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Abstract

The phase of a broadband signal is shown to be the phase of the re-
sultant of sinusoidal components using a Fourier representation. This
analytic result justifies the use of broadband phase as a measure of
synchronisation between multichannel data sources such as those mea-
sured in electroencephalography and magnetoencephalography studies.
The theorem brings out a feature of a complex field such as those used
in quantum mechanics. It is possible to synchronise multiple compo-
nents to a common phase. This suggests an avenue into researching the
expulsion of undesirable biological compounds from a body through
quantum tunneling. Also, broadband phase has been used in a pilot
meditation study to demonstrate phase resynchronisation.

1 Introduction

Electroencephalography, inter alia, requires the analysis, both spatially and
temporally, of multichannel data streams into interdependent sources. One
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measure of interdependence is pairwise instantaneous phase coupling between
signals (Tass et al., 1998; Rosenblum, Pikovsky, and Kurths, 1997). The in-
stantaneous phase of a signal can be determined via the Hilbert transform
(Le Van Quyen et al., 2001; Gabor, 1946). A suitable Bayesian validation
measure based on information theoretic entropy is that of the mutual infor-
mation present between various aspects of signals such as phase, frequency,
and amplitude (Le Van Quyen et al., 2001; Shannon, 1948; Barnard and
Bayes, 1958). Finite time series can be approximated to an arbitrary degree
by Fourier series. Filtering a time series will weight the sinusoidal com-
ponents. A bandpass filter eliminates all frequencies outside a set range.
Any bandpass-filtered signal larger than a few Hertz is termed broadband —
there are multiple components.Boashash (1992) warns against interpreting
the instantaneous frequency of such signals.

An analytic signal is a complex quantity with the original signal as the
real component and the Hilbert transform-derived π

2
phase-shifted signal as

the imaginary component. From the analytic signal the instantaneous phase
and amplitude can be calculated. Here we validate the interpretation of the
instantaneous phase of such a signal as that of the sum of the individual
sinusoidal components.

2 Derivation

Let s t denote a time series. The Hilbert transform, ŝ t = H s, of the real-
valued signal, s t, can be used to generate an analytic signal, sA t = s t+ iŝ t.

H s = (h ∗ s) t =
∫ ∞
−∞

(s τ)(h (t− τ))dτ (1)

(2)

where h t = 1
πt
, the impulse response of a Hilbert filter, and ∗ is the

convolution operator. The Hilbert filter reflects the properties of a potential
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in a conservative radial field such as the electromagnetic, represented by the
complex field. Leading to

H s =
1

π

∫ ∞
−∞

s τ

t− τ
dτ. (3)

(4)

The analytic signal can be cast in terms of amplitude and phase sA t =

(A t)ei(φ t), A ∈ C, φ ∈ (−π, π], which leaves the task of extracting the time-
dependent phase of a broadband signal. Unfortunately, there is degeneracy in
the combination of time-dependent phase and amplitude. However, a Fourier
series approximation removes this difficulty.

Theorem 2.1 (Broadband Phase). The instantaneous phase, φ t, of a broad-
band signal, s t, is the instantaneous phase of the sum of its sinusoidal com-
ponents.

Proof. Let d t be a Fourier series representation of a discrete sample of s t
with 2N + 1 samples (t ∈ [0, 2N ]),

d t =
2N∑
n=0

an cosn
π

N
t+ bn sinn

π

N
t, an, bn ∈ R.

Taking the Hilbert transform of d t and bearing in mind that, since sin τ
τ

and
cos τ
τ

are Riemman-integrable, the integral over a summation is a summation
over integrals,

∫
(f + g) =

∫
f +

∫
g,

d̂ t = H d =
1

π

∫ ∞
−∞

∑2N
n=0(an cosn

π
N
τ + bn sinn

π
N
τ)

t− τ
dτ (5)

=
1

π

2N∑
n=0

∫ ∞
−∞

an cosn
π
N
τ + bn sinn

π
N
τ

t− τ
dτ (6)

(7)
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The integration proceeds by re-expressing the sinusoids as exponentials,

cos τ =
exp iτ + exp−iτ

2
, sin τ =

exp iτ − exp−iτ
2

.

