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Chapter 11 Orthogonal Functions and

Fouriler Series

48 % ° linear algebra & >+ orthogonal (& % ) basis =74 %

% linear algebra %
(1) inner product (f,,f,) Zf

(2) orthogonal 2. f.[n]f,[n]=0
(3) % f, f, ..., fy & orthogonal set, f[n]=> a f [n]

A ]
S EATAT
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Glde R H = 53 entry m'fi‘ﬂ 5%

f,=[1,0, 0] f,=[0,1,0] =[0,0,1]

f[11 f,[2] £ [3] AN fz[2] f,[3] f3[1] f3[2] £3[3]

#_— % orthogonal set

.l

¥ %8 o A continuous § ¢ %4 i@ Z_& orthogonal?
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Section 11.1 Orthogonal Functions

1111 % & : REMPBELER 2.8

(1) inner product (pp. 588)
(2) orthogonal (pp. 590)
(3) orthogonal set (pp. 591)
(4) square norm  (pp. 593)
(5) norm (pp. 593)
(6) orthonormal set (pp. 593)

(7) normalize (pp. 595)
(8) complete (pp. 596)
(9) orthogonal series expansion (pp. 597)

(10) generalized Fourier series (pp. 597)
(11) weight function (pp. 599)

43 38 1 (1) ¥ 2 % e linear algebra ¢ ehE & 5 i

(2) 48 % = & 3V 02 3% (see pp. 602-603)
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11.1.2 = &

(1) inner product on an interval [a, b]

(f., fz):jb f,(x) f,(x)dx (f, f, & real p=)

a

g o discrete case (. T,) Zf

# ~v ¢ more standard definition for inner product

b *
(fl’ fz):ja fl(x) f, (X)dX
with conjugation
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Inner product % "

(@) (f, ) = (f,, T)*
(b) (kf,, f,) =k (f,, f,), k = scalar (& - = constant)

(c)(f,f)=0 ifandonlyiff=0, (f,f)>0 ifandonlyiff=D0,
(d) (f, +1,,9) =(f, 9) +(f,, )

discrete case 7 igut 4 F
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(2) orthogonal on an interval [a, b]
(f.)=[ H() F,(x)dx=0  (f,f, 5 real &)
f,(x)f, (x)dx=0 (more standard definition)

B (fl' fz):_[b

o discrete case 2 fi[n]f,[n]=0
I;I . [a b] — [ 1 1]
1fex¢(k » + #) 2 5 orthogonal

1 1k+1_( 1)k+1
3 k+1 k+1

k+1

k+1 =0

jlxdx

/2% @ & @ even function iz @ odd function % [-a,a] 2. FF & &

orthogonal
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(3) orthogonal set
')ﬁ -2 funCtionS ¢O(X)l ¢1(X)1 ¢2(X), ¢3(X)’ -----------

j¢ x)dx=0  form = n

BT @(X), ¢1(X), o(X), @5(X), ... ..o A FE TE Orthogonal set on
an interval [a, b]
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Example 1 (text page 399)

Show that the set {1, cosx, cos2x, cos3x, .....} is an orthogonal set on the
Interval [—7, 7]

when one of the functions is 1
Vs :0

-7

T -
_[ 1-cosnxdx = %sm nx
—T

when both the two functions are not 1

f cosmx cos nxdx = _[_” %(cos(m +N)X +cos(m—n)x)dx

T T

sin(m—n)x
, 2(m-n)
_sin((m+n)z) sin(=(m+n)xz)  sin((m-n)z) sin(=(m-n)x) _ 0
— 2(m+n) 2(m+n) 2(m—n) 2(m-n)

_sin(m+n)x
— 2(m+n)

T
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(4) square norm

F OO = (F(x), F () =] F(x) *(x)d

g o discrete case 2 f[n]f7[n]

