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The Moon's Rotation

By NIKOLA TESLA

In this article Dr. Tesla proves conclusively by theory and experiment that all the kinetic energy of a rotating mass is purely translational
and that the moon contains absolutely no rotational energy, in other words, does not rotate on its axis.—Editor.

N revising my article on "The Moon's
Rotation", whic happeared in the April issue
of the Electrical Experimenter, lappended a
few remarks to the original text in further
support and elucidation of the theory advanced.
Due to the printer's error these were lost and, in

Fig. 1. In Determining the Kinetic Energy of a
Rotating Mass, This Figure Shows the Selection of
aNumber of Points Taken Within the Straight Rod or
Mass M, at Successive Distances from the Axis of
Rotation 0, Knowing These Values and the Speed
olRouﬂoanlmﬂcEmmyofm.mts
Readily Computed.

consequence, | found itnecessary to forward
another communication which, unfortunately,
was received too late for embodiment in the May
number. Meanwhile many letters have reached
me in which certain phenomena presented by
rotating bodics, as the moon's librations of longi-
tude, are cited as evidences of energy due to
spinning motion, i. e., proofs of axial rotation of
the satellite in the true physical sense. [ 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
sclo.ﬂmg judic musl\ a number of points as o,,

),, ete., within the .\lr.nghl rod or mass M, rcapc(
li\«"l)‘ at distances r, r,, r,, etc., from the axis of
rotation 0 and calculating the square root of the
mean square of these distances. Its value bei sing Rg,
denoted radius of gyration, the effective velocity
of the mass at n revolutions per \unml will Iw\c
= 21R n and its kinetic energy E = MV'=
M( ’RR'n ).

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 elements or
small parts, most conveniently very thin concen-
tric laminae,as 1 | 1,, 1, etc.,atdistancesr,,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 elemen-
laltmrgnsl,“ ZmV vam\V, +vam,V, +

vam, V, ... =% m, (ZRR,n)“ + Y2 m,
(2MRn) )2+ % am, (2RRn) +.......

A different form of expression for the energy
of a rotating body may be obtained by determin-
|ng its moment ()l inertia. For this purpose the
mass M (in Fig. 3), rotating n times per second
about an axis 0, is separated into minute parts, as

,m,, m,, etc., respectively at distances r,, r,, r,,
etc., from the same. The sum of the prmluu\ ofall
these small masses and the squares of their dis
tances is the moment of inertial, and then E = V3 1
® ,®= 2 Tnbeing the angular velocity.

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

Still another way to compute the kinetic
cnergy is illustrated in Fig. 4, in which case the

quantity | is given in terms of the moment of
) £

The preceding is deemed indispensable as |
note that the correspondents, even those who
scem thoroly familiar with mechanical principles,
fail to make a distinction between theoretical and
physical truths which is essential to my argument.

In estimating the kinetic energy of a rotating
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I% 3. Another Form of Expression for the Energy of
otating Body May Be Obtained by Determining
Its Moment of Inertia. Here the Mass M is
Subdivided Into Minute Parts m1, m2, m3, .... etc.
The Sum of the Products of These Masses and the
Squares of Their Distances Is the Moment of inertia,
:Ihich \gnh the Angular Speed, Gives the Kinetic
nergy E,

inertia | about another axis parallel to 0 and
passing thru the center of gravity C of mass M. ln
conformity w nh this the energy ‘of motion E =
MV’ + %1 @ in which equationV is the u'l(xm
of the center of gravity.
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Fig. 4. In this Case the Motion is Resolved Into Two
Separate Components— One Translational About
O and the Other Rotational About C. The Total
Kinetic Energy of the Mass Equals the Sum of
These Two Energies.

rig.2
Fig. 2. In This Case the Mass M, Rotating n Times
Per Second, About An Axis O, Is Into

Numerous Elements or Small Parts at Various Radii
from O. Knowing the Kinetic Emrg‘ of Each Part,
the Whole Kinetic Energy ass Is Easily
Determined by Taklng a Summation of the
Individual Quantities.

