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The Possibility of New Gravitational Rffects

Kechand Fersnll

In an appraisal of the possibilities of utilizing the force of
gravitation to further benefit humanity it i2 necessary 4o draw upon
as much experlencs in dealing with naturs as we, as individuals, and
as our soclety, as heir to centurles of scientific investigation, have
been able to accummlate. It is clear that our direct personal contact
with all the physicel phenomena of nature,; by which are revealsd her
inner workings, is necessarily much smaller than the sum total of all
the observations and sxperiments which have been recorded by the human
tace. This latter material formes what we may call the phyalecal exper-
lence belonging to our civilization. Prom this raw material gensral-
‘izations ere sxtracted which in a more or lesa compact and orderly
fashion render an accurate aceeunt of the huge variety of observetions
and resulis of experimants. This business of abstracting and gener-
alizing we call science. The generalizations we cail, of ccurse,
scientific theories. :

Now it frequently happens that a theory can be ext®nded, or
~ extrapelated, beyond its original domain of phsnomens which it was

designed to describe. It may or may not prove valid in this larger
demain. As s simple sxample, & "theory™ based on limited geegraphical
sxperlence in the Middle Ages was thet th¢earth wes flat. Howéver
when ships began to szall to more remote parts of the world this:
“theory” was found to be inadequete to describe the many new facts

(e. g. circumnavigation) which were uncovered. Thus the "theory”
broke down when applied to the earth as a whole, but nevertineless Vg
st11l remained a reliable gulds for a traveler who confined himsélf e
to a relatively small region, such as Europe alone.

We are concerned in this essay with phenomena invelving gravi-
tation. H ere also a theory (Kewtonlial inverse square attrascticn)
which was considered to sxplain all the lmoy"Tacts except fer the
slightly too rapidd@dvumce of the perihelion of Mercury was cenfronted
with a contender (Einstein's general thecry @) relativity). The latter,
in addition to accounting for all ebservations and experiments already
made, predicted that actual observations of certain phenomena not
previously considered would differ from the predictions besed on
Newtonlan theory. Thus it wes that the measursment of ths dq!lectLon v
of light passing the sun, and the red shift of light leaving Mesvy dense )
atars spelled the breakdcwn of Newton's theory of gravitation when
extended to this more remote domain of phenomenz. Now in dealing
with the pessiblility of the finding of new gravitationsl effects we
must use as coemplets knowledge as i3 already avallable of such affects,
which means we must use Einsteln's thecry imn so far zs it differs
appreeciably from Kewten's. In any case a theory which accounts reascon-

ly well for the existing facts 1s an essential stepping stone fer
a:ose considerations.
5 But there are those whe wouldday that in seeking new effects
: at Imagination is necesssry. This is to a large extent true, but
- $t must be imaginstion Tsmpered with asasonsd judgement and knowledge.
Clearly spoculations, based alene cn imagination, which -ars unable
0 give s true account of phemomensa already knewn, are not likely te
dézcribe accurately phenomena &3 yet unsuspected and not yet investi-
gatpd. Therefore, unless another thecry can be produced which includes,.
gll‘that the present one does, it 13 essential for the velidlty eof eur
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speculations that we stay within the framework ¢i' the exiasting

thasory of gravitation., Although it may eventually break down in as

yat unexplored domalns of physlcs and be supvlanted by a more encom-

passing and qualitatively different (and probably more complicated)

theory, it is at present the most reliable guide we have.
Let us then turn to the principal foatu“os of general relatlivity.

The most impor*ant is that ,_ 1s a fleld theory. This means that the

gravitational interaction of matter 1z to bs ceonslidered as broked intve

two parts:

@#1)The preduction of the fisld or disturbance in space by the matter
axisting everywhere. Ome portion of space is censidered to inTluence
{mors strongly if 1t contalns matter) its neighbor, the latter to
pass on the condition in turn to @}E,noighbor, and so on untia the
disturbance has been sxtended throughout the universe. The s3ituatien

is analogous to the spreading of waves over the surface of a pond.
There are partisl differential equations to describe accurately
how the neighbors act on one another.

