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WITHDRAWAL NOTICE — 18 August 2026. This paper is retained as an archived
record; its central derivation is withdrawn. The mechanical derivation of K = 2ωR/c
presented here fails on four independent no-gos established June–August 2026: the
minimal velocity coupling gives F·v = 0 identically (an antisymmetric, Coriolis-type
force); a stationary asymptotically flat effective metric conserves Killing energy, so
V∞,out = V∞,in; every scalar curvature magnitude is even in the source spin to O(a²),
while Anderson’s K is linear in ω; and stationary axisymmetry gives k^μ∇_μℛ = 0 on the
Earth background. With the mechanism fall: the “98% independent validation” of ζ/Λ by
the flyby amplitude, the planetary reconstruction and the 27:1 “cross-planetary
validation,” the Ulysses +956 mm/s velocity reading, and the cross-disformal amplitude
route (the coupling is not generated by the framework’s 10D reduction, B̂ _KK = 0, and
its coefficient was fixed by the match this notice withdraws). Anderson’s relation is
retained as an empirical target, not a derived result. Two record corrections are
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applied in this archived copy because publishing known-wrong arithmetic under an
archive label is still publishing it: the Juno row of Table 4 (the null was published in
2014; the row’s own declinations give G = 0.174, not 0.476, and the formula then
predicts 5.60 mm/s, not 4.8 — either value conflicts with the observed null) and the
Rosetta II/III rows (not symmetric: the published-asymptote Anderson evaluation gives
+0.52 and +1.10 mm/s against observed nulls). Note also that, under this paper’s own
quoted uncertainties, “within measurement uncertainty” was false for Galileo I (2.75σ),
Rosetta I (5.4σ) and Cassini (9.3σ), and the quoted R² = 0.997 excludes the predictive
Juno test and is dominated by NEAR. The successor paper — The Flyby Anomaly as a
Measurement — treats the anomaly as an observer-clock measurement question, for
which the planetary and later Earth nulls are constraints rather than failures. This banner
governs wherever it conflicts with the text below.

Abstract

The spacecraft flyby anomaly—unexplained velocity changes of order mm/s observed during Earth
gravity assists—has remained unresolved for three decades since its discovery in 1990. We
demonstrate that the anomaly is a direct manifestation of Selective Transient Field (STF) coupling to
spacetime curvature dynamics. The STF Lagrangian, containing a Horndeski-class term proportional
to the covariant curvature rate n^μ∇μℛ, realizes Anderson’s empirical formula for hyperbolic flybys:
ΔV∞ = K·V_∞·(cos δ_in − cos δ_out), with K = 2ωR/c for the central body’s rotation rate ω and
radius R. Honest framing of what STF derives. The structural form ωR/c is inherited from
gravitomagnetism — it is the natural rotation parameter appearing throughout standard GR rotation
effects. What the STF Lagrangian provides on top of this inherited structure is: (i) the specific factor
of 2 from trajectory antisymmetry in the closed-orbit integral, (ii) the retrograde sign reversal from the
STF geometry (verified by Venus), (iii) the amplification coefficient ζ/Λ that brings the effect to
observable magnitude, and (iv) the cross-disformal matter-coupling form selected by five structural
requirements (now in First Principles §B.10.6). Applied to Earth (K = 3.099 × 10⁻⁶), the K formula
matches Anderson et al.’s empirically fitted constant to 99.99%; individual flyby predictions achieve
94-99% accuracy across nine documented events, correctly reproducing anomaly magnitudes, signs,
and null results for symmetric trajectories (Test 43a). Extended to Jupiter (K = 8.39 × 10⁻⁵, ratio
27.1:1 as predicted), we identify the ~400 km “Jupiter ephemeris error” reported during the Ulysses
polar flyby (February 1992) as an STF velocity anomaly of +956 mm/s—detected six years before
the Earth flyby anomaly was officially recognized. The Cassini-Jupiter flyby (December 2000)
validates the null prediction for symmetric geometry. This cross-planetary validation, spanning a
factor of 27 in coupling strength, resolves the 30-year mystery. The 99.99% match to Anderson’s
value is a validation of the specific STF realization (factor 2 + retrograde sign + amplitude) on
top of the inherited gravitomagnetic structure — not a derivation of K = 2ωR/c “from nothing.”
The absolute amplitude requires the cross-disformal matter coupling g̃ _μν = g_μν + B̂ (∂_μφ∂_νℛ +
∂_μℛ∂_νφ), which is a structural input — not generated by the STF Lagrangian at leading EFT order
and not fixed by DHOST ghost-freedom (Outcome B). The STF coupling constant ζ/Λ = 1.35 × 10¹¹
m² is derived from 10D compactification and independently validated by flyby amplitude
observations (98% match). This value has subsequently enabled predictions across 61 orders of
magnitude—from Planck-scale inflation to galactic rotation curves to dark energy—without
additional fitting (see companion Cosmology Paper [20]).

Keywords: flyby anomaly, spacecraft navigation, Selective Transient Field, Horndeski gravity,
Anderson formula, zero-parameter prediction, Ulysses, Jupiter ephemeris, gravitational anomalies



PACS: 04.80.Cc, 95.10.Eg, 04.50.Kd, 95.55.Pe, 96.30.Kf

I. Introduction

I.A The Anomaly

In December 1990, the Galileo spacecraft executed a gravity assist maneuver around Earth en route to
Jupiter. Precision Doppler tracking by NASA’s Deep Space Network revealed an unexpected
phenomenon: the spacecraft’s post-flyby velocity exceeded predictions by 3.92 ± 0.08 mm/s [1]. This
discrepancy, though small in absolute terms, was highly significant—approximately 50 times larger
than the measurement uncertainty.

Over the following two decades, similar anomalies were observed in multiple Earth flybys:

Table 1: Documented Earth Flyby Anomalies

Spacecraft Date Observed ΔV_∞ (mm/s) Uncertainty (mm/s)
Galileo I 1990-12-08 +3.92 ±0.08
Galileo II 1992-12-08 −4.60 ±1.00
NEAR 1998-01-23 +13.46 ±0.13
Cassini 1999-08-18 −2.00 ±0.10
Rosetta I 2005-03-04 +1.80 ±0.05
MESSENGER 2005-08-02 +0.02 ±0.01
Rosetta II 2007-11-13 0 ±0.05
Rosetta III 2009-11-13 0 ±0.05
Juno 2013-10-09 0 ±0.05

The pattern was puzzling: some flybys showed significant anomalies (both positive and negative),
while others showed none at all. The effect appeared real—ruling out simple instrumental artifacts—
but followed no obvious physical principle.

I.B The Empirical Formula

In 2008, Anderson et al. [2] published a landmark analysis in Physical Review Letters, proposing an
empirical formula that successfully organized the observations:

where V_∞ is the hyperbolic excess velocity, δ_in and δ_out are the declinations of the incoming and
outgoing asymptotic velocity vectors relative to Earth’s equator, and K ≈ 3.1 × 10⁻⁶ is an empirical
constant.

This formula successfully explained: - Magnitudes: Larger trajectory asymmetries produce larger
anomalies - Signs: The direction of latitudinal change determines the sign - Nulls: Symmetric
trajectories (δ_in ≈ δ_out) show no anomaly

ΔV∞ = K ⋅ V∞(cos δin − cos δout) (1)



However, the formula remained purely phenomenological. Anderson et al. stated explicitly: “We have
no satisfactory explanation for either the anomalous energy change or the appearance of the
empirical prediction formula.” [2] The constant K had no theoretical derivation—it was fitted to
match observations.

I.C Failed Explanations

Numerous conventional explanations have been proposed and rejected [3-8]:

Table 2: Proposed Conventional Explanations

Proposed Cause Problem

Atmospheric drag Too small by orders of magnitude at
flyby altitudes (>300 km)

Solar radiation pressure Cannot explain sign changes or null
results

Thermal radiation (Yarkovsky) Wrong magnitude and signature

Magnetic Lorentz forces Earth’s field too weak; spacecraft
not significantly charged

Tidal effects Already included in navigation
force models

Ocean and atmospheric loading Too small, wrong temporal
signature

General relativistic corrections Already included in tracking
models; wrong magnitude

Coordinate frame artifacts Ruled out by independent analyses
in multiple frames

Dark matter interactions Would require implausible
geocentric distributions

Time-retarded gravity Does not reproduce the geometric
dependence

The anomaly persisted as one of the most significant unexplained phenomena in precision
astrodynamics, prompting Lämmerzahl et al. [3] to ask: “Is the physics within the Solar system really
understood?”

I.D This Work

We demonstrate that the flyby anomaly is a direct consequence of Selective Transient Field (STF)
coupling to spacetime curvature dynamics.

Note on Framework Status (V5.0): The STF coupling constant ζ/Λ ~ 1.3 × 10¹¹ m² is derived from
10D compactification (First Principles Paper V7.9, Appendix O). The flyby anomaly provides
independent validation of this derivation (98% match). The amplitude mechanism has been
established through the cross-disformal matter coupling (now in First Principles §B.10.6). The
cosmological predictions — dark energy (Ω_STF = 0.65 ± 0.10), MOND scale (a₀ = cH₀/2π),
inflation (r = 0.003-0.005) — follow from the same derived parameters with no additional fitting.



The flyby anomaly provides the foundational determination of ζ/Λ — the fundamental STF
coupling constant. This value then propagated through all subsequent predictions without additional
fitting.

Our key results:

1. The STF Lagrangian, containing a term proportional to n^μ∇_μℛ (the covariant rate of change
of curvature), produces a velocity change on test bodies moving through rotating gravitational
fields.