(5) norm

100 =700 )= [ 1

(6) orthonormal set

¥t — 1B orthogonal set, & { i&— ¥ /% &_

j¢ x)dx=1 foralln

R4 F 5 orthonormal set
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Example 2 (text page 400)
Calculate the norms of {1, cosx, cos2x, cos3¥, .....}

| 11dx=x" =27

_[_7; COS NX COS Nxdx = fﬁ%(cos 2nx +1)dx A SIS T MEASE
_sin2nx | x[* _sin2nz  x _SIN(=2n7) (-7) _
4n 2|, 4n 2 4n 2
[=v2r |cosnx| =
{1, cosx, cos2x, cos3X, .....} normalization as a orthonormal set

{ COSX COSZ2X CO0S3X

Vo' r ' Nx o Nm
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(7) normalize

#-norm % 5 1

Y(X) » v(X)= v (x)

v z£d normalization, #- orthogonal set 5 = orthonormal set
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8) complete
P
# winterval [a, b] 2 & » iz = - @& function f(t) 38+ r2 £ 7 <

Go(X), #(X), &(X), A(X), vvn..... =77 linear combination
F(X) = Codhy (X) + Cuh (X)  Cyy (X) - =icn¢n(x)
B (X)), 9(X), &(X), As(X), oevvnnnnnn. A TE complete

't it e linear algebra % © > 4F 3-tuple vector & 3
=[1,0,0], &,=[0,1,0], e3=1[0,0,1] & complete
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(9)(10)
F (%), $,(X), B(X), #5(X), ........... = complete
7 OE-f(X) % 7 = A AL 1F (9) orthogonal

C series expansion
f(x)=>c,é(x) D
n=0

% H(X), A(X), (%), Ba(X), ennnnnnn, # % orthogonal, ¢, # % &
5 (%), A1(X), B(X), B5(X), o % orthogonal
I 0091 (k= 30, [, ()65 (0 =6, [, () ()

[ (x)d; (x)dx

a

" 0,0 (x) o

£ 7
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¥ (X), 2(X), d(X), #y(X), ........... = orthonormal

c, = [ f(x)4 (x)dx
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11.1.3 Orthogonal with Weight Function

(11) inner product with weight function
(£,(x), fz(x)):j:w(x) £ (x) £, (x)d

H ¥ w(x) # AL 1T weight function

4v _+ 7 weight function {s
(11-1) orthogonal s z_s& s =
(for f)= [ W(X) £, (x) £ (x)d %0 form=n

(11-2) square norm %_s #c =

£ (0 =L w(x) £ (x) £ (x)d
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(11-3) norm s E_%&; #x =

ey =\/I:W(x) f(x)f*(x)d

(11-4) orthonormal s z_3 & =

b

w(x) f, (x) f7(x)d %0

Ja

~b

form =n
w(x) f,(x) f, (x)d %1

Ja
(11-5) normalize % j# :x =

(%)

v(x)= v (X) _ v
v (%)) \/J;W(X)W(X)t//*(x)dx

601



(11-6) orthogonal series expansion of f(x) ™2 2 generalize Fourier
Series =y jE rr =
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11.14 = & 3@k 4

(R48 %)

cos(a + b) cosa cosb — sina sinb
sin(a + b) sina cosb + cosa sinb
cos(a—b) cosa cosb + sina sinb
sin(a — b) sina cosb — cosa sinb
cosa cosb cos(a + b) + cos(a — b)]/2
sina sinb 'cos(a — b) — cos(a + b)]/2
sina cosb sin(a + b) + sin(a — b)]/2
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cos?a — sina

cos(2a) or 1 — 2sin%a or 2cos?a — 1
sin(2a) 2sin a cos a

cos23 [cos(2a) + 1]/2

sin2a [1— cos(2a)])/2




11.1.5 Section 11.1 § & ;i §, e 3

(1) Norm = square of norm & 4 7 %

T normalization FF » & % 2 norm

(2) -filk i_: & wﬁtm’\ -\
(|) g& f_‘l_;:-t" f]}; ,,_‘ 1o ufT‘J)I%Z gg_;ﬁi B »lr «:

