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1 Getting Started

O0000000000000000000000000 time-frequency distribution(TFD)O O O Wigner
distribution 000 TFDOOOOO!' 0000000 Cohen [2], Stankovic O [3]0 Boashash 0 00000
[[jOD0000000000000000OO00000000DOo00oUOoUOoUOUOoUDOoUOUOOOO0DOD
gooodoooobodogooobooooobooooobbbooooobooon

1.1  juwvid
goo0dooO0d0o00obO0obOoU0oOo0oD0booooOOobOoUoDOO0DbDOb0OoOg JuwiaoOoOO
e juwvid

obooooOobooooboobon
juwvidOOOODOODO

e Julia (0O0OODODODOO version 0.4.2)

O00O0Juia00Python JOO0OOO0O Fortran OO0 OO0O0O (DO0DOO0OOO0)00O0O0O0(OOOOO
O)oooooo

Julia O package O O O DSPUO PyPlotO Distributions D0 000000000 JuliaODOOOD00OO

‘Pkg.add("DSP") ‘

gboooboboooooboood

o0 Jupyter 000000000 O0DOO0OO0ODOODOOO pipQd

‘pip install ipython[notebook] -U ‘

ODO000Nia0000D00O

‘Pkg.add("l.]ulia") ‘

oboooboooooooon
juwvid O Ononunifrom-FFT O Fortran code (CMCL/NUFFT) D OO0 00D0OOMakefile 000000

(o |

00000000000 libnufft.so0 0000000000000 jnufftjlOO0O0O CCALLOODOOOO
000 (default O O”/Users/kawahara/juwvid/libnufft.so”000000)000 NUFFTOOOOOOOO
go

gooooo

IWavelet transform 000000 time-scale representation 100 0000000000000 000D000O0O0OO0OOO0ODO
0 mother wavelet 000000
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http://julialang.org/
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http://www.cims.nyu.edu/cmcl/nufft/nufft.html

JULIA\ _LOAD\ _PATH

Ojuwvid0OO0ODOOO0O0OD0OD0O00ODO0OOOOO000O juwvidd moduleD OO0 OOOOOOOO
00000000 juwvid/ipynb O 0O O Jupyter notebook 0 O reproduce D00 0000000 juwvid
O ipython notebook DO O OO OO

e Application to LIGO data.ipynb

e L-Wigner Distribution and Polynomial Wigner Ville Distribution.ipynb

e Polynomial Wigner Ville distribution with NuFFT.ipynb

e Pseudo Wigner Ville Distribution for the nonlinear IF using FFT and NUFFT.ipynb
e S-Method with NuFFT.ipynb

e S-Method.ipynb

e STFT, Wigner, and Pseudo Wigner.ipynb

e Thinning time grids.ipynb

e Wigner Ville Distribution with FFT and NUFFT.ipynb

e Window selection of the pseudo WV and the adaptive algorithm.ipynb

1.2 Packages for Time-Frequency Analysis

Time-Frequency Analysis 1 000000000 CO0O0O0O0O0O0O0ODODODOOOOO MATLABOOOQOO
good

e tfth - MATLABO Octave D00 OO CODOOOODOO Ojuwvid O O tftb 0 matlab code O O julia O
goooooooooboooooobouoooobbooooog

e tfsa - MATLABOOUOOODOOOODOOWindows O Linux 000 (macO00)0

juwvidOOOOODODOOOODOOOOOOOOODOOOO0OOOOO0OODODDOOOODOOOOO0DO
OO00000DOO00DOO000O000000D00O00n non-uniform FFTOOOODOODOOOODODOO
oboobooobooboooboooOoobooobobobooooobooobOoboooboooboOoboooobooon
gooobooooon

2 Signal Processing 0 0 [

2.1 Analytic signal
000 s(t) 000000000000 0O000UODO0OU0OO0OO0 (0)OD0O0ODOOOOoUooOoo

z(t) 2/000 dws(w)e™! (1)

:27r


http://jupyter.org/
http://tftb.nongnu.org/
http://time-frequency.net/tf/

0 s(t) O analytic signal (0000)2000035w)0 s(t)00000000000000

S(w) = /_00 dts(t)e ™" (2)
00000 (2)00 (1)000000
2(t) = %/_00 dt’s(t’)/oOO dwe (=) (3)
- %/_Oo dt's(t") [mS(t —t)+ 7 (4)
= s(t)+ %/m dt’:gflt), (5)
= s(t)+iH[s(t)] (6)