2)The exertion of actual forces upon matter at any givem point by the
field or disturbance which happens to exist at that peint. ‘

Because of this split ons might expect to be sble to attack the i\
probiem of finding gravitational shialds, absorbers, reflectors, cor
simliar devices through an investigatlon of slther of the two aspects
separately. OCne might hope ,to find a new way ¢l preducing the eld,

or a new wsy of having theaact on the matter. Bul a particls whHich 5

eccording to 2) is acted upon by the fileld will alsc produce a field

of its ocwn., When this is added to the original field alresady present

one 1s able tc describe the total fleld In terms of thes squations of

1). These eguations require the fleld at every peint of spacs to

change in a.c¢ertain manner with time, snd thereby aliso specify the )

way the pertion due to the particls alone varies with time. But /
because the particle and the field it produces are inuimafaly connocte%

we consequently see that the motien of the particle is siso determined

by 1l)hnd that 2) is not actually a sepsrate independent phase of the

theory. The realization and proof of this fadt is a developmert of «__

recent years. Mcre precisely, Eilnstein, 5Sshild, and Infield have proved.

that the equation of motlion of a particle can be derived from the ff“’

gravitational fileld egquations. ; ]
Therefore there is only one feature of the thsory to consider

in surveying known and in scouting for unknown gravitational sffects,

viz. the producticn of the field by matter. To make this discussion

in this essaygmore exact it is necessary to introduce & alight amount

of mathematical symbolism. The fleld to which the Einstein theory

refers is to bs considered as an all-pervading influence throughout our

abstract coordinate framawork of space and time which at any given

point and moment affecis physical apparatus, such as measuring rods

and clocks, when they ars placed there. 'The physical changes in length

ef a rod (which are in principle measurable but tco small in vractice

to detect) and the Slowing) down or speeding up of “metclock as it is

moved from place to place are expressed mathematically by ¢sn quantities,

termed the Fleld quantities and designated DY gu, Zums Zy Zaw Bas Eias Zies

Zns e, and gy, Or abbroviatedfby gL This large number of quantities

is necessary to describe the many d? ‘farent corientations of the mesa-~

suring rod and the many different ways in which space and time measmre-~

ments can be combined. OQur description of nature, at least as far as

gravitational effects are concerned, ls to be regarded as complete

when for any givan distribution of matter the g; are determined for

all of space and time. With the field oquations this is precisely
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sbove, all physically observed accelerations and motions of mass part-
icles are determined by the g;.

It is in the positivistic spirit of modepn physics that we do
not inguire as to what this influence on space "actually is", or
"how" the disturbance spreads from one part of space to another.
Indeed such questions, unti$ they can be phrased in terms of actual
physical experiments, are regarded sas meaningless. An example ofim
meaningful qusestion would bes "In which direction will a stone move
when I let it go?"” The answer which 1s predicted by theory, and
which experiment, as continually assimilated into our personal
badkground since birth, confirms, is of course, "toward the center
of the earth". If we were able to succesafull¥REll such questiens
for all conceivelbe experiments O©f\ the objective world in all possible
situations we would say we understood nature completely.

& To return to our deseription of the gravitational field, we
concentrate our attention on the gy;. In regions where there 1s no
gravitational field to affact the rods and clocks, those factors
take on the simple values guyZu=€sf~1l, Bep 85 Bn 85 Bn"Lrs By B3¢0,

The presence of a gravitational field reveals itself as a deviation
from these quantities. But it is important to reallize that the
deviation with even the most extreme fields 1s very small. There-
fore these quantities will always have a set of values near this
simple set.

¢ most important of the g;; 1a g and it alone need te conasidered
if we ‘f§>not interested in such very delicate effects as the extra
advance of the perihelion of Mercury by 43 seconds of arc per century,
or the slight deflectbon of light as it passes by the sun. The reasom
ia essentially that we have chosen as the natural and standard unit of
messurement of space the distance a light wave travels in one seeond.
Ordinary objects rarely travel at ccmparable veleccitlies. There the
spatial separation of events involving such objects will be negligible
compared to the time separations of these events. For example, a
clock sitting at reat on a desk will continue to tick off time separa-
ti°"§’uﬂ¥§ Fﬁ%l have zero spatial separations between beats.
Sinc8,gyy relsrs only to time separationsz while all the others involve
also the smaller spatial separations, we ses that the former is the
most important. Following these approximatioms it can then be easily
shown that the g, 6 is calculated from the dlstributien of the existing
matter by means of what is called an inhomogeneous wavs equation.
This equation, which we &nclude for the sake of completeness, taking
the cartesian ccordinates x, y, z as measured in the usual spatial
m’.ts, 1! 2a 2 ?, K 3

?d ) ) 2 - Q’__
/whoro G is the universal gravitatlon constant, ¢ the velocity of
light, and ¢ the mass density of matter. It is now very important
to note that except for the time derivative this is quite similar te
the w81l known Laplace equation for the Newtonian gravitational
potcntiaLg,whioE}roada#’ .
..b - _ r
(B) %1 + ’h‘%* ';_i" M("r