mass in any of the ways indicated we arrive, thru
suitable conceptions and methods of approxima-
tion, at expressions which may be made quantita-
tively precise to any desired degree, but do not
truly define 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 move in order
to contain the same energy, a state wholly imagi-
nary and irreconcilable with the actual. ()n%
whenall particles of the body have the same veloc-
ity, does the product V2 MV’ specify a physical fact
and is 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 former
would demand a movement of the mass in a defi-
nite path and direction, all particles ha\'ing the
same velocity, the latter its simultancous motion
in another path and direction, the particles having
different velocities. This abstract idea of angular
motion is chiefly responsible for the illusion of the
moon's axial rotation, which I shall endeavor 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 S, radiating from a
hub H, rotatable around a central axis 0 in bear-
ings supposed to be frictionless. It is an arrange-
ment similar to that before illustrated with the
exception that the balls, instead of forming parts
of the spokes, are supported in screw pivots s,
which are normally loose but can be tightened so
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as to permit both free turning and rigid fixing as
may be desired. To facilitate observation the
spokes are provided with radial marks and the
lower sides of the balls are shaded. Assume, first,
that the (Irawing depicts the state of rest, the balls
being rotatable without friction, and let an angu-
lar velocity ® = 2 tn be imparted to the system in
the clockwise direction as indicated by the long
solid arrow. Viewing a ball as M, 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 diagram that while
moving with the angular velocity w about 0, in the
clockwise direction, the ball turns, with respect
1o its axis, at the same angular velocity but in the
opposition direction, that of the dotted arrow. The
combined result of these two motions is a
translatory movement of the ball such that all
particles are animated with the same velocity V,
which is that of its center of gravity. In this case,
granted that there isabsolutely no friction the

kinetic energy of cach ball will be given by the
product of 2 MV not approximately, but with
mathematical rigor. If now the pivots are screwed
tight and the balls fixt rigidly to the spokes, this
angular motion relatively to their axes becomes

hysically impossible and then it is found that the
Einclic energy of each ball is increased, the incre-
ment 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 of 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 eye it
seems so. The fallacy will become manifest on
further inquiry. To lx'gin with, observe that when

Fig. 5. This Diagram Represents a Sgsum
Spokes S, and

Composed of 8 Balls M. C on
Rohﬂva.Around Center O. The Balls Are Fi
Rotatable on Pivots Which Can Be Tightened.

This Model the Fallacy of the Moon's Rotation on Its
Axis Is Demonstrable.

aware that, accurding to the prc\‘ailing opinion,
when the ball is free on the pivots it does not turn
on its axis at all and only rotates with the angular
velocity of the frame when rigidly attached to the
same, but the truth will appear upon a closer
examination of this kind of movement.

Let the system be rotated as first assumed and
illustrated, the balls being perfectly free on the
pivots, and imagine the latter to be gradually
tightened to cause friction slowly reducing and
finally preventing the slip. At the outset all parti-
cles of each ball have been moving with the speed
of its center of gravity, but as the bearing resis-
tance asserts itself more and more the translatory
velocity of the particles nearer to the axis 0 will be
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Fig. 6. Diagram Showing a Ball Having Mass M,
of Radius r, Rotating About Center 0,and Used In
the Theoretical An ofthe Moon's Motion.

diminishing, while that of the diametrically oppo-
site ones will be increasing, Until the maxima of
these changes are attained when the balls are
firmly held. In this operation we have thus
deprived those parts of the masses which are
nearer to the center of motion, of some kinetic
energy of translation while adding to the energy
of those which are farther and, obviously, the gain
was greater than the ioss so that the effective
velocity of each ball as a whole was increased.
Only so have we augmented 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 velocity
Ve as above defined such that E = 2 M Ve'. The
axial rotations of the ball in cither direction are
but apparent; they have no reality whatever and
call for no mechanical effort. Itis merely when an
extrancous force acts independently to turn the
whirling body on its axis that energy comes into
play. Incidentally it should be pointed out that in
true axial rotation of a rigid and homogenous

mass all symmetrically situated particles contrib-
ute equally to the momentum which is not the
case here. That there exists not even the slightest
tendency to such motion can, however, be readily
established. »

For this purpose I would refer to Fig. 6 show-
inga ball M of radius r, the center C of wiich isata
distance R from axis 0 and which is bisected by a
tangential planc pp as indicated, the lower half
sphere being shaded for distinction. The kinetic
energy of the ball when whirled n times per sec-
ond about 0 is .u‘cor(lil'\g to the first form of
expression E = 2 MVe =2 M (2 TRg n) , M
being the mass and Rg the radius of gyration. But,
as explained in connection with Fig. 4, we have
alsoE="" MV + %l ,V=2nRn being the
velocity of the center of gravity C and I the
moment of inertia of the ball, about the parallel
axis passing thru C and equal to %5 M i'sothat E=
“sM(2TtRn) + Y5 Mr (2 tn) . Neither of these
two expressions for E describes the actual state of
the body but the first is certainly preferable con-
veying, as it does, the idea of a single motion
instead of two, one of which morcover is devoid of
existence. | shall first undertake to demonstrate
that there is no torque or rotary effort about
center C and that the kinetic energy of the sup-
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Fig. 7. Here Two Masses m-m, Are Considered as

