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THE CENTIMETRE GRAMME SECOND AND 

THE CENTIMETRE DYNE SECOND SYSTE3fS 

OF UNITS AND .A NEW GRAVITATIONAL 

B, REGINA1 D A. PES?ENDEN, ALLCGHENi-, Ph. 

THE C. G. S. system of units was undoubtedly a great 
advance over previous systems, but i t  has at least one 
serious disadvantage. This is the einp10~-inent of the 
gramme ns one of the fundamental und!s. RIuss is not a 
fundamental conception, and has no claim to be put in the 
same class as length and time. We can conceive of matter 
as distinct from mass just as easily as we can conceive of 
matter as distinct fro111 electricity, and far more logicnlly, 
for each unit of matter is always associated with the same 
quantity of electricity, while the amount of mass asso-
ciated with the unit of matter, i e., the atom, is more 
than 200 times as great in the case of some kinds of 
atoms as in others. 

There is, therefore, this theoretical objection. There is 
also a practical one. Any systein of units must be 
logical, in that the dimensional formula for any quantity 
must be made up of such concepts only as are neceesarilv 
assdciated with that quantity. This is not the case with 
the C. G. S. system. The dimensional formula for quan-
tity of electricity in the electrostatic system of units is 

L ~ T-' M %, in which the conception of mass is brought 
in. Now, mass has no connection with electricity, so fur 
as we know at  present; if the* were no such thing as 
mass we should still have electricity, and therefore the 
system of units which gives such a formula is detective. 

There is a second practical reason. This is, that in the 
C. G. S. system of units it is niucli more di&cult to see 
readily relations between different quantities, and to in- 
terpret them, than in a more theoretically perfect one, on 
account of the fact that the N in the formula of a force 
which has no necessary connection with matter may can- 
cel out with an M which has a legitimate right to be 
there For instance, suppose that, in working out a 
problem, we get such a result as N/T, this may mean al- 
most anything, i. e., it may be the product of various 
things, and what these are is not readily apparent. 

As a matter of convenience, the writer has used a 
system of units in which the dyne takes the place of the 
gramme, and has found that there is a considerable ad- 
vantage. 

In  this system the unit of mass drops bauk into its 
rightful place, and is a dimension of the same sort as the 
unit of electricity or the unit of magnetism. Gravity is 
treated as a separate substance, distinct from matter, but 
retiding in it in the same way as magnetism is supposed 
to reside in iron, and unit quantity of gravity is defined 
as that quantity which will attract equal quantity placed 
at unit distance with unit force. The atomic weight of 
an atom is its permeability to gravity, ancl corresponds to 
p in magnetism. Lines of gravitational force are sup- 
posed to radiate from a body charged with gravity in the 
same way as from a body charged with electricity or mag- 
netism. 

Cnrrent of gravity is the quantity of gravity which 
passes between any two points in unit of time, and unit 
of gravitational potential causes unit current of mass 
through unit resistance. 

To show the advantage of the C. D. S. system over the 
C. G. S. system, the following table is subjoined, which 
gives the principal dimensional formulse in Electricity. 
Magnetism, Heat and Gravity in both systems: 

0. D. 8. Elec. Elec. 
Units. Gravity. Mag. Stat. Mag. Heat. 

Quantity. . . . JFL JFL JFL JFL2/T F L  
Current. . . . . JFIJIT JFLIT JFL/T JFL2/TTL/T 
Difference of 

P o t . .  . . JF JF ,JF JFT/L 1 
Resistance. . T/L T/L T/L L/T T/FL 
Capacity . . . L L L L"T2 F L  

C. G. S. Elec. Elec. 
Units. Gravity. Mag. Stat. a . Heat. 

Quantity. 3I JL3JM/T JL3,/31[/T JLJM L2M/Ta 
Uurrent . .RI/T JL'JM/T2 JL3JM/T2 JLJWT L2i11/T3 
Difference 

of Pot.. L2/T2 JLJ>I/T JLJMIT JL'JRI/T2 1 
ResistanceL2/T&l T/L T/L L/T T,L231 
Capacity 3fT2/LL L L L'/T2 L'W/T3 

Incidentally, it may be noted that the notation is more 
concise. This, however, is merely an accidental point, 
the main thing being that the C. I). S. system is " ethi-
cally" more correct, ancl that it does not distort ideas so 
much in the handling as the C. G. S. system does. 

