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Gravity Reseerch Foundation, New Boston, H.H.

From

Dx. P.J.Belinfante, 1809 Ravinia Koad, West Lafayette, Indiana.
Mareh 17, 1960.
Desx Mr. Rideocut:

With this letter I send, with two carbon coples of everything:
an sssay on gravity amoia&iy written for your Awerd, preceded
on page 1 by title and a long summaxry (about 200 worxds); btut,
on a separate sheet, I wrote the same title and an abbreviated
summayy of about 105 words, which you may substitpte for the
other summexry. The last page of the essay contains the Pligure,
to which there is reference in the %ex’, and i% ocarries the
various footnotes (including literature references).

The "neutralizing gravity® which you want diseussed in the
assay, is discussed both for more or less uniform motion, in whioch
case it can be done (mee the undexlined sentence on page 3),
and for vibrations and osoillations, in which case \1‘&' cannot be
done, for reasons explained in the essay. aecording vo theory

The last paragraph of page 5 and all of page 6 was sdded
because I think it will interest the scientists among your
readers, as well as the teachers of relativity theory. However,
if my essay othexrwise would be too long (which I don't think it
is, though because of the many formulas I did not count woxds),
you could leave it off, in as far as it does not discuss the
problem of "harneasing gravity*. - (I% is just another application
of the same method used in the first part of the essay in discussing
this hasmessing or neutralizing etec. by measns of motion.)

I enclose glso a bilographic sketch, whieh newspaper men may
abireviate as t hey see fit. \

I also enclose a set of the literature xeferences in this
essay (footnotes 1 through 4). Reprint 4 unfortunately is
defeoctive, 8s two of the inportant pages are missing. I have no

uadefeciingther printed copy, though I could send you a dittoed preprint
with the missing materisl if you want 1t. Also I can s dupli~
cates on fequest, but I think I sent you these publications eady
in the past.

With kind regards, Yours sincerely,
T e e R

el et s

o

P.J .Belinfante



Title and abbreviated summaxry for an essay on gravity presented
to the Gravity Research Foundation by Dr. F. J. Belinfante,
1809 Ravihia Road, West Lafayette, Indians.

Title:
"On the question whether fast motion or fast rotation or vibration
of an object can decrease the effect of gravity on it.®

Abbreviated summary (almost 100 words:)

The gravitational acceleration is veloeity-dppendent.
Consequently, fast particles may be repelled rathexr than attracted
by gravity, Oan this fact be utilized by fast rotation or
vibration of objectst For Einstein's theory of gravitation
the answer is "no", begause of the equivalence principle.

We show how this fact is consistent with the velocityrsdependence

of the gravitational acceleration. Ouxr method may be used for
dexiving the well-known measurable effects of genexal relativity.
Por the linear theory of gravitation of this suthor, the equivalence
principle is not postulated; nevertheless, the same conclusions
hold in a very good approximastion.
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On the gquestion whether fast motion or fast rotation
or vibration of an object can deorease the effect of
gravity on i%

by Dr. Prederik J. Belinfante
yrofessor of theoretical physies
Purdue University, IlLafayette, Indiana

SUMMARY

People have suggested that fast rotation or vibration
of an object may decrease the gravitational acceleration of
its center. The velococitys~dependence of the gravitational
aceeleration of a free particle would seenm to substantiate
this claim. This velocity dependence may be used not only
for neutralizing the pull of gravity toward heavy bodies, but
even for changing it into a repulsion. Por a fast-rotating
hoop, & blind application of the formulas would seem to predict
a vanishing of the gravitational aceceleration as the speed of
the rim of the hoop approaches the speed of light.

The equivalence prineiple shows that for Elnstein's
theoxry of gravitation the argument scmehow mist break down
for rotating or vibrating objects. We show here how the
velocity dependence of the gravitational acceleration and
the absence of an effect of the speed of parts of an odbject
on the aocceleration of its centexr are consistent with each
other. Our method of ealeculation cen also be used for
explaining the various "experimental proofs” of Einstein's
general theory, without talking about geodesios in a curved
space.