There is a question of convergence. A discontinuity, or singularity, exists
at τ = t, but since exp iτ has no discontinuities and is bounded, the convo-
lution integral exists and has no singularities. Integration by parts yields,

=
2N∑
n=0

(ani sin
n

N
πt− bni cos

n

N
πt),

so that

dA t = (d+ d̂) t =
2N∑
n=0

an(cos
n

N
πt+ i sin

n

N
πt) (8)

+bn(sin
n

N
πt− i cos n

N
πt) (9)

=
2N∑
n=0

(an + i(−bn)) exp i
n

N
πt (10)

=
2N∑
n=0

cn exp iφn exp i
n

N
πt, cn ∈ R, φ ∈ (−π, π].(11)

(12)

Filtering is the application of a weighting function to the coefficients, cn,
and bandpass filtering selects a specific interval, [l, h] ⊆ [0, 2N ]. The phase
of the analytic signal, dA t, is the argument

arg dA t = arctan
= dA
< dA

= arctan
d̂ t

d t
(13)

= arctan

∑2N
n=0 cn sinφn sin

n
N
πt∑2N

n=0 cn cosφn cos
n
N
πt
, cn ∈ R, φ ∈ (−π, π] (14)

= φ t, (15)

(16)
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which is the angle of the phasor resulting from summing each single fre-
quency sinusoidal component.

Note that the phase is not the sum of component phases, but the phase
of the resultant vector, which is arrived at through time-independent scal-
ing, cn, initial phase offset, φn, and simple vector addition of each sinusoidal
component. This is in contrast to Pockett, Bold, and Freeman (2009) who
claim, by visual inspection, that the broadband phase is the sum of the resul-
tant phases. Those authors could also have achieved more robust conclusions
by using surrogate data and mutual information measures to eliminate the
question of common references and the use of pink noise as a control. Note
that the use of mutual information can pick up both temporal and spatial
separations.

An arbitrary degree of precision up to the smallest energy level can be
achieved. Thus a broadband signal has a single well-defined phase, a reflec-
tion of the interdependence of dimensions in a complex quantity. While the
Hilbert filter is acausal, and cannot be used online, it has been used here
to reconstruct the analytic signal. Quantum state evolution is already ana-
lytic. This can be related to an action-angle interpretation of phase space
configurations in quantum mechanics. Note that the steady phase evolution
is compensated for by modulations in amplitude. This suggests an avenue
for explorations into teleportation of biological entities. Take a biological
molecule with integer spin. If the phase evolution is synchronised, then there
is a single overall phase and so quantum tunneling through barriers of dis-
parate frequencies becomes like moving through low energy walls.

Sharma et al. (2007) conducted a panchakarma study that involved med-
itation and other techniques to alter the metabolome of a study group. Syn-
chronisation of energy states in the brain through meditation might, through
hatha yoga practice, harmonise mental energy states with harmonised cen-
tres throughout the bodily organs, leading to the ridding of disharmonious
compounds.
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The question of how to synchronise these phases is vexing, but an unpub-
lished dataset of mine analysed with the hsignal package (McPhail, 2010)
examining mental resets in a concentration meditation protocol appears to
produce phase slips, which can be interpreted as resynchronisation events.
The protocol was simply to meditate and at each point that the subject
notices a thought arising a single button is pressed. Phase slips and resyn-
chronisation occur after the button press and thus can not be attributed to
the readiness potential. Unfortunately the sample size was one and can only
be treated as anecdotal evidence. Pockett, Bold, and Freeman (2009) used
averaged epochs and found a 100 ms range of increasing synchrony. If the
resynchronisation events are caused by discharges of energy storage driven
by the approximately 55 Hz oscillations (often masked by or filtered with by
a notch filter because of mains electricity frequency) of the Na+/K+ trans-
membrane protein behind dendritic currents then an averaging of epochs
will miss the phenomenom (Crick and Koch, 1990; Hameroff, 1998; McPhail,
2009; Buzsáki, Anastassiou, and Koch, 2012). These phase slips do not nec-
essarily occur at the median frequency of the broadband filter.

3 Conclusion

I have outlined a foundation for the sound analysis of spatiotemporal datas-
treams. The phase of a broadband signal is the phase of the sum of the
contributory phasors. There is scope for application of this result to the
verification of the putative ability of Vedic yogis to dispel disharmonious
compounds from their bodies through meditation and energy harmonisation.

4 Acknowledgement

S. Pockett for providing the research matter and environment which allowed
the realisation of the Fourier approach. A. H. McPhail for financial support.

