Engineering Mathematics II
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11.1 Fourier Series

[
A
[== R
+ RE M4 x0f Cfstol Ho %71 (period)
+ O <= p7h EXYBFG, BE x0f THELOF f(x + p)=f(x)
=TS
— 0. sin x, cos x (57| 2m) (periodic function)

— F7|g==7t ot Of. x, X2, X3, &, cosh x, In x &

- T
St f(x)Q| F=7|7}F pO|H, BE x0f| T30 f(x + np) = f(x) (n=1, 2, 3, ...)

Folgaol 4
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()2t g(x)2| F7|7t pO|H, af(x)+bg(x)2| =7| &= pO|LCt. (a, b: A2|2| &)
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11.1 Fourier Series

21
- Ewr%rz,\_ A|(trigonometric system)

4
= AL =
« F7| 2nQl =52 O|F 0 A
1,cos x,sin x,cos 2x,sin 2x, - -+, COS 11X, Sin nx, -+ -

(trigonometric series)

a,+a,cosx+b sinx+a,cos2x+b,sin2x+--

0
J
%

=a,+ i (an cosnx+b, sin nx)

=1 — —
A %= (coefficient)

CM2FATL B FS 0 L T 2mel FolES

®
o+ (a,cosnx+b,sinnx) 2|0 2%
n=1 (Fourier series)

~
=
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S
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11.1 Fourier Series

» 30| &Z%=(Fourier series)

fx)=a,+ i(an cos mx + b, sinnx)

n=1

— ZE2|0f| Alz=(Fourier coefficients)
- E2|0 22 A=
- @27 ZAl(Euler formulas)of o|sty A™E 4=

— [ s

=lJ‘” £(x)cos nxdx
T

b, = lr £(x)sin nxdx
72' -
(n=1,2,3,-)
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11.1 Fourier Series

» 2|0 &%=(Fourier series)
— Ex. 1 7|8 Ql HArZ& oK rectangular wave),,,

O A L R S 1 [

k (0<x<7r) - 0 b4 2n x

a, = ifﬂf(x)dx = i[fﬂf(x)dxﬂ'jf(x)dx} = i[fﬁ(—k}dxwtj‘:kdx} =0=4q,=0

a,= lj‘” £(x)cos nxdx = lUO £(x)cos nxdx + r f(x)cos nxdx}
T V4 - 0
¥ sin nx|*

+k

-

:l[*fokcosnxdx+'[”kcosnxdx} zll:ksmnx
v - b ~ p

}=0:>an=0

noy

b, = % J': £(x)sin nxdx = 1 Ul £ (x)sin nxdx + J::r f(x)sin nxdx}

T
T
0:|
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t=3 t=3 f= =]

0
cosnx
AL

=i[—'foksinnxdx+rksinnxdx} =1{k“’5”x
V4 d 0 V4

n n

o
WA

11.1 Fourier Series

= 2|0 23%=(Fourier series)
0 T
bn:l{kcosnx Byl :lzk[l—cos(—niz')—cosnzz'+1]:Zk[l—cosnﬂ']
T no|, n || nx nrw -
~1 (n=o0dd) 2 (n=o0dd) i
—>cosnz = —1l-cosnz =
(n=even) 0 (n=even) T\
R (n=o0dd)
0 (n=even)
:>f(x)=gbnsinnxz%sinx+%sin3x+gsin5x+m "\ B ‘\gﬁs'\ dh
:ﬁ[sinx+lsin3x+lsin5x+--~]
T 3 5
—>f[£]=k:ﬁ(l—l+l—---j<—>l—l+l—w=£
2 T 3 35
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11.1 Fourier Series

» Z2|0|| ===(Fourier series)
- Ezlrsmb_r Aol &l (orthogonality)
c A Ae P - < x < oA K moknt.

f cosnxcosmxdx=0 (n#m)
f sinnxsinmxdx =0 (n#m)

T
smnxcosmxdx:O (n#m or n=m)

- Z2|of g0 oot BH
O 2= f90l Ci5to,
DZI|7F2m 9 FI|E4 & 7 -1 < x < 1 0| A T2 AL (piecewise continuous) & Zt
Off M ZFEBha( Ieft-hand derivative 9} 2 = 5h=(right-hand derivative) & 7%
= B 02| 22| B SYICE
f07F 2UE0l HE Helet RE MojMe 24 ¥ = f(0
517

