, 23 9 (2002 9
Applied Mathematics and Mechanics

1 1000.0887(2002 09_0943_08

X, FEME, IWE, £ ® THZX

( \ 200237

(BRI 7

Fourier

0174 DA

2 [2] [3] [4]

[3] Ler .

b € L*(R) « ” :
Cv= .[°°°° &%L'zdﬁ) < oo
P « o, LR
Wit (ha) = = oo o = a= [T ) Wt
(f €L(R)),

@b ER @ F0 Woslx)= - 1|V2¢[x;b].
a

2000_10_16; T 20020328
(61999022103 ;

(1971— , s s (E_mail: hfliu@ ecust. edu. cn .

943

(1)

(2)



944

L1

fr= =7 e 4{ b] 9 de (3)
[2]
E(a)—CJ1 If(ba)ldb— _P(a), (4)
P(a) = ‘[oolf(b, a) |’dbe
Fourier 7]
2 = kool |?
E(k) = C_I)k-‘:) E(w)‘fb[k—] do (5)
2 f(x)= €
21
f(x)= (2nT)"~ 2t L x €/- a, al), n_ oo Fourier
§ w— o) Fourier (4), Fourier E( )
= fo- o) :
1 Fourier E(w) = §w- o) max{P(a)} o< Wyl
max{P(a)/a o< e
Dirac (5
|| ko |?
E(k)= a7 ¢{ Okﬂ (6)
P(a)“alﬂ’(&)la)l (7)
F(x)=1%x)l,x = @a, M= max{P(a)}
OP/Oa = ofF(x)*+ 2oF(x)F (x)], (8)
0P/3alu=u, = 0
F(xm)+ 26F (xm) = 0, (9)
Xm = const,
Um = Xm/ O, (10)
Moo S () 1 = %i“am (11

co= xm!| (xm) |2

ma{_P(a)/ a) «max{l )1 e o an= cone | b(x) l=
max{| b(x) 1)y

QED
( , { ER, P() > e}(e 1
) A L . :
2 Fourier E(0)= § o- o) L o< Gp's
Plal o el M) 1P ol M)l i),

max P(a)y M co o



945

x s LO, A
L= Ly/® <1/ o o gpe (13)
Q.ED
22
fx)= €% ‘ : :
3 f(x) = el‘*’ox, f(x) = fl(x> am)v > Am = C/ Qh:fl(x7 a)
Sifxoa) = | Ited] [ =Ll (14)
Ho JHy=1 %(c) 1%
Parseval L8]
Fla,b)= {f das)= 2n§f e ) = mf e pd o, (15)
f= .r:weimoxe_mdx: 2T w— wy), f (15)
fla,b)= i u( ) (16)
bop(®) = al al ?d(aw)e™,  (16) (14)
fi(x, an) = Iﬁj‘w an'e P d(c)d —b db = —d»(c)f . ”’“’w[x;m b] db,
(17)

y= (x— b)/am, b= x- amw, (17)
fifx. an) = ﬁ‘b(x)fme“"'“"”“w(y)dy= fﬁei%"‘b(c)fme”%(y)dy, (18)

[we’i”)w(y)dw (c)  (18)

Filx, am) = e”’o“‘[ﬁ| lc) %= f(x)e (19)
Q.E.De
3 . f(x)= € ;

B

3 f 2 2 2
4 Sf(x) = e'v, flx) = fi(x, an), am = cv/ @, o, [ d)l(Cd:]) | =
1 °°f“”(“ b) x- b
S x, a)_H¢b db, (20)
f¢](a, b) f ( ¢1),H¢]¢2= 1(c¢l)¢2(c¢])'
3 , (16 ! ( 1) (20)
filx, an) = H|| 1(cp)f an'e’ lbz[x;mb] dbe (21)

y= (x— b)/am b= x- aw, (21)

