . : L -:>.bn .f.'— f(n—x)sinnxdx :
_=>x;(n-_x)=f[;—5inx+;-3m3x+—s_—SinS)g+---=_--] SR , . .
. ' SI:SIHX Sm3x+Sm5x+." ] . . ,: ‘,: . -_—>b __[M_nf} --l’]-mtlx
d . . . C _“ .~

(o) I Ao LR

. E . : U - --—[11‘ X Cﬂsnx]_ ___[Smnx] -
- xpandf() M-X infe . T : o , 1LY IR (N TR
- i, Fourier series for -u<x<n o " N
il. Fourier sine series for 0<x <%
iii. Fourier cosine series for 0<x<m - 2

. — - n
SRIEIERE Given that f(x}=x-x S A\

L . Fourier series for -n< x<m: o ~ Putting the values in Eq (1), we h%ve
The Fourier series of £(x) isgivenby - S

N | :>b _—-[0 ZnCos(—nn)] 0 |
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of o o
Cf{x)=m+ Y | 0.Cosnx+——"-Sinnx{ . 3y == f{n=xjdx S
" . ‘ ’ ) - ) z,n .
PRRTIRIRN ) S S A
' -:>f(:¢)-r+2 S nx. PRSI
] . ©ped fi ) ) R 1 e
Which is the required Fourier serms of f( ). oy 2 nz i _0-‘
il. Fﬂunersineserwsfor O<xem: e & 11 I J
‘Since half-range Fourier sine series involve mﬂysme . ._-' ol gl '
berms.suwehave S e =Y I .-.-—-)=f£ v

f(x Zb qm( )

orﬂ. x::ZbiSmnx—»(Z) -:.-“' :

,:_w=i'

Whm‘eb ——jf Smnxdx :;a a-j{ﬂ x)Cnsnxdx :

".' . YE ! '. e
In x)Smnxdx B
- a . . 2

Fi

R ‘:?aﬁg[( Sm"l«ﬁ 1) Si‘:“"d

b, L2z ,..;,;C“m 317;'(_.0; 1)Cosmrds .. .mﬁi[(n;-x}sm -] Eosn |
af ng noC e na- . % an| n
= . < B , ‘ ¢ ) . ,2 : . '.
| Smmﬁ -0 #a, =—]0-0]-——{Cos ng-Cos 0] -
.:b “-[ﬂ ”Cﬁs“]o'”_n“&[_ o "“-_“’;[ ! e " ]
o ' -'. IS LY IR S oL
-n€as0]“~—=—{0 o] T .nﬂﬂ(\( 1) .1)-_-

. Thzn Eq[z):a

Sinmr
xsZ——Sinnx 2? T

nnl

:an:—‘ El-

Smx Smﬁx Sin 3x .
+ = L

- EUREY 3 e o = (x)= E+2[%—Casx+—£2053x+-z"-(2055x+ ----- : J
- ili Fourtercnsmeseﬂes for Gsx<n ' ' Ll 3 5 A

* Since the half-range Fourier cosine series doesnot
involve sme term&, 50 we have R E I .

| x)—~z--f La Eas( m:x)

n-l . '

iy 1 4 Cosx CnsEx fosSx = | o
?‘“"k?ﬁ[ 1? 5 3 T+] N

nr,f( %+233Ciasfnx) (3) L=n o *
. . . ,

: Where aa——J‘f(x
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.Smce Founersme series mvolve onlysme terms, $0 . 2,1" ) g |
- wehave . : S - =b =_—"[Cos Sm[ )ﬁx L y

) Y -
f(xC Egb)stéb!.s)(m) (1)3 '.  .£ 'P o %‘blFlfz.Sin(%].Cm(%—JEQx.z.-.
. - or Cos P " - : =' .‘ .

n=1
Where b, =2 ft(0)sin 22 o T
AR L. . 2\ P
Tood 2 sinf 7). | < p
=L L e
b, = ]Qos( }Sm( P .x 175" n
-0 S o P
. . 1 AP ES] L o . -
~=h =—FOZ'SI"(T}?°§[?1?’5 L =b, =§1-{Cus 2n- COS{}] 0
3 . __1 . )
o o =2 Sin(‘("fi)m‘}sm[w] & ‘""‘- L -
Po. N U F ) e T Eq(l]canbewnttenas : ' -

[t wbaml afS] g Su(]
“P| (n+l)m  (n-1)m

‘P_ 3  ’_'1° '- ’- . | ;Cos(P] osm( ) Zzn(n (( 1)’ +1)Sm( )

- n=l . -

]

[ P () P (n-i)m J” IR ,
=b, ==| - Cos~—r—- Cos— 2o nl(-1)" +1)
o P(n+1)n ) . ‘P . (n- 1) | Pp b= .Enzz._(.n_z_____-_)._sln(m
=:>j.b .-=.'_1_[1 Ccs(n¥1)m+"1 "’os(n-l)w]a,- g ) ‘:

TmindlTT P a1 P

=>Cos

P

RN I AN
ot
3
5

¥

S afy 1 Cas0 € o-v':m(‘ )31 . f6m |
=:»b =-;-[H—Cos(n+1)u+———-Cos(n ~1)n- _o_s_____gs_] AN '+'—E£—Sin(.@3‘-}+

2 '
: n+l n-1 | oo 1,0
‘ :)b —'""" T MR E =] =S X —— — wun .
o 2R n+1 LR 1 n+1 l’lhl] - =5Cox( p). -Z,t[3sm( )+155i ( P )+ s“:’ P )+ ] -
» I N NP S i e N e T T ST B
gt ~(-1)f _(-1.)-__ 11 } R ﬁqﬁos\%—j:ﬁ[lsm(?ﬂ) ls.n(4m)+—51 (%E]*“'J