000000000000000 (1)02000000000analyticsignal0000 s¢)000000
OO00000000D analyticsignal 000000000000 O00O00O0O0OOO

Als(t)] = s(t) + iH[s(t)] (8)
gbooobooobooboobobooobo
0 1: s(t) =™t
00 st)=e»'000000000 wOODDDDOOOO0O0O0O0O0O0O0 (1)0000000

iw 0 for w < 0
A0 = A ={ D S ©)

gooobooogao

O 2: s(t) = cos (wt), (w>0)
s(t) =cos(wt) (w>0)000000000 exponential 00 0000000000000
Ar) = Aleos (w)] = g (A[e™'] + Al (10)
= ™! = cos (wt) + isin (wt) (11)

good

2analytic equivalent, analytic associate O O O
3000 Singnal processing 0 00000 0Hilbert 10000000-10000000000000000 Jscipy.fitpack.hilbert
0000000 julia DSP.hilbertd MATLAB O hilbertO scipy.signal.hilbert 00-10000000000000000O00O00OO



2.2  Analytic Signal 000000
analytic signal 0 000000000 A(t),v»(t) 000000000

2(t) = A(t)e™® (12)

0000000000000 A(t) O instantaneous amplitude 0 0 O 04 (¢) O instantaneous phase 0 0 00O
00000000 (12)0000000000 quadrature model 0000000000 DOOODOOO
A)0¢() 0000000000000 00000D00OOanalytic signal 000000 Amplitude O phase
gboocooobooooobooboooooon
O0000D000000000000s(t) = cos(wit) cos (wat), (we > wy > 0) O analytic signal 00 00O
gooooobooog

z(t) = Alcos (wit) cos (wat)] (13)
- i (Afeitorten] 4 Afemilorten] 4 Aleilr—wn)] 4 Afemilor=n]) (14)
1 ) —1 wi—ws2
= 3 (A[EZ(lerwz)] + Ale= )]) (15)
— %eiwzt (eiwlt + e*iwlt) (16)
= cos (wyt)e™?! (17)

0000000000000000000000000000000000000000000 AmplitudeO
00000000000 phase0 0000000000000 O0O0O0O0OO0O00O0O00O0O00OODOQO Bedrosian’s
theorem 0 O O (Bedrosian 1962,Rand Corporation Memorandum,RM-3439-PR)0

000000 quadrature modeld z(t) = A(t)e’® 00 00 amplituded phase 0 000000000
oo

fa) = [ dwage (18)

Zyp(w) = /00 dwe™® =it (19)
gogdoooooobobobbooooobo

/00 dtz(t)e™t = Za(w)* Zy(w) (20)

- /Oo dw'zZa(w — w') * Zy(w') (21)

000000 2(¢) 0 analyticsignal 00000000000 0COO0OO Amplituded —w; 00 w0000
000000000000 0Ophased w<w, OO0O0O0DOOOODOOOODO

2.3 Instantaneous Frequency

Instantneous Frequency 00000000 phase 00000000 OD0OD phase DO DO OOO0OODOODOO
OD00O000D00OD0OD0O0O analytic signal O instantaneous phase 0 OO0 OO0 OO OO instantaneous
frequency (IF) 00D OO0



gbooooooooo

d
wi(t) = % (22)
00000000000000
_ 1 dy(t)
T = 5 (23)

ooooooooooobo rPOOO0OOODODOOOODODOODOOD TFDOOODODOODOD

3 Spectrogram [0 Wigner Distribution

Time-Frequency Distribution (TFD) 0000000000000 OCOOO0O0O0OOOOOOOOOOOOO
Section0 000000 TFD OO O OShort-Time Fourier Transform (STFT)O Winger Distribution, Pseudo
Wigner distribution 000000000
w %k ok Juwvid * x %
O Section O O O notebook O O

e STFT, Wigner, and Pseudo Wigner.ipynb

gogd
Short Time Frequency Transfrom [

’tfrst=stft.tfrstft(y) ‘

ooooooooon
Wigner Ville Distributiond Pseudo Wigner Ville Distribution D O DSP OO ODOOO

z=DSP.Util.hilbert (y) ‘

0000 analytic signal 0 0O 00O

tfrs=cohenclass.tfrwv(z)
tfrps=cohenclass.tfrpwv(z)

obooooobooooooobooon

3.1 Short Time Fourier Transform [J Spectrogram

TFDOODODOOO0ODODOO0ODODOO0ODOOO0DODOO000O0O000O000000000O0 Short-Time Fourier
Transform (STFT) 000D OO0O