L gesel HoMel 340l B - o] AT e 23zt

ol

ris

Engineering Mathematics 11 School of Mechanical Engineering

= ol F7[(p=2L)= 7HX|= &=
— 717t 2nQl g2 F7|7t 2L &= Heol F7(2

HEDHS HBtA|Z

— —

f(x)= a, +i[an cos%x-kbn Sin%xj

n=1

[ 7

1L nm
. =ZJ:Lf(x)cosde

1L . nm
b, = ZJ:L f(x)sin de
(n=123,--)

J ¥
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11.2 Functions of Any Period p=2L

= oo #7|(p=2L)F X
—Ex. 1 Z7|X0Ql A Atztsn}
0 (-2<x<-1)

fx)=1k (~1<x<l) &p=2L=4—>L=2 H
0 (1<x<2) " —‘ ’— ’_

|= &
-

—2 -1

e[ reke= L i g

Lt k nmxl
:Z-[Lf( os—dx—f'[ f c s—dx—fj. kcos de——smT

nw 4
0 (n=even)
= k (s1nﬂ+si Ej—%sinnﬂz % (n=1,5,9,---)
nr 2 2 nrw 2 nrx
_% (n=3,7,11,---)
nw
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= Aolo] F7|(p=2L)= “tX|= &=
— Ex. 1 Z7| =0l X Apzken}

1
*J. f(x) n—dx—f_[ flx n%dxz%jllksin%dxz—icos@

k nr nr
=——/| cos——cos— |=0
2 2

nrw

= f(x)=aq, +i(an cos%x+bn sin%xj

n=1

k 2k Vs 2k 3z 2k S5 2k T
=—+—C0S—X——COS— X+—COS— X ———COS— X + -+
2 2 kY4 2 hY4 2 T 2
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11.3 Even and Odd Functions. Half-Range Expansions

= Z2[0] ZAQ F= & FE2|0f ARl F5
— Z2|0|| 2 ARl Z4=(Fourier cosine series)
« 7|7t 2L QI f%t=(even function; g(-x)=g(x))2| F2|0| =

f(x)=q, +ia” cos%x

n=1

(ao = %J.OL f(x)dx,a, = %LL f(x)cos % dx (n=123, ))

— Z2|0|| AFQl Z=%=(Fourier sine series)
o 7|7} 2L Q1 7|&t4=(odd function; h(-x)=-h(x))2| Z2|0f =%
1(x)=35, sin%x ‘

[b,, :%J-OL f(x)sin%dx (n :1,2,3’...)j | ‘
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= ZE[0] ZAQ 5= & FE2|0f AR 55
- gt AZehE
o gh=o| gl fi+f, of ZE2|0f| A== f; 1t f, ZH20f| S FSt= £
Ol Als=2f hat 2t
o gh= of of E2|0f A== f 2f s F2[0f A0 c & &3t A1t
ZLt
— Ex. 3 &L|I}(sawtooth wave) o
fx)=x+7 (~z<x<7z) & flx+27)=f(x) / ‘/‘ '
S = ft ), | yad
fi=x & f,=x .o *
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11.3 Even and Odd Functions. Half-Range Expansions

= 2|0 IAR = & F2|0| AtQl 2

(f; = x): odd function — a, =a, =0

2 . X 27 . 2 )CCOSI’L)C‘,r 7 COS X
_ZL fn(X)SIHde=;L xsin nxdx = —| — +J' dx

0 n

T n

7 n n
(f,=7):a,=ma,=b,=0

(Zb smxj+ 7r+ib” sin nx

2[ ﬂcosnﬁ} 2
==|- =—=cosnx

n=1 n=1

. . 2 .
=7r—2cos7zs1nx—cos27rsm2x—§cos37rs1n3x—-~-
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11.3 Even and Odd Functions. Half-Range Expansions

» HEAZF M7l (half-range expansions)
- FO|T BHRVE FIIH BL(EFT| 202 YH
« F7|1MQl 2%t 2 =t even periodic extention)
« F7|MQl 7|82 =2 odd periodic extention)
. gt f= 20| 219 F7| FZhe| gzt H el Lol FOfH

Z0) 7 $4(0<xsL)

-L L
F717F 2L Ret2 =

£
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11.3 Even and Odd Functions. Half-Range Expansions

» BELZE 7l (half-range expansions)