For the lineax theoxy of gravitation proposed by this
author, the equivalence principle is not postulated. Nevertheless
also for it the gravitational accelexration of the center of
a rotating body seems to be substantislly (though probably not
rigorously) independent of the speeds of the outer parts of
the body.
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The linear theory of gravitaticni 1223 prédiots a
velocity dependence of the gravitational pull. It has been
asked? whether this fact would mske the gravitational acceleration
of an gtomic macleus of, say, copper different from the
accelerstion of a hydrogen nuocleus, as the latter is a mingle
proton practically at rest, while the formex contains nmucleons
moving fast within it.” |

Although the linear theory does not assume the validity
of the egquivalence prineiple, which would forbid sueh & dependence
of the gravitational scceleration on the nature of the nucleus,
nevertheless it han been shown by consideration of an electro~

RN 1 R k dynamic model of a rotator that the effeots

of the high speed of the outer parts of a rotator also in the
linear theory of gravitstion are substantially undone by compen=
sating effects in the mechanism that keeps the rotator together.2’?

It is interesting to remark that the velocity dependence
of the gravitational acceleration is a feature not merely of the
linear theory, tut of Einstein's theory as well. Using "isotropic
coordinates”, the static spherically symmetric gravitgtional field
around a star may be described by & line element given by

ds° = Q(dx° + ay® + dz2) - §2¢? at?, (1)

vhere Q@ and S0 are functions of r = Yz +y +s2 only.
A particle moving in this field with a velocity

7 = éx/&t {with speed v = 1«41 (v 3 v;,? *T) {2)
= 1/22_? ] }
will experience an aceelexration
dy ¢? ¥? ¥y 4R y &
ggan--zzggahz Q#-vg—s-‘-:-*“q‘*;;’ (3)
where
dQ ase
¥ 3 = x,ZQ, ey = z.gg . (4)

Binstein's gravitational equations give

= 2
e = o+ gt R - (%—%ﬁ), (5)
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vhere i = -;%—_ s WwWith @ = gravitational constant, ¢ = sgpeed

of light, end M = mass of the star. In practice (for planets ete.),
i is very small, and

Qa1 420 + 00ey STt =24 421% 4 ..., }
(6)

80 b -1z 21 +21% 4 ... .
R
(This approximation is good enough for the following.) Then,
EEE by Eg. (3), the gravitational acceleration of a perticle
at rest is ‘

2
§ B g(m) ™ ”%Zﬁ " - %(1 o 41 ooo)’ (7)
6

and for s moving particle we find
2 ,
v 4v{v.g)
¢ ¢

where we neglect texms of the oxder izg and -Fig, tut we negleoct
o~y ° L'l

no powers of -E- in the terms linear in g

If we resolve g and g into components ||y and LY,
we find v?

9_" - 5" (1 - 5‘?} ’ {9)
?;;l - Ej. (1 + ?) . (10)

Pigure 1 shows this yelation for the case v = ¢ (for

photons), WEEE for which ‘?‘.L = 2 §=L This explains why

Einstein's theory gave twice the bending of light rays pasaing
the sun predicted according %o Kewton's theory.

| Equation (9) shows that, for an object approaching or
leaving a star (y || g), s gravitationsl attraction changes

into s repulsion for ‘V)ﬁVg&n 0.58 ¢ . This is not

mich of a2 help in interstellsr travel, as such high speeds
do not ccour just after take-off or just before landing.
Por objects bypassing a star, the effects of 2"" before and

after passing cancel each ojher, and only the bending of the

path according to Eg. (10) is important. If a synchrotron btam
(v=e) ¥s shol up vertically ¢ will experiente g im“;biﬂ‘“\al accel€nation
29 up (instesd of ¢ down), but this wiuld pe giflecalt to measwre.
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A blind application of Eqs. (8) - (10) to a rotational
motion '
X % Acoswtd, y ® Asin wi (12)
in a plane passing through the astar would seem to yield a gravi-
tational asccelerstion which on the average would be decreased.
It 8 is in the x direection, we would find (putting ? = % = .&%’)

a_ = g(1 + 92) - 4?25 sinzs.,;t,

x " f (13)
8, = :;P g sinwt cos wt. ,
The time average of this would give

as if the pull of gravity (in the x dirxection) would b ¢ decreased

by a factor (1 - vf-} 2), and therefore would vanish as v approaches a.

