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1 Description of Lomb-Scargle Periodogram
Everything in this document is pieced together from Lomb (1976); Scargle (1983);
Hocke (1998). This algorithm will calculate the power, P , amplitude, A, and phase, φ,
of a wave with a given frequency, f , within an irregularly sampled time series of length
n samples.

Let us consider sinusoidal waves of the form

yf (ti) = a cosω(ti − τ) + b sinω(ti − τ), (1)

where ω = 2πf and 1 ≤ i ≤ n.
τ is defined in Scargle (1983) as

tan 2ωτ =

∑n
i=1 sin 2ωti∑n
i=1 cos 2ωti

, (2)

which can easily be rewritten as

τ =
arctan2 (

∑n
i=1 sin 2ωti,

∑n
i=1 cos 2ωti)

2ω
(3)

The constants a and b are defined as
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2
n
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(
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2
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and
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2
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The periodogram is calculated using

P (ω) =
1

2σ2

n

2
(a2 + b2), (6)

where σ = 1
n−1

∑n
i=1 y

2
i is the variance (assuming that the mean has been subtracted

from the data already).
The amplitude is calculated using

A(ω) =

√
4σ2

n
P (ω) (7)
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or, equivalently,
A(ω) =

√
a2 + b2. (8)

Equation 1 can be expressed differently:

yf (ti) = A(ω) cos [ω(ti − τ) + φ], (9)

where the wave phase is given by,

φ = − arctan2(b, a). (10)

2 Example Python Code
The code used in this module is based on the following Python code.

1 def LombScargle(t,x,f):
2 ’’’
3 Calculates the Lomb-Scargle periodogram using the method defined in
4 Hocke 1998. This method assumes that any mean is removed from the
5 data.
6 ’’’
7

8 #preformat the input variables
9 t = np.array([t],dtype=’float64’).flatten()

10 x = np.array([x],dtype=’float64’).flatten()
11 f = np.array([f],dtype=’float64’).flatten()
12

13 #get array sizes
14 nf = np.size(f)
15 n = np.size(t)
16

17 #create output arrays (Power, amplitude, phase, a, b)
18 P = np.zeros((nf,),dtype=’float64’)
19 A = np.zeros((nf,),dtype=’float64’)
20 phi = np.zeros((nf,),dtype=’float64’)
21 a = np.zeros((nf,),dtype=’float64’)
22 b = np.zeros((nf,),dtype=’float64’)
23

24 #convert f to omega
25 w = 2*np.pi*f
26

27 #calculate variance (sigma**2)
28 o2 = np.sum(x**2)/(n-1)
29

30 #loop through each frequency
31 for i in range(0,nf):
32 #calculate sums to get Tau
33 ss2w = np.sum(np.sin(2*w[i]*t))
34 sc2w = np.sum(np.cos(2*w[i]*t))
35

36 #calculate Tau
37 Tau = np.arctan2(ss2w,sc2w)/(2*w[i])
38

39 #calculate w(t - Tau)
40 wtT = w[i]*(t - Tau)
41

42 #calculate some more sums
43 syc = np.sum(x*np.cos(wtT))
44 sys = np.sum(x*np.sin(wtT))
45 sc2 = np.sum(np.cos(wtT)**2)
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46 ss2 = np.sum(np.sin(wtT)**2)
47

48 #get a and b
49 rt2n = np.sqrt(2/n)
50 a[i] = rt2n*syc/np.sqrt(sc2)
51 b[i] = rt2n*sys/np.sqrt(ss2)
52

53 #calculate the periodogram
54 a2b2 = a**2 + b**2
55 P[:] = (n/(4*o2))*a2b2
56

57 #calculate amplitude
58 A[:] = np.sqrt(a2b2)
59

60 #calculate phase
61 phi[:] = -np.arctan2(b,a)
62

63 return P,A,phi,a,b
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