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G-measuring device designed by

Beams and his coworkers includes a
circular rotating table and two mass
systems. The tungsten spheres visible in
the photograph form the “large mass”
system; the ‘‘small mass" system is
concealed in the vertical cylinder.

Figure 1

Finding a better value for G

Surprisingly, we know the gravitational constant only

to within about half a percent.

for a precision of at least one part in ten thousand.

Jesse W. Beams

The gravitational proportionality con-
stant G, although one of the first con-
stants measured and perhaps the most
fundamental and universal constant in
Nature, is now the least accurately
known. @, which relates the force F
between two particles to their masses
my and m: and the distance d between
them

F=—Gmm:/d*

is now known only with an accuracy of
about one half of one percent. Because
many contemporary techniques, such
as in geophysics, require a good knowl-
edge of G, as well as for purely theo-
retical interests, a group of us at the
University of Virginia, Charlottesville,
have been developing the apparatus
shown in figure 1 to measure the ab-
solute value of G as well as its possible
variation with time or other factors.

Significance of G

Our own interest in measuring G is
motivated by its very fundamental-
ness; the gravitational constant should
really be known as accurately as pos-
sible. But there are more “practical”
reasons as well. Finding values for
the densities and density distributions
in the interiors of the earth, moon, outer
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planets and stars, for example, have
recently become important, and these
determinations require precise knowl-
edge of G. Precise measurements of
the orbits of celestial bodies give us
values of GM, where M is the mass
of the body, rather than values of G.
Seismological exploration, along with
other precise geophysical measure-
ments, may soon be able to give us
equations of state for the interior of the

earth that are accurate to about 0.1.

to 1.0 percent. Comparison of these
results with laboratory experiments on
the equation of state should greatly in-
crease our knowledge of the earth’s
interior, as well as provide a sensitive
check on the extrapolation of the lab
studies. But to get at these values,
we shall probably need to know G to at
least one part in 10%, about 100 times
more precisely than any of the values
so far determined.

Cosmological theory, according to
Robert Dicke,! predicts a possible
annual change in G of one part in 103-
10%°. Testing these predictions experi-
mentally would of course be very ex-
citing.

Past attempts to measure G

The gravitational constant is difficult
to measure precisely because of the
extreme weakness and great univer-
sality of gravitational interactions.
The gravitational attraction bhetween

With this elegant method, we hope

a proton and an electron, for example,
is roughly 107%" times the electrostatic
attraction, and careful studies show
no variation of G with the magnitude
of the masses, the distance between
them, their temperature and so on.!?
Consequently it is necessary to measure
very small quantities under conditions
such that one can not isolate the desired
variable; it is not possible to shield the
test masses from the gravitational fields
and field gradients produced by all the
other matter in the universe.

Both large-scale and laboratory-scale
experiments have been used to mea-
sure G. In one large-scale experiment
in Peru, Pierre Bouguer® estimated the
relative masses of an isolated mountain
and the earth from their volumes and
densities, and then found a value for
G from the deflection of a plumb line
near the mountain. George Airy and
his collaborators,” in another experi-
ment, estimated the relative masses of
a spherical shell of the earth and of the
entire earth. By recording the oscilla-
tion periods of a pendulum at ground
level and one at the bottom of a mine
shaft, they effectively measured the
acceleration of gravity at the earth’s
surface and at the bottom of the shaft,
and so determined a value for G. The
result is valid only if the earth is spher-
ical and homogeneous throughout, or
if its density distribution is known.

Henry Cavendish did the first (1798)4
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