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aliasing, 97

aliased frequency, 98

aliased spectrum, 98

foldback, 98

amplitude spectrum, 73, 93

autocorrelation, 125

blue noise, 129

red noise, 129, 134

white noise, 128

autoregression, 125

autoregressive model, 125

blue noise, 127

red noise, 126, 133

white noise, 126

beryllium, 10Be (data), 18, 29

camp (data), 136

circular functions, 7

co2 (data), 83, 90, 91, 93, 122

coefficient of determination, 24, 153

complex

data, 44

exponential, 42

Fourier series, 42

numbers, 2, 7

confidence interval, 27

correlation, 8, 10, 24, 27

autocorrelation, 20

coefficient, 10

cross-correlation, 13

lagged, 13

negative, 10

positive, 10

correlogram, 17, 18

autocorrelogram, 20

covariance, 9

detrend, 85

DFT, 2, 56, 143

derivation, 56

forward, 59

inverse, 61, 66

linear transformation, 59, 60

matrix, 59

N-even, 159, 162

N-odd, 160, 162

symmetries, 159

spectrum, 62, 163

asymmetry, 63

Dirac delta-function, 51

Dirichlet conditions, 49

discrete Fourier transform, see DFT

dummy data, 26, 102

effect-size, 3, 44

EMD, 3

empirical mode decomposition, see EMD

Esperance (data), 90, 111

Euler’s formulae, 42

exoplanet_RV (data), 147, 158

Fast Fourier Transform, see FFT

FFT, 2, 59, 163

above-Nyquist features, 96

adjacent frequencies, 107

baseband spectrum, 97

central spectrum, 97

checking output, 71, 72

Hamming window, 95

Hann window, 95

harmonic index, 62, 73, 79

intermediate frequencies, 99, 100

low-frequency features, 92
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maximum frequency, 96

minimum frequency, 92

non-harmonic frequencies, 99

probability, 150

significance, 150

standard and non-standard, 69, 70

windowing, 94

discontinuity, 95

flow (data), 122

Fourier analysis, 1

Fourier series, 1, 6, 32, 41, 46

complex, 42, 56

Fourier theory, 1, 8

Fourier transform, 1, 47

integrability, 49

notation, 48

sinusoid, 51, 53

frequency, 34

angular, 36, 49

discrete, 45

function, 46, 48

fundamental, 25, 34, 45

harmonic, 25, 34, 45

index, 47

maximum, 63

negative, 43

Nyquist, 63–65, 146, 148

Nyquist rate, 65

F-statistic, 150, 154–156

hare (data), 30

HD.3651 (data), 147, 158

HD.37124 (data), 158

Hillarys (data), 78, 101, 105, 116, 122

index

frequency, 47

harmonic, 62, 73

lag, 14

least-squares spectral analysis, see LSSA

linear algebra, 7

linear combination, 1

linear dependence, 33

linear independence, 33

linear regression, 8

simple, 23, 24, 28

linearity

DFT, 61

Fourier series, 41

Fourier transform, 50

lomb (R library), 147

LSSA, 3

lynx (data), 30

Milankovitch cycles, 118

missing data, 109

linear interpolation, 110

mean value, 110

provisos, 110

nino3.4 (data), 132

noise, 87

blue noise, 125

Brown noise, 124

colour, 123

one-over-f noise, 124

pink noise, 124

red noise, 124

violet noise, 125

white noise, 124

Gaussian, 126

orthogonal, 33

orthogonality, 32

oxygen-18 (data), 118, 136

padding, 105

Parseval’s theorem, 151

period, 34

periodogram, 7, 138

Lomb–Scargle, 4, 144

significance, 145

Schuster, 138, 143

significance, 141

phase, 39, 41

PortKembla (data), 90, 111

Portland (data), 111

power law, 124, 130

blue noise, 131

red noise, 130, 135

white noise, 130

power spectrum, 76, 80, 83, 87, 151

power spectral density, 124

red noise, 134

probability, 141, 145

p-value, 26, 27, 142, 146, 151,

154–156

R, 4

random walk, 138, 141

Rayleigh distribution, 142
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re-windowing, 105

R-squared, see coefficient of determination

sampling theorem, 64

Nyquist–Shannon, 64

Schuster’s test, 141

short-time Fourier transform, see STFT

significance, 3, 26, 27, 154

singular-spectrum analysis,

see SSA

spectrogram, 115, 169

non-stationary data, 118

resolution, 115

simplespectro, 115

code, 165

how-to, 164

stationary data, 116

spectrum, 45

SSA, 3

star (data), 111

stationarity, 112

non-stationary, 112

stationary, 112

strong, 112

weak, 113

statistics, 6

STFT, 113

resolution, 114

sunspots (data), 15, 18, 20, 29, 87, 96, 122,

158

symmetry, 36, 41

even, 36

Fourier series, 36

Fourier transform, 50

mixed, 39

odd, 36

temperature

land-ocean (data), 15

Nottingham (data), 21, 25, 70, 90, 156

tempdub (data), 90

tides

diurnal, 79

semi-diurnal, 79

tidal harmonics, 82

treerings (data), 136

trend, 83

uncertainty principle, 114

variance

explained, 152

variance spectrum, 151, 152

vector sum, 139, 141

wavelets, 3
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