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DATA IS DISCRETELY SAMPLED

' -- :-l_.ll

OPTICAL SPECTRUM RECORDED WITH A CCD CAMERA

F. HORNE AND HARRIS PAPERS FOR PRESENTATION
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B DATA IS FILTERED BEFORE

DETECTION

Bl DATA IS FILTERED DURING

DETECTION
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2 DATA IS STOCHASTIC IN

NATURE

15



STOCHASTIC PROCESSES

RANDOM VARIABLE z(()

!




STOCHASTIC PROCESSES

4 DIFFERENT ASPECTS OF A S.P.

. A FAMILY OF FUNCTIONS DEPENDING ON TIME
(INDEXED BY Q)

: A PARTICULAR FUNCTION OF TIME (t_, FIXED)

. A RANDOM VARIABLE (AT FIXED T, FOR A SET OF
TRIAL OUTCOMES C

. A NUMBER (AT FIXED T AND FOR FIXED C)
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r(()DESCRIBES THE RELATION BETWEEN THE
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ANOTHER EXAMPLE: THE
ADUS MEASURED BY A CCD CAMERA

BEHIND 5 T

=N I

= SCOP|

NUMBER OF

=S FOR A

SOURCE OF MAGNITUDE My=15

x((1) = 1001
r((z) = 1045
z((3) = 1099
#(Cy) = 953
#(Cs) = 988

*WHAT ARE THESE?
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CUMULATIVE DISTRIBUTION F(z) = P{x <y}
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A GAUSSIAN DISTRIBUTION

GAUSSIAN OR NORMAL PROBABILITY D
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MOMENTS OF A DISTRIBUTION
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EXAMPLE OF USE OF MOMENTS:
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LESS OFTEN USED MOMENTS ARE THE

SKEWNESS
HOW ASYMMETRIC IS THE DISTRIBUTION?
1 <[z —7]1°
Skew(x. = — J
( ! NZ o
J=1 - -
&
KURTOSIS
HOW PEAKED IS THE DISTRIBUTION?
1 <[z —21?
Kurt(xz1...Xn) = — J — 3
(21 N) N Z >

j=1 " :

BOTH MEASURED WRT A
NORMAL=GAUSSIAN
DISTRIBUTION




CORRELATION, AUTO-CORRELATION
CORRELATION

bia) = f(@) @) k(@)= [ flglu+a)du

IF X AND Y ARE TWO INDEPENDENT RANDOM
VARIABLES WITH PROBABILITY DISTRIBUTIONS F
AND G, RESPECTIVELY, THEN THE PROBABILITY

DISTRIBUTION OF THE DIFFERENCE Y - X IS GIVEN
BY THE CROSS-CORRELATION F®G.

T[HE CONVOLUTION F * G GIVES THE PROBABILITY
DISTRIBUTION OF THE SUM X + Y
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CORRELATION, AUTO-CORRELATION
CORRELATION




AUTO-CORRELATION
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Large Scale Structure in the Local Universe

Corona Borealis Bootes
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Legend: image shows 2MASS galaxies color coded by redshift (Jarrett 2004);
familiar galaxy clusters/superclusters are labeled (numbers in parenthesis represent redshift).
Graphic created by T. Jarrett (IPAC/Caltech)

GIVEN A RANDOM GALAXY IN A LOCATION
THE CORRELATION FUNCTION DESCRIBES THE PROBABILITY
THAT ANOTHER GALAXY WILL BE FOUND WITHIN A GIVEN
DISTANCE (PEEBLES 1980)




CROSS-CORRELATING COSMIC-
RAY EVENTS WITH THE
POSITION OF NEARBY AGN

DATA FROM THE PIERRE AUGER COLLABORATION
SEE ASTRO-PH O711.2256

32



ECTRA
25 0921-630/V395 Car T O

| i | DETERMINE
VELOCITIES
- %W l K1 Template HD1241DE:

N

Wavelength (&)
\§

CROSS-CORRELATING SP

0.2

Narmalised fl

0.05

—-0.05

1
6000

I |
6200 6400




CROSS-CORRELATING SPECTRA

Radial velocity (km s™1)

100 150

50

—50

| TO
DETERMINE
VELOCITIES

AND FROM
THAT

A
MASS-FUNCTION

Orbital phase




MORE ON THE AUTO-CORRELATION

R(z) = E{f(z)f(z +1)}

e N———

. f(l“l) f(ivz)
it L1 — L9

R(z) = R(z,z) = E{f*(2)} = E{|f(2)["}

AVERAGE GENERALLY NOT ZERO
s> AUTOCOVARIANCE

C(r1,72) = E{(f(z1) — n(z1))(f(z2) — n(r2))" }

C(z) = R(z) — [n(t)]* = o*(z)

C(X)mPp»=AVERAGE POWER IN THE
FLUCTUATIONS AROUND THE MEAN




STOCHASTIC PROCESSES

RANDOM VARIABLE z(()
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WIDE-SENSE STATIONARY S.P.

o N —7 P ‘

WSS: MEAN TIME INDEPENDENT
& AUTOCORRELATION DEPENDS ON
TIME DIFFERENCE




WIDE-SENSE STATIONARY S.P.

pFEXD) R X0 X*(t+0)}

WSS: MEAN TIME INDEPENDENT
& AUTOCORRELATION DEPENDS ON
TIME DIFFERENCE




NOT ALL SIGNALS ARE WSS:

17
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FIGURE FROM KASLIWAL ET AL. 2007

NATURE OF THE SOURCE UNCERTAIN:
GRB, SGR, BH-X-RAY BINARY?
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NOT ALL SIGNALS ARE WSS:
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CONVOLUTION:

/ f(x)g(z1 — x)dx

CONVOLUTION THEOREM
F(f(z)* g(x) = F(f(x))F(g(z))
flz)*g(z) = F(s)G(s)

SIMILA

RLY FO

R C

ROSS CORRELATIONS

F(f®g)=F(f)F(9)




) CONVOLUTE IMAGES

2 B-BAND IMAGES OF THE
PHOENIX DWARF GALAXY

DIFFERENCE IMAGE AFTER
CONVOLUTING THE BETTER-
A A SEEING IMAGE WITH A
SMOOTHING KERNEL AND
SCALING THE FLUXES

o -':ain_ : >
o O

'/
FROM PHILLIPS & DAVIS 1995
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FOURIER TRANSFORMATIONS

-3 gy -1 - 1w Py im

FIGURE FROM WIKIPEDIA

< f(x)

/ f —27Tzajtdx

() = /_ F(t)e2miat gy

/ . ) . .
Euler's relation : et = cosx + 1sinx




BOX/WIN

SOME SPECIAL FUNCTIONS:

S

[II(t) = f: 5(t — nT)

A

nN=—oo

-

i

o

T,

DOW FUNCTION
)

'S FUNCTION/DIRAC COMB
W 1%

B(t) =0 for >t>7

1% 1%

B(t) =1 for <t<7
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FOURIER TRANSFORMS OF

THESE SPECIAL FIE S (
SINC FUNCTIONI o e
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CONVOLUTION IN PRACTICE

H *| | Z/l_l\

1.0

\ = =

Bix)

ALWAYS
BROADENS
THE INPUT
FUNCTION

B(x)

T___..--_-—--—.-.—_l-
R IR

B(x) + B(x)

\_ _ _ _ _
TWO FIGURES FROM GRAY PAGE 28 & 29




IN IDEAL CASE FIND INPUT
SPECTRUM BACK




