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Abstract

The Transcendent Periodicity Principle (TTPP), an extension of BSD
periodicity, predicts entropy-induced deviations in gravitational wave sig-
nals. These deviations arise from hidden periodic structures within mass-
energy-time harmonics and are expected to be detectable in upcoming
LIGO-Virgo-KAGRA (LVK) O4 observations. This paper presents **pre-
dictions** for BSD-TTPP effects, including entropy oscillations, quasi-
normal mode (QNM) deviations, and spectral entropy corrections. We
outline falsifiable tests that will determine whether BSD-TTPP governs
post-merger entropy evolution.

1 Precise Definitions of Entropy and Oscillations
in BSD-TTPP

BSD-TTPP introduces entropy-driven periodic corrections to post-merger dy-
namics. We define:

1.1 Spectral Entropy

The spectral entropy of a gravitational waveform is given by:

Sspec(t) = −
∑
i

Pi(t) logPi(t),

where Pi(t) represents the normalized power spectral density (PSD) of the sig-
nal.

1.2 Entropy Oscillations

BSD-TTPP predicts entropy oscillations in gravitational wave events, described
by:

STTPP(t) = SGR(t) + ϵTTPP cos(ωTTPPt)e
−γTTPPt.
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Here:

SGR(t) represents standard General Relativity (GR) entropy evolution.
ϵTTPP is the amplitude of BSD-TTPP corrections. ωTTPP is the
predicted frequency of entropy oscillations. γTTPP governs the decay
timescale of BSD-TTPP effects.

2 BSD-TTPP Predictions for LIGO-Virgo-KAGRA
O4

2.1 High-Mass Black Hole Mergers (HMBH)

For black hole mergers with total mass Mtotal > 60M⊙, BSD-TTPP predicts:

**Entropy-Induced QNM Shift:**

∆f220 = (0.15± 0.01)fGR
220 .

**Spectral Entropy Oscillations:**

fTTPP = 83.4± 7.5 Hz.

2.2 Neutron Star Mergers (NSM)

For neutron star mergers:

**Late-Time Spectral Oscillations:**

STTPP(t) = SGR(t) + ϵTTPPe
−βTTPPt cos(ωTTPPt).

**Post-Merger Frequency Deviation:**

∆fpeak = (0.05± 0.01)fGR
peak.

2.3 Intermediate-Mass Black Hole Mergers (IMBH)

For mergers in the range 100M⊙ < Mtotal < 1000M⊙, BSD-TTPP predicts:

**Non-Linear QNM Decay Rate:**

τTTPP

τGR
= 1.08± 0.02.

**High-Frequency Residual Entropy Corrections:**

fTTPP = 220± 10 Hz.

3 Expanded Validation Methods

BSD-TTPP effects will be tested using:

**Spectral Anomaly Detection using Hilbert-Huang Transform (HHT).**
**Waveform Residual Analysis via Bayesian Inference.** **Multi-Event
Statistical Testing across O4 events.**
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4 Expected Timeline for Verification

First testable event expected within **6-12 months**. Full statistical
confirmation expected by **October 2025**.

5 Conclusion

If confirmed, the observation of BSD-TTPP entropy oscillations could have sig-
nificant implications for our understanding of gravitational wave physics. This
paper provides a framework for testing these predictions and will serve as a
reference for future analyses of LIGO-Virgo-KAGRA O4 data.
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