- . . ja ja
(i) 3% 5 2> 7 2 d cos(a)=C—t&
2
. eJa _e—ja je_Ja — jeJa

"'l B
—
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4 ¥ - Legendre polynomials #_- #& orthogonal set
1
j_le (X)P,(x)dx=0 ifm=n
H ¥ * Hoorthogonal set
Hermite polynomials (with weight function) (4 -

Chebyshev polynomials (with weight function) (3 -v

Cosine series
Sine series

Fourier series
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Section 11.2 Fourier Series

11.2.1 % &

trigonometric functions

{1, cosZ x, cosz—”x, COSS—”X, ....... sinZ x, sinz—”x, sin3—”x, ...... }
p p p p P p

orthogonal set on the interval of [-p, p]

f

proved on pages 610~612

cos%”x am o 2P g
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(2) Fourier Series

:4 Z(a cos””x+b sin N7 x j
2 P

® f (x)cos "Z xdx
J-p P

608



@ &

trigonometric function (page 610)

Fourier series (trigonometric series) (page 614)

Fourier coefficients (page 614)
fundamental period (page 619)
period extension (page 619)

partial sum (page 621)




"Hg S, (frequency) £ B F * F o M Hz(FH 8 S BED)EH >

A B¥ qﬂg}EL #E-% ¢ 20~20000Hz

B # (AM): 5x10° ~ 1.6x10° Hz

R # (FM): 8.8x107 ~ 1.08x108 Hz

& T AR L 7.6x107 ~ 8.8x107, 1.74x108 ~ 2.16x108 Hz
F@e i 0 5.1x108 Hz ~ 2.75 x1011 Hz

¥ OBk 1 4x10% Hz ~ 8 x10Y4 Hz

B £ A & a0 3% 1 Fourier series
Fourier transform
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11.2.2 Trigonometric Functions

trigonometric functions

1, cosZ x, cosz—”x, cos3lx, ...... sinZ=x, sinz—”x,sin:g—”x, ......
P P P P P P

Trigonometric functions is orthogonal on the interval of [-p , p]

& % C2 +2=5 = eninner products k 2

(1) 1 VS. Cosine

p

P 1.cos X xdx = P sinZK | = P gj _ Psint-zo)=0-0=
J_pl COoS 0 xdx_”ksm o x_p—ﬁksmnk ﬂksm( zp)=0-0=0
(2) 1 VS. Sine
p
jpl-sin”kxdx:—pcos”kx =—£c057rk+£cos(—7rk):0
-p p 7K P, 7K 7k
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(3) Cosine VS. Sine

J‘ cos ZK x. sm”hxdx_j {sm”(mk)x—sinmx}dx
P P P P

z(h+k)x

)+ 1 cos(

- P__1 cos( Nk

27| h+k

_PT_ - Leos((h+ k) — cos(—z(h+K));

2L

+ 1 [eos(w(h —k)) - cos(~(h - N1

when (h = k)

n(h;k)x)} P

-p

(when h = k)

.[cos”kx sm”hxdx_j 1in 27K yox = ——0032”k =0
P P P

47k

-p



(4) Cosine VS. Cosine, k#h

_[ cos ZK x . cos ZN xdx j [cos7z(h+k)x+cos”(h_k)x}dx
P P P P

z(h+k)xy, 1 .. 7z(h=k)x "
[h+ksm( )+h_ksm( 5 )}

_ b
27 -p
Zp[h k [sin(z(h +k)) —sin(=z(h +k))]