Condensed Into Points, Attached to s
Stﬂmo' Different Radii. If Both Stri Are Cut,
and Masses Considered as Joined, n There

Will Be No Rotation About the Common Center of
Gravity.

posed axial rotation of the ball is mathematically
equal to zero. This makes it necessary to consider
the two halves separated by the tangential plane pp
wholly independent from one another. Let ¢, and
¢, be their centers of gravity, then Ce, = Ce, = %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 Ic, about parallel axes passing
thru ¢, and ¢,. Complex calculation will be
avoided by remembering that the moment of
inertia of cither one of the half s hcrcs' about an

a mass, say the armature of an electric

—

motor, rotating with the angular veloc-
ity @, is reversed, its speed is — @ and
the difference ® — (—®) = 2 ®. Now,
in ﬁxin% the ball to the spoke, the change
of angular velocity is only ®; therefore,
an additional velocity ® would have to
be imparlctl to it in order to cause a
clockwise rotation of the ball on its axis
in the true significance of the word. The
kinetic encrgy would then be equal to

axisthruCisle="% X% Mr,=1%M
r,andsinceM =2m,lc=% mr .This
can be exprest in terms of the

N moments Ic, and I¢,; namely, Ic = I, +
4 (%r) =Ic, + m (%r)'. Hence Ic, = Ic,
=lc—m%r) =%mr2—9/64m
r =83/320mr’. 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,

the sum of the energies of the
translatory and axial motions, not
merely in the abstract mathematical
meaning, but as a physical fact. Iam well

Fig. 8. To Make the Problem Shown In Fig. 7 Clear, ine Two Rifle  respectively, lo, and lo, we have lo, =
Barrels Parallel to Each Other. If Two Balls M-M Are Fired Simultaneously, 1, (R + %) + Ic, =m (R + Y% r) +
Joined aMulM.WIRwoMMMCm 83/320mr’ “‘ =m®R— %) +
Center of Gravity, Proving Thatthe Possesses Only Kinetic Energy mr and lo, =m ( sr)

of Translation. Ic,=m(R—%r) +83/320mr.
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Thus for the upper half sphere the radius of gyra-
tionRg, =

Aov — V(R + Y1y + 837320 ¢

and for lhc lm\'vr oneRg2 =

Vig=VR-
These are the distances from center 0, at which
the masses of the half spheres may be concen-
trated and then the algebraic sum of their ener-
gies—which are wholly translatory those of axial
rotation being nil—will be exactly equal to the
total kinetic energy of the ball as a unit. The signif-
icance of this will be understood by reference to
Fig. 7 in which the two masses, condensed into
points, are represented as attached to independ-
ent weightless strings of lengths Rg, and Rg,
which are purposely shown as displaced but
should be imagined as coincident. It will be
readily scen that if both strings are cut . in the
same instant the masses will fly off in tangents to
their circular orbits, the ansular movement
becoming rectilinear without any transformation
of energy occurring, Let us now im‘uirc 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 whirling motion contin-
ues, 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 energy between
them will ‘exist. The moment the strings are
broken and they are thrown off they will begirt to
rotate but, as pointed out before, this motion
neither adds to or detracts from the energy
stored. The rotation is, however, not due to
an exclusive virtue ofangular motion, but
to the fact that the tangential velocities of
the masses or parts ofl%\c body thrown off
aredifferent.

To make this clear and to investigate the effects
produced, imagine two rifle barrcfs, as shown in
Fig. 8, placed parallel to each other with their axes
'&cparalcd by a distance Rg, — Rg, and assume
that two balls of same diameter, each havi ing mass

m, are discharged with muzzle velocitiesV, andV,,
respectively equalto 2 Trn Rg, and 2 tn Rg, asin
the case just considered. If it be further supposed
that at the instant of leaving 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
article above mentioned, the rela tion will exist

V.-V

Yer) +83/320 ¢

=T n(Rg, —Rg,)

nbeing the number of revolutions per second. The
equalization of the speeds and kinetic energies of
the balls will be; under these circumstances, very
rapid but in two hcavenly . bodies linked by
gravitational attraction, the process mighl require
ages. Now, this whirling movement is real and
requires energy which, obviously, must be
derived from that originally imparted and,
consequently, must reduce the velocity of the
balls in the direction of flight by an amount which
can be casily calculated. At the moment of
discharge the total kinetic energy was E = Y2 m
V12 + %2 m V22 which is evidently equal to m
V32, V3 being the effective velocity of the
common center of gravity, from which follows

that V3= V" tv" -

The speed of revolution

: o V,—V
of the masses is, of course, _' "2 andthe
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rotational energy of both balls, which must be

J;

>3 1 4
considered as points,is € =m (L’.\..