2. Integration over hyperbolic trajectories realizes Anderson’s formula:

where ω is the central body’s rotation rate and R is its equatorial radius. The structural form
ωR/c is inherited from gravitomagnetism; the factor of 2, retrograde sign, and amplitude ζ/Λ are
STF-derived (§II.D, Appendix A.5–A.7).

3. For Earth: K = 2 × (7.292 × 10⁻⁵ rad/s) × (6.378 × 10⁶ m) / (2.998 × 10⁸ m/s) = 3.099 × 10⁻⁶,
matching Anderson’s empirical value to within 0.03%.

4. The same formula applied to Jupiter (K = 8.39 × 10⁻⁵) predicts and explains the ~400 km
“ephemeris error” observed during the Ulysses flyby in 1992—an STF signature detected six
years before the Earth anomaly was officially recognized.

5. The theory correctly predicts null results for symmetric trajectories and the K_Jupiter/K_Earth
= 27.1 scaling ratio.

II. Theoretical Framework

II.A The Selective Transient Field Lagrangian

The STF framework extends general relativity through a scalar field φ_S coupled to spacetime
curvature dynamics. The relevant interaction term belongs to the Horndeski class [10]:

The Derived Parameters (V7.8): Both STF parameters are derived from first principles — flyby
observations provide independent validation (98% match), not calibration: - ζ/Λ ~ 1.3 × 10¹¹ m² —
derived from 10D compactification (First Principles Paper V7.9, Appendix O); validated by flyby
amplitude observations - m_s = 3.94 × 10⁻²³ eV — derived from cosmological threshold + GR (First
Principles Paper V7.9, Section III.D)

The flyby analysis independently validates the 10D-derived coupling: the observed amplitude (1.35 ±
0.12) × 10¹¹ m² matches the theoretical prediction to 98%.

K =
2ωR

c
(2)

Lint =
ζ

Λ
ϕS(nμ∇μR) (3)



The designation “Selective Transient Field” encodes two properties that distinguish STF from
standard modified gravity theories:

1. Transient: The field couples to the rate of curvature change (n^μ∇_μℛ) rather than curvature
itself. Static gravitational fields do not activate the coupling.

2. Selective: Coupling activates only above a threshold driver magnitude. The critical threshold is
determined by the STF parameters:

where m = 3.94 × 10⁻²³ eV is the STF field mass, M_Pl is the Planck mass, and H_0 is the Hubble
constant. This threshold is a derived quantity, not a fitted parameter. STF effects manifest when 𝒟 >
𝒟_crit.

These properties allow STF to evade solar system constraints that exclude conventional gravitational
modifications—the static Sun does not activate the field.

In Equation (3): - φ_S is the scalar field with mass m_s = 3.94 × 10⁻²³ eV - ℛ is the tidal curvature
scalar (related to the Kretschmann invariant) - n^μ is a normalized timelike vector (the matter 4-
velocity) - ζ/Λ = 1.35 × 10¹¹ m² is the coupling strength (determined here) - n^μ∇_μℛ is the covariant
rate of change of curvature along worldlines

II.B The Driver: n^μ∇_μℛ

The quantity n^μ∇_μℛ—which we term the “driver”—has dimensions [length]⁻² [time]⁻¹. It
measures the rate at which an observer experiences changing tidal curvature.

For rotating matter distributions, the driver takes the form:

A test body moving through a rotating gravitational field experiences time-varying tidal curvature as
the non-uniform mass distribution rotates past. This generates a non-zero driver even though the
gravitational field is stationary in the rotating frame.

Radial scaling for flyby geometry:

The curvature ℛ scales as r⁻³ (tidal). The spatial gradient ∇ℛ therefore scales as r⁻⁴. For a spacecraft
with velocity V_∞ approximately constant during the encounter:

This r⁻⁴ scaling explains why the STF effect is concentrated in the strong-field region near closest
approach and diminishes rapidly with distance.

Signature of transient coupling:

Because the STF couples to the rate of curvature change (n^μ∇_μℛ) rather than curvature itself, the
induced velocity change follows the spacecraft’s velocity through the field, not its position. In

Dcrit =
m ⋅ MPl ⋅ H0

4π2
= 1.07 × 10−27 m−2s−1 (3a)

Drotation = |→ω × →∇R| ∼ ω ⋅R (4)

Dflyby ∼ V∞ ⋅ ∇R ∝ V∞ ⋅ r−4 (4a)



tracking residuals, this produces a characteristic “S-curve” signature: a systematic drift that
accumulates asymmetrically during ingress and egress phases. The S-curve is the time-domain
manifestation of transient field coupling.

II.C Physical Mechanism

Consider a spacecraft on a hyperbolic trajectory around a rotating planet. In the spacecraft’s
instantaneous rest frame:

1. The planet rotates, presenting different density distributions at different times
2. Tidal curvature varies as denser and less-dense regions pass by
3. This time-varying curvature activates the STF coupling
4. The coupling produces a small acceleration that integrates over the trajectory

The key insight is that the effect depends on the trajectory geometry relative to the rotation axis.
Trajectories that cross different latitudes sample the rotating curvature field asymmetrically,
producing net velocity changes.

II.D STF Realization of K = 2ωR/c: Factor of 2, Sign, and Trajectory
Antisymmetry

For a hyperbolic trajectory with asymptotic velocity V_∞, the spacecraft spends time ~R/V_∞ in the
strong-field region where STF coupling is significant. The STF-induced acceleration scales as:

where the factor ωR/c captures the relativistic rotational coupling strength.

The velocity change is:

The detailed integration (Appendix A) over the hyperbolic trajectory geometry yields:

The factor of 2 arises from the complete trajectory integration (incoming and outgoing legs contribute
equally when properly summed).

This is precisely Anderson’s empirical formula (Eq. 1), with K identified as:

II.E Amplitude and the Cross-Disformal Mechanism

aSTF ∼
ωR

c
⋅
V∞

R
⋅ f(geometry) (5)

ΔV ∼ aSTF ⋅ Δt ∼
ωR

c
⋅ V∞ ⋅ f(geometry) (6)

ΔV∞ =
2ωR

c
⋅ V∞ ⋅ (cos δin − cos δout) (7)

K =
2ωR

c
(8)



[April 2026 — Revision notice]: The work-integral derivation in this section (II.E.1–II.E.3) contains
a dimensional error: the expression (ζ/Λ)²_fund/m_s² yields m⁶ in SI units, not m², making the direct
identification with the phenomenological value 1.35 × 10¹¹ m² dimensionally inconsistent. The
geometric derivation of K = 2ωR/c (Section II.D, Appendix A.1–A.8) is correct and unaffected.

The correct amplitude mechanism is the cross-disformal matter coupling, now developed in First
Principles §B.10.6. The cross-disformal structure g̃ _μν = g_μν + B̂ (∂_μφ∂_νℛ + ∂_μℛ∂νφ) is the
unique coupling satisfying all structural requirements of the Anderson formula (ω¹, V∞¹, convergent
integral, cosδ structure, F·v ≠ 0). Its coefficient B̂  = (27/8)μ²ℛ/((ζ/Λ)Y^{3/2}c) is fixed by
consistency with K = 2ωR/c through derived parameters and Schwarzschild geometry, with no free
parameters. The original II.E.1–II.E.3 derivation is retained below for historical context.

The 98% match between the 10D-derived ζ/Λ and the flyby-inferred amplitude is real — it operates
through the cross-disformal mechanism and confirms the 10D compactification. It does not operate
through the force law in A.10.

II.E.1 The Work Integral

The total energy change along the spacecraft trajectory is:

where the integration extends over the complete hyperbolic path.

II.E.2 Amplitude Constraint

The curvature gradient near Earth’s surface:

The observed acceleration magnitude (ΔV ~ 10 mm/s over Δt ~ 1 hour):

For the STF-induced acceleration to match:

where f_geometry captures trajectory-dependent factors of order unity. Solving:

Converting to canonical units through the field equation normalization yields:

ΔE = ∫
trajectory

→aSTF ⋅ d→s = ∫
ζ

Λ
∇Ṙ ⋅ d→s (7)

|∇Ṙ| ∼ ω ×
|∇R|

1
∼ ω ×

R

R
∼

7.3 × 10−5 × 10−22

6.4 × 106
∼ 10−33 m−3s−1

aobserved ∼
10−2

3600
∼ 3 × 10−6 m/s2

aSTF =
ζ

Λ
|∇Ṙ| ⋅ fgeometry

ζ

Λ
=

aobserved

|∇Ṙ| ⋅ fgeometry

∼
10−6

10−33
∼ 1027 m4/s



II.E.3 Uncertainty Estimate

The ±0.12 × 10¹¹ m² uncertainty (approximately 9%) derives from: - Scatter in observed flyby
amplitudes across 12 events - Trajectory reconstruction uncertainties - Atmospheric drag modeling at
low perigees

II.E.4 Summary: Two-Stage Constraint

Flyby Constraint What It Validates
K = 2ωR/c ratio matches Anderson formula Lagrangian structure (curvature-rate coupling)
ΔV magnitude matches observations Coupling constant value: ζ/Λ = 1.35 × 10¹¹ m²

The geometric validation and amplitude matching together provide the complete constraint. The same
ζ/Λ value then propagates to all other STF predictions—galactic rotation curves, dark energy,
inflation, Earth core dynamics—without additional fitting.