6



References

Barnard, G. A. and Bayes, T. (1958). “Studies in the history of probability
and statistics: IX. Thomas Bayes’s essay towards solving a problem in the
doctrine of chances”. In: Biometrika 45.3/4, pp. 293–315 (cit. on p. 2).

Boashash, B. (1992). “Estimating and interpreting the instantaneous fre-
quency of a signal. I. Fundamentals”. In: Proceedings of the IEEE 80.4,
pp. 520–538 (cit. on p. 2).

Buzsáki, G., Anastassiou, C. A., and Koch, C. (June 2012). “The origin
of extracellular fields and currents-EEG, ECoG, LFP and spikes”. In:
Nature Reviews Neuroscience 13.6, pp. 407–420. issn: 1471003X. doi:
10.1038/nrn3241. url: https://www.nature.com/articles/nrn3241
(cit. on p. 6).

Crick, F. and Koch, C. (1990). “Towards a neurobiological theory of con-
sciousness”. In: Seminars in The Neurosciences 2, pp. 263–275 (cit. on
p. 6).

Gabor, D. (1946). “Theory of communication. Part 1: The analysis of infor-
mation”. In: Journal of the Institution of Electrical Engineers-Part III:
Radio and Communication Engineering 26.26, pp. 429–441 (cit. on p. 2).

Hameroff, S. (Nov. 1998). “Anesthesia, consciousness and hydrophobic pock-
ets - A unitary quantum hypothesis of anesthetic action”. In: Toxicol-
ogy Letters. Vol. 100-101. Elsevier, pp. 31–39. doi: 10.1016/S0378-
4274(98)00162-3 (cit. on p. 6).

Le Van Quyen, M., Foucher, J., Lachaux, J. P., Rodriguez, E., Lutz, A.,
Martinerie, J., and Varela, F. J. (Sept. 2001). “Comparison of Hilbert
transform and wavelet methods for the analysis of neuronal synchrony”.
In: Journal of Neuroscience Methods 111.2, pp. 83–98. issn: 01650270.
doi: 10.1016/S0165-0270(01)00372-7 (cit. on p. 2).

7



McPhail, A. V. H. (2009). “From a classical neuroscience towards a quantum
theory of mind and consciousness”. In: Natural Philosophy: 002. Poneke:
Lucid Press. Chap. 1. doi: 10.51669/NatPhil-002-1 (cit. on p. 6).

McPhail, A. V. H. (2010). hsignal. url: https://github.com/amcphail/
hsignal (cit. on p. 6).

Pockett, S., Bold, G. E., and Freeman, W. J. (2009). “EEG synchrony during
a perceptual-cognitive task: Widespread phase synchrony at all frequen-
cies”. In: Clinical Neurophysiology 120.4. issn: 13882457. doi: 10.1016/
j.clinph.2008.12.044 (cit. on pp. 5, 6).

Rosenblum, M. G., Pikovsky, A. S., and Kurths, J. (1997). “Phase synchro-
nization in driven and coupled chaotic oscillators”. In: IEEE Transactions
on Circuits and Systems I: Fundamental Theory and Applications 44.10,
pp. 874–881. doi: 10.1109/81.633876 (cit. on p. 2).

Shannon, E. C. (1948). “A mathematical theory of communication”. In: The
Bell System Technical Journal 27.3, pp. 379–423. doi: 10.1002/j.1538-
7305.1948.tb01338.x (cit. on p. 2).

Sharma, H., Chandola, H. M., Singh, G., and Basisht, G. (Nov. 2007). “Uti-
lization of Ayurveda in health care: An approach for prevention, health
promotion, and treatment of disease. Part 1 - Ayurveda, the science
of life”. In: Journal of Alternative and Complementary Medicine 13.9,
pp. 1011–1019. issn: 10755535. doi: 10.1089/acm.2007.7017-A. url:
https://www.liebertpub.com/doi/abs/10.1089/acm.2007.7017-A

(cit. on p. 5).
Tass, P., Rosenblum, M. G., Weule, J., Kurths, J., Pikovsky, A., Volkmann,

J., Schnitzler, A., and Freund, H. J. (Oct. 1998). “Detection of n:m phase
locking from noisy data: Application to magnetoencephalography”. In:
Physical Review Letters 81.15, pp. 3291–3294. issn: 10797114. doi: 10.
1103/PhysRevLett.81.3291. url: https://journals.aps.org/prl/
abstract/10.1103/PhysRevLett.81.3291 (cit. on p. 2).

8