Jt  will be found couvenient to denote the different 
quantities by menus of subscript letters. Thus, R,, 
R,,,, lie,, R,,,, R,, represent gravitational, magnetic, 
electrostatic, electromagnetic, and heat resistances. So, 
also, W, represents gravitational work, i .~ . ,1/2n1u" Wein 
represents electrical work, or C2R, W1, represents heat 
energy, being really only a particular case of W,, in 
which the algebraic sum of the vectors representing the 
velocities is zero, and ';V,, represents magnetic work, or 
I3 x lV1.M.F. One or two remarks may be made in regard 
to these formulze. There has been some doubt in regard 
to the correct di~nensional formula for temperature. This 
has been caused by the incorrect assumption that k, the 
specific heat of a body, is a number. That this is not the 
case follows from the law of nulong and Petit. Accord- 
ing to this, the atomic heat of all the elements is the 
same. Therefore, the heat required to raise a cubic cen- 
timetre of any substance one degree C., i. e., its specific 
heat, is equal to the heat required to raise the tempera- 
ture of a single atom the same amount x the number of 
atonis in the cube. This last is a number, and the former 
depends upon the kinetic energy of the atom. As the 
dimensional formula for kinetic energy is the same as that 
for work, i. e., LF. (in the C. D. S. system), the formula 
for temperature must equal FII-+FL., i. e., unity. 

We obtain the same result by considering the fact that 
Quantity of Heat x Heat Potential must equal Work, i. e., 
L F  x heat potential=LF. A current of Heat, then, is a cur- 



rent of energy, in the form of kinetic energy. Temperature is 
heat potential, and specific heat is heat capacity. I t  is 
evident, therefore, that, like the grarnme, the calorie 
must vanish from a rational system of nnihs, and its 
place be taken by the erg and joule. Unit heat flus is 
one erg per second. Unit difference of heat yotenti~il is 
one degree C. (Theoretical1~-,i t  ~ h o u l d  be the tempern- 
ture to which one erg mill raise unit niass of uuit matter, 
i. e., unit mass of hydrogen.) 


Unit specific heat will be possessed by a body which 

requires one erg to raise one cubic c. 11-1. one degree %. 


'I'he consideration of the gravitational formul;r: gi~res us 
some ideas in regard to gravity, and suggests some es-
periments which have as yet not been tried. The resist- 
ance of illass to motmion. or inertia. wries directlr as ti12 
acceleration, and as tile mass. It is indEil~enclo;lt of place 
or the actual clistance passed over in attaining the 
velocity. The energy possessed by a body iu niot,io~i is 
proportioned to the integral of the various accelerations 
received by it, squared; i. P. ,  i t  ~ a r i e s  as the velocity 
squared. 

We have an exact analogy to this in the case of motion 

of matter in a frictionless fiuiil. Y~~p,pose
n ball plac,ed in 
a fluid, such as water, ~vi~icli  v7e will suppose to be fric-
tionless. Then, on rnoviilg the ball, we 1-11.ny conceive of 
a vacuunl being forrned behind the ball, and that this 
vacuum mill be propol.tiona1 to the square of the velocity 
with mhich we move the ball through the water. The 
water is, of cotuse, supposed to lia\-e inertia, otl~ermise 
the 3-acuurn would co t  form. So long as the velocity 
m ilz which the ball is moving is constant, no work is 
done, and there is, therefore, no resistance to the motion, 
and i t  will continue in motion forever, unless opposed by 
some force. Suppose, however, that the ball meets mith 
an obstacle whicll tends to stop it, then the vacuum ~vill 
tend to close up, and the water will push the ball ahead, 
till an amount of work has thus been done equal to that 
done in making the vacuum originally. Such a behavior 
corresponcls exactly mith the behavior of matter moving 
in the ether. 

This theory, however, denlands a reconception of the 
ether, for it is generally taken that the ether possesses no 
inertla. 011 closer examination, however, i t  will be seen 
that the difference is only apparent. In  all the cases 
where me have had o~por tun i ty  for rl~easuriilg any inertia 
of the ether, a finite quantity only of the ether has been 
in motion. In the case of an electric circuit, for instance, 
the only ether in motion is that definite arnount corres- 
ponding to the current produced. It is, of course, well 
known a t  the present time that electrical energy is not 
transcaittecl along tlie wire, but  through the clieloctric, 
but  this does not affect the statement made that the only 
inertia effect ~vllich could be perceived ~vould be that due 
to the motion of a definite amount of ether. Therefore, 
as no inertia effect has ever been founcl in connection with 
the motion of the ether in an electric circuit, we are jus- 
tified in saying that the inertia of the ether is negligable 
in such a case. But  me are not justified in saying that 
the inertia is negligable in the case where an infinite 
amount of ether is in motion, as \voulcl be the case, 
according to this theory, when a solid is rlloved through 
space, for an infinite amount of the infinitely small may 
be appreciable. 