The kinetic energy of lr.mxl.mun in lhc
direction of flight is then 2 mV," + ¥/

\"‘,'-m (!%L) = m(%) =mV,
v, = ~,’—;—L being the speed of common

center of gravity, so that Vs — V4 is the loss of
velocity in the direction of flight owing to the
rotation of the two mass points. Tfinstead of these
we would deal with the balls as they are, their
rotational energy

¢,=e+im=m V’H )

+i(2an), i being

the moment of inertia of each ball about its axi
As will be seen, we arrive at precisely the same
results whether the movementis rectilinear orina
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 nothing
more than an abstract conception; in rectilinear
movement itisa positive event.

Virtually all satellites rotate in like manner and
the probability, that the acceleration or retarda-
tion of their axial motions if they ecver
existedshould come to a stop precisely at a defi
nite angular velocity, is infinitesimal while it is
almost absolutely certain that all movement of
this kind would ultimately cease. The most plausi-
ble 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 displacement of its
center of gravity thru the attractive 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
explanation of this, suppose that one of the balls as
M in Fig 5 is not of homogenous material and that
it is similarly supported but on a4i axis passing
thruits center of gravity instead of form. Then, no
matter-in what position the ball is fixed on the
pivots, its kinetic energy and ccmrifugal pull will
be the same. Nevertheless a directive tendency
will exist as the two centers do not coincide and
there is, consequently, no dynamtc balance. When
permitted to turn freely on the axis of gravity the
body, of whatever shape it may be, will tend to
place itself so that the line joining the two centers
points to O and there may be two positions of
stability but, generally, if the center of gr.\\m is
not gnall} displaced, the heavier side will swing
outwardly. Such condition may obtain in the
moon if it had solidified before receding from the
carth to great distance, when the arrangement of
the masses in its interior became subject to gravi-
tational forces of its own, vastly greater than the
terrestrial. It has been suggested that the planet is
cgg-shaped or cllipsoidal but the departure from
spherical form must be inconsiderable. It may
even be a perfect sphere with the centers of grav-
ity and symmetry coinciding 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
.mgular \'cl(x'il_\' as thuugh it were rigi(".\' con-
nected with the ecarth. This state must endure
forever unless forces from without the luna-
terrestrial system bring about different condi-
tions and thus the hope of the star-gazers that its
other side may become visible some day must be
indefinitely deferred.
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A motion of this character, as | have shown,

precludes the possibility of axial rotation. The
casiest way to free ()llr\l'l\c\ of this illusion is to
conceive the satellite subdivided into minute and
entirely independent parts, as dust particles,
which have different orbital, but rigorously the
same angular, velocities. One must at once recog-
nize that the kinetic energy of such an agglomera-
tion is solely translational. there being absolutely
no tendency to axial rotation. This makes it also
perfectly clear why the moon, provided its dis-
tance does not grmtl\ increase, must always turn
the same face to us even without any inherent
directive tendency nor so much as the slightest
effort from the earth.

Rcl'('rring to the librations of |ungilu1|c, I do
not sce 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 angular velocity is constant while
that of the orbital movement is not, this rcsuhing
in an apparent oscillation revealing more of its
surface to our view. To a degree this may be true,
but I hold that the mere ('h.mgv of orbital velocity,
as will be evident from what has been stated
before could not produce these phenomena, for
no matter how fast or slow the gyration, the
position 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 carth owing to which the
tangential components of velocity of its parts are
varied. In 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 pro-
nounced in the regions facing the earth than in
those turned away from it, the consequence being
an axial displac ement exposing more of the cast-
ern side. In ptngcc on the contrary, the radial
component increases and the effect 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 graul\ on, which it is
<uppurtc(| like a ball on a string. The forces
involved in these pendular movements are incom-
parably smaller than those required to effect
changes in orbital velocity. If we estimate the
radius of gyration of the satellite at 600 miles and
its mean distance from the carth at 240,000 miles,
then the energy necessary to rotate it once in a
month would be only

600 2
( 240,000 )

of the orbital movement.
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