The time- derivative has the effect of replacing the instantaneous
propagation of the gravitational field as Newton envisaged by wave
propagation with the velocity of light. However the speed e¥ light .
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is so enermous that thls slight retardation is ssldom of any 1%80?tansau
With all of tahe above qualiifications we see that we nave Lo+ = end

can caloulate gravitational #f{ects in terms ol tlhe Newtonian
petentlal, ® . JFor terrestrial conditions Einsteinis theory of grav-
itation reduces to Newton's claeslical theory of the universal inverse

square stiraction with negligible error in the sppro€imation.

ore elaborating on the important conssquences of the last
gsntence let[ﬁ§>f1rst make these abstract equations u bit more econ-
crete by an axplicit example which will verify a statement slready

made above. We have said that the deviation of gysfirom 1 is vav;
=
4

amall even in the presencs of a strong field. This devistion is
whieh we would 1like to evaluste fer the gravitational fleld at the
sarth's surface. Here GH/R by Newtoniam physics, whers R is the rad-
ius of the earth, or about 4,000 miles. But it can easily be ahown
that the agceleration of a freely falling body, 52ft/see, is given
by a OM/R®, Conseguently-

£ 2:52Weet FHO@ e Thno4xRO0 o gxblex 8 og xe7 8
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Being about one villionth, this 13 an extremaly small frastional change
and quits undetectable. Although genersl relativity has its founde-
cien in changes of lengths and of Intervals of time, this feature
does not contradict our "common sense” bLecause these echangss ars
imperceptible. It is only in the lenghlsning of the average lifstims
of radieactive cosmic rays‘%ravsling practically at the speed of
light that this chCange hms been observed directly on the esrth.

It 13 primarily the more indirect features of the theery whish follew
from the field equatiens which are amenable to observetion and experi- "
mental verificatien.

Our purpose im taking this long rcad through the pressnt theery
of gravitation was to explore every posasible assess it might afferd \
to new snd useful effscts such as the shielding , reflection, or ]
ebsorption of the gravitetional fleld. We have found that in dealing |
with masses even up to the size of the earth and with velecities such |
as cam be obtained in the laboratory by whirling for example a masaive |
flywheel until it flies te pieces the Einateln theory reduces for owr
purposes to the Newiondan theery. Our hope of finding some especially {
promising nook or cranny in the structure cf the theory ol general {
relativity has been frustrated. This is important, for it means that i
the most relisble sclentific Jjudgsment evailsbls at the present time \

a8 to the possibllity of finding scomething new in this categery of
phenomensa zan be cbtained from the old Newtonlam theory alcne.
There are two vary serious difficmlties which this theory indic-
£ ates ile in the way of findipg the gravity devices listed sbova.
4 % MEET are, using somewhat technical terms, 1)weak coupling end 2)lack
: of sinks. Both are basic Testurea of the physical worid and are se
ingrained in our everyday existence that it 12 difficult to see how
they couid ever bDe found to be basically incorreet. The first refers
te the weak coupling between mattér and the gravitatlional fileld,
compared for exampls toe the coupling between electrically charged
particles and the electromagnetic fleld of force. A graghie illus-
tration is the violent repulslom of two pith balls when they are
given like charges., When they are now neutralited their residuasl
gravitation atirastion is much teo feebis to measure. Or again, it
requires the entire mass c¢f the earth to produce the moderate down-
ward attreaction which we experience as the "forece of gravity". This
sccidentalfdisparity in the strengths of the eisctrostatic and grav~

itational flelds 13 prebably not entirely unfortunete. Fer it is well
*o reamambawr that onr Buscuiar strsesth. the raniatarnce of materials
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such as steel girders to deformation, and countless cther thinga
important in our daily 1ife depend in the last analysis on the
strong electrostatic forces holding the atom together (28 well as
certain quantum mechaniocal effects which give stability to these forees).
Cell growth and the evolution of 1ife would be impossible if indis-
criminate gravitation attraction predominsated over the highly

selective eolectrostatic and chemical forcss which knit tegether in

very special arrangement the atoms of the astoundingly complex organie
molecules, -

The efficiency of matter in producing a gravitationsl field de-
pends on the right hand sides of equations (4) end (B) and is pro-
portional te p, the mass density. Remembering that energy also has
mass according to E/e%=m, we might dc well to investigate its
corresponding mass density in forms other than matter itself.

