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The Moon’s Rotation

By NIKOLA TESLA

In this article Dr. Tesla proves conclusively by theory aid experime
tional and that the moon contains absolutely no rotational energy, in o

N revising my article on “The Moon’s
Rotation”, which appeared in the April
issue of the ELEcTRICAL EXPERIMENTER,
I appended a few remarks to the orng-
inal text in further support and eluci-
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Fig. 1. In Determining the Kinetic Energy
of a Rotating Mass, This Figure Shows the
Salection of a Number of Points Taken With-
in the Straight Rod or Mass M, at Successive
Distances from the Axis ui‘! Rotation O,
Knowing These Values and the Speed of Ro-
tation the Kinetic Energy of the Mass Is
Readily Computed.

dation of the theory advanced, Due to the
printer's error these were lost and, in con-
sequence, | found it necessary to forward
another communication which, unfortunate-
ly, was received too late for embodiment in
the May number. Meanwhile many letters
have reached me in which certain phe-
nomena presented by rotating bodies, as the
moon's librations ot longitude, are cited as
evidences of energy due to spinning motion,
i. e., proofs of axial rotation of the satellite
in the true physical sense. 1 trust that the
following amplified statement will meet all
of the objections raised and convert to my
views those who are still unconvinced.,

The kinetic energy of a rotating mass
can be determined in four ways which are
illustrated in diagrams, Figs. 1, 2, 3 and 4
and may be found more or less suitable.

Referring to Fig. 1, the method consists
in selecting judiciously a number of points
as oy, Oy Os, €1C., within the straight rod or
mass M, respectively at distances r., ra Iy
etc., from the axis of rotation 0 and cal-
culating the square root of the mean square
of these distances. Its value being Rq, de-
noted radius of gyration, the effective ve-
locity of the mass at » revolutions per sec-
ond will he Vo = 2TRun and its kinetic
energy E= 15 M V. = 14 M (2 TRn)?,

In Fig. 2 the mass M, rotating n times
per second about an axis 0 at right angles
to the plane of the paper, is divided into
numerous clements or small parts, most
conveniently very thin concentric laminae,
as L, ls ls etc, at distances r, r;, r; etc,
from 0. Since the kinetic energy of each
part is equal to half the product of its mass
and the square of the velocity, the sum of all
these elemental energies E = 4 Z m V' =
4 m, v:"‘f"f’i m: Vi =+ %mu"ﬁ-’w}- cern
=% m (2 rrin)" + ¥ ma (2 *ran)? + 14
ms (2 *ran)® 4+ ......,

A different form of expression for the
energy of a rotating body may be obtained
by determining its moment of inertia. For
this purpose the mass M (in Fig. 3), ro-
tating » times per second about an axis 0,
is separated into minute parts, as m, M, M,
etc., respectively at distances r., ry ri, etc,
from the same. The sum of the products
of all these small mnasses and the squares

of their distances is the moment of inertia
I, and then E = 4 [ ', w = 2 v n being
the angular velocity.

It is obvious that in all these instances
many points or elements will be required
for great accuracy but, as a rule, very few
are sufficient in practice.

Still another way to compute the kinetic
energy is illustrated in Fig. 4, in which case
the quantity I is given in terms of the mo-
ment of inertia I about another axis paral-
lel to 0 and passing thru the center of
gravity C of mass M. In conformity with
this the ene of motion E=1 M V' 4+
14 I« o in which equation V is the velocity
of the center of gravity.

The preceding is deemed indispensable as
I note that the correspondents, even those
who seem thoroly familiar with mechanical
principles, fail to make a distinction be-
tween theoretical and physical truths which
15 essential to my argument.

In estimating the kinetic energy of a ro-
tating mass in any of the ways indicated
we arrive, thru suitable conceptions and
methods of approximation, at expressions
which may be made quantitatively precise
to any desired degree, but do not truly de-

Fig. 3. Another Form of Expression for the
Energy of a Rotating Body May Be Obtained
by Detarmining Its Moment of Inertia. Here
the Mass M Is Subdivided Into Minute Parts

I"I'It, m‘f mll R 'tu! Th' sum 'ﬂf th. Pmd‘
ucts of These Masses and thes uares of
Thelir Distances Is the Moment of Inertia,

Which with the Anné.llnr Speed, Gives the
Kinetic Energy E.

fine the actual condition of the body. To

illustrate, when proceeding according to the
plan of Fig. 1, we find a certain hypothetical
velocity with which the entire mass should
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Flg. 4.
Inta Two Saparate Componsnts—0Onea Transs

