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# generate data

set.seed(12345)

A<-5

wo <- 2 * pi

Tf <- 10 * pi

N <- 1000

dt <- Tf/N

tk <- (@:(N-1)) * dt

phi <- runif(N, 0.0, 1.0) * 2 * pi
fk <- A * cos(w@ * tk + phi)

# plot data

plot(tk, fk, 1Y, 'Time:s', 'Signal')
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Figure 1. The raw signal.

# compute power spectral density

tildeFk <- fft(fk)

psd <- Re(Conj(tildeFk) * tildeFk)/N

df <- (0:(N-1))*2*pi/N/dt

plot(df, psd, "1, '"Frequency ')
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Figure 2. The power spectral density.

# compare power spectral density with spectrum of correlation function

g <- convolve(fk, fk,
tildeg <- Re(fft(g))
par( c(5, 4, 2, 4))
par( FALSE)

plot(df, psd, "1,
points(df, tildeg,

par( TRUE)

legend (207, 80,

c(1, NA), 0.9,

"circular")/length(fk)

"Frequency ')
‘red")

c("psd",expression(tilde(g))), c(NA, 1),
‘n’, c(1,2))
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Figure 3. Comparison between PSD and the spectrum of correlation function.
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# correlation function defined by finite data

corFunc <- function(Jx) {

gth(JIx)
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}
}

return(c_Jx)



# compare psd with spectrum of correlation function from finite data
g <- corFunc(fk)

tildeg <- Re(fft(g))
par( c(5, 4, 2, 4))
par( FALSE)

plot(df, psd, "1, '"Frequency ')
points(df, tildeg, "red")
par( TRUE)
legend (207, 80, c("psd",expression(tilde(g))), c(NA, 1),
c(1, NA), 0.9, ‘n', c(1,2))
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Figure 4. Comparison of PSD with the spectrum of correlation function calculated from finite
data.
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# generate data
set.seed(12345)
N <- 10"4
invL <- -100.0/N
X <- exp(invL)
a <- c(9)
for (i in 2:N) {
a[i] «<- a[i-1]*x + runif(1, -0.5, 0.5)
}



# analytic correlation function

analyticCor <- lapply(1:N, function(k) {x~(k-1)/12/(1-x"2)})
# periodic correlation function

g <- convolve(a, a, "circular")/length(a)
# finite size correlation function

z <- corFunc(a)

# Wiener-Khinchin theorem

tildeFk <- fft(a)

psd <- Re(Conj(tildeFk) * tildeFk)/N

sdCor <- Re(fft(psd, TRUE))/N

par( c(5, 4, 2, 5))

par( FALSE)

plot(1:N, analyticCor, "1, 'Time delay', "Correlation’,
c(-1,4))

lines(1:N, g, "red")

lines(1:N, z, "blue")

points(1:N, sdCor)

par( TRUE)

legend (10400, 4, c("Exact","Period", "Finite", "W-K"),

c(1,1,1,NA), c(NA,NA,NA, 1), 0.9, n',
c("black","red","blue","black"))
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Figure 5. Comparison of correlation functions calculated using different algorithms.
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