[y

3
ml n+l  n-1 n+l n-1 M3 ANPJIS 3

_ oy : - IR Thebookanswertswmng R
b, =1 _-L+_l_)(--_1)f*+ PSR | A QULSTIOI\ 138
© 0 alin+l n-1 A+l n=1/}

, TR E'xpress f( )-Sm( ) 0<x<L bya Founercosme "
== {-1)"+ S A . |
*om{n?o1 nd-1, .t series.’ | -

- . ~ T 'Gwenthat '
b=-2“(-+1) et
) ( .-1) R (x) Sm( L) 0<x<L
' -_j - For n= 1, we have _ » C : 'Smce the Fourier cosine serms does not mvo!ve sine
' I : S S terms, so we have - -
b,—- f(x)Sm( ] .
- R ' -——+Za .Cos( ) Half 1erlod P L)

n=l




—a = Cosnn cﬁsnﬁ _ 1 1 \

>3, (n+1}n (n'—;)u (J’Hl)u (n.—",l)r;'-' -

=a ='(."'1)‘n (--1)lI~ . 1 1 } : N
- (et (n ﬁ'i)n'_(u_w-l-)n ()
—a T 1_]4__1-&[_1"._- g } |

"oom iL"H'l n-1} n n_#l"n_.-—l{ L

L [y 1 1)

. __:ir‘?a"‘ {‘I : u}(nﬂ I~ 1)

S g_a;;[(-z)- f'}(.;z] '
T SR O

| ‘2(1"("1 “)

)
n(nz - 1)

Fﬂr n-l we have

o ':' { —-——jSm(-—»-) Cns( .)dx
(el
| =‘>3;=%f25i"( L‘] 't‘.a‘s(f:)cgg .

| —cas(n-rrl)sm Cus(n 1) =

| ) SR R A,

R

Lol h

SO NS R

(n+1) L o=l

.l : ("*1)., . 115., (n 1) .

g é‘ [(“*‘1)":“ (n 1]1( Cos =g ]'

=a I

" (n+l)n (.n )

1 '
f(ﬁﬂ’)m “[n- l)nc.oso o |

ieg =( )(-Casmz) l—Cd;gm)_t’ 1

T e et et (oot
».? B . . . s _. ‘ - ii“; ‘ _.‘;- _v::_;v B

i
N
i
«
W
T
£

CM("H) CQS(n 1)1r+ ,




Since o '
gk ._2 2 1+("'1)
QSl-n[.L‘]“'n ﬂz

I\=2 Il -'1 . L

Y 2 2] 2 () 2 . [4m) ]
= 8in]| = |= ==~ ==—C0s| —— | +~z——Cos} — |+---
L) n =2 -1 AL £-1\L)

:Sin(ﬁ);z‘;—i -1~C (Zﬁx)+i¢°5(i’§)+... Ans.
AL . 1:3 \ L’_ 15__'L.

QUESTION 14:

\

-penod:c with per:od ?.n. Show that the Fourier series .

for f(x) is gwen byf ).._Zm_:"‘ﬁ'_:f_)_ .
C m’

smtmm Gwenthat f(x) Cosx, 0<x<n

Since f{x) is odd with permd =7L= 21: soits Fourier
* series involve only the sme terms, so we have. -

”&”(Tff§ f”

Toasl

Zb Sin nx)—>(1 ( L=1|:)

. : e W '
'.Wherg b, -I!f (x)- Sm[T)dx

2 TR
= fcosx. Sin{nx)d : Co
‘_=>. .uj'osx 1f1§nx) x ]
Zl!:;;i:,l'_,

b _:;[-Los(nﬂ)n Cos(n lfxl A

Let f{x)=cosx for D<x<ﬂ: If f(x) is'bdd and '

Thus-ﬁ b, = 4p ..

" Cosx=

*@nQWﬂ,mufu«
- nCosx-—:-i [ ;:Jt.:‘mnx .1;. N

o Chap'herNob o

' n+l n-1
1 n YR
=—{(~ #
=b, 1r[(( 1) +1)(n2_‘1},‘ n#l
w1 er)
Db, s—p—r=, n#l
, xin —1)- o
coefo .. foras 13,5 :
by =y 4“ forh=246 ----- .
(ﬂ "1) . :
Forn=1, we have o . g
b -—-ICosx Smxdx . O
. D -
B 1“ :
:»bl —~IZ Slnx,Cosxdx _
S P o -
. "'.- 11 . . - - Vo
:>b,=—-_f$in.2xdié
Ly
N =2_1_[42032;( “0
Som
=$b{=0' | .
U forn=1387e

forn 246 ------

- ",;(;‘:1")

. "?uttmg the valves in (1), we have

Sin nx

fs

" . P » L n=21.& _
nl n-1 - ' - Substltutmgn-Zm o o
= 1C05(n+1)n Cos(n l)n cgso cgsg So that m=1,23,+~~ forn 245, ...... '
=by = : Then . - . . )
" n+1 n- 1 n+l n-1{ o
b =21 C“S“““C‘*S“ (‘.osnmCos:r Ry 1, . Qﬂﬁx : Y ( 1)Smnx--—z 2o ~Sin 2mc -
toml el o wet Tpil ant) L Peddse o'-1) m=1(?m) -1
' b"_}, (; )“(') ( 1)( ) I 1 - aCosx*—Z Sin2mz -
A n+l . n-1 - n+l n-1} . : m=xm"1_ L
P A '-'Whmh-xstherequlredresult.' :
R -'._‘.ln___-n
Qbaz.].'..( )+(1) +7.1 +_L
<M+l n-1 a4+l ped . ilableat

| el

uL n+l .n

v
\

SRS (S ST }
,

.- wwwmath‘:‘ty"'g



