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Summary. — We present some general reasonings using the mass-energy
equivalence and Weher’s force law for gravitation to show that the weight of a body
should increase with its temperature. The two approaches predict a fractional
change of weight or, equivalently, of the gravitaticnal constant G, of one part in 10
per degree.

PACS 1225 — Models for gravitational interactions.
PACS 01.55 - General physics.
PACS 0450 — Unified field theories and cther theories of gravitation.

According to Einstein’s relation, ¥ = Mc?2, if we increase the energy content of a
body, automatically its mass is increased. Using the proportionality between inertial
and gravitational masses, we coneclude that not only its inertial mass but also its
weight should inerease if its temperature is raised.

We now calculate this value. To this end, we suppose two spherical solid bodies 1
and 2, with isotropic distributions of mass g, (v;) and g2 (ry), separated by a distance
R. We will represent their «cold masses», that is, their masses at zero degrees kelvin,
by My, and M,. From Newton’s universal law of gravitation we have at this
temperature F = — GM ;oM /R2. To arrive at temperatures T, and T, they need to
receive a thermal energy. We utilize the law of Dulong-Petit[1] to estimate roughly
this amount of energy increase. If body 1 has N, and body 2 has N, molecules, we
obtain 8K, =3N kg7, and 8E,=3N,KgT,, where kg is Boltzmann's constant.
Using Einstein’s relation we conclude that at these temperatures Newton's law will
read
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This means that, in general, if we increase the temperatures of bodies 1 and 2 by T
and &7, there will be a fractional change of the gravitational foree given by

oF _ kel | kniTs|
F Mpe®  MgyCl

©

In this expression we utilized that M, = N;m, where i, is the average mass of the
molecules constituting body <.

We now analyse the same problem using Weber's law[2-7]. This is essentially
Coulomb’s law (or Newton’s law) plus terms which depend on the velocity and
acceleration between the interacting bodies. There has been a renewed interest in
this force law because from it we can derive not only Faraday’s law of induction but
also Ampére’s force between current elements, In the last few years a large number
of experiments have been performed ftrying to distinguish Ampére's force from
Grassmann’s force{8-11] but this is still an open question[12-13]. When applied to
gravitation, Weber's law reads[14]
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In this expression F is the foree exerted by Mgy ON My, =T —Fp, ¥ = |12,
Fio =Pz /7, U =drg/df, ap=duvy/di, ¢ is the light velocity in vacuum and

o

In order to calculate the gravitational interaction between the two previous
spheres at temperatures T, and 75, we make the following: In the first place we
suppose each molecule vibrating harmonically around an equilibrium position. For
instance, if the equilibrium position of molecule 2 is the origin and that of molecule 1
i8 Y%, a possible motion is m=A, sin(wsf+0,)% and r =y, + A sin (e t+6 )]y
For simplicity we suppose w; = %w,, where n is an integer, and 3> A] + AZ, which
means that the distanee E between the two spheres is much greater than the
amplitudes of oscillation. We then utilize these values of r; and r; in eq. (3) and
perform two averages. The first one is on time, integrating from ¢t =0 to t =T, =
= 2n/w;, and dividing by 73, and the second one is on the phases, allowing any value
between 0 and 2 for 8, and for 6,. We suppose also that y 3> c¢?/wf + ¢? /wi. The
average value is found to be

o 2,2
(4) ((F)) - - Gmlomzo _ylﬂy'a' (1 + 5‘ Al 1 ).
|90 4

We perform this average for the nine combinations of oscillation along the main
directions (i, oscillating along X, ¥ and Z, and the same for my). The final average
value is found to be

Y107 (HiA?wHA%w%)
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A molecule in a solid has six degrees of freedom so that (E) = 6(kp T/2). As
(E) = 6{m’u‘2/2) we get {mwl)=kyT or (mv - v) = 8k T. In the case under considera-
tion (v2) = A%w? /2 so that, applying these results in (5) ylelds, after integrating for
the solid bodies,

MIIJMZIJ 1+
R2

(®) CFh=-¢ Mao? | Mpc?

