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                  GM=tc3 

“When forced to summarise the General Theory of  

Relativity in one sentence,Time and Space and Gravity 

have no separate existence from Matter” 

--Albert Einstein 

M 



Prediction:  If the universe was denser, hotter, in past, we should see  

evidence of left-over heat from early universe. 

      

 
Observation:  Left-over heat from the early universe. (Penzias and Wilson, 1965)  

Testing the Big Bang model 



GM=tc3 





Lunar Laser Ranging 

Apollo 11 LLRE July 20, 1969 

The Lunar Laser Ranging Experiment (LLRE) from 1969 reports a recession 

rate of  3.82 ± .07 cm/yr, anomalously high.  The Moon would have coincided 

with Earth just  1.5 Gyr ago. (Bills, Ray 1999) 

The Moon’s distance is known to be slowly increasing due to tidal action 

transferring angular momentum from Earth’s rotation to the Moon. 



Lunar Anomaly 
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Sediment 

Location 

Age 

106 yr 

Distance 

103km 

Present 0 384.4 

Mansfield 3105 375.31.9 

Elatina 620100 357.10.1 

Cottonwood 900100 350.94.6 

Sedimentary data indicates 2.9 ± 0.6 cm/yr.  

(Bills, Ray 1999) 



Stephenson et al., in Proceedings of the Royal Society 

December 7, 2016 corresponds to 2.91 ± .05 cm/yr 





Sedimentary data:  2.9 ± 0.6 cm/yr 

Eclipse records:     2.91 ± .05 cm/yr 

Simulation:             2.91 cm/yr 

Average:                2.9 cm/yr 

LLRE’s laser light: 3.82 ± .07 cm/yr 

ANOMALY:            0.92 ± .07 cm/yr 

GM = tc3 predicts an apparent increase of 0.926 cm/yr, matching 

the 12-sigma anomaly within a fraction of a standard deviation. 

Lunar Anomaly Solved? 



ACES 

Atomic Clock Ensemble in Space (ACES) 

can measure 𝑐 𝑐 < 10−10  or 3.0 cm/sec 

Theory predicts 0.72 cm/sec per year 



ACES 

Opportunity for Cooperation 



Screenshots here 

Outreach 



Summary: 

http://www-

conf.slac.stanford.edu/einst

ein/talks.htm 

http://www.universeforum.org/einstein/ 

In Galileo’s time epicycles were hypothesised to explain a fixed 

Earth as centre of the universe.  

 

The first evidence for a finite speed of light came from Jupiter’s 

Galilean satellites 

 

A simple equation may solve many problems of cosmology 

 

Evidence for a changing c may come from distant supernovae and 

laser reflectors on the Moon  

 

The Atomic Clock Ensemble in Space (ACES) aboard ISS will test 

the prediction of a “c change”.  
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R=ct                  

“When forced to summarise the General Theory of 

Relativity in one sentence,Time and Space and Gravity 

have no separate existence from Matter” 

--Albert Einstein 

GM=tc3 

M = R = t  


