
There are more things in heaven and earth,
Horatio,

Than are dreamt of in your philosophy

Hamlet Act. 1, 
scene 5
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Motivation in Wuppertal

In the early 1980 there was a discussion on

the possible existence of a 5th force, which

should be detectable by a deviation from the

1/r2 law of NEWTON

But we decided to go for a precise determination 
of the gravitational constant G



Newton
F = G M m /r2

Aim:

determine F by shifting m 
through the movement of M

Calibrate M, m, r very precisely



Fieldmass
M = 2 times

560 kg
small m

a “cavity”

thesis work by
J.Schurr,  H.Walesch,  A.Schumacher, U.Kleinevoss

1988 - 2002
with H. Piel

Univ. of Wuppertal





db = df const
const =10-8 m/kHz

thesis
H. Walesch





Goals with “GRAVI” at DESY

1:     measurements in the
MOND region at

very small acceleration about
10-10 m/sec2

2:  accurate determination
of big “G”



Vera Rubin 1970, with K. Ford

Rotation curves a general
phenomenon

Andromeda M31



Spiral Galaxies



Scarpa, Gilmozzi, et al. 2006,  
globular clusters

2 Scarpa, Marconi & Gilmozzi

The large σ can be the result of tidal heating, or can be due to a large
number of binary stars in our sample. Alternatively, if ω Cen were a galaxy
(Hilker & Richtler 2000), our result may indicate a substantial amount of DM
survived all the tidal stripping that transformed the galaxy into the cluster we
see today. Though none of this possibility can be ruled out by present data, all
requires fine tuning of the relevant parameter to explain the flattening of the
velocity dispersion profile. It is striking that ω Cen is hundreds of times smaller
than a galaxy and still its dispersion profile mimics precisely the one observed
in elliptical galaxies and explained invoking DM (Carollo et al. 1995).

Interestingly, for the GC Pal 13 a mass-to-light ratio M/L >
∼

11 has been
reported (Meylan 2001). Such high M/L, unique among GCs, can be explained
if Pal 13 is out of dynamical equilibrium. In view of the result just found for
ω Cen, we suggest the large M/L is another manifestation of a breakdown of
Newton’s law. For M/L = 3 the acceleration of gravity is below 10−7 cm/s2 all
the way to the cluster center. It is therefore not surprisingly that Pal 13 appears
dominated by DM.

As a whole, we believe our result for ω Cen, the one for Pal 13, and the
anomalous acceleration experienced by spacecrafts in the solar system, all sug-
gest a breakdown of Newton’s law of gravity in the weak acceleration regime.
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F(grav)=GMm/r2

Newtons law

rules all (bound) systems in the universe 

1:  change M,  by introducing  CDM

2:  change accel. by introducing a(0) at very small 
acceleration

MOND

3:  adding an Yukawa like term at very small distance

4:  consider G to be time dependent



MOND

• MOdified Newtonian Dynamics 1983 M. Milgrom

• Change Newtons Law at accelerations below about  
10-10 m/sec2

• Provides an excellent description of the  non-
Newtonian behavior with just one additional 
universal parameter a(0)



“MOND”
Milgrom  1983

is non-relativistic
but

“TeVeS”
Bekenstein  2004

is one
relativistic extension



virial law
E(kin)=-1/2E(pot)

Helvetica Physica Acta
1933



Fritz Zwicky
1933 and 1937 he proposed

•SN explosions to produce N-Stars

•Introduced the term Dark Matter

•observed Newton to fail for the Coma-CL

•Gravitational lensing of distant galaxies by  
foreground galaxies



Clover Leaf



And in the solar system??

at least two dramatic effects

1: “Pioneer” anomaly

2: “fly by” effect

again seem both to be ruled by 
a(0)

which is about cH !!   



Sanders and McGaugh



Rotation in MOND





Sanders, 1999



MOND works:
however

needs
Neutrinos with mass

see
Zhao 2007



Vera Rubin
(final remarks)



Thus, it is my personal opinion – and I am the only one 
responsible for it if proved wrong-- that if Newtonian 
dynamics fails below a0, this should be true irrespectively 
of the total field and one should be able to observe MOND 
effect also here on earth. For instance, I think a refined 
version of the Cavendish experiment studying 
gravitational  forces in the horizontal plane should detect 
MOND effects. 

R. Scarpa  2006



Setup in Wuppertal



“Gravi” at DESY works!!!  (18.6.2008)
127Hz in 22GHz (1/10 nm)



21 GHz resonance in our cavity

About 1/sec, 5 point fit, our basic signal



Data vs  run time







Seismic signal



NOISE



Wave height



Gaussian distribution ??



TextTextText

Noise
nicely

Gaussian,
very

crucial

frequency
vs.

time



Earthquake in Japan



Earthquake signal in GRAVI



F-Signal (in/out)

Newtons Law 

strictly proportional

to the fieldmass



Analysis

Have 4 independent lines of analysis
Consider this to be absolutely crucial
for such a fundamental experiment



“Preliminary”

!"MOND1-!"Newton

!"MOND2-!"Newton

Preliminary

Analysis 1
Analysis 2
Analysis 3
Analysis 4
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Problem?
!"
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Summary
• Take data since about 9/2009

• Use 3 Masses (9, 2.9 and 1kg) at 77cm

• Get results roughly in agreement with Newton

• Have still some unexplained systematic problems

• Have to do some further adjustments to the setup, but 
we are optimistic to come out soon with a word on 
Newton vs. MOND



fascinating times
testing

GRAVITY
in the lab

I like to thank DESY
for unbureaucratic

support

Not to forget!!!
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