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Timescale spectral analysis
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Abstract A review is presented of the timescale spectral analysis method proposed by Li et al. in recent years
and its applications in X-ray astronomy. This is a multi-scale analysis technique in the time domain with a set of
new definitions for the power spectrum and cross-correlation and a novel w spectrum. Compared to traditional
means the technique is highly sensitive in reflecting the nature of physical processes especially in X-ray astrono-
my where observations have poor statistics and a high background.

Keywords X-ray astronomy timescale spectrum power spectrum time lag w spectrum black hole neu-

tron star

1 pf o= 1Xf |
C]i- =Xl*f]'.X2fj

X %Ji =arg C [, /2xf

P | cr |
VAP AP

N

Xfo=Yxu ™™ j=-N2 N2-1 2006 - 04 - 06

k=1

35 2006 5 http //www. wuli. ac. cn - 367



80

X
~0.1s
Ims * . ! X
w
X
257
2
At x k k=1
n
L N -2
Var «» N 2 - Y k 3
P At = 2 = 2
At At
1 « -
:N; rk —-r “rms 1
At
_dP At P Ay -P Ay 2
Ay VAR VA VA
2
1 2
r 2
. = / 3
phOlSP At Atl _ Atz rms S
r . 2 3
psigm\l AL =p At = Phroise At rmsz/s. 4
1 300cts/s
5000cts/s

TR 0018

Thasw1l ‘rmsa

(.

0.1s

0.1s

- 368- http //www. wuli. ac. cn

3

PCA/RXTE

I ms




80

1.1

Ly K- 2 Cypr X-1 e KEITRLGN I L AT
e b Ty 0.4l J, et
.1 ; " k.1 —l o oy 4w ol - - h:-rl_
e T 1 T| ty '*-.
- . e
Al “opft statz v : - bt sl ™ e Al 1 * i — .
A 1651 RL, T E 1995351 % i 1_ 10! T
213 ke W i 9151 oW e 1 bis -
1 1 1 1 1 1 1
01 ol 1 LA .l 1 01 ol 1 01 ol 1
™ pre o, HEETHIE 0T 1 _| I 1T K55 40 1k G 1820-24 | s, AL D111
:f:. _.___-:-1,_‘ : R ".-.-': :_.
Eowl| - eenss T=tim Ao, -,
: ' s 0.l e ol 8
3 . ol \ - ™ =,
= " nul - gL Gl .,
= opo % % ., w
i '.onm e 1 -
iy i i + i *ia i I
ki1 01 1 a0l ol 1 .01 il 1 .o U | 1
} Gag 4 K1 1550 Sk 1 b AL1ENE-522 | 00 [ 4ty L, 4L1608 522
Hra pe L Inw slac h high atata
i 1 . i al Vv, out g ie ot
1 ".-1":‘ “....-" - . .I-.*'- 1o t Tt
i i : ool |- T i
’ . : " o J
. 19982713 1 - ' 17t
* 3 - 2 : IER" 4
(ki1 2-13.0] keW & +
| . i 1 i = i i
il ol 1 .01 4N | 0.01 ol L ool 0.l |
b
2
3 At C 1At T
A At
%k x, k
A
A
1ms Sms 0.01s
0.02s. 3
A At
At ot
__J[ gt --+é‘;-l-.-~a--—1.ﬂ~_|_—
T a*
2 2 : o
(S :
0 P
L - i
2 i ; !
T osnle ; .t
reredmee g d
I
r
H ]
A L |
¢
15 At .’)Cl rl’
¢
] ]
koox, k T [0 0.0 0.l L
A
C 7t At =2v] kAt v, kAt + 7 /o v, o v, *
k 3
5 1ms S5ms 0.01s
vi =xt —-% 0 v :sz Xt 0.02s
I t+ At
35 2006 5 http //www. wuli. ac. cn

369-



80

GKR 919508 {12t Grb $10503 [0 20s)
4 (20-600k VY =32 5ke VT Mi-tilkey YA AL
b (20 600ke Vs (ILD 32SikeV a66 L
200 | 3 (20-H07ke Va1 16k _
1;, |
4 ¢ . 8
F oo A - B H o b : *
% . =
2 b a5 2 # ¢ .
# ) BT WL
b | b | 0 a i B 06
| t 03
¥ o 1 0ol
0.0l 0.1 o 100 00
H frl FLHE HE = Skl
4 GRB 910503
3 M
1 i+l M+m-1
X, 1 At = — 2 x j ot cts/s
M Jj = iM+m
m
PCA/RXTE At
<0.0ls Cyg X-1 X
2 M-1 N=2 . .
W A :Lz (LZ |x, i+l At —, i At |)
BATSE/CGRO v TGFs M=\ N-1 & At
terrestrial gamma — ray flashes = At
TGF ’. . At
v . 4
BATSE v  GRB910503 dW At
w At = ———.
dA¢
Y Y
Xl XZ
4 w
E |X -X,| =2 nl, 2X
n=0
I, n Bessel . w
) 2 —2x AL ] 2’
xj o8t E|X,-X,| /& € 25” wAl
. . . Wm»i%e At = = 2
3t ot j+1 8 j=0 * At At
12 cts/s . A dW,,.. At
. A =
At = Md: M Hnaie dAs