E leBTl + NszTg
6 .

The fractional change of force according to Weber’s law is then given by

D 5(F> = E kBST; + }GBST‘Z )
(F) Myl Mgy C*

This result is analogous to (2) and has the same order of magnitude.

To have an idea of this fractional change of gravitational force, which can be
considered as a change of weight, of mass or of G, we take into eonsideration two solid
spheres of iron. Then &{F)/{F)=10"1/°C. If we change the temperature of the
bodies by 100 °C, then 3{F}/{F}=10""%, which is near to the limit of precision of the
modern analytic balances, We propose this experiment in order to know if these
effects oceur simultaneously or if only the mass-energy equivalence is compatible
with the experiments,

In conclusion, we could say that two different ideas and concepts lead to the same
conclusion that the gravitational foree between two bodies should be a funetion of
their temperatures. Moreover, the expected fractional change of force is of the order
kB & T/ mc 2 .

Recently, Massa studied some theoretical consequences of a gravitational constant
which depends on temperature[15]. In this work we restrict ourselves to pointing out
two different models indicating the possible existence of this effeet. Other
ramifications of this idea are outside the scope of the present work.

It is worthwhile pointing out that Poynting and Phillips examined experimentally
a possible dependence of gravitational force on temperature before the coming of
Einstein’s relation £ = Mec?, see reference[16]. They showed that if the weight of a
body changes due to a modification of its temperature, this change corresponds to less
than one part in 10" per degree. There is no contradiction between this result and the
effect caleulated in this work because we predict a change of only one part in 10™ per
degree. :

* * %

One of the authors, AKTA, wishes to thank Dr. R. de A. Martins for many
profitable and stimulating discussions. He thanks also FAPESP and CNPq (Brazil)
for financial support during the last years. The authors thank the referee for his
valuable suggestion regarding the first version of this work.

REFERENCES

[1]1 F. RErF: Fundamentals of Statistical and Thermal Physics (MeGraw-Hill, Tokio, 1965),
Chapt. 7.

48 — If Nuove Cimenio B



716 A K. T. 48318 and R. A, CLEMENTE

[2] J. C. MaxwELL: A Treatise on Electricity and Magnetism, Vol. 2 {Dover, New York, N.Y,,
1954), Chapt. 23.
3] A. O'RaurLLy: Electromagnetic Theory, Vol. 2 (Dover, New York, N.Y., 1965), Chapt. 11.
[4] J. P. WeSLEY: Found. Phys. Leit., 3, 443, 471, 586 {1990).
[5]1 T. E. PHIPPS jr.: Apeiron, 8, 8 (1990).
[6] A. K. T. Assis and J. J. CaALuzl: Phys. Lett. A, 160, 25 (1991).
[71 A. K. T. Assis: Can. J. Phys., 70, 330 (1992).
[8] P. GRANEAU: Nature, 295, 311 (1982).
[9] P. GRANEAU: Ampére-Neumann Flectrodynamics of Metals (Hadronie Press, Nonantum,
1985).
[101 P..T. Parras: Nuove Cimento B, 76, 189 (1983).
[11] T. E. Puzprs and T. E. PHIPPS jr.. Phys. Letl. A, 146, 6 (1990).
112] P. CorNILLE: J. Phys. A, 22, 4075 (1989).
[13] P. G. MoyssipEs: IEEE Trans. Magn., 25, 4298, 4307, 4313 (1989).
[141 A. K. T. Assis: Found Phys. Lett.,, 2, 301 (1989).
[15] C. Masga: Helv. Phys. Act., 62, 424 (1989).
[16] J. H. PoynTiNg and P. PHILLIPS: Proc. R. Soc. London, Ser. A, 76, 445 (1905},