If, however, we take the two fluid theory of electricity, 
which, as Dr. Lodge has shown, is forced upon us by tile 
consideration of many phenomena, and consider an elec- 
tric current as the shearing past each other of two dis- 
similar parts, which together make up the ether, therz 
there need be no such modification of our views, for, 
since in any case of electric flow there are always equal 
quantities of plus a,nd minus electricity, ancl Ire may sup- 
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pose the moments of inertia equal and opposite, no inertia 
effect could, of course, e:-er be observed in sn  electric 
circuit. JVhVheu, howaver, the  ether ic; lnoviug a3 it ~~vhole, 
the inertia effects woulil be a;lde:l inste h . 1  of subtr~tcted, 
and we mould have, as sllorrn a b o ~ e ,  ail the phenoinenzt 
of gravitational inertiil. 

I t  is, of course, not necessary for a body to have inass 
in order to display inertia effects, for its resistance to 
motion may be due to a "counter-motive" force, as i o  a 
circuit having sell-induction; consecyueutly there is no 
clifficulty in ii.ccounting, in various ways, for the ether 
sllo~vingan inertia. effect. 

To take up the theory, for it. is 1:lore than a mere 
imagining, having l?een m(ii.l:ed o u t  ~iiat~llerilaticully 
with sorile fullness in sere-ral directions; fro111 
Fizeau's experiil~cnt (coniirlnecl by h1jchaelson ancl otlr- 
ers), we know ehtit when nratter Inc?\-ec; i t  clrags \:-it11 
it a cerbain ai:rount of the ether, but that a certain 
part reiilnins behind, flowing through the il~af,ter. If this 
ether 11:~s any inertia (using the \i.crcl in its broad 
sense), then there ~vill be an effect siil:iiar to tlint ~vhic!i 
occars when a sieve is moved through r r t ~ t e ~ .h 
vacuum, vr a spot of less density, or of less i.igiility 
will be formccl belliud tlio body. The size of this spct 
will um3y as the velocity, and if the velocity is doubled 
the spot will be doubletl, and four t'inles ns illac~li ~vork 
will be done in rnaking it. And this no matter ~vllnt the 
time in which me wiil ( :d l  t l ~ e  \.:lcu:lri?, tlie tipot ( i , i l~i~l l  
p~o~is iona l ly )  or spacc it is foril?otl. is for~ned, \>-:?ereill 
On talcing :Lwa!- the clrivi~lg force tile e t l ~ e r  iiill close 1.p 
ou the body ng.:in, and pus11 i t  011, till t,he \::lcnu:ii exists 
iio loixgei., and con~equelitly a!l the ~vorlr dolie in foi~ii- 
ing it is given up again. h:r tile ether is sappoqetl t o  
have uo friction, nlere motion of the vacuulll froJ]?one spo6, 
in space to anotliar will ne~e3sitate no n-ork nut! couse-
queutly xve liave Sewton's l ;~~v ,t h ; ~ ta I)otly tonds to con- 
tinue in its state, ~vllether of ~ r io i . i~~g  ~sloci ty ,ivit,ll a +.:en 
or at rest. 

This is the part of the theory ivhicil cleals with iuertin, 
and the experii~ienl; referred to above is asfollo.rvs : e t  
a bod; iu nrotion, uuder the action of a col_istr,ut. foixe, 
then rerrlove t l ~ e  force, aud exa~iziue the body tll; the time 
\\.hen the force is 1.emo:.eL1, Bi'the ether llna inertia, then 
at  the i i i~ tan t  w110n tile i~ccelerating force is rem,~ved 
there will be :LII abnc~riirnl reduction in speed for an es-
ceeclingly s111:~ll tirne. !Phis will he followed bj. ;in a13iior- 
ma1 acceleratioti, also acting for a very sliiali time, and 
of such dinlensions th:rt d t e r  the lapse of a vel-ysmnll tilne, 
the velocity of the body mil! be the same ns if ileither the 
retarilatiou nor the acueleratiol~ had ssisteil. If the time 
during whici~ these eiYccts tt:!.rc placa be not t:?o smni!, i t  
will be obser\,nblo on n c;i~ronog:.tapl~, and wiii give a trace 
as iollo\\~s : 