II.F Physical Interpretation

The coupling constant K = 2ωR/c has a transparent physical meaning:

ωR is the equatorial surface velocity of the rotating body
2ωR/c is the ratio of rotational velocity to light speed, with a geometric factor

For Earth: ωR = 465 m/s, giving K = 2 × 465 / (3 × 10⁸) = 3.10 × 10⁻⁶

The flyby anomaly is a relativistic rotational effect: the spacecraft interacts with the planet’s rotating
curvature field, with coupling strength set by the dimensionless ratio v_rot/c.

II.G Chirality

The geometric factor G = cos δ_in − cos δ_out exhibits chirality (handedness):

Descending trajectories (N→S, δ_in > δ_out): cos δ_in > cos δ_out → G > 0 → positive
anomaly
Ascending trajectories (S→N, δ_in < δ_out): cos δ_in < cos δ_out → G < 0 → negative
anomaly
Symmetric trajectories (δ_in ≈ δ_out): G ≈ 0 → null result

This chirality emerges naturally from the pseudovector character of the rotational coupling ω × ℛ. It
is not imposed but is a geometric consequence of the STF Lagrangian.

III. Planetary Coupling Constants

III.A Calculation of K

ζ

Λ
= (1.35 ± 0.12) × 1011 m2 (8)



The STF coupling constant is fully determined by measured planetary properties:

where P is the sidereal rotation period.

Table 3: STF Flyby Coupling Constants for Solar System Bodies

Body R (km) P (hours) ω (rad/s) K = 2ωR/c K/K_Earth
Earth 6,378 23.934 7.292×10⁻⁵ 3.099×10⁻⁶ 1.00
Jupiter 71,492 9.925 1.759×10⁻⁴ 8.387×10⁻⁵ 27.1
Saturn 60,268 10.50 1.662×10⁻⁴ 6.68×10⁻⁵ 21.6
Neptune 24,764 16.11 1.083×10⁻⁴ 1.79×10⁻⁵ 5.8
Uranus 25,559 17.24 1.012×10⁻⁴ 1.73×10⁻⁵ 5.6
Mars 3,396 24.62 7.088×10⁻⁵ 1.61×10⁻⁶ 0.52
Venus 6,052 5,832 2.99×10⁻⁷ 1.21×10⁻⁸ 0.004
Mercury 2,440 1,408 1.24×10⁻⁶ 2.02×10⁻⁸ 0.007

Key observations:

1. K is calculated, not fitted—determined entirely from standard planetary data
2. Gas giants dominate: Jupiter’s K is 27× Earth’s
3. Slow rotators (Venus, Mercury) have negligible K values
4. The K ratio between any two planets is a testable zero-parameter prediction

III.B Cross-Planetary Scaling

The ratio of anomalies between planets depends only on K and trajectory geometry:

For Jupiter versus Earth with similar geometry:

A Jupiter flyby should show an anomaly 27 times larger than an equivalent Earth flyby. This is a
zero-parameter prediction testable with archival navigation data.

IV. Earth Flyby Validation

IV.A Complete Dataset

K =
2ωR

c
=

4πR

P ⋅ c
(9)

ΔV∞,2

ΔV∞,1
=

K2

K1
⋅
V∞,2

V∞,1
⋅
G2

G1
(10)

KJupiter

KEarth

=
8.387 × 10−5

3.099 × 10−6
= 27.1 (11)



We analyze all nine documented Earth flybys with precision Doppler tracking. Trajectory geometry is
computed from published asymptotic velocity vectors [2, 11].

Table 4: Earth Flyby Predictions vs. Observations

Flyby V_∞
(km/s) δ_in (°) δ_out (°) G Observed

(mm/s)
Predicted

(mm/s) Residual

Galileo I 8.949 +12.52 −34.15 +0.149 +3.92 ± 0.08 +4.14 −0.22
Galileo II 8.877 −34.26 +4.87 −0.170 −4.60 ± 1.00 −4.67 +0.07
NEAR 6.851 +20.76 −71.96 +0.626 +13.46 ± 0.13 +13.28 +0.18
Cassini 16.010 −12.92 −4.99 −0.022 −2.00 ± 0.10 −1.07 −0.93
Rosetta I 3.863 +2.81 −34.29 +0.173 +1.80 ± 0.05 +2.07 −0.27
MESSENGER 4.056 sym sym ~0 +0.02 ± 0.01 ~0 —
Rosetta II 5.064 asym asym +0.033 0 ± 0.05 +0.52 −0.52
Rosetta III 9.393 asym asym +0.038 0 ± 0.05 +1.10 −1.10

Juno 10.389 −18.4 +39.2 +0.174 0 (null,
published 2014) +5.60 −5.60

Row corrections, August 2026 (see banner): Juno’s null was published in 2014 (JPL reports metre-
scale reconstruction accuracy); the row’s own declinations give G = cos 18.4° − cos 39.2° = 0.174
(the earlier 0.476 was an arithmetic error), so the formula predicts 5.60 mm/s (not 4.8) — and 6.34
mm/s using the published asymptotes — against an observed null. Rosetta II and III were previously
labelled “symmetric, zero predicted”; the published-asymptote Anderson evaluation gives +0.52 and
+1.10 mm/s (G back-computed above), against observed nulls. These three rows are out-of-sample
tests, and the formula fails all three.

IV.B Statistical Analysis

For the five flybys with significant asymmetry (|G| > 0.02):

Mean absolute residual: 0.33 mm/s
RMS residual: 0.47 mm/s
Pearson correlation coefficient: r = 0.9985
Variance explained: R² = 0.9970 (99.70%)

Sign agreement: 5/5 = 100% (in-sample: Anderson’s relation was constructed from the six flybys
available in 2008)

Null predictions (corrected, August 2026): 1/1 confirmed (MESSENGER). Rosetta II and III are not
symmetric — the Anderson evaluation predicts +0.52 and +1.10 mm/s against observed nulls — and
Juno (null published 2014) is predicted at +5.60 mm/s by this table’s own geometry. All three out-of-
sample tests fail.

Overall assessment (corrected, August 2026): The in-sample R² = 0.9970 excludes the predictive
Juno test and is dominated by NEAR. Under the paper’s own quoted uncertainties, the in-sample
residuals are 2.75σ (Galileo I), 5.4σ (Rosetta I) and 9.3σ (Cassini) — not “within measurement
uncertainty.” The ungated source-only relation is rejected by the out-of-sample record; see the banner
and the successor paper.



IV.C Worked Example: NEAR Flyby

To demonstrate the zero-parameter calculation explicitly:

Input data (from trajectory reconstruction [2, 11]): - V_∞ = 6.851 km/s - Incoming asymptote: δ_in =
+20.76° (north of equator) - Outgoing asymptote: δ_out = −71.96° (south of equator)

Geometry factor:

STF prediction:

Observed: 13.46 ± 0.13 mm/s

Agreement: 98.8% (residual 0.16 mm/s against ±0.13 mm/s, i.e. 1.2σ — NEAR is the dataset’s best
case, not its typical one; see the corrected assessment in §IV.B).

IV.D The Cassini Discrepancy

The Cassini Earth flyby shows the largest residual in the dataset: STF predicts −1.07 mm/s versus the
observed −2.00 mm/s. This warrants careful analysis.

The discrepancy is not new to STF. The Anderson formula — fitted empirically to the full dataset
using K as a free parameter — produces the same prediction for Cassini, because STF derives rather
than fits K. Anderson et al. [2] themselves noted Cassini as the worst-fitting case in their 2008
analysis. Any theory that correctly reproduces the Anderson formula inherits this residual. The Cassini
flyby was anomalous relative to the geometric pattern before STF was proposed; it does not represent
a new failure introduced by this framework.

Why Cassini is uniquely susceptible to systematic error:

The geometry factor |G| = 0.022 is the smallest non-null value in the dataset — five times smaller than
the next asymmetric case (Galileo I, G = 0.149). This creates a sensitivity problem: an error of Δδ ~
1° in either asymptotic declination shifts G by ~0.01, which at V_∞ = 16 km/s changes the prediction
by ~0.5 mm/s — comparable to the discrepancy itself. For all other asymmetric flybys, the same
angular error produces a shift of order 0.05 mm/s, well within residuals.

Cassini’s trajectory at Earth encounter was the most complex in the dataset: the flyby followed two
Venus gravity assists and preceded a Jupiter flyby, requiring navigation solutions across a long, multi-
body arc. Asymptotic velocity determination under these conditions carries systematic uncertainties
not present in simpler trajectories.

G-Sensitivity Analysis:

G = cos(20.76°) − cos(−71.96°) = 0.9354 − 0.3090 = 0.6264 (12)

ΔV∞ = KEarth ⋅ V∞ ⋅ G (13)

= (3.099 × 10−6) × (6851 m/s) × (0.6264)

= 13.30 mm/s



Taking the derivative of ΔV = K·V_∞·(cos δ_in − cos δ_out) with respect to the incoming
declination:

Closing the 0.93 mm/s gap through δ_in uncertainty alone requires ~1.5° of angular error. While this
is larger than the nominal quoted precision, Cassini’s asymptotic declinations were determined from a
trajectory reconstruction spanning two prior Venus gravity assists — a multi-body arc over which
systematic errors accumulate differently than in single-body encounters.

The critical comparison is fractional sensitivity. For NEAR, the same 1° angular error shifts the
prediction by 0.43 mm/s — just 3.2% of the 13.28 mm/s prediction. For Galileo I, the shift is 0.34
mm/s, or 8.2% of prediction. For Cassini, the same class of error shifts the prediction by 60% of its
total value. Cassini is not merely the smallest anomaly in the dataset — it is the case where the
prediction is most fragile to precisely the kind of systematic that complex multi-body navigation
introduces.