—Bod B ()
L 2 L :

/)=
%(L—x) (£<X<LJ o L2z L =
. L 2
f(x):a0+Zancos%x
n=1
1L 1| L2k L 2k 2k ([ pLi2 L 2kl k
aO:ZLf(x)dx:ZUo Txdx+ L/zT(L_x)dx}:?Uo xdx+J-L/2(L—x)dx}=??=§

2 4k
a,= Z.LL f(x)cos%dx = ?[IOL/zxcos%dx + ILL/Z (L —x)cos%dx}

Ak\( I . nm  I* nrw '  nr I* nw
=— sin—+——| cos—~1 - sin————| cosnz —cos—
L |\ 2n7 2 nrm 2 2nm 2 nrw 2

4k I

L* n’n?

nrw nr 4k
cos——1-cosnz+cos— |=—5—
2 2 T

|:2COSM—COSnﬂ'—1i|

n
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11.3 Even and Odd Functions. Half-Range Expansions

» HEZLZE M7} (half-range expansions)
k 16k 27 16k 67 k 16k(1 27 1 67
e=———| 7COS—X+—COS— X+
2 L™ 6 L

—> X)=—— COoS (6}
f()22272'2 L 6°7* L 2

f(x)zibﬂsinﬂx
n=1 L

2 L . nm 4k (2 . nmx L . nm
bn ZZJ.O .f(x)SIHde:?[J. XSIanx+JL/2(L_x)Slanxj

)
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11.4 Complex Fourier Series

» 2 ZZ|0f| 2(complex Fourier series)

2o 2= =4 F2of 25
o

f(x)=a0+i(a cos mx + b, sinnx)

n n
n=1 n=-o0

a, :ifﬂ f (x)dx ei’”: COSl‘+i.SiI.1t ¢, = i J"’” f(x)em dx
1 or e =cost—isint (n:0+1+2- )
:71‘ £(x)cos nxdx 1/ _ LTS,
Vel COSt=E(€”+eﬁt)
T E_/.\_ IL E.A = 2L(I)_| E[.A
b, 7J‘ £(x)sin nxdx - sint:l(e"’ —e"") = Tfloﬂ = (F7| )
2 — inmx/ L
( =123, ) f(x n;ocne
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11.4 Complex Fourier Series

» B4 Z2|0f| Z(complex Fourier series)
1

flx)=¢ (~z<x<zn) & f(x+2fr)=f()

1 = 1 1 )
e =— —mdx _ (1-in rd — e(l—uz)x
" 2r J-”f I 27 1—in

=z 2ml-in

= 1 1 (e(lfm);;ie—(l—in)ﬂ)

1 1 ,,7 -z Y1) tinw _ : _ —(_-1)

2”] m( e X 1) —e —COSn/ZiSlnIZ?Z'—COSI’UZ—( 1)
(1+1nj2 b7 1),,:smhﬂ' 1+ir: C1y

27[1 in\1+in T l+n

i inx _ Slnhﬂ- Z (_l)n 1+in ein.\' E/\ = E_|O“

1+n? (complex Fourier serles)

0 n=—ow
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11.4 Complex Fourier Series

» 2 ZZ|0f| 2(complex Fourier series)
(1+in)e™ = (1+in)cos nx +isin nx) = cos nx —nsin nx + in cos nx +isin nx
(1=in)e™ = (1—in)(cos nx —isin nx) = cos nx — nsin nx —in cos nx —i sin nx

inx

— (1+in)e™ +(1—in)e™ =2(cos nx —nsin nx)

- f(x)z o = icnem _ sin:ﬂ i (_ 1)" 1+in o

1+n?

n=—ow n=—o0

sinhz 1

sinhz sinhz 1 .
= - > 2(cos x —sin x)+ 3
T T 1+1 r 142

(%7 1+112 (cosx—sinx)+ 1+122 (cos2x —2sin 2x)f~-~j

2(cos2x—2sin 2x)—---

_ 2sinhz
V3

Engineering Mathematics II School of Mechanical Engineering
t=3 t=3 f= =]

11.5 Forced Oscillations

- RS

-Ex 1 my"'+cy'+ky = r(t) — y"+0.05y"+25y = r(t)

t+£ (_”<t< 0) External
}"([): 2 &l’(l+27[):7'(t) force r(z)
T
AR (0<t<x)

o F2of g

(real Fourier series)

