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ABSTRACT

A description of our thoughts on the normalization of the Zeus power spectra.

1. Definition of Power Spectra

First off, we chose to normalize our power spectra to the mean squared amplitude of

the original data. Notice that we will assume a real data set so H(f) = H(−f). Thus, we

will simplify notation by taking |H(f)|2 + |H(−f)|2 → |H(f)|2. So,

1

T

∫
T

0

|h(t)|2 dt =

∫
∞

0

P (f) df. (1)

Because we are dealing with a discretized set of data with N elements, we must pad our data

with zeroes to fit into an array with length Nft = 2m, for m satisfying 2m−1 < N ≤ 2m. It is

convenient to define the following terms imitating the perscriptions of Numerical Recipies,

∆ ≡
T

N
(2)

tn ≡ n∆ (3)

fk ≡
k

Nft∆
. (4)

Similarly, after performing a discrete Fourier transform we find,

h(tn) ≡ hn (5)

H(fk) ≡ Hk∆, (6)

Where Hk represents the discrete output from the FFT algorithm. We can write the mean

squared amplitude from (1) using Parceval’s theorem,

1

T

∫
T

0

|h(t)|2 dt =
1

T

∫
∞

0

|H(f)|2 df (7)

So we can identify,

P (fk) =
|H(fk)|

2

T
=

∆

N
|Hk|

2 (8)
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2. Power Binning

Now suppose we group our power spectrum data into M bins such that 0 = N0 < N1 <

N2 < · · · < NM−1 < NM = Nft

2
+ 1. Then,

Πi ≡
1

Ni − Ni−1

Ni−1∑
k=Ni−1

P (fk). (9)

Furthermore, each Πi is associated with a frequency range [Ni−1

Nft∆
, Ni

Nft∆
). Thus we have,

∫
∞

0

P (f) df ≈

N
ft

2∑
k=0

P (fk)

Nft∆
(10)

=

M∑
i=1

Ni−1∑
k=Ni−1

P (fk)

Ni − Ni−1

Ni − Ni−1

Nft∆
(11)

=
M∑
i=1

Πi

Ni − Ni−1

Nft∆
. (12)

But notice, if Πi is representative of the ith frequency interval above, which has width Ni−Ni−1

Nft∆

in frequency space, we can directly write P (fk) → Πk and df → Ni−Ni−1

Nft∆
. So,

∫
∞

0

P (f) df ≈
M∑
i=1

Πi

Ni − Ni−1

Nft∆
. (13)

Therefore, we must identify Πi with the ith interval in order to satisfy the above integral

normalization condition, even though
∑

i
Πi 6=

∑
k
P (fk).