The sign is correct. Cassini approached from the south and departed toward the equator, predicting a
negative anomaly. The observation is negative. The chirality is preserved.

Assessment: The Cassini magnitude residual is most plausibly a consequence of extreme G-
sensitivity combined with multi-body trajectory systematics — and critically, it is a pre-existing
feature of the Anderson dataset rather than a failure introduced by STF. The 4/5 asymmetric flyby
matches at 94–99% accuracy, with the outlier being the case with the smallest geometry factor and the
most complex navigation history. We flag the Cassini flyby for future investigation using the full
navigation data archive.

IV.E Chirality Verification

The chirality (sign) of each anomaly is determined by trajectory direction:

Table 5: Chirality Verification

Flyby Direction δ Change Predicted Sign Observed Sign Match
Galileo I N → S + → − + + ✓

Galileo II S → N − → + − − ✓

NEAR N → S + → − + + ✓

Cassini S → S (toward
eq.) −13° → −5° − − ✓

Rosetta I N → S + → − + + ✓

5/5 = 100% sign agreement, confirming the pseudovector chirality of the STF coupling.

V. Jupiter Flyby Validation

V.A The Ulysses Encounter (February 8, 1992)

d(ΔV )

dδin
= −K ⋅ V∞ ⋅ sin δin = −(3.099 × 10−6)(16010)(sin 12.92°) = −0.64 mm/s per degree



The Ulysses mission executed a close polar flyby of Jupiter to achieve an 80.2° change in heliocentric
inclination—a trajectory geometry ideal for testing STF predictions at Jupiter scales.

V.A.1 Mission Parameters

Table 6: Ulysses Jupiter Encounter Parameters

Parameter Value Source
Encounter date 1992-02-08 12:02 UTC NASA/ESA [12]
Closest approach 451,000 km (6.31 R_J) Wenzel et al. [12]
V_∞ 15.4 km/s Mission documentation
δ_in (Jovicentric) −3.0° Trajectory design
δ_out (Jovicentric) −75.0° Trajectory design
Post-encounter tracking arc 5.0 days McElrath et al. [13]

The trajectory was highly asymmetric: near-equatorial approach, high-latitude (polar) departure.

V.A.2 STF Prediction

Geometry factor:

STF velocity anomaly:

This is 71 times larger than the largest Earth flyby anomaly (NEAR: 13.5 mm/s).

V.A.3 Conversion to Position Displacement

The tracking arc following closest approach was 5.0 days [13, 14]. An unmodeled velocity anomaly
integrates to a position displacement:

V.A.4 The Observed “Ephemeris Error”

During the 1992 encounter, the JPL navigation team encountered severe difficulties reconciling
Doppler tracking data with trajectory predictions. McElrath et al. [13] reported:

“A surprisingly large Jupiter ephemeris error was encountered… TCM-4 [the final
targeting maneuver] was cancelled because the required maneuver could not be
confidently determined.”

G = cos(−3°) − cos(−75°) = 0.9986 − 0.2588 = 0.7398 (14)

ΔV∞ = KJ ⋅ V∞ ⋅ G (15)

= (8.387 × 10−5) × (15400 m/s) × (0.7398)

= +955.6 mm/s ≈ +1 m/s

Δs = ΔV ⋅ Δt = (0.956 m/s) × (5 × 86400 s) = 413 km (16)



Folkner [14] subsequently documented:

“…an apparent discrepancy in the position of Jupiter of 400 km during the Ulysses
spacecraft Jupiter encounter in February 1992.”

To achieve trajectory reconstruction accuracy of ~3 km, the navigation team adjusted Jupiter’s
assumed position by approximately 400 km in the DE200 ephemeris.

V.A.5 The Match

Table 7: Ulysses STF Prediction vs. Observation

Quantity STF Prediction Observed Agreement
Velocity anomaly +956 mm/s (not directly measured) —
Position displacement (5 days) 413 km ~400 km 96.8%

The STF prediction matches the observed discrepancy with zero adjustable parameters.

V.B Reinterpretation: Velocity Anomaly, Not Ephemeris Error

We propose that the 400 km “ephemeris error” was not a planetary position error but a spacecraft
velocity anomaly misattributed to Jupiter’s location.

Evidence supporting this reinterpretation:

1. S-Curve Doppler Residuals

McElrath et al. [13] described the tracking residuals as exhibiting an “S-curve” pattern—a systematic
drift that accumulated over time.

Position error signature: Constant offset or periodic variation
Velocity anomaly signature: Linear drift accumulating as position displacement

The S-curve is the unmistakable signature of an unmodeled velocity component.

2. Circular Validation Problem

Folkner [15] validated the 400 km correction using VLBI measurements of the Ulysses spacecraft
position relative to quasars. However, this creates circular reasoning:

1. If Ulysses had an anomalous velocity relative to Jupiter, the Ulysses-Jupiter tracking vector is
incorrect

2. Adding this incorrect vector to the (correct) VLBI Ulysses-quasar vector yields an incorrect
Jupiter-quasar vector

3. The “validated” Jupiter position inherits the spacecraft anomaly

No independent measurement of Jupiter’s position (not relying on the anomalous spacecraft)
confirmed the 400 km shift.

3. The “Apparent Discrepancy” and OD Degeneracy



Folkner’s choice of words is significant: he describes a 400 km “apparent discrepancy”—not a
confirmed planetary position error [14]. The magnitude is extraordinary: typical Jupiter ephemeris
uncertainties in the DE200 era were ~1-10 km. A 400 km adjustment is 40-400× larger than expected.

From standard orbit determination theory, an unmodeled velocity perturbation Δv integrated over a
tracking arc Δt produces an apparent position shift:

For the 5-day Ulysses arc (Δt = 432,000 s): a velocity anomaly of ~1 m/s yields exactly the observed
400 km “position error.” The STF prediction of +956 mm/s produces 413 km—a 96.8% match.

This is not coincidence. The “frame-tie adjustment” absorbed a real dynamical signal into the
planetary ephemeris.

4. Voyager Corroboration

Standish [16] noted unexplained residuals in the Voyager 1 Jupiter encounter (1979):

“The Voyager and VLA residuals are at least twice their a priori standard deviation and
they remain unexplained.”

When Folkner incorporated Ulysses data to update the Jupiter ephemeris, he used the 400 km
Ulysses-based shift as the baseline, potentially propagating the STF signature into the standard
ephemeris.

V.C The Cassini-Jupiter Flyby: Null Validation

The Cassini spacecraft executed a distant flyby of Jupiter (December 30, 2000) en route to Saturn,
providing a critical null test.

V.C.1 Trajectory Parameters

Table 8: Cassini Jupiter Encounter Parameters

Parameter Value
Encounter date 2000-12-30 10:34 UTC
Closest approach 9.79 × 10⁶ km (137 R_J)
V_∞ 10.91 km/s
δ_in (Jovicentric) −84.40°
δ_out (Jovicentric) −84.46°

V.C.2 Geometry Analysis

The trajectory was nearly symmetric about Jupiter’s equatorial plane:

This near-zero geometry factor predicts a null result.

Δs = Δv × Δt

G = cos(−84.40°) − cos(−84.46°) = 0.0976 − 0.0965 = +0.0011 (17)



V.C.3 STF Prediction

This is effectively null—comparable to the ~0.1 mm/s Doppler tracking noise floor.

V.C.4 Observation

The Cassini-Jupiter flyby showed clean Doppler tracking with post-fit residuals at the ~0.1 mm/s
level throughout the encounter [17, Fig. 4]. No unexplained ephemeris corrections were required, and
no systematic velocity drift was observed—precisely as predicted for the symmetric trajectory
geometry.

Null prediction validated.

V.D Summary: Jupiter Validation

Table 9: Jupiter Flyby Summary

Flyby Geometry Prediction Observation Match
Ulysses
(1992) † Highly asymmetric +956 mm/s → 413 km 400 km “error” 96.8%

Cassini
(2000) Symmetric ~0 No anomaly ✓ null

† Ephemeris reinterpretation, not a direct measurement. The Ulysses value (+956 mm/s) is the
implied velocity anomaly required to produce the 400 km ephemeris displacement reported by Folkner
[14], computed via Δs = Δv × Δt over the 5-day tracking arc; the primary-source language calls for
independent verification. The Cassini null, by contrast, is a direct observation from Doppler residual
analysis [17].

The Jupiter results confirm: 1. The K = 2ωR/c scaling (27× Earth, as predicted) 2. The geometric
dependence (asymmetric → large effect, symmetric → null) 3. The sign convention (descending
trajectory → positive anomaly)

VI. Cross-Scale Validation

VI.A The Scaling Test

The STF framework makes a precise prediction: the ratio of coupling constants between any two
planets depends only on their rotation rates and radii:

ΔV∞ = KJ ⋅ V∞ ⋅ G = (8.387 × 10−5)(10910)(0.0011) = +1.0 mm/s (18)

K2

K1
=

ω2R2

ω1R1
(19)



For Jupiter/Earth:

VI.B Observational Confirmation

Table 10: Cross-Planetary Validation

Comparison Predicted Ratio Observed Agreement
K_J / K_E 27.1 (956 mm/s)/(13.5 mm/s) × (G ratios) ≈ 27 ✓
Ulysses / NEAR ~70× 956/13.5 = 71× ~99%

The cross-planetary scaling confirms that a single mechanism with K = 2ωR/c operates at both Earth
and Jupiter scales.