The dotted line shons the trace if the eft'tct hnd not, 
taken place, the other tlre trace if the effect does oPcur 
It will be seen that they only differ for an e~ceetilngly 
sr*zall portion of time, ant1 111s ~1oul)tful if the experinlent 
would succeed, even if the effect existed I t  has, how- 
evei, I believe, neler heea looked for 

If this be the t r ~ l e  theory of ~nerbi;~,  ofthen tlra t1leoi.y 
gra~itakion is as f o l l o ~ ~  i f  n of an) sollcls :  e take a rod 
substance, and press down one atom, ivhich we w ~ l l  ccill A, it 
pulls down the atom nevt it, ~vhich we mi11 call B, hecause, 
though the atorri I3 is nloTlng, it merely oscillates about a 
fixed point, and is always within reach of the influence of 
A This property is what Tve call rigidity, and i t  is this 
\~!licl~enables a solid tc; bland r, , l ~ e a i ~ n ghtreas. 
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If the solid is melted i t  is called a fluid, and is com-
monly supposed to be unable to ~vithstand a shearing 
stress. This is due to the follo\ving circumstance: Let 
us press do\vn A. If B did not move, then IS mould llrtve 
to follow A, if it were not that in a fluid the atorns no 
loriger oscillate about a fixeii point, but  change their posi- 
tions relatively to one another. The atoll1 U inoves at 
ordinary teniperatures at, a velocity of somewhere neal-
100,000 cer~timetres per second. The distance bc-
tween any .two atoms is somecvhere in the neighbor-
hood of l/lOO,OOOiOOOth of a cm. Conseque:itiy in the 
l,~i,O00,000,000,000,000~~11of a second, thc tom B will have 
passed ~r i thou t  tlle radius of attraction of A. Conse-
quently we see that for any forces which are impressed in 
a greater tirue than 10~~-' ;  will nosecond, the fluid have 
rigidity. But if the force is applied in less time, we have 
no reasoll for supposing tlmt the fluid mill not resist 
shearing, or that a water tuning fork could not be con-
structecl at  the centre of the earth. For, if we accept tlie 
electrostatic tlleory of cohesion, tile force which A exerts 
on B when A is pulied down travels at  the rate of more 
than 1 0 ' " ~ .m. par second. As R \\rill have to move say 
1 0  kc.m. to get out of the way of the pull fro111 il,we see 
that if an impulse is given in less than 1 0 ~ ' ' t h  of a second, 
Ij mill be pulled down, and the flEid will resist a shear. 
And it  is this force which acts to join tile atorris together 
which gives rise to the phenomenon of surface tezsiou. 
Consequentlp we see that if tile ether has rigiditp, 
whether i t  be a solid or a fluid, it must have snrface ten- 
sion. 

Let us take the case of two bubbles of air in water 
There is a surface tension at  the junction of the air and 
water, and i t  may be shown that the effect of this is to 
bring the t\vo bubbles together. A similar result mould 
follow if the two bubbles had their places talien by two 
drops of vater hotter than the rest of the water Or if 
the drops were made up of a number of concentric shells, 
the densrty of each shell being greater than that of 
the shell next illside it, the equivalent of such a 
shell s ~ o u l d  be produced by sticking the prongs of 
tivo truning forks into the water, for at  those places 
where the velocity of a prong was greatest the density of 
tlie vater in unit volume ~voulcl be least, and the forks 
wonld be attracted So if we suppose the atoin to be, 
say, a Thoiiison ~ o r t e x  rlng, and that this vortex ring, in 
virtue of its rotation, render- the ether next i t  less dense, 
or less rigid, it would attract ally other atoni similarly 
constituted iu the same nlaliner as we know two atoms 
do. And this attraction wou1ld be always the same in 
quantity, uo matter n h a t  the teiizperature or surrouncl- 
ings, so long as tlle atom was the s a ~ l ~ e ,  i. e., its weight 
~ ~ o u l i l  An(i if another atom produ~ec'l a dif- be constant. 
ferent dcgl ee of density or rigidity near it, ~ t s  veight 
would be different and constant 

Thus me see that if the ether has inertia (or some 
( counter motive force" opposes its motion), then matter 
rnust have inertia, an& if the ether has rigidity, and atorns 
uroduce a difference in the collesion of the ether near 
them, then all atoms ~vill  attract ezch other in proportion 
to the cl~ange they produce in the rigiJity of the ether 
near them. 

