
Gravimetry 
 

and 
 

„The rise and fall of the 5. Force“ 
 

by 
Walter Zürn, Black Forest Observatory 

EOST Strasbourg --- NOV 19, 2014 





                         Contents 
1) Background 
2) Gravimetric Experiments 
     a) Gravimeters & Material Dependence 
     b) Lakes (Hornberg-Details) 
     c) Ocean 
     d) Results of Lake & Ocean Experiments 
     e) Towers, mines and boreholes  
3) Summary for 5.Force 
4)  Trouble with Gravity 
5) Jokes (if there is time) 







4 Interactions in Elementary Particle Theory: 

 
Electromagnetism (Photon) 

Strong nuclear force (Gluons) 
Weak nuclear force (W & Z – Bosons) 

Gravitation (Graviton) 
 
 

5th  Interaction (mimicking gravity) = 5th Force: 
 

Range dependence of Gravitational Constant (Big G) 

and/or       Material dependence of Big G 

 







Ongoing Experiments, July 15, 1988 

7 Laboratory Eötvös Experiments 

5 Eötvös Experiments near a cliff 
6 Repetitions of the Galileo Experiment 

3 Floating Ball Differential Accelerometer 
Experiments 

18 Searches for Non-Newtonian Gravity 
(mines, boreholes, towers, lakes, ocean) 

7 Other Tests 
 

Additional experiments started afterwards 



Gravimeters 
 and  

Material Dependence of 
Gravitation 
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Lake Experiments 
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 Hornberg Experiment 
 

Müller et al. (1989): Phys. Rev. Lett  63, 2621-2624 
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Ocean Experiment 
Zumberge  et  al. (1991): Submarine  Measurement  of  the  

Newtonian  Gravitational  Constant 
Phys. Rev. Lett. 67, 22, 3051 – 3054 

 







Tower Experiments 
AFGL - 600 m high! 

first positive, claiming fifth and even sixth force, later corrected to negative 

BREN tower - 465 m 
Erie tower – 300 m  

 

Mines and Boreholes 
Hilton mine,  Australia 

Dye 3,  Greenland 





… and there are psychological disadvantages to 
making measurements in the dark on small 

elevated platforms. … 







Summary of 5th-Force Tests 
 
1) All negative within confidence limits, except  
     3 unexplained : Thieberger, Boynton & Achilli 
2) At submillimeter scale we don‘t know 
3) Experiments were very useful because they      
     explored an unexplored regime  …. and 
4)  They triggered new interest in Big G 
 







   Big       

 G 







Trouble with Big G 
 

Accuracy and Consistency of Determinations? 
< 1 mm? (Rolled-up additional dimensions?) 

What makes up Cold Dark Matter? 
What is Dark Energy? 

Pioneer anomaly? 
Planetary flyby anomalies? 

 







Cartoons and Jokes 
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