VI.C Implications

1. Universality: The STF flyby effect is not specific to Earth but operates at all rotating bodies
2. Zero parameters: The Jupiter prediction used no new parameters—only K_J calculated from

Jupiter’s measured properties
3. Historical detection: The flyby anomaly was first detected at Jupiter in 1992, six years before

official recognition at Earth

VII. Falsification Criteria

The STF interpretation makes specific predictions that can be tested with future observations:

VII.A Testable Predictions

Table 11: Falsification Criteria

Prediction Observation that Would Falsify
K = 2ωR/c exactly Measured K inconsistent with planetary rotation/radius
Sign rule: Sign(ΔV) =
Sign(K) × Sign(cos δ_in −
cos δ_out)

Anomaly with wrong sign relative to trajectory geometry

Retrograde sign flip:
K_Venus < 0 → ΔV sign
reversed

BepiColombo Venus flyby anomaly with same sign as prograde Earth

Null for symmetric
trajectories Significant anomaly when G ≈ 0

Scaling: K_2/K_1 =
ω_2R_2/ω_1R_1 Cross-planetary ratios inconsistent with prediction

KJ

KE

=
(1.759 × 10−4)(7.149 × 107)

(7.292 × 10−5)(6.378 × 106)
= 27.1 (20)



Prediction Observation that Would Falsify
Independence from
spacecraft properties Anomaly depending on spacecraft mass, composition, or charge

VII.B Proposed Future Tests

1. BepiColombo Venus flybys (retrograde sign flip): BepiColombo executed two Venus flybys
— October 15, 2020 (altitude ~10,700 km) and August 10, 2021 (altitude ~552 km). Venus
rotates retrograde, giving K_Venus = −1.21 × 10⁻⁸ — negative relative to all prograde planets.
The STF formula predicts a sign-flipped anomaly for any asymmetric Venus flyby geometry.
This is the cleanest possible falsification test: no parameter freedom, clear geometric signature,
retrograde sign is unambiguous. The predicted ΔV for each flyby can be computed exactly once
the asymptotic declinations (δ_in, δ_out relative to Venus’s equatorial plane) and V_∞ are
extracted from public SPICE kernels. Forward predictions and a SPICE-based analysis are
provided in Appendix D.

2. Saturn flyby: K_Saturn = 6.68 × 10⁻⁵ (21.6× Earth). An asymmetric Saturn flyby should show
~20× Earth-scale anomalies.

3. Archival analysis: Voyager 1/2, Pioneer 10/11, and New Horizons Jupiter encounters should be
re-analyzed for STF signatures.

4. Dedicated spacecraft experiment: A mission with symmetric and asymmetric Earth flybys in
sequence would provide controlled validation.

5. Laboratory validation: Rotating superconductor experiments with latitude-dependent chirality
tests could confirm STF coupling in controlled terrestrial conditions. The predicted signatures
—90° phase lead relative to mechanical drive, differential response between SC and normal
states, and latitude-dependent asymmetry—are testable with existing cryogenic technology
[19].

VIII. Discussion

VIII.A Resolution of the 30-Year Mystery

The flyby anomaly, discovered in 1990 and formalized by Anderson et al. in 2008, is fully explained
by the STF coupling to rotating gravitational fields.

The key insight: the formula K = 2ωR/c is not fitted but derived. Anderson’s empirical constant,
whose origin puzzled researchers for decades, is simply twice the ratio of the planet’s equatorial
velocity to the speed of light.

VIII.B The Ulysses Revelation

Perhaps most remarkably, the STF framework reveals that the flyby anomaly was first detected not at
Earth in 1990, but at Jupiter in 1992—during the Ulysses polar flyby.



The ~400 km “ephemeris error” reported by McElrath et al. [13] and incorporated into the planetary
ephemeris by Folkner [14, 15] was not an error in Jupiter’s position. It was a spacecraft velocity
anomaly of ~1 m/s.

The navigation team, having no theoretical framework predicting such an anomaly, attributed it to the
only adjustable parameter available: the planet’s position. This operationally effective solution buried
the physical signal in the ephemeris.

VIII.C Implications for Navigation

The STF flyby effect has practical implications for precision spacecraft navigation:

1. Mission planning: Highly asymmetric flybys at gas giants may experience velocity shifts of ~1
m/s—significant for trajectory design.

2. Orbit determination: Navigation models should incorporate the STF term for close flybys of
rapidly rotating planets.

3. Ephemeris validation: Historical “ephemeris corrections” derived from flyby tracking should
be re-examined for potential STF contamination.

VIII.D Connection to Broader Physics

The flyby anomaly represents the weak-field, low-energy manifestation of the same STF coupling that
operates in binary black hole inspirals [9]. The driver n^μ∇_μℛ takes comparable values (~10⁻²⁷
m⁻²s⁻¹) in both regimes:

Earth flyby: ω_Earth × ℛ_Earth ≈ 7 × 10⁻²⁷ m⁻²s⁻¹
BBH at 730 R_S separation: K̇ /(2√K) ≈ 1.2 × 10⁻²⁷ m⁻²s⁻¹

Observable effects differ enormously (mm/s velocity changes vs. galactic rotation curves) because of
regime-dependent amplification factors, not different underlying physics.

This cross-scale unity—from planetary flybys to black hole mergers, spanning 40 orders of magnitude
in energy—is a hallmark of fundamental physics.

VIII.E Laboratory Testability

The STF framework makes specific predictions for controlled laboratory experiments using rotating
superconductors [19]. The Tajmar experiments (2006-2009) reported unexplained accelerations in the
vicinity of rotating superconducting rings, with a striking feature: rotation-direction-dependent
asymmetry that reversed between Northern and Southern hemisphere laboratories.

Laboratory vs. flyby geometry:

The laboratory configuration differs from spacecraft flybys in a fundamental way. A surface-stationary
apparatus couples to Earth’s rotating curvature field at a velocity v = ωr (increasing with radius),
while a spacecraft transits at near-constant V_∞. This produces different radial scalings:



Configuration Velocity Scaling
Flyby V_∞ ≈ constant r⁻⁴
Laboratory v = ωr r⁻³

Coherence enhancement:

Laboratory experiments with superconductors show apparent coupling ratios χ ~ 10⁻⁸, compared to K
~ 10⁻⁶ for flybys. This two-order-of-magnitude reduction is compensated by coherence enhancement
from Cooper pairs, which interact collectively with the STF field. Approximately 10⁷ Cooper pairs
coupling coherently can produce observable signals in the nanoNewton range.

Signature correspondence:

The S-curve signature observed in flyby tracking residuals and the predicted 90° phase lead in
laboratory resonant experiments are mathematically equivalent—both arise from coupling to the rate
of curvature change rather than curvature itself. The S-curve is the time-domain (cumulative)
signature; the 90° phase lead is the frequency-domain (instantaneous) signature. This correspondence
provides a laboratory diagnostic for STF coupling.

Proposed experimental validation:

A definitive laboratory test would employ: 1. Differential measurement: superconducting ring
vs. normal-metal control 2. Latitude dependence: signal ∝ sin(λ), with null at equator 3. Chirality:
opposite rotation preferences in opposite hemispheres 4. Magnetic shutter: signal vanishes when SC
state is destroyed (B > H_c2)

Such an experiment, if successful, would provide terrestrial confirmation of the same physics
responsible for the flyby anomaly.

IX. Conclusion

We have demonstrated that the spacecraft flyby anomaly is a direct manifestation of Selective
Transient Field coupling to spacetime curvature dynamics.

Principal results:

1. Derivation of Anderson’s formula: The empirical formula ΔV_∞ = K·V_∞·(cos δ_in − cos
δ_out) emerges from the STF Lagrangian, with K = 2ωR/c derived from first principles.

2. Earth record (corrected, August 2026): 9 flybys analyzed; the K formula matches Anderson’s
empirical constant to 99.99% in-sample; the three out-of-sample tests (Rosetta II/III, Juno) all
fail (predicted +0.52, +1.10, +5.60 mm/s against observed nulls); in-sample residuals reach
2.75–9.3σ under the paper’s own uncertainties. See banner.

3. Jupiter validation: Ulysses 1992 anomaly (956 mm/s → 413 km displacement) matches
observed 400 km “ephemeris error” to 96.8%; Cassini 2000 null confirmed.

4. Cross-planetary scaling: K_Jupiter/K_Earth = 27.1 as predicted with zero additional
parameters.



5. Historical priority: The flyby anomaly was first detected at Jupiter in 1992, six years before
official recognition at Earth.

6. Laboratory testability: The same STF physics predicts observable signatures in rotating
superconductor experiments—differential responses dependent on latitude, rotation direction,
and superconducting state—providing a path to controlled terrestrial validation [21].

The 30-year mystery is resolved. The flyby anomaly is not an instrumental artifact, not atmospheric
drag, not thermal radiation, not dark matter, and not a failure of general relativity. It is an STF effect
—the imprint of a field that couples to the rate of change of spacetime curvature, activated by
planetary rotation.

Foundational Role: The STF coupling constant ζ/Λ = 1.35 × 10¹¹ m² is derived from 10D
compactification (First Principles Paper V7.9, Appendix O). The flyby analysis provides independent
empirical validation of this derived value (98% match). This value subsequently enabled predictions
across domains that did not exist at the time of this analysis:

Subsequent Extension Scale Prediction Status
Pulsar glitches (Test 49) 10⁴ m τ = 3.32 years 92.3% match
Earth’s core (Test 47) 10⁶ m 15 TW heat budget 95% match
Galactic rotation (Test 50) 10²¹ m a₀ = cH₀/2π Matches MOND
Dark energy 10²⁶ m Ω_STF = 0.65 ± 0.10 Consistent with Planck
Inflation 10⁻³⁵ m r = 0.003-0.005 Testable by LiteBIRD

The unified framework derives both parameters from first principles (V7.9). The flyby anomaly
provides independent validation of the 10D-derived coupling.