S(f,t) = /_OO y(m)w(t — T)e 2T dr (24)

STFTO00000000000000000000000
p(f.) =S, 1)) (25)



O Spectrogram OO0 OSTFT 000000 OOOCOOOOOO0OO0OOOQCOO0OO0OOOOOOOOOOOO
000000000000 0000000000D0000OUoUnD (249)0 windowOOOOOOOOOOO
gbooobooogo

ISP = |5(f) = (f)? (26)
w(r) = wit-71 (27)

00000000000 windowOOODODOOOODOODOOOODOOOO windowDODOOOOOOOO
0000000000000000000000O000o0o0o0oUooOooooooo (o 1o

Spectrogram 0000000000000 0OC0OC0OO0O0OO0ODOOOOODO multi component 00000
artifact 000000 (D00D0O0D0O0OD0OOD0OO0O0OO0OOO0)ODOOTFDOUOOODOODOOOOOOODOOO
0000000000Spectrogram 0 IFOODODOOO0O0OODOOOODIFOOOOOOODOOOOOO
000000000 Wigner Distribution 0 IFOOOOO0O0OOOOOIFOODOODOOOOOOO
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Figure 1: STFT O window size 0 0 O

3.2 Wigner Distribution 0 Pseudo Wigner Distribution
Wigner Distribution OOIF O 00000000000 0O0OIFO00O0O00D000O000000000 2(¢) =
e 0000¢(t) 00000 (instantaneous phase) O 0 0 O IF O

) = 5200, (28)



goooooo
0000 TFDOOOOO0O0UDO ép(x) 0000

P(f,t) X 6D(f _ﬁl(t))a (29)

oboooooboooooon
00000000 Op((f,t)0 fO0 000000000

prt) = O —exp (i 250 (30)

oooo
0 0 O 0 Instantaneous phase 0 000000000 0000

Op(t) _ pt+7/2) —y(t+7/2)

~ 31
ot T ’ (31)
Ogo00oo0ooooooobooo obooooooo 3oooooooooooooooo

o) = [ atrme e (32)

- |
~ / exp [i0(t +7/2) — it +7/2)]e 2 dr (33)

— 00

_ / St +7/2)25 (t — 7/2)e 2T dr (34)

00000000 Winger-Ville Distribution 00 0O O

Boashash 2015 [1] O O O O O Wigner distribution 0000000000000 0O00OQO Wigner-Ville
distribution OO0 0000000000 0O0COO0O0O0O0C0ODOOOOO Wigner Distribution 0000000
O00o0oo0o0o0b0o0o000booOo0o0ooo0o0on

Pseudo Wigner distribution 0 O Wigner distribution 0 window 000000000 dwindow 0 00O O
00000000000 +¢«00000000000000Ocress-term 00000000000 [2],

p(t, f) = / h(T)z(t +7/2)2*(t — 7/2)e~ 47 dr. (35)
Pseudo-Wigner distribution 00 O Wigner distribution 0 window 000 O OO convolution 0O OO0 OO0
p(t.f) = b p(f 1), (36)

000000 Pseudo-Wigner distribution O 00 Wigner distribution O frequency domain 00000000
O0000oO0ooooooo 30

Window O O O 0 rectangular 0 Hamming window
h(t) = 0.54+ 0.46 cos (2#1) for |7] < w/2
w
= 0 otherwise (37)

gboooooooboon



3.3 Wigner Distribution [J marginal property

Wigner Distribution 00 0000000000000 OCO0O0OOO00OOOOO0ODOOOOOO0ODOOODOOO
000000000 (34)00o0ooooooon

2(t+7/2)2"(t—71/2) = /OO p(f,t)e2™ 7 df (39)
goooood r=000000

08 = [ ott 0 (10)

0000000 Wigner Distribution 00 000000000000 DOO0DOODOOOOOOO

ooog

/Oo o(f )t = /OO /OO (4 7/2) 2t — 7/2)e 2T dr (41)
= / N / (02 (t2)e ) gt i (42)
— (/OO z(t1)62mft1dt1) </OO z*(tg)e“”f“dtg) (43)
= 2P (44)

