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Introduction Calculation Applications Summary

From: Bedding, T. R.; Kjeldsen, H.: Solar-like Oscillations. In: Publications of the Astronomical Society
of Australia 20 (2003), p. 203�212.
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Introduction Calculation Applications Summary

The Envelope Spectrum

The superposition of two oscillating signals:

cos (ω1t) + cos (ω2t) = A (t) cos

(
1

2
(ω1 + ω2) t

)
,

A (t) = 2 cos

(
1

2
(ω1 − ω2) t

)
,

where A(t) is the slowly varying amplitude of the signal which
oscillates with frequency

Ω =
1

2
(ω1 − ω2) .
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The Envelope Spectrum

Compute the periodogram (FFT or LSP)
↓

Take absolute value, set all phases to zero

↓
Filter for frequency range of interest (Tukey)

↓
Apply inverse FFT on periodogram

↓
Compute the analytic signal and the signal envelope
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The Envelope Spectrum
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Analytic signal:

xa(t) = x(t) + i H [x ] (t)

Hilbert transform:

H [x ] (t) =
1

π

∫ ∞
−∞

x(τ)

t − τ
dτ

Signal envelope:

env = abs(xa(t))

The Envelope Spectrum René Kiefer, Ariane Schad, Wiebke Herzberg, Markus Roth



Introduction Calculation Applications Summary

Solar envelope spectrum

� GOLF time series: July 2007 � July 2008

� Filtering as described above, Tukey with α = 0.9

� Frequency range: 1.7�3.5mHz

� Envelope spectrum 1µHz boxcar smoothed

� ∆ν� = 134.92± 0.06µHz
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Stellar envelope spectrum

� Kepler time series: Q7-Q15

� Filtering as described above, Tukey with α = 0.9

� Frequency range: 1.4�2.7mHz,

� Envelope spectrum 0.5µHz boxcar smoothed

� ∆ν = 95.7± 0.2µHz
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Robustness to noise
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Comparison to ACF
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Theoretical frequency di�erences
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Map of regularities in GOLF periodogram
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Map of regularities of KIC 5184732
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Echelle diagram of KIC 5284732

From Mathur et al. (2012)
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Summary

� Reliable detection of regularities in periodogram

� Alternative way for �rst estimation of ∆ν

� Robust to low S/N data

� Paper submitted to A&A:

The Envelope Spectrum René Kiefer, Ariane Schad, Wiebke Herzberg, Markus Roth



Introduction Calculation Applications Summary

Thank you for your attention.
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