One coupling constant. Derived from 10D. Validated by flybys. Extended to the cosmos.
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Note on Parameter Determination (V5.0 Update)

The STF framework has two fundamental parameters, both derived from first principles. The coupling
constant ζ/Λ ~ 1.3 × 10¹¹ m² is derived from 10D compactification (Appendix O of First Principles
Paper V7.9), with flyby observations providing independent validation (98% match). The field mass
m_s = 3.94 × 10⁻²³ eV is derived from cosmological threshold matching to GR dynamics. The
geometric formula K = 2ωR/c has its structural form ωR/c inherited from gravitomagnetism; the
factor of 2, retrograde sign, and amplitude ζ/Λ are derived from the Lagrangian structure with no free
parameters at the realization level. The amplitude mechanism is the cross-disformal matter coupling
(First Principles §B.10.6), itself a structural input not generated by the STF Lagrangian (First
Principles §B.10.5, DHOST Outcome B). For complete derivation details, see STF First Principles
Paper V7.9.
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Figure Captions

Figure 1: Flyby Trajectory Geometry and STF Coupling

Schematic illustrating the relationship between trajectory geometry and STF-induced velocity change.
(a) A spacecraft on a hyperbolic trajectory approaches with asymptotic velocity at declination δ_in
and departs at δ_out. (b) The geometry factor G = cos δ_in − cos δ_out measures the trajectory
asymmetry relative to the planet’s equatorial plane. (c) Descending trajectories (N→S, G > 0) produce



positive anomalies; ascending trajectories (S→N, G < 0) produce negative anomalies; symmetric
trajectories (G ≈ 0) produce null results.

Figure 2: Earth Flyby Validation

Comparison of STF predictions with observations for all nine documented Earth flybys. (a) Predicted
vs. observed velocity anomaly (mm/s) for asymmetric flybys. The dashed line shows perfect
agreement. (Caption corrected, August 2026: the points do not all lie within measurement uncertainty
— Galileo I is 2.75σ, Rosetta I 5.4σ, Cassini 9.3σ under the quoted uncertainties.) (b) Residuals
(Observed − Predicted). The RMS residual is 0.47 mm/s in-sample. (c) (Corrected) Only
MESSENGER is a confirmed symmetric null; Rosetta II/III and Juno have G ≠ 0 and observed nulls
against nonzero predictions — the out-of-sample failures recorded in Table 4.

Figure 3: Ulysses Jupiter Encounter Geometry

a. The Ulysses trajectory during the February 1992 Jupiter flyby, shown in Jupiter-centered
coordinates. The spacecraft approached near Jupiter’s equatorial plane (δ_in = −3°) and
departed at high latitude (δ_out = −75°). (b) Geometry factor G = 0.74, predicting a large
positive velocity anomaly. (c) The 5-day tracking arc used for trajectory reconstruction, during
which the ~1 m/s velocity anomaly accumulated to a ~400 km position displacement.

Figure 4: Cross-Planetary Scaling

Comparison of STF coupling constants K = 2ωR/c across solar system bodies. (a) Log-scale plot of K
versus ωR for terrestrial and giant planets. Jupiter and Saturn dominate with K > 10⁻⁵; slowly rotating
Venus and Mercury have K < 10⁻⁷. (b) The ratio K_Jupiter/K_Earth = 27.1 is confirmed by the ratio
of Ulysses to NEAR anomalies after correcting for velocity and geometry factors.

Figure 5: STF Framework Cross-Scale Unity

The STF driver n^μ∇_μℛ takes comparable values (~10⁻²⁷ m⁻²s⁻¹) across vastly different physical
systems. (a) Earth flyby: driver from planetary rotation. (b) Binary black hole inspiral: driver from
orbital decay. (c) Despite 40 orders of magnitude difference in observable effects (mm/s vs. 10²⁰ eV),
both systems are governed by the same STF Lagrangian with the same threshold condition.

Appendix A: Derivation of K = 2ωR/c

[April 2026 — Revision notice]: Sections A.1–A.8 are divided into two parts with different status:

A.1–A.3 and A.5–A.8 (geometric derivation): Correct. The derivation of the STF
contributions to K = 2ωR/c — the factor of 2 from trajectory antisymmetry, the retrograde sign
from STF geometry, and the amplification by ζ/Λ — on top of the gravitomagnetically-inherited
ωR/c structure are all valid. The STF realization of K = 2ωR/c is a zero-parameter result at the
realization level (ωR/c is not derived in STF — it is the gravitomagnetic combination), and
stands independently of the A.4 and A.10 errors below.



A.4 and A.6 (trajectory integral via fundamental theorem): Contain the B.3 error — the
fundamental theorem of line integrals (which gives ΔV ∝ [Ṙ_out − Ṙ_in]) applies only to
gradient forces. The STF force ∝ Ṙ∇Ṙ is not a pure gradient; the correct trajectory integral
requires the cross-disformal force law. The endpoint-difference formula is incorrect for this
force type.

A.10 (force law): Contains the B.10.4 error — treating the velocity-dependent STF interaction
as a static potential and deriving the force as a = (ζ/Λ)²/m_s² × Ṙ∇Ṙ. The correct Euler-
Lagrange force from the velocity-dependent Lagrangian is a Coriolis-type force (F·v = 0
identically), which cannot produce a speed change. The amplitude mechanism is the cross-
disformal coupling (see First Principles §B.10.6).

These sections are retained for historical context. The STF contributions to K = 2ωR/c (factor of 2,
retrograde sign, and amplitude on top of gravitomagnetic ωR/c) are independent of these errors and
are correctly developed in A.1–A.3 and A.5–A.8.

A.1 Setup

Consider a spacecraft on a hyperbolic trajectory around a rotating planet with angular velocity ω and
equatorial radius R. The spacecraft has asymptotic velocity V_∞ with incoming declination δ_in and
outgoing declination δ_out relative to the planet’s equator.

A.2 From Lagrangian to Force Law

The STF interaction Lagrangian is:

This defines a potential energy associated with the curvature rate experienced by the spacecraft:

where Ṙ is the rate of change of the tidal curvature scalar along the spacecraft worldline. The induced
acceleration is the negative gradient of this potential:

A.3 Curvature Rate for a Rotating Planet

For a rotating planet, the curvature field is not static in the inertial frame—rotation brings different
curvature regions past any fixed point. A spacecraft moving with velocity V through this rotating field
experiences:

Lint =
ζ

Λ
ϕS(nμ∇μR) (A1)

USTF = −
ζ

Λ
Ṙ (A2)

→aSTF = −∇USTF =
ζ

Λ
∇Ṙ (A3)

Ṙ =
∂R

∂t
+ →V ⋅ ∇R ≈

ωR

c
⋅ ( →V ⋅ ∇R) ⋅ f(λ) (A4)



where ωR is the equatorial surface velocity and f(λ) captures the latitude dependence.

A.4 Evaluation of the Trajectory Integral

The total velocity change is obtained by integrating the acceleration over the complete trajectory:

Using the substitution dt = ds/V along the trajectory, the integral of a gradient reduces to the
difference in endpoint values (fundamental theorem of line integrals):

A.5 The Origin of the Factor of 2

This step contains the key physical insight that distinguishes STF from Newtonian gravity.

In Newtonian gravity, the potential GM/r is symmetric: energy gained falling in equals energy lost
climbing out, yielding ΔV = 0 for any complete encounter.

In the STF framework, Ṙ is antisymmetric with respect to the direction of motion:

Trajectory Leg Motion Curvature Rate

Incoming Toward higher
curvature Ṙ_in = +(ωR/c) × (geometric factor)

Outgoing Away from higher
curvature Ṙ_out = −(ωR/c) × (geometric factor)

When evaluating the difference for an asymmetric trajectory (δ_in ≠ δ_out):

The two contributions add rather than cancel because Ṙ changes sign between incoming and outgoing
legs.

A.6 Final Result

The complete evaluation yields:

The coefficient K = 2ωR/c emerges directly from the trajectory integral. The factor of 2 is the
mathematical consequence of integrating an antisymmetric transient field over an open hyperbolic
path—it is not fitted but derived.

Δ →V = ∫
+∞

−∞

→aSTF dt =
ζ

Λ
∫

+∞

−∞

∇Ṙ dt (A5)

ΔV =
ζ

Λ
[Ṙout − Ṙin] (A6)

Ṙout − Ṙin = [−
ωR

c
] − [+

ωR

c
] = −

2ωR

c
× (geometric factor) (A7)

ΔV∞ =
2ωR

c
⋅ V∞ ⋅ (cos δin − cos δout) (A8)



A.7 Physical Interpretation

K = 2ωR/c = 2v_rot/c is the relativistic parameter characterizing the planet’s rotation. The physical
content is:

ωR: The planet’s equatorial surface velocity, which sets the magnitude of the rotating curvature
gradient
Factor of 2: Arises from the antisymmetry of Ṙ—incoming and outgoing contributions add
rather than cancel
1/c: The relativistic correction inherent in the scalar-tensor formulation

This derivation transforms Anderson’s empirical formula into a prediction of the STF framework. The
“coincidence” that K ≈ 3.1 × 10⁻⁶ for Earth is explained: it equals 2ωR/c because that is what the
Lagrangian demands.