000t =t+7/2t=t—7/2000000Jacobian 00000 1000000000000 OO0OOO
gbobooboooooboobooooboobooooooboo

3.4 TFD as an IF estimator
00000 TFDOODOOOOO IFOOOOODOOO0OODOOO0OOOOO0OO0OO0O0DO0O0 (39)|:| TOO0O0Oooog

%[z(t +7/2)2"(t —7/2)] = /0; 2mifp(f, t)eZWidef (45)
() =AW 0000 r=00000000000
omi [ Jo000 = G100 - 02 0) (46)
= A ()Y (t) (47)
00000 (40)000
| otr0ar = a0 (43)

00000 (47)00 (4900000

W) _ S Fe(f tdf
2m I20 p(f, t)df

fi(t) =



Oo0oooooIFDOOO0OO00OD

gooooooooooboooooooo IrO0O0DO0OOODODOODOODOODOOOO TFDOO
ooo0Ir0ocoO0obO0ooooboboocoooobooon

fiest(t) = argmaxqy ¢1p(¢, f), (50)

0IFO000000000o00o0oooo [f,f;)0000000000000000

* % x Juwvid * * x

indf=extif .maxif (abs (TFD))

OTFDOO TFDUOODODOD indexOODODOOOO

‘fn=juwutils.index_to_frequency(indf, NaN, dt ,nsample)

000000 IF(Uooo)oooooo

3.5 STFTO Wigner Distribution, Pseudo Wigner Distribution 0 0 O 0

a. Single component linear signal

OO0000000 Linear FMOOOOD IFOOODOOOODOOOOO TFDOO 2000000 Wigner
Distribution 0000000 (31) 0000000000000 D0O0OO IFOOOOOOOODO Wigner
Distribution 00000000000 COO0ODOOO

Spectrogram Wigner Ville Spectrogram Wigner Ville
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Figure 22 O00O0OO0OOO0O IFOOOO TED(STFT OO, Wigner O O, Pseudo Wigner 0 O, input data)O
04000:0000000 4000000000
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02000000 std0 150%000000000000000Wigner, Pseudo Wigner 0 00 STFT O
ooooooooooooooon

b. Single component nonlinear signal

O 3000nonlinear 0 IFOODOOOOOOODODOOOOOOD IFOOOOODOO TFDOOODOOO
O O Wigner Distribution 0 O nonlinear IF OO0 O Dartificial 000000000 window DOOOOO0OO
0000000000 pseudo Wigner Distribution 0 0 0 0 artificial 00000000000 OO0OSTET
0000000 mpwt IFOOOOODOOOOOOOOO0ODOOOOOODOO

Spectrogram Wigner Ville

Spectrogram Wigner Ville

120
100

=
[SEEN]
o o

g 10 10 3 80 80
g 08 038 § o 60
E‘ 0.6 0.6 5 ’\,
0.4 0.4 &= 40 40
0.2 0.2 20 20
0.0 0.0 0 0
0 50 100 150 200 250 300 O 50 100 150 200 250 300 % 05 00 o5 1o %o —os5 00 05 10
. . Input data
L gl S2U0 Wigner Ville Lo — Pseudo Wigner Ville . _Input data
- or 1 120
12 0.5 ‘ 100 1p
.
§ 1.0 80
g 08 0.0 60 of
2 0.6 40
04 -05 it 1)
02 20
0.0 Lo ] 0 2L ‘ ' : ;
0 50 100 150 200 250 300 5755 199 150 200 250 300 -0 =05 00 05 10 5T 55 00 05 10
time time time time

Figure 3: D 4000:0000000IF0O000 TFDOO 4000: 000000 1IFO0000O TFDO

c. Multi component nonlinear signal

OO0O0000 nonlinear IFOO0O00O0O0DODOOCOOOOO300000STFTOOIFOODODOOODOOOO
OO00O0000O0000O000D0OD000DO00OWignerDOOOOOOOPseudo WignerOOOOODOO
OO00 cross talk 0000000000 Winger distribution 0 0000000000000 O0DOOCOOOO
OO0 cresstalk OO0 O00D0O0OO0O00D0OO00OO0DOOOO0DOOOOODOO TFDOOOODOODO

oot

TFDO distort 0000000000 OO0OOODOOO
e [F [0 nonlinearity
e OO IF

oooooooooooooooooooobobobobo0o0ooooooooooooooooo TPDOOOO
0000000000 O0O0O0Section 400 Ononlinearlity 000 O OSection 500000 IFOOOOO
coooooooooooo
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4 Nonlinear IF [J Pseudo Wigner Distribution [ Window
*ok % Juwvid * * %
O Section O O O notebook O O

e Window selection of the pseudo WV and the adaptive algorithm.ipynb

oooo
Pseudo Wigner Distribution 0 Window size 0000000

tfrpl6=cohenclass.tfrpwv(z,NaN,NaN,NaN,NaN,NaN,0,’ ’mean’’,16)