+ L [sin(z(h—k) —sin(-(h - k))]}

when h = k

(5) Sine VS. Sine, k#h
_[ sin ZK x . sm”hxdx_j [cos (h_k)x—cos”(mk)x}dx
P P Y

p[ 1 o mh—k)x _
Zﬂ{h (SInC5

=0 when h = k




Square norms of trigonometric functions

2 p _ P
il _j_pl-ldx_ X =2

p
7Kyl — [P a2 7K _1 27k 1y P .27k _
COS ™ X j_pcos IOxdx j (1+cos<22 > X)dx 2( to SN > xjp P

p
7rkx 2 rkX 1 27tkX 1 P gp2rkx | _
sin ~°%~ j sin > dx == j (1—cos=~2~ )dx—z( ~ 5 SIN > )p_p
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11.2.3 Fourier Series

The Fourier series is the orthogonal series expansion (see page 597) by trigonometric
functions

(Fourier series~ 4 A iF trigonometric series)

The Fourier Series of a function f(x) defined on the interval [-p, p]

2

n=1

f (x)=a°+2(an cos%zx+bnsin"6’xj

_1 (P n e s ; ..
2, =7, f(x)cos "% xdx ao, a,, b, #F 1¥ Fourier coefficients
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Example 1 (text page 405)
0 for - x<0
f (%)= T<X<
r—X for 0O0<x<rx

1j dx_lj (7 — x)dx_i

a = lfﬁ f (x)cosnxdx = %joﬁ (7 — x) cos nxdx

== Xlslnnx 1_[7[(—1)1sinnxdx
7T N 7T J0 n

-~ 1 cosnx :1—cg)sn7z:1—(2—1)
A4 0 Nz /4
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b, =" f(x)sinnxdx= 1 [ ( — x)sinnxdx

T

_m-x1 (Tl
o jo( 1)(~ - cos nx)clx

= coSnx
7T N

T

1

= l—%sin nx ==

Nz

>

0

- 1-(-1)" V4
f(x)=Z + cos VZ x + Lsjn Nz
(%) 4 nzi‘( n°z p T p
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11.2.4 Conditions for Convergence

_ 8 N Nz Nz e
f(x)—7+2(ancos?x+bnsm?x B A
n=1

_1(° Wy 4 nz
If a,= IOJ'pf(x)dx a, pjpf(x)cos ) xdx
_1 (" in N7z
b, —pj_p f (x)sin“Z xdx
fl(x):ao+Z(ancos””x+bnsinn”x)
2 n=1 p p

(1) fi(xg) = f(xp) If f(x) Is continuous at X,

618



2) fl(xo):f(xo+);f("°‘) if f(x) is not continuous at x,

f (% +)=1imf(x,+h) f(x,—)=Ilimf(x,—h)

h—0 h—0

Example 1 e 3

f(x) f1(x)
A A
1T 1T
e .
X
=TT .I.I. =TT _I_I_

Fig. 11-2-1
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11.2.5 Period Extension

fl(x)za;)JrZ(an cos”gx+bnsin”gx)
n=1

fundamental period: 2p

= interval x € [-p, p] 1 #F erag= =

f,(x+2p)= ?’Jr Z(an cos(ngx+ 2nr) + b sin(nF’)TXJr an))
n=1

f.(x+2p)=f,(x) (period Extension)

¢ () ABEH 5 2p 0 S5t (BAFX) () %= B
? e
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Example 1 36 3

l.i “‘ “
“‘ “.‘ 1“
® @ ®
“ “\ “
N T X .
—t—%--- Sif—teoet—1—>
4w -3 -2m - T 2w 3w 4w X

Fig. 11.2.2
Y- 2L Hp enda 35 > Fourier series expansion s % 7 i * 3t X ¢
[P, p] =% &=

e JIFH SPT
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11.2.6 Sequence of Partial Sums

Sequence of Partial Sums

N

Sy (X)= az +Z(an cos%x+bnsin%xj
lim

n=1

15y ()

N 4% < > %50 3% 27 % = function
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3——

2_

7
T VYA
3 2 1 1 2 3

(a) $3(x) (b) Sg(x)
Flg 11.2.3
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11.2.7 Section 11.2 F & ;3 §, e 3