A.8 Complete Force Law and Dimensional Analysis

The derivation in Sections A.1–A.7 establishes the geometric formula K = 2ωR/c. This section closes
the dimensional analysis by working through the complete force law, including the scalar field
solution.

A.8.1 The missing step: substituting the scalar field solution

The heuristic presentation in A.2 writes the acceleration as:

by identifying U_STF = −(ζ/Λ)Ṙ. This is a compressed notation that omits the scalar field φ_S. The
complete force per unit mass requires φ_S to be solved for and substituted.

From the STF field equation in the quasi-static limit (m_s >> H, k/a — valid for all solar system
applications where m_s/H₀ ~ 10¹⁰):

This is the attractor solution: the scalar tracks its driven minimum instantaneously on the timescales
relevant to flyby dynamics. Substituting into the interaction Lagrangian and computing the force per
unit mass:

A.8.2 Dimensional verification in natural units (ħ = c = 1)

In natural units, mass M sets all dimensions: [length] = [time] = M⁻¹.

Quantity Natural units
[ζ/Λ] M⁻²

→aSTF =
ζ

Λ
∇Ṙ (A3)

ϕS ≈
ζ/Λ

m2
s

Ṙ (A9)

→aSTF = ∇(
ζ

Λ
ϕSṘ) =

(ζ/Λ)2

m2
s

∇(Ṙ2) =
2(ζ/Λ)2

m2
s

Ṙ∇Ṙ (A10)



Quantity Natural units
[ℛ] M² (curvature)
[Ṙ] M³ (curvature rate)
[∇Ṙ] M⁴
[m_s²] M²

Acceleration has dimension M¹ in natural units (a = dv/dt, [v] = dimensionless, [t] = M⁻¹). The force
law is dimensionally correct. ✓

A.8.3 Why K remains linear in ωR/c

The force (A10) involves the product Ṙ · ∇Ṙ. The curvature rate Ṙ decomposes into two physically
distinct contributions:

Rotational piece: Ṙ_rot ~ (ωR/c) × ℛ/R — the planet’s rotation sweeps curvature past the
spacecraft, scaling as ωR/c
Translational piece: Ṙ_trans ~ V_∞ · ∇ℛ — the spacecraft’s motion through the static field

In the force product Ṙ · ∇Ṙ, the leading cross term is:

The factor ωR/c appears once and linearly in this cross term. The purely translational term Ṙ_trans ·
∇Ṙ_trans is even under trajectory reversal (both legs contribute with the same sign) and therefore
vanishes in the endpoint difference ΔV. The purely rotational term Ṙ_rot · ∇Ṙ_rot is suppressed by an
additional factor of (ωR/c)² ≪ 1.

The leading contribution to ΔV therefore carries exactly one power of ωR/c — linear, not quadratic.
This is why K = 2ωR/c is linear in the rotational velocity. The factor of 2 then arises from the
antisymmetry argument of Section A.5, as before.

A.8.4 The effective coupling and amplitude matching

The quantity called ζ/Λ throughout this paper — determined from flyby amplitude matching in
Section II.E — is the phenomenological effective coupling:

where (ζ/Λ)_fund is the fundamental Lagrangian coupling and m_s is the scalar field mass. This
combination has SI dimensions of m⁴s²/kg (absorbing appropriate factors of c and ħ), and the

[
(ζ/Λ)2

m2
s

Ṙ∇Ṙ] =
M −4

M 2
× M 3 × M 4 = M 1 (A11)

Ṙ = Ṙrot

planet spinning

+ Ṙtrans

spacecraftmoving

 

Ṙrot × ∇Ṙtrans ∝
ωR

c
× V∞ × ∇2

R (A12)

(
ζ

Λ
)

eff

≡
(ζ/Λ)2

fund

m2
s

(A13)



amplitude matching of Section II.E directly constrains this effective combination. The value (ζ/Λ)_eff
= 1.35 × 10¹¹ m² quoted throughout this paper is therefore a correctly-defined phenomenological
quantity.

No prediction, number, or geometric result in this paper is altered by this clarification. K = 2ωR/c is
independent of the coupling entirely; all amplitude results follow from (ζ/Λ)_eff as defined.

Cross-reference: For the fundamental derivation of (ζ/Λ)_fund and m_s from 10D compactification,
and the recovery of (ζ/Λ)_eff ~ 1.3 × 10¹¹ m² from the complete parameter chain, see First Principles
Paper V7.9, Appendix O.

Appendix B: SPICE Trajectory Analysis

B.1 Data Sources

Cassini-Jupiter trajectory geometry was computed using NASA NAIF SPICE kernels: - SPK:
cas00172.tsc (Cassini trajectory) - PCK: pck00010.tpc (planetary constants) - LSK: naif0012.tls (leap
seconds)

B.2 Coordinate System

All declinations are computed in Jupiter-centered J2000 equatorial coordinates, with Jupiter’s equator
defined by the IAU pole model.

B.3 Asymptotic Velocity Determination

Asymptotic velocities were computed at ±30 days from closest approach, where the trajectory is
effectively linear. The declinations were confirmed stable to <0.1° over the range ±20 to ±50 days.

B.4 Results

Parameter SPICE Value Uncertainty
Closest approach 2000-12-30 10:34:29 UTC ±1 min
Periapsis distance 9.79 × 10⁶ km ±1000 km
V_∞ 10.91 km/s ±0.01 km/s
δ_in −84.40° ±0.1°
δ_out −84.46° ±0.1°

Appendix D: BepiColombo Venus Flyby Forward Predictions

D.1 Purpose

The BepiColombo mission (ESA/JAXA) executed two Venus gravity assists en route to Mercury —
on October 15, 2020 and August 10, 2021. Venus is the only solar system body for which the STF
framework predicts a sign-flipped velocity anomaly relative to Earth, arising from Venus’s retrograde



rotation. This makes the BepiColombo flybys the most decisive near-term test of the STF framework:
no parameter freedom, unambiguous sign prediction, independent of any prior calibration.

This appendix documents the forward predictions computed from public SPICE kernels and the STF
formula, placed on record prior to any published navigation anomaly analysis.

D.2 Venus Coupling Constant

Venus rotates retrograde with: - Sidereal rotation period: P = 243.025 days (retrograde → ω negative
by convention) - ω = −2.992 × 10⁻⁷ rad/s - R = 6,051.8 km - c = 2.998 × 10⁸ m/s

K_Venus is negative. For any trajectory geometry with G = cos δ_in − cos δ_out > 0 (descending,
N→S), STF predicts ΔV < 0. This is the opposite sign to what the same geometry would produce at
Earth (K_Earth > 0 → ΔV > 0). This sign flip is the definitive test.

D.3 SPICE Kernel Sources

BepiColombo trajectory geometry is computable from publicly available NASA NAIF kernels:

Kernel type Identifier Source

SPK (trajectory) bc_mpo_fcp_00097.bsp or
equivalent ESAC SPICE server

PCK (planetary constants) pck00010.tpc NASA NAIF
LSK (leap seconds) naif0012.tls NASA NAIF
FK (frame kernel) bc_mpo_v??.tf ESAC SPICE server

Asymptotic velocities are computed at ±30 days from closest approach. Declinations are evaluated in
Venus-centered J2000 equatorial coordinates with Venus’s pole defined by the IAU rotation model
(right ascension 272.76°, declination 67.16° in J2000).

D.4 Forward Predictions

The STF formula applied to BepiColombo Venus flybys is:

Flyby 1 — October 15, 2020 (altitude ~10,700 km):

This was a relatively distant flyby. At this altitude the STF driver is sub-threshold for large effects, but
the geometric signature remains. From trajectory design documentation, the flyby was designed for a
significant plane change, implying asymmetric declinations. Pending full SPICE extraction, the
prediction framework is:

KV enus =
2ωR

c
=

2 × (−2.992 × 10−7) × (6.051 × 106)

2.998 × 108
= −1.21 × 10−8 (D1)

ΔV∞ = KV enus ⋅ V∞ ⋅ (cos δin − cos δout) (D2)

ΔV1 = (−1.21 × 10−8) × V∞,1 × G1



where G_1 = cos δ_in,1 − cos δ_out,1. If G_1 > 0 (descending), the prediction is a negative anomaly
— opposite sign to a prograde Earth flyby with the same geometry.

Flyby 2 — August 10, 2021 (altitude ~552 km):

At 552 km altitude, this is a close flyby with significantly stronger curvature gradients than flyby 1
and comparable perigee distance to several of the anomalous Earth flybys. The STF effect scales as
r⁻⁴ near closest approach, making this the more sensitive test:

For reference, BepiColombo’s heliocentric speed changed by ~5.6 km/s at this encounter (JAXA
mission documentation), corresponding to V_∞ of order several km/s. Even at K_Venus = 1.21 × 10⁻⁸
(16× smaller than K_Earth), a geometry factor G ~ 0.5 and V_∞ ~ 5 km/s gives:

This is at the threshold of current Doppler tracking sensitivity (~0.01–0.05 mm/s) and may be
marginally detectable.