fi(x, am) = H(11> ; e ¢1(cd>]).[ 0067 ic"’lytl)z(y)dy, (2)
12




946

Fix, an) = 0 =Bt en) = f(x)°

(2)
3
Fourier , R T (0,T) f(x)
Fourier (9l
fle)= 25 ene™™, (24)
/ i
, Cm = %J'Uf(x)e_lwdx‘ cm . Riemann [ , Cm
T 0(m o) , {c,,} 12 Bessel Dolenl2 < F 12 70
g(x)= Jl—f(x),xE[— n%,nTE], n_ o . Fourier
Z e s[w_ 27]-[177]
5 R T Foureir ~ E(®) o D | cm|25[w- Z%Tm}
{cn} 22, ma{ P(a)} < T, L o< Te
Cm ? (5)
P(a)“aZlcm Tb[z%[ma] . (5)
(2WT)a = x, 0P/0a= 0
Do Gl b)) 14 x Damloen 12 S(ma) 1] b(ma) 1 = 0, (26)
xm = const {Cn} °
max{P(a)}oc X Z e 121 () | o< T (27
T
(25 max{P(a)/a o< 77, am = g_]_[ .
aZlcm (ana] lecmlzlfP(mx)l
P(a) m=— T m=— 0o S
c P m ’
mad P(a)} ~ x Z|Cm| | mam) | me|Cm| | ( mm) |
(8)
x , Lo,
L = TLy/2W o< T+ (9)
Q.E.D.
6 f(x) R T (0, T) ,{Cz} Fourier

>



947

Filxan = 3 DALl o)
c=0 _ ¢ Z0,i> 1 |cll=max{|0n|} , m € 7
Wf(x) = fi(x, am) Wior) < f(x) - cmei% Il 20 1)° (31)
Fourier “0]’ f(x) — Z c”eizr[—fr[m
f(©) = "_chnjl_:eiz'%""e‘“‘“dx = QJT"_Z‘,M”&[ o 27“,1} . (2
Parseval L8]

S i
flab) = 2eatus| 2|, ()
> 0 . om _
filx, am) = H%Z cn'[ ooa_mle‘bT”fb 27“,“1,,, ¢["a—b dbe (%)

y = x; b, b= x— an, Jt:éiz?i’“my‘b(y)dyz P 2T—Hnam]
had 2
Sifxan) = 3 LG (%)
Riesz Fischer L
sl ﬂ) 2 2
1f(x) = fi(x, aw) i%0r) = :Zw {1— || d)(c:) |I2} el s (36)
V(x)= cneT™ Eor = 2% Teal>2 D leal> (m€2)¢ (37)
n=- oo nZm n= - oo, n Zl
0< (en)1/1 d(c)l’< 1, n Z1,

o N 1 -

> [1— ”—tb@%]c" < X lel? (38)
) (c) o

f(x) = fi(x, am) Nar) < Wf(x) = ene ™™ Witar)  (m € Z)e (%)

Q.E.D.
3, 6 .
flx)= e S(x) = folx)+ fa(x) e
7 f(x)= fa(x)e T, fa f1 €EL'(R),
) 2
| fi(x, am) — fa(x)e & | < O %ﬂ , (40)
am = ¢/ O

fa(x) = LJW v)e™ do 41
ix)= 3| fr(@e™de, (41)

rler= gal prcme s ae (@)



9438

Parseval

flab) = 2ﬂf F1(9) B o e

(8)
% oo . wl |?
fi(x, am) = jofA(w)e‘(“o* Dl e+ ™ do, (44)
ol bix) |’ 1 (a1 021 () |
ax xX=c - ? ax = 2| ¢(C) | axz xX=c
Taylor
w| |? %1 () | w|?
‘¢[0+ cw(J =1 (c)17+1 O(c) —axz&L [c w(J + o (45)
1 Nk o|?
He P| ¢+ C(")O = 1+ O ool (46)
, o] 2 ,
o, am) = fa(x)e™0" Lo O 55 (& €ER)

(47)
‘) 2 )
fA , {%ﬂ << 1’ 0{ QA} ’