Im this Case the Motion |s Resolved

latlonal About QO and the Other Rotational
About C. The Total Kinetic Energy of the
Mass Equals the Sum of These Two Eﬂll"ﬂill..

nt that all the kinetic energy of a rotating mass is purely transia-
ther words, does not rotate on its axis.—EDITOR.

move in order to contain the same energy,
a state wholly imaginary and irreconcilable
with the actual. Only, when uall particles of
the body have the same velocity, does the

I-'Iql: 2. in This Cass the Mass M, Rotating
n Times Par Second, About An Axis O, Is
Divided Into Numerous Elements or Small
Parts at Various Radll from 0. Knowing tha
Kinatic Energy of Each Part, the hole
Kinetic Energy of the Mass Is Easily Deter-
minad by Taking a Summation of the indi-
vidual Quantities.

product 4 M V" specify a physical fact and
15 numerically and descriptively accurate.
Still more remote from palpable truth is
the equation of motion obtained in the
manner indicated in Fig. 4, in which the
first term represents the kinetic energy of
translation of the body as a whole and the
second that of its axial rotation. The for-
mer would demand a movement of the mass
in a definite path and direction, all particles
having the same velocity, the latter its simul-
taneous motion in another path and direc-
tion, the particles having different velocities,
This abstract idea of angular morton is
chiely responsible for the illusion of the
moon's axial rotation, which [ shall en-
deavor to dispel by additional evidences.
With this object attention is called to
Fig. 5 showing a system composed of eight
balls M., which are carried on spokes 3,
radiating from a hub H, rotatable around
a central axis 0 in bearings supposed to be
frictionless, It is an arrangement similar
to that before illustrated with the exception
that the halls, instead of forming parts of
the spokes, are supported in screw pivots s,
which are normally loose but can be tight-
ened so as to permit both free turning and
rigid fixing as may be desired. To facili-
tate observation the spokes are providea
with radial marks and the lower sides ot
the balls are shaded. Assume, first, that
the drawing depicts the state of rest. the
balls heing rotatable without friction, and
let an angular velocity @« = 2 = n be im-
parted to the system in the clockwise direc-
tion as indicated by the long solid arrow.
Viewing a ball as L{, its successive positions
1, 2, 3—8 in space, and also relatively to
the spoke, will be just as drawn, and it
is evident from an inspection of the dia-
gram that while moving with the angular
velocity @ about 0, in the clockwise direc-
tion, the ball turns, with respect to its axis,
at the same angular velocity but in the op-
position direction, that of the dotted ar-
row. The combined result of these two
motions is a translatory movement ot the
ball such that aill particles are ammated
with the same velocity V. which is that of
its center of wravity, In this case, granted
that there is absolutely no friction the
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n about the parallel axis passing thru

kinetic energy of each bhall will be pg=
wiven by the product of ¥4 M V° not
approximately, but with mathematical
rigor. 1f now the pivots are screwed
tight and the balls fixt rigidly to. the
spokes, this angular motion relatively
to their axes hecomes physically im-
possible and then it is found that the
kinetic energy of each ball is in-
creased, the increment being exactly
the energy of rotation of the ball on
its axis. This fact, which is borne
out both by theory and experiment, is
the foundation ug the general notion
that a gyrating body—in this instance
ball M—presenting always the same
face towards the center of motion,
actually rotates upon its axis in the
same sense, as indicated by the short
full arrow. But it does not tho to
the eve it seems so. The fallacy will
become manifest on further inquiry.

To begin with, observe that when
a mass, say the armature of an elec-
tric motor, rotating with the angular
velocity w, is reversed, its speed is
— w and the difference v — (— «)
— 2w, Now, in fixing the ball to the
spoke, the change of angular velocity
is only @; therefore, an additional
velocity w would have to be imparted
to it in order to cause a clockwise
rotation of the ball on its axis in the
true significance of the word, The
kinetic energy would then be equal to
the sum of the energies of the translatory
and axial motions, not merely in the ab-
stract mathematical meaning, but as a phy-
sical fact. I am well aware that, according

to the prevailing opinion, when the ball is
free on the pivots it does not turn on its
axis at all and only rotates with the angu-
lar velocity of the frame when rigidly at-

Having

Mass M, of Radius r, Rotating About Ceantar

O, and Used In the Theoretical Analysis of
the Moon's Maotlon.