D.5 Definitive Test Criteria

STF is falsified if: - A significant asymmetric Venus flyby shows a positive anomaly (same sign as
prograde Earth) - A symmetric Venus flyby shows a significant non-null anomaly

STF is confirmed if: - An asymmetric descending Venus flyby shows a negative anomaly - The
magnitude scales as |K_Venus/K_Earth| = 1.21×10⁻⁸ / 3.099×10⁻⁶ = 1/256 relative to equivalent
Earth flybys - Null is confirmed for symmetric geometry

D.6 Call for Navigation Analysis

We call on the BepiColombo navigation teams at ESA/ESOC and JAXA/ISAS to perform a Doppler
residual analysis of both Venus flybys following the methodology of Anderson et al. [2]. Specifically:

1. Compute post-fit Doppler residuals for the ±5 day window around each closest approach
2. Extract asymptotic declinations δ_in, δ_out in Venus-equatorial coordinates
3. Compare any velocity anomaly to the STF prediction (D2) above

The sign of the anomaly (if any) is the decisive observable. An anomaly with sign consistent with
K_Venus < 0 would constitute independent cross-planetary validation of STF at a third body. An
anomaly with sign inconsistent with K_Venus < 0 would represent a direct falsification.

These predictions are placed on record here, prior to any published navigation anomaly analysis of the
BepiColombo Venus encounters.

Appendix C: Ulysses Navigation Documentation

C.1 Primary Sources

ΔV2 = (−1.21 × 10−8) × V∞,2 × G2

|ΔV2| ∼ (1.21 × 10−8) × 5000 × 0.5 ∼ 0.030 mm/s



The key evidence for the Ulysses velocity anomaly comes from three documents:

1. McElrath et al. (1992): AIAA Paper 92-4524 — the navigation team’s real-time account of the
Ulysses Jupiter encounter, documenting the anomalous tracking residuals and the decision to
cancel TCM-4. The paper is behind an AIAA institutional paywall; the language cited in
Section V.B (“surprisingly large Jupiter ephemeris error,” S-curve residuals, TCM-4
cancellation) is drawn from secondary citations in the navigation literature. We call for
independent verification of this language from the primary document.

2. Folkner (1995): IPN Progress Report 42-121, Article F — retrieved and verified. The
following language is confirmed verbatim from the document:

“contributed to an apparent discrepancy in the position of Jupiter of 400 km
during the Ulysses spacecraft Jupiter encounter in February 1992.”

Note: Folkner uses the word “apparent” — not “confirmed” or “measured.” The hedging is
deliberate and significant. The magnitude (400 km) and the “apparent” framing are both
confirmed from the primary source.

3. Folkner, McElrath, and Mannucci (1996): AJ 112, 1294–1297 (DOI: 10.1086/118099) — the
VLBI validation paper. Full text not retrieved in preparation of this manuscript; the circularity
argument in C.3 below is based on the documented methodology of VLBI spacecraft tracking
and the known data flow between the Ulysses radiometric tracking and the Jupiter position
solution.

C.2 Why the 400 km Discrepancy Is Extraordinary

The DE200 ephemeris, in use at the time of the Ulysses encounter, was constructed from decades of
planetary radar ranging, VLBI measurements, and spacecraft tracking through 1988. Jupiter’s position
uncertainty in DE200 was approximately 1–10 km in the along-track direction.

A 400 km correction is 40–400× larger than the prior uncertainty. In the history of planetary
ephemeris development, corrections of this magnitude are essentially without precedent from a single
spacecraft encounter. This alone warrants scrutiny of the assumed explanation.

The standard explanation — that Jupiter’s position in DE200 was simply wrong by 400 km —
requires accepting an error 100× larger than the estimated uncertainty with no other corroborating
evidence from prior spacecraft (Pioneer 10/11, Voyager 2) that passed through the same region.

C.3 The Circular Validation Problem

Folkner, McElrath, and Mannucci (1996) used VLBI measurements of the Ulysses spacecraft relative
to quasars to “validate” the 400 km Jupiter position correction. The methodology creates an internal
inconsistency:

The data flow:

1. Ulysses-Jupiter radiometric ranging measures the spacecraft’s position relative to Jupiter. If
Ulysses had an unmodeled velocity anomaly at encounter, this vector is wrong.



2. VLBI independently measures Ulysses’s angular position relative to distant quasars. This
measurement is correct — it is independent of Jupiter.

3. To obtain Jupiter’s position relative to quasars, the standard procedure subtracts the Ulysses-
Jupiter vector (step 1) from the Ulysses-quasar vector (step 2).

4. If step 1 is contaminated by an unmodeled velocity anomaly, the resulting Jupiter-quasar
position inherits that contamination.

5. This contaminated Jupiter position is then presented as “validating” the 400 km correction —
but the correction was derived from the same contaminated radiometric data.

The validation is not independent. It is a consistency check between two quantities that share the
same systematic error source.

C.4 The Voyager 1 Baseline: Chain-of-Contamination

Folkner (1995) used Voyager 1 radiometric tracking from its Jupiter encounter (March 5, 1979) as an
independent baseline for establishing Jupiter’s position in the radio frame. This appears to break the
circularity — but the STF framework implies it does not.

The chain:

Step 1. The Voyager 1 Jupiter encounter (March 5, 1979) was an asymmetric flyby. Voyager 1
approached from below Jupiter’s equatorial plane and departed toward high northern latitudes,
executing a large plane change. This geometry is non-symmetric: G = cos δ_in − cos δ_out ≠ 0. The
STF framework therefore predicts a non-zero velocity anomaly at Voyager 1’s Jupiter encounter,
scaling as K_Jupiter × V_∞ × G.

Step 2. Standish (1998) [ref. 16 in this paper] independently noted unexplained residuals in the
Voyager 1 Jupiter encounter data:

“The Voyager and VLA residuals are at least twice their a priori standard deviation and
they remain unexplained.”

This is precisely the signature of an unmodeled velocity perturbation in the Voyager 1 tracking data
— the same class of signal as the Ulysses S-curve residuals.

Step 3. When DE200 was constructed, the Voyager 1 Jupiter tracking was included in the ephemeris
fit. Any unmodeled STF anomaly in Voyager 1’s data would have been partially absorbed into
DE200’s Jupiter position, biasing the reference frame.

Step 4. Folkner’s “independent” Voyager 1 baseline is therefore not independent — it is anchored to a
Jupiter position that was itself fit to data containing an unmodeled STF perturbation.

Step 5. The Ulysses “discrepancy” is then the difference between the Ulysses STF anomaly and
whatever residual from the Voyager 1 STF anomaly was absorbed into DE200. If the Voyager 1
contribution to DE200’s Jupiter offset was small (because the Voyager 1 geometry factor G was
smaller than Ulysses’s G = 0.74), the net discrepancy would be close to the full Ulysses STF



prediction — which is exactly what is observed (413 km predicted vs. 400 km observed, 97%
agreement).

C.5 The Cassini Control: Symmetry as Diagnostic

The Cassini-Jupiter flyby (December 30, 2000) provides the decisive control experiment. Cassini’s
trajectory was nearly symmetric: δ_in = −84.40°, δ_out = −84.46°, G = +0.0011. The STF prediction
is ΔV ~ 1 mm/s — effectively null.

Observation: The Cassini-Jupiter flyby showed clean Doppler tracking throughout. No ephemeris
correction was required. The Cassini team reported post-fit residuals at the ~0.1 mm/s noise floor with
no systematic velocity drift [17].

Interpretation: If DE200’s Jupiter position had been genuinely wrong by 400 km, Cassini would
have detected the same offset and required the same correction. It did not. The ephemeris was correct
for Cassini — the symmetric spacecraft — and wrong only for Ulysses — the asymmetric spacecraft.

This is the fingerprint of a spacecraft-trajectory-dependent effect, not a planetary-position error.

Spacecraft Geometry G STF ΔV Ephemeris correction needed
Voyager 1 (1979) Asymmetric ≠ 0 Non-zero Residuals absorbed into DE200

Ulysses (1992) Highly
asymmetric 0.74 +956 mm/s 400 km “correction” applied

Cassini (2000) Symmetric 0.001 ~0 None required

The pattern is unambiguous: spacecraft with asymmetric Jupiter trajectories require ephemeris
corrections; spacecraft with symmetric trajectories do not. This is not what a planetary position error
looks like. A position error affects all spacecraft equally regardless of trajectory geometry.

C.6 Quantitative Consistency

The STF prediction for Ulysses: +956 mm/s velocity anomaly integrates to 413 km over the 5-day
tracking arc. The observed “ephemeris error” is 400 km. Agreement: 96.8%.

This match requires no free parameters — it uses only K_Jupiter = 8.387 × 10⁻⁵ (calculated from
Jupiter’s known rotation and radius), V_∞ = 15.4 km/s (mission documentation), G = 0.7398
(trajectory geometry), and Δt = 5 days (tracking arc duration).

C.7 Summary of Evidence

Evidence Source Status
“Apparent discrepancy…400 km”
verbatim Folkner (1995) IPN 42-121 Verified from primary

source
S-curve Doppler residuals at
encounter

McElrath et al. (1992) AIAA
92-4524

Cited; primary document
paywalled



Evidence Source Status
TCM-4 cancelled due to unresolvable
residuals McElrath et al. (1992) Cited; primary document

paywalled
Unexplained Voyager 1 Jupiter
residuals Standish (1998) DE405 memo In published primary source

Cassini null (symmetric → no
correction) Antreasian et al. (2002) [17] Verified from primary

source
STF 413 km vs. observed 400 km
(96.8%) This work, zero parameters Computed

Cassini vs. Ulysses geometry contrast SPICE kernels (Appendix B) Computed

The McElrath (1992) primary document is the one piece of evidence cited but not independently
verified in this work. We call for independent access to AIAA Paper 92-4524 to confirm the S-curve
and TCM-4 language. The remaining evidence — Folkner verbatim, Standish residuals, Cassini null,
and the STF quantitative prediction — stands independently of the McElrath document and
collectively presents a coherent case for the reinterpretation.
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