Fitean) = 5] pa 98 o= fio)e

(43)
8  f(x)= fy(x)+ €7, fr f» €LY(R),
A 9& 2
| fi(x, an) = €70 1< Of = (49)
am = ¢/ Oy
7
© 2
fi(x, an) = 0"+ H_ﬁr Sr(@)e™ [ w(] d o (50)
Ol (x)1? Oazwmﬂ 01 b(x)l|?
Ox ws0 Ox x:oz 2 Ox x= Taylor
® 2 X 2 o 2
3 sl 14
1 W 2 (0] 2
H{Al o
o :
| fi(x, am) — € 0" |oc0{ } (@ € R)* (53)
2 2
9 9
; e g
1%, an) = & (54)
9 f(x)=folx)= falx)e ", S fo ELY(R), fa fa €LYR),

w| 2 NE
| fi(x, an) = fa(x)e "0 | o O{w_g] + 0[‘_"%] .
7

()
8 9 . 7.8,9



949

4 0.2
H|
_ TV _
—4 N . -0.2 ‘ ]
0 0.5 1.0 1.5 2.0 0 1 2 3 4
x t
—f(x) = sin(8Tx )x*, =f \(x, a,) — 0. 1¢ 'sin(1611), =<f (1, a,,)
(a f(x)= x’sin(Sx) (b) f(t) = &'+ 0 1¢ 'sin( 167¢)
1 (Mexican hat th
5
3 . f(x) = & ; ( )
* 5 2 2
789 ,
Y
,  Fourier s
. 1 a fa o< X
b)) fa<e! fro<e 0 5 10 15
t
) 2 y(1)
Forinash Lang[ al
1 1
A Y1r 1 E— 13 :
---------- 1 ] e 7} ]
71 0i | i MNWNWV\AM Y2 0
-1 i -1
0 5 10 15 0 5 10 15
t ¢
3 (Morlet
y(t)= yot+ yi+ y2 (%)
yo = gsechz(b — ct), y1= sech( b— ct)cos(d - 2Tft), y2 = — asech2( b— ct)cos(2(d-
2Tt) )e , . a=

0.9,b=2,¢=05d=2f=2g=3

. 9 y(t)

y(t)



950

(3]

(4]

(5]

(7]
(8]
(9]
[10]
(11]
[12]

[y

( r )e Morlet ,

[ ]

Daubechies I. Ten ledures on wavelets| A]. In: CBMS NSF Reg Conf Ser Appl Math . Philadelphia:
SIAM Press, 1992.

Farge M, Kevlahan N, Perrier V, etal. Waveles and turbulence[ J] . Proc IEEE, 1996, 84(4) : 639—
669.

Jaffard S. Some mathematica results about the multifractal formalism for function [ A]. In:
Wavelet. Theory, Algorithms, and Applications[C]. Acdemic Press, 1994, 325—361.
Guillemain P, Kronland Martinet R. Characterization of acoustic signals through continuous linear
time_frequency representations] J]. Proc IEEE, 1996, 84(4): 561 —585.

Holmes P, Lumley J L, Berkooz G. Turbulence, Coherent Structures, Dynamical Systems and
Symmetry [M]. Cambridge: Cambridge University Press, 1996.

Baker G I, Collub JP. Chaotic Dynamics: An Introduction [ M]. Cambrdge: Cambridge University

Press, 1996.
Perrier V. Wavelet Spectra compared to Fourier spectra J]. J Math Phys, 1995, 36(3): 1506 —1519.
[M]. : , 1998.
[M]. : , 2000.
, [M]. : , 1999.

Chui CK. An Introduction to Wavelets [ M]. Xi an: Xi an Jiaotong University Press, 1995.
Forinash K, Lang W C. Frequency analysis of disaete breather modes using a continuous wavelet
transform[ J]. Physica D, 1998, 123(3): 437 —447.

The Wavelet Transform of Periodic Function and
Nonstationary Periodic Function

LIU Hai feng, ZHOU Weixing, WANG Fuchen, GONG Xin, YU Zun hong
( College of Resource and Environmental Engineering, East China University

of Science and Technology, Shanghai 200237, P R China

Abstract: Some properties of the wavelet transform of trigonometric function, periodic function and
nonstationary periodic function have been investigated. The results show that the peak height and
width in wavelet energy spectrum of a periodic function are in proportion to its period. At the same
time, a new equation, which can truly reconstruct a trigonometric function with only one scale
wavelet coefficient, is presented. The reconstructed wave shape of a periodic function with the equa-
tion is better than any term of its Fourier series. And the reconstructed wave shape of a class of nor-
stationary periodic function with the equation agress well with the function.
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