Fig. 6. Diagram Showing a Bail

rached to the same, but the truth will ap-
pear upon a closer examination of this
kind ot movement,

Let the system be rotated as first assumed
and illustrated, the balls being

—
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_ - |l

Flt 5.
B aills
Centar 0.

Which Can Be Tightenesd.
of the Moon's Rotatlion on Its Axis Is Demonstrable.

The Balls Ars

with

those parts of the masses which are nearer
to the center of motion, of some kinetic en-
ergy of transiation while adding to the en-
ergy of those which are farther and, obvi-
ously, the gain was greater than the loss so
that the effective velocity of each ball as a
whole was increased. Only so have we aug-
mented the kinetic energy of the system, not
by causing axial rotation of the balls. The
energy E of each of these is solely that of
translatory movement with an effective ve-
locity V. as above defined such that E =
14 M V.. The axial rotations of the ball in
either direction are but apparent; they have
no reality whatever and call for no mechani-
cal effort. It is merely when an extraneous
force acts independently to turn the whirl-
ing hody on its axis that energy comes into
play. Incidentally it should be pointed out
that in true axial rotation of a rigid and
hnmp?’tnuu! mass all symmetrically situated
particles contribute equally to the momen-
tum which is not the case here, That there
exists not even the slightest tendency to
such motion can, however, be readily estab-
lished.

For this purpose I would refer to Fig. 6
showing a ball M of radius r, the center C
of which is at a distance R from axis 0 and
which is bisected by a tangential plane pp as
indicated, the lower half sphere being shaded
for distinction. The kinetic energy of the
hall when whirled n times per second about
0 s according to the first form of expression
E=4MVi=1 M (2"Ren)!, M being
the mass and R, the radius of gyration. But,
as explained in connection with Fig. 4, we
havealsoc E= ¥ MV'+ 4 [« V=27Rn
being the velocity of the center of gravit
C and . the moment of inertia of the ball,

This Diagram Represents a System Caomposed of
M, Carried on Spokes S, and Rotating Around
FHII; Rotatable on Plvots

his Model the Fallacy

C and equal to 3§ M i’ so _that E =
M (2*Rn)'+ % M (27 n)”

either of these two expressions for
E describes the actual state of the
body but the first is certainly preier-
able conveying, as it does, the idea of
a single motion instead of two, one
of which moreover is devoid of ex-
istence, 1 shall first undertake to
demonstrate that there is no torque
or rotary effort about center C and
that the kinetic energy of the sup-
posed axial rotation of the ball 1s
mathematically equal to zero. This
makes it necessary to consider the
two halves arated by the tangen-
tial plane pp wholly independent from
one another. Let ¢, and cs be their
centers of gravity, then Can = Ccs
= 3 r. In order to ascertain the
kinetic energy of the hemispheres we
have to find their radii of gyration
which can be done by determining the
moments of inertia Ic, and Ics about
parallel axes passing thru c, and cs
Complex calculation will be avoided
by remembering that the mornent of
inertia of either one of the half
spheres about an axis thru C is Ie
=14 X % M ', = % M r’ and
sincce M =2m, [¢c = % mr. This
can be exprest in terms of the mo-
ments [c, and Ic,; namely, I¢ = I +
m(4r)'=1a+ m (35 r)’. Hence
len=laa=lc—m(H{r)=¥mr —
9/64 m r’ = 83/320 m r’. Following the
same rule the moments of inertia of the
half spheres about the axis passing thru the

center of motion 0 can be found. Designating
the moments for the upper and lower halves
of the ball, respectively, lox and lg. we
have Ioo = m (R + ¥4 r)* + la = m (R
+ 3% r)* + 83/320 m r’ and Ig» = m (R

Fig. 7.

sidered as Condensed Into Points, Attached

to Weightiess Strings of Different Radli. If

Both Strings Are Cut, and the Masses Con-

sidered as Joined, Then There WIll Be No

Rotation About the Common Center of
Gravity,

...;?r)’-[—l:,:m{ﬂ-—-}i ry’ 4 83/320
m r’, Thus for the upper half sphere the

Here Two Masses m-m, Are Con-

perfectly free on the pivots, and
'magine the latter to be gradu- I

™ v

allv tightened to cause f{riction
slowly reducing and hinally pre-
venting the slip. At the outset
all particles of each bhall have
been moving with the speed of
its center cr% gravity, but as the
hearing resistance asserts itself

radius of gyration Ry =
(R + 1/ r)?

