SPECTRA

Univariate Series

For all t, the series X; can be represented by

q
X =af + Z(afé cos27f  (t = 1) + b sin27f  (t —1))
K=1
where
t=12,...,N

ax :% %(XI cosanK(t—l))}

z

o
by =— X, sn2mf, (t- 1))}
N tzzl

f =K/N
_[N/2, if Niseven
9= \N-1/2, if Nisodd

The following statistics are cal cul ated:
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Frequency

fx =K/N, K=1...,q

Period

Yfx =N/K, K=1..,q

Fourier Cosine Coefficient

ax, K=1...,q
Fourier Sine Coefficient
b¥ = (ak ~ibg )(ak +ib¥)
Periodogram
1% :[(a,é)z +(b,§)2] N/2, K=1..,q
spectral density estimate

P
Sk = ijll’éﬂ-, where 2p+1=m (number of spans)
1=p
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and

Ii(K :||)<(, K :l,...,q

X X
lg =17

Ik =Ins-k forK>q

W_p, Wopsg,-.-, W, Wy,...,Wp are the periodogram weights defined by different
data windows.

Bivariate Series

For the bivariate series X; and Y

o)

Xt:a{§+2(a,’<‘0032nf,<t+b§sin2ﬂKt) t=1...N
K=1

q
Y, =a) + z (a¥ cos27ft +bY sin27ft)
K=1

Cross-Periodogram of X and Y

4 :%(a,’é -ib)(a) +ibY)

:%{(aﬁa}g +bEbY ) +i(akby ~bka¥ )}

Real (I,’éy)

N
(RC) :E(aﬁa?{ +biby)
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Imaginary (Iféy)

N
(1C), = {akby - bia)

Cospectral Density Estimate

IM_O

Quadrature Spectrum Estimate

p
QK = ZWJ(IC)K+J

j=-p
Cross-amplitude Values

Ac=(Gk +ck)"”

Squared Coherency Values

Gain Values

G = Ac /s (gainof Y over X, at fy)
“T\Ac/st  (gainof X, over ¥; at fy)



Phase Spectrum Estimate

-1 . Qc>0,C¢ >0

tan"H(Q /Ck )+ if Q¢ >0, Cx <0

tan Qg /Cx)~m if Qg <0, Cc <0

Data Windows
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The following spectral windows can be specified. Each formula defines the upper
half of the window. The lower half is symmetric with the upper haf. In al
formulas, p is the integer part of the number of spans divided by 2. To be concise,
the formulas are expressed in terms of the Fejer kernel:

Fa(6)

q 0=0,t2mt4ri,...
2
= ' 2
-Eﬁﬁ%%l otherwise
ql sin(¢/2)

and the Dirichlet kernel:

Dy(6) = sin((2g+1)6/2)

where

2q+1 0=0,x2m+4r,...

otherwise
sin(6/2)

g isany positive real number.

' This algorithm appliesto SPSS 6.0 and |ater releases.
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HAMMING

Tukey-Hamming window. The weights are
_ T T
W, = O.54Dp(2nfk) +O.23Dp(2r[k +B) + 0.23Dp(2nfk —B)

for k=0,...,p.
TUKEY
Tukey-Hanning window. The weights are

Vi T
W = 05D (27 ) +0.25Dp(2nfk +EJ+0.25DD(2nfk _5)

for k=0,...,p.

PARZEN

Parzen window. The weights are
1 2
W = 6(2 + 005(277fk))( Fp/Z(ank))

for k=0,...,p.

BARTLETT

Bartlett window. The weights are
W = Fp(znfk)

for k=0,...,p.
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DANIELL UNIT

Daniell window or rectangular window. The weights are

We=1
for k=0,...,p.

NONE
No smoothing. If NONE is specified, the spectral density estimate is the same as
the periodogram. It is aso the case when the number of spanis 1.
Wp,..., Wp, ..., Wy
User-specified weights. If the number of weights is odd, the middle weight is
applied to the periodogram value being smoothed and the weights on either side are
applied to preceding and following values. If the number of weights are even (it is
assumed that W, is not supplied), the weight after the middle applies to the
periodogram value being smoothed. It is required that the weight Wy must be
positive.
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