2
Fourier coefficients:a, =b, =0,a, =——(1—cosnx T
0 n n n27z' ( ) \/—m‘2

2 4(1 1 1
—>rit)=) ——(1—cosnr)cosnt =—| —cost+—cos3t+—cos5t+---
(03221 cosnr)oosn =4 Leost+ Freos3is | )

=r(t)= %cos nt (n=135,-)

= y"+0.05y'+25y = ;icos nt (n =135, )
n°r
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11.5 Forced Oscillations

s I R =
SHITS S59HAe RE 30| g4
L= 2o 4R E 7t (¢EY)
y"+005y+25y——cosnt ( =135 )y Wwty, >y, ast—>o
= () ey Zy,, >(A4,cosnt+ B, sinnt) 05+
4
y,"+0.05y,'+25y, = ——cosnt
n'r
425-n) 0.2 . ) y
—>A4 = ,B = ,D,=25-n") +(0.05n
) 02 s o)
Oytput‘.
= YW =2, 0)= 2y =24 0355+ N N
% (1o
T A | O A | Y e S
S [  RTof (1 e T3 ¢
e L AL TS S
“I/“w' B | h\lnp“‘
0z 7\
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= LAF O] 2 (approximation theory)

- Fof g2 =& & F0i| otLt
- O 20| ZAE Hett 22 B
-71= g

- f): F217F 2 QI R2|0f 22 B Jtstt F|es
— N+ £2gh fx)0f et ZAbgE
f(x)=a,+ i(an cosnx +b, sinnx)
n=1

N
- f(x)~a,+ z (a, cos nx +b, sin nx)

n=1
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11.6 Approximation by Trigonometric Polynomials

» 2 A} O|E(approximation theory)
& 2X}(square error)
« T - s x < oA B FOf B fOf] Etot MlE 2Kt

EZJ:(f—F)zdx

A2 HE X
- P2 < x < OIM Fol fof B3k KT Qs Fol 47t fQ)
Z2|0fl A|=0|% A|47} ECt.

— NO| Z7t2to] upet fo] Fa|of F4 K
H O f2 & oA g

Engineering Mathematics 11

11.6 Approximation by Trigonometric Polynomials

» LA} O|E(approximation theory)
— Bessel2| 25 Al(Bessel's inequality)

202 +3 (a2 +7) j fdx

n=1

— Parseval®| 2| (Parseval's theorem)

2a0+2(a +b?) j fdx

Engineering Mathematics II School of Mechanical Engincering [EEGY¥




11.7 Fourier Integral

= Ex.1
— 37|17} 2LQl g0 M 7|7} Lo} E E 2

0 (~L<x<-1) s
[ i 3 | T o e A i O |
fix)=41 (-1<x<1) (2L>2) T :
0 (1<x<L) o
£
o 1 (-1<x<1) e TL? el P
%f(x):}LI{I‘CfL(X): 0 otherwise Sl

& f(x):even function — b, = 0

= L[ rea= [t s :

f'[ flx cos—dx——j cosidx ,
*J. 7dx—2 L Gin 7 - 2M S :
ng L L nx/L

Engineering Mathematics 11

1 u - 2 sin(nz/L)

aO = & n
L L nrx / L Waveform f; (x) 5 Amplitude spectrum a, ()
1 2 sinlnz /L & n=1 w,=awlL
—>fL(x)=*+Z*7( )cos(nmc/L) F/
L “5L nrx/L \
FEwern 2, e
IE AHEY L i PR L S R Y A«'f(\‘“
: v 2 = 3 T
(amplitude spectrum) \}J/ j e
2L=4 n=3 n=17
T N —n=2
i N = L SEE — b, - el 5
2 5 Sep -
fe—2L=8—>f n:G/} ot
&(T)—Lj ! ’\(Fq i
, . ‘ — (i, el
-8 0 s = aa=y=rag ~
n=12 n=28
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11.7 Fourier Integral

» 2|0 M Z(Fourier integral)

1 (x) =a,+ i (a“ cosw,x+b, sin w,,x) (wn = %j

n=l
= ﬁf{ 1 (v)dv + %g[cos wnxji 1 (v)cos w,vdv +sin wnxJ:LL 1 (v)sin wnvdv}
hwew, w2 BtT_n7_ 7
L L L
= ﬁ f{ 1 (v)dv + %g[(cos wnx)Aw _[LI 1 (v)cos w,vdv + (sin wnx)Aw_[LL 11 (v)sin w”vdv}
1