— | I{h
\,‘|| m + 83/320 ¢

more and more the translatory

N and for the lower one Re =

o [(R—4e2
= - + 83/320 r*

These are th_: distances from
center 0, at which the masses of

velocity of the particles nearer
to the axis 0 will be diminishing,
while that of the diametrically

rig. 8

the half spheres may he con-
centrated and then the algebraic
sum of their energies—which are

'J wholly translatory those of axial

opposite ones will be increasing, K

until the maxima of these
changes are attained when the
halls are firmly held. In this op-
eration we have thus deprived

Fig. 8. To Make the Problem Shown in Fig. 7 Clear, Imagine Two
Riflta Barrels Parallel to Each Other.
Simultaneously, Joined by a Theoretical Bond, The
About Their

ommon Center of Gravity, Proving

If Two Balls M-M Are Fired

will Revolve
hat the Moon
Possesses Only Kinetic Energy of Transiation.

rotation being nil—will be exact-
lv equal to the total kinetic en-
ergy of the ball as a unit, The

(Continwed on page 136)
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significance of this will be understood by
reference to Fig. 7 in which the two
masses, condensed into points, are repre-
sented as attached to independent weight-
less strings of lengths Ra and Re: which
are purposely shown as displaced but
should be imagined as coincident. It will
be readily seen that if both strings are cut
in the same instant the masses will Hy off in
tangents to their circular orbits, the angular
movement becoming rectilinear without any
transformation of cnerfy occurring. Let
us now inquire what will happen if the two
masses are rigidly joined, the connection
being assumed imponderable. Here we
come to the real bug in the question under
discussion. Evidently, so long as the whirl-
ing motion continues, and both the masses
have precisely the same angular velocity,
this connecting link will be of no effect
whatever, not the slightest turning effort
about the common center of gravity of the
masses or tendency of equalization of ener-
gy between them will exist. The moment
the strings are broken and they are thrown
off they will begin to rotate but, as pointed
out before, this motion neither adds to or
detracts from the energy stored. The ro-
tation is, however, not due to an exclu-
sive virtue of angular motion, but to the
fact that the tangential velocities of the
masses or parts of the body thrown off
are different.

To make this clear and to investigate the
effects produced, imagine two rifle barrels,
as shown in Fig. 8, placed parallel to cach
other with their axes separated by a dis-
tance Ra — Rys and assume that two balls
of same diameter, each having mass m, are
discharged with muzzle velocities V, and
V., respectively equal to 2 * n Ry and 27 n
Ry: as in the case just considered. If it be
further supposed that at the instant of leav-
ing the barrels the balls are joined by a
rigid but weightless link they will rotate
about their common center of gravity and
in accordance with the statement in my
previous iﬂi{:lﬂvamw‘ﬁ’ mentioned, the rela-

1 == |
tion will exist —2——— =7rn (Ru — Ra)

n being the number of revolutions per sec-
ond. The equalization of the speeds and kin-
etic energies of the halls will be, under these
circumstances, very rapid but in two heav-
enly bodies linked by gravitational attrac-
tion, the process might require ages. Now,
this whirling movement is real and requires
energy which, obviously, must be derived
from that originally imparted and, conse-
quently, must reduce the wvelocity of the
balls in the direction of flight by an amount
which can be easily calculated. At the
moment of discharge the total kinetic ener-
gywas E= %Y m V. 4+ 2 m Vy which is
evidently equal to m V., Vi being the ef-
fective veloeity of the common center of
gravity, from which follows that \ =

AR
—-—2—-—-— The speed of revolution of
1'I-.l —— 1|"":
the masses 15, of course, =——— - amdl the

2
rotational energy of hoth halls, which must

V.—\,
he considered as points, is ¢ = m(—-—- - )
3

The kinetic energy of translation in the
direction of Hight is then ¥4 m V' + i m

V= Vu\? Vi + Vi1
‘H—m( )=m(-—-———-)=m

=
Vi 4\
& Ve = — being the speed of the

_l_,l'«.iI
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common center of gravity, so that Vs — V,
is the loss of velocity in the direction of flight
owing to the rotation of the two mass points.
If instead of these we would deal with the
balls as they are, their rntlti;:mnl energy

Ve 4+ Vi
a=ec4ie"=m (—5—-)+i[21n}'

i being the moment of inertia of each hall
about its axis. '