This would G.grcctly contradieot the equivalence prineciple,
sccording to which the accelerations of 2l]l free objects are zexo
in a freely falling frame of reference, and therefore must be
equal among each other mlso in different frames of reference,
independent of whether the objects rotate’d or not. Therefore,
the center of the rotetor, when at rest, should experience the
acceleration g, and not g(1 - ?2).

How Eq. (8) is invalidated for a rotator is most easily
understood if we derive this equation direetly from the equivalence
prinoiple. In the gravitational field with the line element (1)
in our originsl world frame of reference L., we can introduce
a local freely falling frame of reference i. D5ear the point
Y2t 0, xR by a transformation

x'=x¥q, ¥ eV, =R,
- j{ (15)
‘ ‘ 1 _48Q 2, .2 ¥p2 d 2
gt = ﬁ G . w— {x -[-f* ) & e s 3
S 4YQ ar t aviar

whexe f, = g = B. This trensformation makes ds® of Bq. 1)
equal to the Minkowskian

,. as'? = ax'? + dy'2 + dz'? - o2apr? (16)
in %—'. tat for terps at least quadratic in x',y',2',t' in the
coefficients of dx'~ Ve
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In T' then a free particle travels asccording to
X e, v, st =i, (D)

with eonstent velooity ¥'. By transforming back to 2, we find
X a8 a funotion of t. Thenove, we caloulate Yy = dx/dt and

a =dy/dt. From the latter equations we eliminate ¥', and we
obtain g as a function of y. This yields By. (3), and hence
Bg. (8). The terms quadratic in v are found to arise in this
derivation partially from the terms in {15) quadratic in the
coordinates, as X ~ x' = v&t! e vxt, when squared, will sontribute
%0 a sescond time derivative; and pa 1y from the faot t,
for instance in x = x'/YQ = visY/5Y/Q , a fastor like V5Y/Q
by Eq. (4) introduces another time dependence. All these f
contritutions ¥o a thersfore arise from the motion of the
particle to points x' = ¥'t' awvay from its starting point.

For a EEB® rotational or vibrational motion, on the
other hand, in £' M. (17) mist be replaced by something
different, and, if the center instantaneously was at rest,
this on the average will keep the particle where it came from,
and in the mesn no v- contriltutions to a will arise. If the
center moves, then & on the average will be the fumction (3)
or (8) of the velocity ¥ of the center rather than of some

Jittering parts.

The method of dwrivation of Eq. (3) proposed here has
not cnly the advantage of being easily adapted for a disoussion
of oscillators and rotators. This method, whioh avoids the
explieit mentioning of geodesies in curved space vhich scares
people of 1little mathematical sophistication, can also be used
for deriving the formulas for the experimentally verifiable
predictions of Einstein's theory. We mentioned already the
bending of light (By. 10 and Pig. 1). The gravitational red
shift follows fxom BB +' = tV/§) 1ia Bg. (15)s An observer
at infinity in 2., using for compsrison an emitter of light of
frequency Vo, observes the frequency Vv of a similer emitter
falling freely near a star, and emitting the frequency V, with
respect to the freely falling frame of reference L '. Therefore,
V/V, = (@an™(asn)™ = ¥R 2 1 -4,

80 . _&!_,;,__ - ,
- Lol oW
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For dexiving the perihelion motion of the planets, we
must integrate the equation of motion (3). It is easily
verified that integrals of motion are given by

VP 1 Q¥ i
P = B ] - o o $ ] - - (19)
2 QRZ (9] c2§5§ Q
and by

A= % Xy . (20)

By considering what velues these constants take HNE faraway

fxom the star (r —>®, Q~>1, $2=>1), we find that ¥

and ﬁ are related to the energy E and th}i%gr momentum L
of the planet of rest mass P by e