Consider the energy radiated from & 100 watt light buldb in the

form of eletremagnetic waves {light and heat). At a distance of

about 10 inches of* 28 centimeters from the filament there strsams
through the surface a flux of energy per square centimeter of "

100% 10 Fhoss 3 with a mass flux of 1 27xic! ™ Memtare _ Jrees
7 R0 et =(.'let0jm ’ [N Z2 LH D a5

Since the mass w&éch passes during one second gets stretched over e
distance oné}lp cm, we see that the actual mass density is 4.7x10"%
grams per oublc‘gentimeter-~incredibly smell. This is only ralsed by
a fastor of about 109 if we caloulate the density of mses correspondi
to the radistion built up inside a furnaze at atout 1,400 F. Thus
matter is truely a condensed form of energy, heving a density ef
usuglly esbout ons gram per cubic centimeter. Energy in the form of |
rediation 1s much too dilute to producs & usaful gravitational fleld.;
The seccend point allows us a greater play cf imagination. The
lack of sinks for the field means that no negstive masses exlat which
can "pullfin the field®™ that emanates from the other positive masszes.
The easze with which electrostatie fields can be shlelded depends cn
the existence of both posltivs and negative electric charges.
Excess electrons can appesar on thes surface of a cenducter to neutra- A
lize & field due to positive charges, or electrons can be carrled , -
away, leaving the poslitive protoms to neutralize some external field

produced by electrens. Althoug lx_gﬂnnnl§£lxg1”££ﬁ&iiigmmg9aea
can\}z;mmg._agg@.r‘d,;ia&m,nm‘m_mtions . They however have
to be extrapolded Leycnd the known range ol VEIIdity and may lead us
sastbay. But we should expeet that such particlesa weuld sccelsrate in
a direction opposite to the force appliisd to them. Thus they would
move toward pocitive and away from negative masses. Furthermore a
positive mass would be repellsd snd would roecsde from thse negative.
Thus a sort ef chase begins, with the poslitive running away from the
negative mags. As the welocity of both increases the positive mass
gains Mnetic energy (&mv2) while al the same time the negative mass
increases its negative kinetic energy. Thus total energy 1s conserve
and likewise with momentum. It would seem that the pair accelerates
until it reaches the velocity of light, then assumes the role eof
perhaps the neutrino. This speculation could be made more quantita-
tive and may perhaps be frultful in the field of elementary particle
research., In any case i1t shows that we cannot expsct to be abls to ; .
use large smounts of negative mass to absorb the gravitatienal field i&,&
Sueh s unit would immediately desintegrate due to the mutual repulsi e
and its individual particles would flee in all direetlions in the ] o EA
merry chase after ordinary positive msss partisles.
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In view of the evidence presented above we must conclude that therq
18 nothing we can do to appreciably alter the earth's grsasvitational |
attraction for bodies at its surfece. It requires the whole mass of !
the earth to set up this fi1eld, which can only be modified by a body
of comparable mass. KNegative mass _offers the onl ossibility of
shielding this field, but such material mﬁﬁﬁlﬁg"ﬁ”foﬁin nature
and theoretical treatment indicates that i1f 1t did exist it would
soon ronder.ﬁtself useless to us. In any case a tremendous guantit
would be needed for any measurable e{’act., We are forced to the con-
clusion that shields, absorbers, or raflectors of gravity, as we f%ﬁ”’”
would expect to know them from an analogy with electromegnetics, are p
not to be expected to be found. Lo

This does not mean that new effects are not likely to be discovered.
However these future effects willl surely be rather subtie to have
gone unnoticed for so long. Such for exsmple was the case with the
discovery of the law# of electromagnetism by Faraday and Maxwell,
Only much later did these slight and previously unnoticed phenomena
become the basis for dynamos, electric motors, radle, etc. At pre- !
sent the expectation of a self-consistent unified field theory which ;
will describd oth gravitation and electrodynamics is quite optimiatiec;
Einstein's 1 8t theory has not yet reached this stage but is con-
sidered as the most promising sttempt in this direction. Such a
theory should give many predictions of completely unsuspected phen-
omena depending on the interaction of electric charges and the
gravitational fleld. The great difficulty involving laboratory
experiments in general relativity is the extreme smallness of the
effects. However if coupled with the much stronger electrical
effects, general relativity might be made an experimental field of
investigation and be brought into the laboratory for the first time.
Work in both the theorstical and, hopefully, later the experimental
aspects of this subject should be strongly encourage as it could be
very fruitful. But history shews that a frontal attack in sclence
is not likely to be the most successful., Endeavors gulded primarily
by the desire to know and understand the laws of nature have usually
been the ones which have ultimately resulted in the meost benefit teo

humanity.
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