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In 1798 Henry Cavendi sh used a torsion balance to neasure
the value of Newton’s constant, G Since then hundreds of
torsion balance experinments have been conducted to study
gravity, nostly as refinenents of Cavendi sh’s neasurenent or as
tests of the inverse square | aw

Rel atively small nasses attached to the ends of a
suspended arm respond to the gravity of nearby, typically
nmoveabl e, relatively |arge nasses. The nagnitude of deflection
of the torsion filament or the nmagnitude of an applied
conpensating force needed to prevent deflection are the key
data. The force being thus neasured between known nasses
separated by a known distance suffices to determ ne the val ue
of G These experinents can be characterized as static



measurenents. Yet sonme snall anpbunt of notion is obviously
involved. A perfect illustration of this was found in a
prelimnary trial of the original neasurenent by Cavendi sh.

To mnimze the problem of air convection, his small
masses, arm and torsion filanment were all enclosed in a tight-
fitting case. Cavendish initially tried using as a torsion
filament a wire that did not offer enough resistance. \Wen the
| arge nasses were brought into place the small masses actually
collided with the walls of the case. This fact is part of the
inspiration for a new experinent that | have been working on.
Before describing ny nodification of a Cavendi sh bal ance, 1’1
tell you of another source of ny inspiration.

Its a hypothetical scenario commonly presented not only in
freshman col | ege textbooks, but also in nore advanced contexts.
The idea is to imagine, far from any other |arge nmasses, a
uniformy dense spherical mass with a hole through a dianeter
Assum ng a perfect vacuumin the hole, what is the pattern of
nmotion that unfolds when a test mass is dropped into it? The
question is usually posed in terns of Newtonian gravity, but it



has al so been posed and solved in terns of Einstein's Cenera
Theory of Relativity. The well-known answer is that the test
object harnonically oscillates in the hole. It is not difficult
to see why this should be so according to these theories.

But what of enpi ri cal evidence? MW research and
correspondence with physicists leads to the conclusion that we
have no direct enpirical support for the prediction. For
exanple, in an email from Bryce DeWtt, of the University of

Texas, he wites that, “The experinment you nention has never
been done. It mght be doable on an asteroid, but the noney
could be nuch better spent on other things.” Sone of ny

correspondents argued that the overwhelm ng support for
Newton’'s and Einstein's theories of gravity gleaned from
observations of gravity-induced notions outside of gravitating
bodi es suffices to |eave no doubt as to what kind of gravity-
i nduced notion wll be found inside gravitating bodies. This
confidence 1is certainly understandable. The validity of
Einstein’s theory and of Newton’ s theory as an approxi mation to
it is indeed well established.

Yet there is this gap. The interior solution is backed by
enpirical evidence only by extrapolation, not by a direct,
tangible fact. | believe that a proper scientific response to
this situation is to investigate possible ways to fill the gap.
| nmyself would like to see the test object oscillate in the
hole [if in fact that’s what happens].

It was once proposed to get an inproved neasurenent of
Newton’s constant by arranging such an oscillation in a
satellite experinent. The great expense and the technical
difficulties involved nixed that idea. My purpose, however, is

much nore nodest. | do not hope to get an especially good
measurenent of anything; | am not concerned with a nunber. |
want only to denonstrate, as a first approximation, that the
test object oscillates in the hole. | don't think we need an

asteroid or a mannade satellite to establish this



Which brings us back to the experience of Cavendish.
Initially, his small masses collided with their enclosure. Wy
couldn't we enlarge the enclosure and have the |arge nasses
sculpted in such a way as to permt the notion to continue
through their centers? OF course we can do this. But then the
guestion becones whether or not we can sufficiently mnimze
non-gravitational influences so as to |eave the gravity acting
between the large and small spheres as the dom nant cause of

noti on.
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A few of the design considerations for the experinent are
as follows: The problem of air convection could be elimnated
by having the apparatus enclosed in a vacuum Since that is
beyond ny financial and technical neans, | have opted for thick
and wel |l -insul ated wal | s.



As it was in the original Cavendi sh experinment, ny torsion
armis also six feet long. The | arge | eaden nasses have 13 inch
di aneters and wei gh about 400l bs each.

The pivot design is crucial. In the static experinments
alluded to earlier a variable resistance to tw sting provided



by a torsion filanment plays the essential role of bringing the
arm back to its neutral, untw sted position. \Wuereas, in the
present experinment we need the resistance to be not only very
smal |, but al so constant through the full range of notion—about
25°. The design |I’ve cone up with to satisfy this need invol ves
a magneti c suspension device. The snmall nasses and the arm are
suspended by wires froma superstructure that is attached to a
brass conical pivot. This whole assenbly, whose pivot point
rests on a flat Teflon bearing, weighs about 8 |bs. The smal
masses are also nmade of |ead and weigh about 2.5 | bs each. A
cylindrical magnet S attached to the top of t he
superstructure. Directly above it another nmagnet extends al ong
the rotation axis through the top of the box. The vertical
position of the latter nmagnet can be precisely controlled from
out si de the box.

This is achieved by a pair of translation stages whose
m cronmeters are coupled by gears and a belt, and whose noveabl e
bl ocks are attached to the armand shaft to which the magnet is
attached. The idea is to |ower the upper nmagnet to the height
at which the 8 Ib weight of the pivot assenbly bearing on the
Teflon is reduced to a few grans.

Assuming that this is a viable strategy so far, perhaps
the nost difficult remaining problemis that of controlling the
angul ar position of the arm from outside the box. Since there



is no torsional restoring force, if the armis noving in sone
manner that we don’'t want or is otherw se out of position, we
need to be able to grab it, put it in the proper starting
position, and then let it go wthout giving it any Kkick.

I hope to achieve this with a set of controls attached to
a shaft that extends through the bottom of the box, through the
arm and the table, and termnating with a plastic disk brake,
positioned just over the disk-like part of the brass cone. The
small range of vertical notion of this shaft needed to engage
and di sengage the brake is provided by |inkage through a |ever
nmounted to the underside of the box and another translation
stage mounted to the front of the box. For angul ar positioning
there is a gear attached to the bottom of the shaft. The gear
is coupled by a belt to a hand-controlled dial.



Each run of the experiment is thus initiated by an
operator sitting in front of the box, from where he can easily
reach the three controls. After initializing the experinment the
position of the armw || be observed through wi ndows in the top
of the box. Assum ng that extraneous influences have been nade
negligible, a graph of the position with respect to tinme would
approximate a cosine curve. Even if gravity were the sole
influence, the notion would not be quite sinple harnonic
because the | arge nmasses are not perfect spheres and because of
the slight arch in the trajectory. The period of oscillation
should be about 60 mnutes. In about 15 mnutes the small
masses would thus reach the center, having there a maxi num
speed of about one half inch per m nute.

Multiple runs of the experinent are of course planned,
starting an equal nunber of tinmes from opposite ends of the

holes. Wth sone luck, the first run wll indicate rough
agreenent with the theoretical curve. Wereas, if | am not so
lucky and the data deviate substantially from the theoretica
curve, the cause or causes wll be sought and elimnated, if
possi ble. | have resolved to hone the apparatus or overhaul it,
if necessary, until | have convinced nyself that the primary

cause of the observed notion is the gravity of the spheres.



