PX153 Maths for Physicists
Sech‘on 2.- Fousier Series

6.1 Fourier Seres and Coefficients

A Fouriec Series Can be used 4o (epresent a functioh
o9
f(x) = % + ,\Z (an cos(n_rtf_c>+bn S\‘r\(nil_l))

Where -L4aczl  and 0 and bn are Constants

For o funchion {69 +o be fepresented by fourter Series it must:
Be pe.n‘odf'c, = L is the period
* Be Single valued and  Continuous , except pass:blj ot o finite pumber
of finike discontinuities
have afinite numbec of moxma and minima withia One period
the wtegral over one penicd of |£Gal must Converge
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ThQ Coeffcients  Qe, On and bn Can be {mé uSl'nj
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Orthoganality Relations :
(% pez)
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f Sin (o) Cos (Bx) dx = &
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fSin(o(x) Sin (B dx ‘:/Cos (o) Cos(gx) dx = {71 if «=g
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6?_ P (‘opwr’c\'es oF Fouriec Senes

| The Fourigr Series s periodic, So J((3C+ ?.L) =‘F(x)
I o function s symmeric , £69= -£G) , ond b =0 forou 1

~eq. Cos(nxc) , Ixc|
1€ o funchon is onkisymmetric, £(x)=~£(x), and an= @ for all n

~eq. din(nx), x

" A Fourief eries canbe USE o prie Me fmult of a Series
=, 3 1
Exomple:  Shew & ° C (QV\‘H) us\r\g the  Fourier Series

joc| = T -4 (Ccs:r 4+ (63s3x + (esSx ...
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(.3 Parsevals theorem

A functon £Gx) has o fourier Senes % * 2 GnCos (123 + bn Oim x)
Hon Porsevals Hieorem gives
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b-4 Fourier Sine and Cosine  Series

I 3‘“" wont ComPu%e a»ﬁnn'er Series .For a-chﬁan Within & range
0Ll |, o Sine or Casine Series can be ured

(> 2+ 2, an (™)
f)= 2 ba Sin(°C)

Wth Coefficients

0o -~ __LQ__ J: féx) dox



o= L[ 1) 63 (*E) dn
L (o]

b= 2 (* f6) Sin (°T) e
L 4

The pariadic extenSion of a Sine and Caline Series for the
fex) ron Same funchon f(x) iUt differ
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Exlension FS ExtensSian

6-5 Gibbs Phengmenon

* When a fflmch'on s discontnuous aka vale, the Fourier Serios ay
that walve Wil be halfwaj between The upper and lower valve
" Foc dis confinuihy f (xd) at ocd, +he Fourier Senes win Ccn\faazto

f(x,f) + f (x4t)

2

" At disconhnwhies, the Fourier Senes win ovesshoot before o

dfsc:m’h’nm@. As fue Number Of texmy U\Creases, the OVXShook
moves Clgser fo the  disCantinuity



6.6 Conuusencc’.

*If £ and £(x) are contnuouy over CT-C,L), excepr possibly
ot o finite pumber of points ,the Fourier Series Converyes ax

-E\Ief\tj pont
'F(UC) =_;— [f(x*) + f(g:’)j

Wheve f@) = Um fexis) and )= Lim £(x-€)
£->0 0

Ur
- |£ f[?(x) anb ,f )(:t) exis- and are Cenbnyowy over (-L.L) and
f(L)> (-1 He Fourier Sexies Convexges uniformy 4o £



