
B Y  E L I Z A B E T H  G I B N E Y

It is one of nature’s most fundamental 
numbers, but humanity still doesn’t have 
an accurate value for the gravitational con-

stant. And, bafflingly, scientists’ ability to pin-
point G seems to be getting worse. This week, 
the world’s leading gravity metrologists are 
meeting to devise a set of experiments that will 
try to set the record straight. This will call for 
precision measurements that are notoriously 
difficult to make — but it will also require for-
mer rivals to work together.

In his 1687 Philosophiæ Naturalis Principia 
Mathematica, Isaac Newton outlined his 
theory of gravity: that the force between 
two objects is proportional to the product of 
their masses and inversely proportional to 
the square of the distance between them. G 
is the constant by which the masses must be 
multiplied to put an absolute value on that 
attraction. But more than 300 years later, the 
constant — known as Big G to distinguish it 
from little g, the acceleration due to gravity on 

Earth — is known for sure to only 3 significant 
figures (6.67384(±0.0008) × 10−11 m3 kg−1 s−2).

Independent groups of physicists have been 
trying to pin down the true value of the con-
stant for decades, but in recent years, rather than 
converging on an ever more precise figure, the 
results of their experiments have been diverg-
ing, causing the uncertainty in the official figure 
to rise (see ‘Trouble with Big G’). “There’s no 
other fundamental constant of physics where 
we’ve had such a wide dispersion of results,” says 
Terry Quinn, former director of the Interna-
tional Bureau of Weights and Measures (BIPM) 
in Paris. Some or all of the experiments must 
either grossly underestimate their uncertainty 
or miss significant systematic errors, he adds.

On 9 and 10 October, metrologists will meet 
at the US National Institute of Standards and 
Technology (NIST) in Gaithersburg, Mary-
land, to devise a plan to resolve the issue.

Gravity is hard to measure because it is 
an extremely weak force. In a tussle over a 
paper clip, for example, the electromagnetic 
force of a small magnet beats the gravitational 

pull of the whole of planet Earth. To meas-
ure G, scientists must eliminate every other 
potentially perturbing force. The oldest, and 
still most common, method measures the tiny 
rotation of a torsion balance — a rod hanging 
on a wire — caused by the attraction between 
masses at either end of the rod. Others include 
measuring the movement of pendulums — or 
the change in weight of test objects suspended 
on a ‘balance beam’ — in response to the pres-
ence of giant masses, and measuring the accel-
eration of cold rubidium atoms. 

A big item on the agenda at the meeting will 
be debating how to choose a small number of 
these experiments to be conducted by mem-
bers of a consortium, this time with an unprec-
edented level of oversight. Each experiment will 
be repeated by two independent groups, using 
identical sets of equipment created and tested 
at a third institution. While the experiments are 
going on — and there is still time to fix them — 
experts from outside those two groups will hunt 
for errors. In the past, says Quinn, who is a driv-
ing force behind the NIST meeting, scientists 
have picked holes in each other’s experiments 
only after they were published, making it dif-
ficult to verify whether those problems were 
really the cause of an error. 

Although meeting attendees are enthusias-
tic about the project, picking the experiments 
will not be easy, because each scientist is likely 
to gun for their own preferred method. “I’ve 
been working for 12 years on my experiment,” 
says Andrea De Marchi, a physicist at the Poly-
technic University of Turin in Italy, who will 
be presenting his technique to the meeting. “I 
guess everybody else has too.”

Until now, scientists measuring G have com-
peted; everyone necessarily believes in their 
own value, says Stephan Schlamminger, an 
experimental physicist at NIST. “A lot of these 
people have pretty big egos, so it may be diffi-
cult,” he says. “I think when people agree which 
experiment to do, everyone wants their idea put 
forward. But in the end it will be a compromise, 
and we are all adults so we can probably agree.”

Working together could even be a stress 
reliever, says Jens Gundlach, an experimen-
tal physicist at the University of Washington 
in Seattle. Getting a result that differs from 
the literature is very uncomfortable, he says. 
“You think day and night, ‘Did I do everything 
right?’” 

Cash is another hurdle. Big G experiments 
have often piggybacked on other projects. Jus-
tifying funding for them can be tough, because 
there are currently no theories or other experi-
ments that rely on G having a particular value: 
in determining the orbits of satellites or planets, 
for example, only the result of multiplying the 
gravitational constant by the mass of the central 
body is relevant, and that can be determined 
precisely enough without knowing G. 

