GPS Relativity

Predicting and Measuring the
Satellite-Clock Correction
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Experiment 1 (prediction) — relativistic clock wobble from a
broadcast ephemeris only. Amplitudes match |F|eVA to <0.1%.

Experiment 2 (measurement) — RTKLIB processed twice (stock vs
relativity-removed); residual difference B—A tracks the predicted
c-dt_r with correlation 0.98-0.99 for high-eccentricity satellites.

Station POTS (Potsdam) * GPS « 2026 DOY 199-201

Both experiments succeeded.
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Generated with analyze.py ¢ data: igs.bkg.bund.de



Full console output (analyze.py --exp both)

=== EXPERIMENT 1: predicted relativistic clock wobble ===

Loaded ephemerides for 32 GPS satellites from ['BRDC 199.rnx',
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Saved: expl wobble all sats.png, expl wobble highlight.png, expl amplitude vs ecc.png

=== EXPERIMENT 2: measured B-A residual vs predicted c*dt r

stat A:
stat B:
Saved: exp2 residual diff vs predicted <sat>.png for ['GO7',

Saved: exp2 position error comparison.png
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High-eccentricity sats (e>0.008): median
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c-dt_r (meters)

Exp 1 — c-dt_r for all 32 GPS satellites (colored by eccentricity)

Experiment 1 — predicted relativistic clock correction, all GPS satellites (one day)
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c - dt_r (meters)

Exp 1 — high-e (G07, G02) vs low-e (G28): amplitude x eccentricity

Experiment 1 — high- vs low-eccentricity satellites (~11h58m period; amplitude « e)
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clock-wobble amplitude (ns)

Exp 1 — measured amplitude vs eccentricity, on the |F|eVvA theory line

Experiment 1 — amplitude vs eccentricity (points on theory line)
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residual difference (m)

Exp 2 — GO7 (e=0.021): measured Aresid vs predicted (corr 0.98)

Experiment 2 — GO7 (e=0.02094): Aresid vs predicted (corr=0.982, n=2562)
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residual difference (m)

Exp 2 — GO2 (e=0.017): measured Aresid vs predicted (corr 0.99)

Experiment 2 — G02 (e=0.01689): Aresid vs predicted

(corr=0.995, n=2217)
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residual difference (m)

Exp 2 — G28 (e=0.0005): low-eccentricity control

Experiment 2 — G28 (e=0.00052): Aresid vs predicted (corr=0.993, n=2782)
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MNerth error (m)

Exp 2 — horizontal position: Build A 0.99 m vs Build B 6.20 m RMS
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Experiment 2 — horizontal position scatter, Build A vs Build B

uy - B Al
*e ﬁ‘ +  Build A (stock) Hrms=0.99 m
.y +  Build B (no-rel) Hrms=6.20 m
- . .= POTS official

=5 Q 5 10
East error (m)




patch_norel.diff (relativity correction removed, 3 sites)

diff --git a/src/ephemeris.c b/src/ephemeris.c

index 391f45c..d233a0a 100644

--- a/src/ephemeris.c

+++ b/src/ephemeris.c

@@ -284,7 +284,7 @@ extern void eph2pos(gtime t time, const eph t *eph, double *rs, double *dts,
*dts=eph->f0+eph->fl*tk+eph->f2*tk*tk;

/* relativity correction */
*dts-=2.0*sqrt(mu*eph->A)*eph->e*sinE/SQR(CLIGHT);
+ *dts-=0.0*2.0*sqrt(mu*eph->A)*eph->e*sinE/SQR(CLIGHT); /* REL-PATCH: relativistic sat-clock correction removed */

/* position and clock error variance */
*var=var_uraeph(sys,eph->sva);
@@ -689,7 +689,7 @@ static int satpos ssr(gtime t time, gtime t teph, int sat, const nav_t *nav,
dts[1l]=eph->f1+2.0*eph->f2*tk;

/* relativity correction */
- dts[0]-=2.0*dot3(rs,rs+3)/CLIGHT/CLIGHT;
+ dts[0]-=0.0*2.0*dot3(rs,rs+3)/CLIGHT/CLIGHT; /* REL-PATCH: relativistic sat-clock correction removed */
}
/* radial-along-cross directions in ecef */
if (!'normv3(rs+3,ea)) return 0;
diff --git a/src/preceph.c b/src/preceph.c
index 0777c9d..dfe40d7 100644
--- a/src/preceph.c
+++ b/src/preceph.c
@@ -842,7 +842,7 @@ extern int peph2pos(gtime t time, int sat, const nav_t *nav, int opt,
}
/* relativistic effect correction */
if (dtss[0]1!=0.0) {
dts[0]=dtss[0]-2.0*dot3(rs, rs+3)/CLIGHT/CLIGHT;
+ dts[0]=dtss[0]-0.0%2.0*dot3(rs,rs+3)/CLIGHT/CLIGHT; /* REL-PATCH: relativistic sat-clock correction removed */
dts[1]=(dtst[0]-dtss[0])/tt;
}

else { /* no precise clock */