’mz : r.il!.Q ,
- ; 2 (21)
P Y 52‘_ g
(22)

By the conventional methods, Eg. (8) is now brought into
the form

2 2 4
i 4 F -
*iéw%%;“tq( n;flz-n, (23)

with 1 =n/r = Wc‘?‘r. Using a trial solution

i = Bl1+ecoslp), (24)
we Tind
B = -——--—-r“ : , : 55 )
a1 - o) ‘ (25)
and, in first spproximation,
T=1, f\zzm?ah -32). and P_zg--%. (26)

The motion in this approximation is along a Keplexr ellipse
of major semlaxis a and exceniricity e. The next approximation
Yields Binstein's remult for the advance of the perihslion

per period, 2 ; (
= ot -1) W (172 p SEEN 27,
7? o AL - ). T otali - oY) /
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Relation between g and & for v = ﬂsao’ 'g."” - -25“,, &." 02_5*.

1
2)
3)
4)
5)

6)

¥.J.Belinfante and J.C.Swihart, Annals of Physics 3}, 168 (1957).
F.J.Belinfante & J.0.Swihart, Annals of Physics 1,19 (1957).
P.J.Belinfante & J.C.Bwihart, Annals of Physics 2, 81 {1957} .
Revista Mexicana de Fisioa §, 202-205 (1955).

Alsoc on less scientifie grounds, 1t hasbd een suggested that
rotation of vilration might unde gravity. For instanecs,
Jogeph D. 5tites expounds this idea in his proposals for
shielding from gravity.

This partioularly simple dependence of a on ¥ is due %o our
cholice of isotropic coordinates, With Behwarszschildta
coordinates, r and therefore y and g have different meanings
and therefore depend differently upon sach othex.



Biographical sketeh of Dr. Frederik J. Belinfante, suthor of

an essay on the gquestion whether fast motion or fast rotation
gz I:?ration of an objeot can decreame the effect of gravity
Frederik J. Belinfante was born in The Hague, Nethexlands, on
Jamaxy 6, 1915. He got his elementary and highsochool education
in The Hague, and obtained his degrees in physics, mathematios,
and astronomy at the University in leiden, Netherlands. (B.5.
1933, H.S5. 1936, Ph.D. in theoretical physiecs, 1939, doctor's
thesls on meson theoxry.) In 1936 he attended the Seminaxr on
Theoretical Kuclear Physics during the Summer session at '
Fichigan State University in Amm Arbor, Hich. From 1936

until 1946 he was Assistant for Theoretioal ihysics at Lelden
University, under Frofessor H. A. Eramers of international fame.
Since 1945 he was also Lecturer of Thermodynamics. FProm 1946
until 1948, he was Associate Professor at the University of Eritish
Columbia, Vancouver, B.C,, Canada. A% Purdue Universisy, Lafayette,
Indiang, he was visiting professor in May-June, 1947 Associate
Frofessor from 1948 until 1951, and Professor since 1951.

Author of many papexs in Yhysiom, The Physical Review, American
Journal of FPhysics, FProgress of Theoxetical Physies, Annals of
Physics, Reviews of Modern FPhysies, ete.NMaln specialties:
relativistic guantum theory of fields, gravitational theory.

He was reoipient of the first sward of the Gravity Reseaxch
Poundation in 1956,

He married in 1937 Wilhelmins ¥, M. Beukars, born in
groningen, Netherlands, and he has three children and one
grandohild. In 1955, he end his wife became U.S5. MEERENNN
citizens. He is a Fellow of the Aimerican Fhysicsl Society,
menber of the American Assoclation of FPhysics Teachers, of the
American Associstion of University Professors, of the Indiana
Acadenmy of Science, of Sigma X1, of Gigma Pl Sigme, of the
Kethexlands Physical Soelety, of the Universal Esperanto
Assocliation, of Internacia telenca Asoolo Zsperasntists,
and several other organizations. He is an active menber of
the Pirst Methodist Church in West Lafayette, Indiana.

Hobbies: FPhysics; stamp colleoting; tourism; taking
stereo photos; Esperanto correspondence with forelgn countxies.