There are two experiments which seen1 at first sight to 
contradict F i~eau ' s  experiment. First, the fact that 5: 

rotating disc of matter has no efIect on i: mag~ieticneedle 
placed at its centre. Second, the fact that light suffers 
no retardation or acceleration when passed along the 
lines of force between t ~ v o  plates at  differeut potentials, 
and placed in au electrolytic bath. 

The first is readily explained when we consider that 
when the disc is rotating it is carvying with it ether as a 
whole, i. e., equal quantities of positive and negative elec- 

tricities, or is equivalent to two currents of equal strength 
flowing in opposite directions, and consequently can pro- 
duce no effect outslde of the body. Or, to use Prof. J. J. 
Thouison's symbolism, the ends of the Paraday lines are 
both within tlie body, and do not pass outside, whereas 
111 Professor experiment the FaradayR o ~ ~ ~ l a n d ' s  lines 
have one terminal on the disc, and the other outside. The 
tvc o cases are ]lot sinjilar. 

'I'he second case, that of the electrolytic bath. I n  this 
the ether does not r n o ~ ~ e  whole, there is merely aas a 
shearing of plus and minus electricities past each other, 
and the algebraic suin of the velocities of the components 
of the ether is therefore zero. Or, the ether does not 
move, so far as any possible effect on light is concerned. 

THE "GEACLAL 1'CRIOD" PROTTED AS A NECES-

SARY GOSSEQUI3NCE OF THE EAETIi'd MOVE-

MENTS. 

IIY 3IATOIZ (rEXERAT, J. C. COIVCLL, TVIXDSOIL CbSTLE, ENGLAND. 

E'ROII the increasing interest that is n~anifested in 
all that relates to the glacial period, and the discov-
ery, by General Drayson, of the Second Rotation of 
the Earth, it will be of value to those who are study-
ing the geological evidences of the ice ages, to devote 
some tinie to the ascertained facts proving the Second 
notation as compared with the accepted theories, since 
these appear to suplslp all the conditions necessary for 
t,he explanation of the glacial phenomena, at  regular 
intervals; and i t  is with the object of rendering the snb-
ject clear to theru that the following reruarlrs are offered 
to the readers of Sr~ence.  

I t  has hitherto been stated by Herschel and other 
writers of his day, that the mo~rement of the Earth, which 
caused the precession of the equinoxes and solstices, and 
the changes in Polar distance, and Right Ascension of the 
Stars, is "a conical movement of the Earth's axis round 
the pole of the Pole of the Ecliptic as a centre." 

Drayson claims that this definition is vague, if not mis- 
leading, even as regards that part which speaks of a con-
ical movement of the axis. He claims that it is the two 
half axes that trace cones, the apex of these cones being 
at  the centre of gravity of the Earth. 

He also claims that this conical movement of the two 
half axes is the mere ~ n e c h ~ n i c a l  result of a Second Rota- 
tion of the Earth, just as the conical motion every twenty- 
four hours, of all lines from the Earth's centre to points 
at the Earth's surface, is the result of the daily rotation 
of the Earth. 

An examination of the annual changes in  Right Ascen- 
sion of every Star in the Heavens (see pages 163 to 219 
in "Vntrodden Ground in Astronomy and Geology") 
proves that a second rotation is the only rr~ovement which 
mill explain the recorded changes in the Right Ascension 
of Stars. Hence, instead of some vague ancl undefined 
movement of the Earth occurring whilst the axis has 
what has been called "a conical motion," the detail 
rnovemonts of each point on the Earth's surface are sccu- 
rately defined by -the second rotation. Secondly, the 
Earth's axis traces a ci7-cle round the Pole of the Ecliptic 
as a centvae, keeping constantly at  the same distance of 23" 
28' from it, wrote Herschel and others. 

In  the face of the fact that the obliquity (i. e ,  the 
angular distance between these poles) decreases about 
47" per century, the above statement is obviously erron-
eous. 

As an escape from this error it has been asserted by 
some that the Pole of the Heavens moves about 20" 
allnually at  right angles to the arc joining the Pole of the 
Heavens with the Pole of the Ecliptic, but as the latter 