00000000000000000000000 NOODOOOwindow size=N/16 00 00 O 0O default
0 0 Hamming window O 000000

4.1 Window O OO

O Section0 OO0 0O0OOO0OOOWigner distribution 00000 IFOOOODOOOOOOOODOOOOOO
IFOOOOOOOOOOOOODOODOWindowOODOODODOODOOOO Pseudo Wigner Distribution
O0000000DOo0o0000o0oDOoD00 IFOOOOwindow size 00000000 ODOOOOO
oooo

oooooooIr

J(t) =1 emt/10 (51)
000000000000 000ODOOO instantaneous phase ¢(¢) 00000

i) = cosult)
_ ( mdt%}@)

~ cos / 2 f(1)] dt (52)

— 00

goooooOoOoOOODODOOOOOOOOOOONOOODODOD AtODDOOOO0OOO

1 f(tr)
Not 2= on

i
=1

y(t:) = cos (53)

ooooog

04000000000000window size=N/4,N/8 N/16,N/32 O pseudo Wigner distribution O O
OoooooOooO0 IFO0O0O00O0DODOO IFOOOOODOOOOODOODOO windowdOODODOOO
Oo0oooIFOO0O000DODO0O00DO0O0O0

O00000000000000 WindowOOOOOOOOUOOODOOOO 50 50%STDOOO0OOOO
0000000000000 DOO000DO000 WindowsizeOOODOOOOO IFOODOOOODO
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instantaneous frequency 010 Difference
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Figure 4: 000 IFOOOO0O0OODO Pseudo Wigner distribution 0 Window size 1 00000 TFDO O
000 IFO00O0O000

4.2 Adaptive Algorithm

0000000000 IFOO0O0D0O0O0O000D00000O0Window3OOOODO adaptiveOOOO0O0OO
000000000 IFOD000O0000D000DOO0 Stankovie O [3] O O O adaptive algorithm O O O
gbooobobooboobobooboboobobooboobobooebogbobOobOoO0obOn
O00000000000000000 step function00 IFOOOOOO0O0O0O0OO0OOOOO

* x Juwvid * * %

adaptive algprithm 0

tfra,windows=pwvaw.awpwv(z,varrat ,NaN,NaN,NaN,NaN,2.0,0.39,4,’ >Hamming’’);

OO0O0000000O0Ovarrat OOO0O0D0OOOODOOOODOOOODO?2.0,0.3900 kappa=2.0, delta
kappa=0.39 00000000 criterion 10000000000 StankovicOOOOOOO4000000
OO00000000D0D0 outlier 00O 0OOOODOODOO

5 Multicomponent signal 1 00 [1 0 [

O SectionO0OO000 IFOOOOOOOOOOOOOOOOOOODOOOOO0O0O0OOIFOOOOOOO
O000000000000000000000OOBoashash42015 [1] O Example 6.2.2,6.2.3 0000
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Difference

|-0.02 f
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t t

~100-90 —80 —70 —60 -50 —40 =30 -100-90 —80 —70 —60 —50 —40 —30

e costhy (t) + cosa(t) + 1.5¢25 cos P3(t)

cos 1 () + sin (1
20sin (t) 4+ 30wt

Mi1:
yt) =
’(/Jl (t) = 257t
Yo(t) = 120t3 + 457t
V3(t) 407t* + 1507t
D000 (-1<t<1)0
M2:
y(t) =
i(t) =
Pao(t) =

0000 (-1<t<1)00000 (0 8)0
M1,M20 IFOOOO0O

20 cos (mt) 4+ 1007t

M1:
Hilt) = %aﬂ’a;t(t) =125
f(t) = %8%@ =180t /7 4 22.5
ft) = %a%t(t) = 40t + 1507
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Window size (# of bins) 250
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Figure 6: Adaptive algorithm OO0 O TFD O Window size.