As will he seen, we arrive at precisely the
same results whether the movement is recti-
linear or in a circle. In both cases the total
kinetic energy can be divided into two
parts, respectively of the same numerical
values, but there is an essential difference.
In angular motion the axial rotation is noth-
ing more than an abstract conceplion; 1n
rectilinear movement it is a positit'e evenl,

Virtually all satellites rotate in like man-
ner and JIE probability, that the accelera-
tion or retardation of their axial motions—
if they ever existed—should come to a stop
precisely at a definite angular velocity, is in-
finitesimal while it is almost absolutely cer-
tain that all movement of this kind would
ultimately cease. The most plausible view is
that no true moon has ever rotated on its
axis, for at the time of its birth there must
have been some deformation and displace-
ment of its center of gravity thru the at-
tractive force of the mother planet so as to
make its peculiar position in space, relative
to the latter, in which it persists irrespective
of distance, more or less stable. In ex-
planation of this, suppose that one of the
halls as M in Fig 5 is not of homogenous
material and that it is similarly supporter
hut on an axis passing thru its center of
gravity instead of form. Then, no matter
in what position the ball is fixed on the
pivots, its kinetic energy and centrifugal
pull will be the same. Nevertheless a di-
rective tendency will exist as the two cen-
ters do not coincide and there is, conse-
quently, no dynamic balance. When per-
mitted to turn freely on the axis of grmriti.-
the body, of whatever shape it may be, will
tend to place itself so that the line joimng
the two centers points to O and there may
be two positions of stability but, generally,
if the center of gravity is not greatly dis-
placed, the heavier side will swing out-
wardly. Such condition may obtain in the
moon if it had solidified before receding
from the earth to great distance, when the

(Continued on page 160)
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By Nikola Tesla
(Continucd from page 137)

arrangement of the masses in its interior
became subject to gravitational forces of
its own, vastly greater than the terrestrial.
It has Leen suggested that the planet is
egg-shaped or ellipsoidal but the departure
from spherical form must be inconsider-
able. It may even be a perfect sphere with
the centers of gravity and symmetry coin-
ciding and still rotate as it does. \Whatever
be its origin and past history, the fact is,
that at present all its parts have the same
angular velocity as though it were rigidly
connected with the earth. This state must
endure forever unless forces from without
the luna-terrestrial system brini about dif-
ferent conditions and thus the hope of the
star-gazers that its other side may become
visible some day must be indefinitely de-
ferred.

A motion of this character, as I have
shown, precludes the possibility of axial
rotation. The easiest way to free ourselves
of this illusion is to conceive the satellite
subdivided into minute and entirely inde-’
pendent parts, as dust particles, which have
different orbital, but rigorously the same
angular, velocities. One must at once
recognize that the kinetic energy of such an
agglomeration is solely translational, there
being absolutely no tendency to axial ro-
tation. This makes it also perfectly clear
why the moon, provided its distance does
not greatly increase, must always turn the
same face to us even without any inherent
directive tendency nor so much as the
slightcst effort from the carth.

ﬁ:ierring to the librations of longitude,
I do not see that they have any bearing on
this question. In astronomical treatises the
axial rotation of the moon is accepted as a
material fact and it is thought that its angu-
lar velocity is constant while that of the
orbital movement is not, this resulting in an
apparent oscillation revealing more of its
surface to our view., To a degree this may
e true, hut I hold that the mere change
of orbital velocity, as will be evident from
what has Dbeen stated before could not

roduce these phenomena, for no matter

ow fast or slow the gyration, the posi-
tion of the body relative to the center
of attraction remains the same. The real
cause of these axial displacements is the
changing distance of the moon from the
earth owing to which the tangential com-
anr_nts of vclocity of its parts are varied.

n apogee, when the planet recedes, the
radial component of velocity decreases
while the tangential increases but, as the
decrement of the former is the same for all
parts, this is more pronounced in the re-
gions facing the earth than in those turned
away from it, the consequence being an
axial displacement exposing more of the
eastern side. In perigee, on the contrary,
the radial component increases and the et-
fect is just the opposite with the result that
more of the western side is seen. The
moon actually swings on the axis passing
thru its center of gravity on which it 1s
supported like a ball on a string. The
forces involved in these pendular move-
ments are incomparably smaller than those
required to effect changes in orbital ve-
locity., [f we estimate the radius of gyra-
tion of the satellite at 600 miles and its
mean distance from the earth at 240,000
miles, then the energy necessary to rotate
it once in a month would be only

600 N\C |
—_— = of the kinetic energy
240,000 160,000

of the orbital movement.