T

- f(x)= Elil;lo 1, (x)= J‘: [cos wa‘: £ (v)cos wvdv +sin wxj_i f(v)sin wvdv}dw

= f(x)= J: [4(w)cos wx + B(w)sin wx|dw Z 2|0 = £ (Fourier integral)

Alw)= %J‘i f(v)cos wvdv & B(w)= ifw F(v)sinwvdv

Engineering Mathematics 11 School of Mechanical Engineering [R5 ¥

11.7 Fourier Integral

» Z2|0f| & &(Fourier integral)
flx)= J:o [4(w)cos wx + B(w)sin wx |dw

Alw)= 1 r f(v)cos wvdv & B(w)= 1 r £ (v)sin wvdv
T T
. BE 93t R7HOM TEAL
© DE HOIN REgaot 2284 EX)
+ of2f B0l gutet Jeto| (YD) M2 THs, absolutely
integrable)

. 0 )

Jim [,/ N+ fim [ L)

)= =2lo| §Eo= J@H0| T

| 220l HojAel F2lo] MEgte 1 HoM 0l H3T

(f)7F =< St
ik R=teke ot 238)
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11.7 Fourier Integral

» Z2|0f| A& (Fourier integral)
—Ex. 2 < flx)
f(x)—{l bt <1) 1

(+f>1) ]

X

(a)4(w)= _[ f(v)cos wvdv = fJ' coswrdv = L Lsinwy t':l% _2sinw
T w - ow
(b)B(w)= I F(v)sinwvdv = —I sin wvdy = '4 -0
Tw
o> £(5)= [ [ACw)cos s+ Blw)sin ki = [ 250 cogpxghy = 2 [7 XWX
w Y0 w

%J‘wcoswxsinde:f(x)%r coswxsinde:zf(x): /4 (le)
o0 w 0 w (

Dirichlet9] & A= QIX}(discontinuous factor)

Engineering Mathematics 11

11.7 Fourier Integral

AW T
|72 05D e L | |
[reoswsing L7 (o) A
o w o ‘ 3
’ (x>1) “l*’\"g;”tg"“~:;’1 ) R e e

(x = O)JAoc sn:vw dw= % - Si(u)z Jz SH:VW dw

0

AtQl X 2 (sine integral)

. 2 (*coswxsinw _ 2 facos wxsin w 1 pa sin(w+wx) 1 pa sin(w—wx)
f(x):;J;) ﬁdw~;'|‘o ﬁdw=—j‘ ?dwﬁ‘;J‘O ﬁdw
1 px+1)a sin ¢ 1 ¢G-1asint 1. 1.
:;J.O Tdt_;J.O Tdt=;Sl((x+1)a)—;51((x—l)a)
o y i
ﬁxi Ivr"azﬂ -‘ la-18 | ’V !a=32
| | |
B = 1L |
-1 0 1 x YR SR T TR ili I

Engineering Mathematics II School of Mechanical Engineering [EE B,




11.7 Fourier Integral

Z2|0f| M Z(Fourier integral)
flx :J. [4(w)cos wx + B(w)sin wx Jdw
Alw)=— J f(v)cos wvdv& B(w I £ (v)sin wvdv

“E| of A = (Fourier cosine integral)

el X
7t 2 mel Feof M2
Alw)= J. F(v)coswvdv & B(w)=0— f(x)= J:O A(w)cos wxdw

— ZE2|0f AtQl 751 ._(Fourier sine integral)

®)7h 7| H°| Felof §=
A(w)=0& B(w .ff )sin wvdv — f(x)= JB(w)sinwxdw

Engineering Mathematics 11

School of Mechanical Engineering

11.7 Fourier Integral

» Z2|0f| A& (Fourier integral)
— Ex. 3 El’%ﬂl’ﬁ &! E f(x):e’k" (x>0,k>0)

a)A(w _2r v coswvdvzg we"‘”coswvdvz ki
(@)alw)=—], s

K +w’
0 2k o COS WX ke
—)f(x):.f Alw )coswxdw—— ——dw=e"
0 O kT +w
© COS WX T i -
I 2, 2 w=—e™ 2lZa}tr HE
0 kT +w 2k