(1) Fourier series 12> 3% (% % 4% )
(@) % - & _a,/2 > m 2t aq,
(b) & ay, a,, b, > I ] I “/érf,l‘zp
(p &_interval width - L)

(2) ’Eb?t:: ’i-xﬁ'v;\ '\4

@ x4 [uty(nd euye)-[

a

u'(t)v(t)d

w3+ & Fourier coefficients ¢ % * | » 4= Example 1)
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(4) % n i g, cosnr =(-1)" yigifai it

Bt ma =z (X z2°+2(a cosZ x +b sm”ng

T = P

15 F fl(X)=a2°+Z(an cos%fx+bnsinﬂp£x)
n=1

fL(X) fof(X) 22 B F = B3 o erp

() 7 discontinuous =g = (X)) =[f (X%, +)+ (% —)I/2
(b) f,(x) & periodic, f,(x)="Tf,(x+ p)
Ra oo YRS BRELRS f(x):%+2(ancos%x+bnsin%[x)

n=1
626



BB g iR aFE - sk

Clerk Maxwell
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Section 11.3 Fourier Cosine and Sine Series

1131 % &

(1) f(x) Is even
) Fourier cosine series (g% cosine series)

f(x)= 2 +Za cos”gx
n=1

aO:%Io f (x)dx a, :%IO f(x)cosngxdx

Fourier Series —

Fourier sine series (& sine series)

f(x) 1s odd B
1= page 607 2_[ x)sin % “” xdx

628




(2) £ & %3 : Fourier cosine series, cosine series (page 633)

Fourier sine series, sine series (page 634)

Gibb’s Phenomenon (page 637)

(3) Half-range expansion: [0, L]

(a) cosine series: f(x) = f(—x), interval is changed into [-L, L], set p=L
(b) sine series: f(x) = —f(—x), interval is changed into [-L, L ], setp=1L
(c) Fourier series: (i) interval [—p, p] is replaced by [0, L],

(i) pisreplaced by L/2

(4) One of the applications: solving particular solution (See page 645)
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11.3.2 Even and Odd Functions

even function: f(x) = f(—x)
odd function: f(x) = — f(—x)

Example

1, x2, x4 x5 x8 ... are even X, X3, x>, X7, x9..... are odd

630



Cosine functions are even Sine functions are odd
cos(t) sin(t)




Several properties about even and odd functions

(a) The product of two even functions is even
B o ox2. x4 =xO

(b) The product of two odd functions Is even
HRLOX - X T= X2

(c) The product of an even function and an odd function is odd
Gl roX-x2 =x3

(d) The sum (or difference) of two even function is still even

(e) The sum (or difference) of two odd function is still odd
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(F) If f(x) is even, then I_aa f(x)dx = 2.': f(x)dx
(9) If f(x) is odd, then f_aa f(x)dx=0
(Proof):
I dx I dx+ja
=—[ f (% dx1+J (£ X, =X, dx, = —dx)

= [, f(x)ax + [ F(

When f(x) = f(—x)

'f_aa f (x)dx:joa ) dx; +j Xx)dx = 2_[
When f(x) = — f(—x)
[© £ )dx=["=F (x)dx + [ F (x)dx=0
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11.3.3 Fourier Cosine and Sine Series

(1) The Fourier series of an even function on the interval (—p, p) is the
cosine series (£ = Fourier cosine series)

n=1

- ~~
- -~
- -~
- -~
- -

- =~ ~
- B
- =

~-====

F* 25 0 (1) f(x) is even

(2) Half range extension (page 639)
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(2) The Fourier series of an odd function on the interval (—p, p) is the sine
series (g 4L i¥ Fourler sine series)

f(x)=> b,sinZx
n=1 p
_; P N1
b = pjo f (x)sin . Xdx

fez_ v Fourier series # — e = 5 = i

A5 0 (1) f(x) is odd
(2) Half range extension (page 639)
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Example 1 (text page 410)
Expand f(x) = x, =2 < x < 2 in a Fourier series