Big G might yet find a use in quantum 
gravity, the attempt to reconcile the theory of 
gravity with quantum mechanics, but for now, 

P H Y S I C S

Rivals join forces 
to nail down Big G
Metrologists meet to design the ultimate gravitational-
constant experiment.

A mock-up of a torsion balance used by British natural philosopher Henry Cavendish to measure G in 1798.
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the main motivation for chasing the constant 
is simply that not having a reliable value is irk-
some. “It’s hard to live with discrepancy,” says 
Schlamminger. It is possible that G appears to 
be so capricious because our basic understand-
ing of gravity is flawed, he says, but that seems 
unlikely.

Quinn points out that NIST is hosting this 
week’s meeting, and he hopes that the insti-
tute will provide initial funding for the project, 
but nothing is yet firm. Assuming that cash is 
found, the consortium could have a reliable 
value for G in the next five years, says Quinn, 
or at least a good handle on where disagree-
ments lie. “There must be a solution to this,” 
he says, “there must be.” ■
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TROUBLE WITH BIG
In 2000, scientists measured the gravitational constant, G, with smaller error bars than ever before. But since 
then, a variety of experiments using di�erent techniques have produced a range of values — and uncertainty 
in the o�cial CODATA* value has increased since 2006.

Torsion balance Pendulum Beam balance Atom interferometry 

*International Council for Science Committee on Data for Science and Technology
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N E U R O S C I E N C E

Marmosets are stars of Japan’s 
ambitious brain project
Ten-year brain-mapping effort will use monkeys to study human neural and mental  disorders.

B Y  D A V I D  C Y R A N O S K I

Europe has one, the United States has one. 
Now Japan has thrown its hat into the 
neuroscience ring with the launch of its 

own brain-mapping project.
Unlike its Western counter parts, Japan’s 

effort will be based on a rare resource — a large 
population of marmosets that its scientists 
have developed over the past decade — and 
on new genetic techniques that might be used 
to modify these highly social animals. The 
goal of the ten-year Brain/MINDS (Brain 

Mapping by Integrated Neurotechnologies for 
Disease Studies) project is to map the primate 
brain to accelerate understanding of human 
disorders such as Alzheimer’s disease and 
schizo phrenia. On 11 September, the Japanese 
science ministry announced the names of the 
group leaders — and how the project would 
be organized. 

Funded at ¥3 billion (US$27 million) for the 
first year, probably rising to about ¥4 billion 
for the second, Brain/MINDS is a fraction of 
the size of the European Union’s Human Brain 
Project and the United States’ BRAIN (Brain 

Research through Advancing Innovative 
Neuro technologies) Initiative,  both of which 
are projected to receive at least US$1 billion 
over the next decade. But researchers involved 
in those efforts say that Brain/MINDS  
fills a crucial gap between disease models in 
smaller animals that too often fail to mimic 
human brain disorders, and models of the 
human brain that need validating data.

“It is essential that we have a genetic primate 
model to study cognition and cognitive brain 
disorders such as schizophrenia and depres-
sion, for which we do not have good mouse 
models,” says neuroscientist Terry Sejnowski 
at the Salk Institute in La Jolla, California, who 
is a member of the National Institutes of Health 
BRAIN Initiative Working Group. “Other 
groups in the United States and China have 
started transgenic-primate projects, but none 
is as large or as well organized as the Japanese 
effort.” 

Neuroscientist Henry Markram at the Swiss 
Federal Institute of Technology in Lausanne,  
who heads the European initiative, also  
welcomes the effort: “It is absolutely impres-
sive, and Japan should be applauded for  
putting together an incredible plan.”

Central to the Brain/MINDS effort is the 
creation of transgenic marmosets to elucidate 
cognitive function and as models of human 
brain disease. Although more distantly related 
to humans than primates such as chimpanzees, 
these monkeys are in many ways ideal for brain 
research. Their small size and fecundity make 
them easier and more efficient to work with Marmosets share behaviours, such as making eye contact as a means of communication, with humans.

R
YA

N
 L

A
D

B
R

O
O

K
/S

H
U

TT
ER

ST
O

C
K

9  O C T O B E R  2 0 1 4  |  V O L  5 1 4  |  N A T U R E  |  1 5 1

IN FOCUS NEWS

© 2014 Macmillan Publishers Limited. All rights reserved


	Gravity rivals join forces to nail down Big G
	References