- 370- http //www. wuli. ac. cn



80

X
w
w, At =w At -w,, At
w
5 w
0.1s
w 0.1s
0. 1s. 0.1s
0. 1s.
0.5s w
= 1500
11g’lE'lI'I:I i
o |
s 500
= 0 i i
1 A 1 4 3 G 7 B o 1]
~ 1&00
¥
5 1000 - :
% o ; ; Jh
' a1 * 4% 4 % a 7 R 4 o
L M
[ — BT
ﬁ 0= | %
I - —— .. -
& 0.5 | .4k 1.5
s
5 w 0.1s
w
. [D0E0.15]
lan - gl o |RAOTELLTE]
i .lf% :
116
t % ',?“‘nﬁ:t.' G0 EE
* Tl Ty
1 + i, . Gy
i Tay
a B
- .., Moy Tty
j y "._un'o.."'lq
T .h“ '."u o
= b 4
., 1...““&.0.“
Wi o
11,‘+
10t "
I I I I
0 N 0.2 03 04 s
Atig
6 w
6 w
35 2006 5

w w
7 w
w
w
1@
&
=
i & e Gms 1915108
= < GRO TIE55-A0
3 4300 JRck-4
= XTE TI550-561
¥ Ly X-1
- ; .
1
A
! » 417 1705-44
vy TR 1826-24
£3 41 D614+091
w AT | G08-522
# Oy K-2
4 | |
L .4 11,056 T [ERLH
A
7 w
w
8
1 2
3 6—7 keV
Ka Cyg X -1
w
8
w

http //www. wuli. ac. cn

371-



80

e
0.0 - . v X1
- -
" - —
L]
and - ==
n —
niz | b I I "
Ly T PS5 56
.
= a7
_.—
P -u
s || T R |
— -
LR 11RSS 4L
-
0ni —-—
——
L ]
gz U — I I
2 4 6 RI0 20 4 60
ke
1
X 2
3
4
5
1
6
7
8

100Hz X

Li T P. Chin. J. Astron. Astrophys. 2001 1 313
LiTP QuJL FengH et al. Chin. J. Astron. Astrophys.
2004 4 583

Li TP Muraki M. Astrophys. J. 2002 578 374

Feng H Li T P Zhang S N. Astrophys. J. 2004 606 424
FengH Li TP Wu M et al. Geophys. Res. Lett. 2002
29 28

Liu CZ Li T P. Astrophys. J. 2004 611 1084

LiTP Feng Y X Chen L. Astrophys. J. 2001 521 789
Feng H Zhang SN Li T P. Astrophys J. 2004 612 145

wh7247
wh7248
wh7249
wh7257
wh7258
wh7259
wh7263
wh7266
wh7270
wh7271
wh7272
wh7273
wh7274
wh7275
wh7289
wh7314

The Feynman Lectures on Physics Vol. 1

The Feynman Lectures on Physics Vol. 2

The Feynman Lectures on Physics Vol. 3
Solid - State Laser Engineering Sth ed.

Monte Carlo Strategies in Scientific Computing
Fundamentals of Semiconductors 3rd ed.
Quantum Mechanics A Introduction 4th ed.
Classical Electrodynamics

Solitons and Chaos 2nd ed.

Chaos in Dynamical Systems 2nd ed.

Nonlinear Waves

Bose — Einstein Condensation in Dilute Gases
Electrodynamics of Solids

Liquid Crystals 2nd ed.

Newton to Einstein The Trail of Light
Introduction to Electrodynamics 3rd ed.

Modern Quantum Mechanics

Feynman 95
Feynman 98
Feynman 78
W. Koechner 98
J. S. Liu 48
P. Y. Yu 89
W. Greiner 108
W. Greiner 89
Infeld 68
Ott 99
Pethick 68
Dressel 78
Chandrasekhar 69
Baierlein 59
D. J. Griffiths 39
J. J. Sakurai 36

” “ ”

010 - 64038347

- 372

www. wpcbj. com. ¢n

010 - 64015659

137 100010

kjsk@ vip. sina. com

http //www. wuli. ac. cn