A Y
f(x) Is odd

.. expand f(x) by a sine series

y=X, -2<x<2

I - x
Fig. 11.3.3
~ 2 [ ysin " xdx = — 2 xcos"Z x| + 2 [*cosT = ]
bn_z_[oxsm 5 Xdx = o XC0S ™5 xo+nﬁj0 cos"5 xdx f(x)zz4(_l)n+ Gin 17
2 (V4 2
——2 2cosnr+0+—25sinZx =—A4 (—1))"+0-0=-2 (-1 n=1
nz n°r 2 |, Nz nz

636



Example 2 (text page 410)

odd function, i# * sine series

-1 —7<x<0
F(X) = "
1 0<x<nr«x
A ¥
(U —
-1;: i . X
. Fig. 11.3.5

b :21”1.3inmxdxz_20osnx” _21-(=D
n T Jo

T

f(xyzijil_giysmnx

T

0

T

n

n
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11.3.4 Gibbs Phenomenon

S 2 l-(-D)" .
Example 2 e % f(x)_ﬁZ _sinnx

n=1

N n
partial sum S, (x)=221_(n_1) sin nx

% N7 & &= » o discontinuities iT ¢ 3 “overshooting”
“overshooting” ¢+ -] 7 € ¥ N @ %
e R R g AR KARTE > A% kAR 1T discontinuities s

TR % > F ¥ Gibb’s phenomenon
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Fig. 11.3.6
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11.3.5 Half Range Extension

z_an enp|+ 1 f(x) is defined in the interval of —p<x<p

F a2
Expand f(x), 0 <x<L

(f(x) ¥ 3 =0<x<L§"® 7
(a) In a cosine series

(i) Interval: [-L, L], (ii) #t3 23t epd LB, (iii) X
(b) in a sine series

(i) Interval: [-L, L], (ii) #t5 =>3%apd LB, (i) % % £_odd
(c) in a Fourier series

(i) Interval: [-L, L], (i) #73 =>4 chpd L2 B~i%
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4 Example 3 (text page 412),

fx)=x%,0<x<L
(a) in a cosine series
B3k f(x) = f(—x) for —L <x <0, (B3k f(x) £~ i even function)

interval % = (-L, L)
i &~ cosine series =t 3V

f(x):aZOJrZancosngx aozf)jopf(x)dx

n=1
218 Nz
a, _—p IO f (x)cos 0 xdx

AR 2iEpees L

f(x)= a2°+Za cosMx  ay=2[ F()dx =L, fxcosTTxax
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(b) In a sine series
Bk f(X) = —f(—x) for -L < x <0, (3% f(x) £_— 1 odd function)
interval % = (-L, L)

& sine series =t 3V
f(x)=S b sin N7 x b = 2 [* £ (x)sin N xdx
(x)= 2 b,sin 2 i =5 )y FO0sin®?

BAr FERped L

a = ]
f(x)="+2 a,sint7x b, =%_[0Lf(x)sinnT”xdx

n=1
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(c) in a Fourier series interval > % (0, L)

2~ Fourier series = ;\

f(x)= 8;3 + E (a CoS np” X+Db, sin ”p’z ) aozéj_pp f (x)dx
1 Nz p :

a ==| f(x)cos—xd — W nrz

) p.[—p (x) . XdX b, IDj_pf(x)sm . xdx

% (1) #interval [-p, p] # 5 [O, L], (2) #-p#& 5 L/2

f(x):aéo+2(ancoszr|1”x+bnsin2r|1”x) aozﬁ_[oLf X) dx

a, LI )cos -~ 2”” xdx b, =EJ.OL f (x)sinzrﬂ”xdx
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Example 3, f(xX) = x%, 0 <x <L

ez B E R % 2 EA

cosine series

e /r T
AL -3!,." -2L L*,- 2L 3'L AL

sine series
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S. J'I (] I . ()
: i' :_ Ll : '-F : ‘i l L h- K
-L L 2L 3L 4L