ooooooboboooboboon IFD

M2:
i) = %6%;;15) = 10cos (mt) + 15 (64)
falt) = %Wgt(t) = —10sin () + 50 (65)

oooooD 200 IF0D00O0O

w ko Juwvid ® % %
O Section O O O notebook O O
e S-Method.ipynb
e L-Wigner Distribution and Polynomial Wigner Ville Distribution.ipynb

good

5.1 S-method

Section 3.5 000 0 0O O OPseudo Wigner distribution 00 0000000000000 O00OO0O cross talk
OO00000OSTFTOOUOODOO0OO0ODOO0O0D00O cresstalk 0000000 OOOOOOOOO
000000 S-methodOO OO

0000000 Window W(7) = w(r/2)w*(—7/2) 00O Pseudo Wigner Distribution

po(f,t) = /00 w(T/2)w* (—=7/2)z(t + 7/2)2*(t — 7/2)6_2”de7 (66)

— 00
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Figure 7: Adaptive algorithm 000000000000 etimated IF.

O STFT

S(f,t) = /OO w(T)z(t +7)e T dr

—0o0

O000oooooooos =7/20000

olft) = 2/00 w(r Yw* (—)2(t + 1)z (t — 7')e 2N 47!

—00

= 4S(2f,1) % S*(2f . 1)

0000000 convolutionOd 2f 00O OO convolution 1 000
000 convolution

C = Cly) = Ax) = B(x) :/_oo A(@)B(y — )do
00000Y =y/20c=Y +6/2000

C=Cy) = % /oo A(Y +60/2)B(Y — 6/2)d6

— 00

0000 (Y=y/2=2f/2=f000)0

o =2 TS 0/2.1)57(f — 6/2.t)d6

— 00
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Figure 8: OO0 IFO0D0O000O0ML y(t) = e costhi(t) + costha(t) + L.5e 25 cosis(t), vy (t) =
2wt Po(t) = 12065 + 45mt,bg(t) = 40mt2 + 150wt OO M2 y(t) = costhy(t) + sinaby(t), v () =
20sin (7t) + 307t, 2 (t) = 20 cos (wt) + 1007t.

O0OO0000O000000DO0OO0DOOO0 pseudo Wigner distribution 000 crosstalk 0000000000
O0000000O0IFO0OO0O STFTOOO0OO0O0000000000FOO0OO fi=f-0/2,fo=f+6/2
000000 f00000 f=012200000 cross talk 00000

S-Method O OO (75) O convolution 0 Window P(§) DO OO cross talk 00 00000000O0O:

(1) = 2/_°° PO)S(f +0/2,1)S"(f — /2, 1)d6 (76)

Window 0O OO0O0O0O000000000 P(P)=1000000000000 Pseudo Wigner distribution
00000000000000o0o0oooog P) =60p(0)/20000 Spectrogram 000000
ooooPe)O

1 101<L,

0 otherwise (77)

P = {

O00000stepd00O00O0L, 00000008 ccrosstalk0000000000L, 00000000
O Spectrogram 0 0 00000O000O000O000O0OOcrosstalk0000000O00C000O0C00 L,00
000000 900M100000pseudo Wigner O O O S-methodd O O O Spectrogram 0 0 P(0) 000
O0000000000000L,=60 cross-talk 0000 sharp000000000O0OO0OCOCOO

5.2 Higher Order Wigner Distribution

OO0000O0OO0O00D00OO0O STFT, 000 Wigner distribution 00000000 O0O00ODOOC TFDOOO
OO00000000D0DOO0 L-Wigner Distribution

p(f,t) = /00 w(t)x® (t + 7/20)x*E(t — 7/2L)e > dr (78)

—00
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Figure 9: M1 00 OO pseudo Wigner distribution, S-method (a small window), S-method (a large win-
dow), Spectrogram.

O Polynomial Wigner distribution (4 O)

p(f.t) = / T B2t 0t — 73t + Ar2)a(t — Ar/2)e=2T T dr (79)

— 00

000 (A=095/1.35000000000000000000000000000 WignerODOOOOOO
IFOOOOOODOpolynomial Wigner 000 OIFOO0ODOOOOOO0OODOOOOOODODOOOIFOOO
ooooooOo0owooM20000000000O00

6 UUooouon

6.1 000U
GW 1509140000000 TFDOOOO 110000
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