(b)B(w)= gjm F(v)sinwvdv = Er) e sin wvdv = 2wiz
w0 0

o . 2 o wsi e
—)f(x):.fo B(w)sin wxdwz;J‘O ;:lef::f dw=e"

wwsinwxd T _
L PRI etEeta HE

Engineering Mathematics II

School of Mechanical Engineering
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11.8 Fourier Cosine and Sine Transforms

» M2 B 3k(integral transform)
- FOIH B8 08 ool Bavhe M2 e ois
= M e Het (0f. 2tSat B
— Z2|0f| 2 ALQI HZH(Fourier cosine transform)
- R0l

| f(x)0ll CHSHO,

(w)cos wxdw

%jof coswvdv_({\fjf coswvdv}—\ff

)=f.(w) :\Ej”f coswxdx F2|0f TAHQI #EH

\FJ 7..(w)cos wxdw =ajof IAFQI o3

=

=
I

&
N

0

Engineering Mathematics 11

= H2H(integral transform)
Z2|0f| AtQl BH=H(Fourier sine transform)
« 7|2l f(x)of CHBtO,

f(x):J.:B( )sin wxdw

):%_[wf(")Sin wvdv:\F{\Frf(v)sin wvdv} :Pﬁs(w)
w0 7|\ 7 do Jn
Z(1)=1 ):\Erf(x)sinwxdx Z3|of Aol 3
V4 0

=4

x):\E [ 7. (w)sin wraw F2|0f ArQl g
T 0

=

Engineering Mathematics II
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11.8 Fourier Cosine and Sine Transforms

1

= H=k(integral transform)
-Ex1

oy 0y (i

- fc (w) = \/%Lm f(x)cos wxdx

= \Er k cos wxdx = \Ek 1 sin wx‘xia = \Ek smaw
790 T w ¥=0 T w

- /}S(W) = \/%I: £(x)sin wxdx

a x=a 2 -1
= EI ke sin wxdx = —, gklcoswx‘ 0 =1 —k(cosaw j
w0 T w - V4 w

Engineering Mathematics 11 School of Mechanical Engineering m rr:i
11.8 Fourier Cosine and Sine Transforms
» ME H3l(integral transform)
- 4384 F(af +bg)=aZ(f)+b%(g)

I~

Flaf +bg)=aZ(f)+bF(g)

— gt o| TAQI B ARl st
 f(x): HH0|H x= HoM ZEif HE 7ts
CF: BE Q3 TN REAS
. )(—>00% [[H,f(X)—>O

Engineering Mathematics II ;;:iu_;



11.8 Fourier Cosine and Sine Transforms

Engineering Mathematics 11

11.9 Fourier Transforms. Discrete and Fast Fourier Transforms

= ZX7|0f H=H(Fourier transform)
— F2[0f] ZAFQ Het & F2|0f ArQl Heh Mo Hel
- 2|0 Hgh 2ag we
« 24 F2|0f| A &Z(complex Fourier integral)

f (x) = %J: J: f (v)e"w(x_”)dvdw

T
Z2|of SHet
Fw)== [ sl e 7(1)=7
Z 2|0 9H=(inverse Fourier transform)

1= [ 7w 7(7)= 1

School of Mechanical Engineering ;r?—_?i_,:
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11.9 Fourier Transforms. Discrete and Fast Fourier Transforms

f(x):{l (x<1)

0 (otherwise)

N2\ iw
1 ( 1 ]( i m,) e ™ —e™ _ —2isinw _2sinw _ 2 sin w
= -l =e")=

- iwﬂ - lwr wr

F)= 1= = [ ol [ e ae ==L e
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» 70| H2z2HFourier transform)
-dad

Flaf +bg)=aZ(f)+bF(g)
— Eoto| Z2lof Het
+ f(x): X=’-?- oA A
f

x): xx oM O H&2 7ts
x| = 0 M, f(x) — 0
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11.9 Fourier Transforms. Discrete and Fast Fourier Transforms

» 2|0 =k (Fourier transform)
- Ex. 3 f(x)zxe"“Z

—xe" = —%(e’xZ )3 f(x): ——

= —liw[L e""zm} =— iw e
22 22
(convolution)
(r*e)x)=[" f(p)elc=pldp=|" f(x~p)e(p)dp

|
o
ox
|I|'J

- f2t g7t 72 ALK 0|1 77| (bounded)StH, x= & 0j|Al i H
o
L=}
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