Fourier series
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11.3.6 Solving Particular Solutions (% = B = /%)

a,y" (t)+a, y" " (t)+---+ay (t) +a,y(t) = f(t)
f(t)=f(t+2p)

BIRE: Eﬁ“i’?ﬂ
(L@ T e 37 ¢ 7 % homogeneous solution
homogeneous solution & &_F & * Section 4-3 e % X f%)

(Step 1) #f(t) % -~ = Fourier series

f(t)= azo+2(an cos”gt +b_sin ngtj
n=1

g« cosine series (5 f(t) = even)

£« sine series (4 f(t) = odd)
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(Step 2) B3k particular solution =% s =

y,(t)=A +Z(An cos”?”t +B_sin %tj
n=1

(Step3) N 5N > bl T Hc o #-Ay, A, B, RS K

% #7iE3K e particular solution = homogeneous solution
FARRR e o PlE Rt



Example 4 (text page 413)
(4p B 4~ 12 232 H-4F ¥ Section 5.1)

1dZX+4X:f(t) f(t)=nt for-1<t<1
f(t)=f(t-2)
Step1 &% f(t ibnsmmt (%1% f(t) 4_odd)

n=

b, = 2[0 atsin(nzt)dt

_ ot Co 2
_—2ncos(n7zt)0+j0ncos(nnt)d t

_—21 D"-0 annt
(-1) +nﬂ|(7z)

- Zﬁ(—l)”*lsin nt

_Z _ N\l
= £(-1)

0
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Step 2 i3k particular solution =

o0

X, (X)=>_ (A, cosnzt+B, sinnzt)
(b=1)

'Euj’; DR AR '//J» W I A ?

AR L hE% o Bi%4ck Section 4-4 >

terms 5 & 3

cosine terms = sine
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Step 3 #-x(X) f- Step 1 c.55 % &~ » 16((jj+4x= f(t)
i ~ LA cosnat- LB NZ sinnat
|16 4 16 " p?

+Z 4/, cosnzt+4B, sinnzt) :Z (=)™ sinnzt

n=1
—]_%A]nzﬂ2+4ﬁh =0 =g A =0

32 (_1)n+1
n(64—n°z°)

116 B.n°z*+4B, = 2( 1)" cossm—p B =

Therefore, the particular solution is:

0 32(_1 n-1 N
X (t)= SIN {
» () nz;‘n(64—n27z2) p
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General solution:

x(t)=c, cos(8t)+c,sin(8t)+ i 32( 1)n_1 sin ¢
2
g ordar LAdX gy P 2 - % 2% T KK

16 dt?
4 78 > @71t particular solution 2 ¥ ic € 3 cosine terms

B Step2 ¢ 0 FOUE FREBER
= B, sinnxt
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11.3.7 Section 11.3 3§ & /2 § e 3

(1) =38 = 3o = % Zo4s

for cosine series and sine series,
_ 2"
%=1 jo f (x)dx a,

(" (x)cos Z xdx
! P

* P \
2 (x)sm”gxdx

(2) Fourier series =7 half-range extension §= cosine series %

sine series # f¢
p is replaced by L/2,

(3) Half range extension 4= solving particular solution iz = i 3% 4 fi4g

[—p, p] is replaced by [0, L]

feo FREUILL LT IRV KA
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Exercise for Practice

Section 11-1 3,5, 6, 8, 13, 14,17, 21

Section 11-2 2,5, 9, 10, 12, 16, 17, 20, 21

Section 11-3 14, 16, 21, 23, 29, 33, 37, 39, 42, 44, 45, 48
Review 11 6, 12,13, 15,17, 18
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