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I~ilre many investors, Weston has been 
engaged extelisively irr patent litigation. 
To uphold some of hid rigl~ts,  he had to 
spend on one set of patents nearly $300,000, 
a large amount of money for anybody, but  
as hc  told me, he begrudges less the money 
it cost him than all his valuable time it 
required-a greater loss to an  inventor 
thus diqtracted froni his work. What  is 
worse, moit of this litigation was so long- 
wintfcd that w l i c ~ ~  finally he established his 
rights. has patents had agecl so much that  
they liail lost, in the meantime, most, if 
not all, of their seventeen years' terms of 
Lirnite,;l existence. And here I ~ v a n t  to 
point out something very significant. I n  
the eady  periods of Siis \vorlc, betwecn 1873 
and 1866, Weston took out over three 
h~mdraed patents. Since then, he has talcen 
considerably less, ancl of late, he 41as taken 
out very few patents-:tfter he becalm 
wiser to the triclta of patent infringers. 
Formerly, as soon as he pnl~lishcd his dis- 
coverics or his inventions, in his patent 
specifications. he mras so much troubled 
wit11 patcnt pirates that  instentl of being 
able to attend to the tlcvelopment of his 
inventions, he was occnpied in patent liti- 
gation. A s  an act of self-preseuvnlion, he 
has lrad to  adopt new tactics. IBe now 
keeps his W O P . ~ ~secret as long as poss:ble, 
anil in the meantime, spends his money £or 
tools and eqnipnient for manufactnring his 
inveniions. I n  some instances, this prep- 
aration tallies several years. Then by the 
time he sends any ue\v type of instruments 
illto tile and others start copping, 
he has already in  preparation so many 
frtrther i l l ~ ~ r o ~ ~ e l n e n t ~  soon thethat pretty 
nest  illstrament comcs 01lt which super-
sedes t]lp prior edition. fie to utilize 
these tactics sjrlce he foulla how imprace 
tical it v:as to rely 011 his patent rights for  
prol(-.ction. 'I'hat inventors should have to 
proceed i n  this way is oertainly not a recom- 

mendation for our patent system; i t  lrills 
the very purpose for which our funda-
mental patent law was created, namely, t76e 
prot7zpt pz~blicatiol~.of new and useful in-
ventions. 

J;. I-l, BAEKELAND 

NOTE OAT TZCE ORBITS OF FREELY FALL-
I X G  BODlEB 

INNo. 975, Vol. XSXVTTT., N.S. (Septeln- 
her 6, 1913). of this joi~rnal, I gasre a semi- 
popular account of an investigation on "The 
orbit? of freely falling bodies" publish~d in 
Nos. 651, 652 of the Astro?~omical,Jozcrnal, 
Angust 1, 1913. Soon after the appearance of 
these papers several corre;pondents challengeil 
the r.es.irlt I derived for the tneuiilional d ~ r i a -  
tion of tlie falling body, all of them maintain- 
ing that this deviatio~i is toward the equator 
in3tead of away f r o r ~ ~it, as I had conch~iltd. 
Gcing prcoerupied wit11 airairs somewhat re- 
mote frorn ille firIds of mathematical physics, 
T have not been able to give this apparent 
discrepancy adequate attention, although its 
origill was iilcli~ated it1 a11 informtll communi- 
cation t o  the Philosophical Society of Wash-
ington in April, 191i. 

111 the meantime, t r o  noteworthy contribu- 
tions to the already extensive litcrat~xre of this 
sulrject hove been published by P~ofesrnr F. R. 
Moulton' and by Professor W-m. IT. Roevcr," 
respectively. These contrilmtions are not only 
imporixnt for originality of inethods and for 
painstalring attention, cspeciallg I n  -mathe-
matical dctails, b11t they mag seem to the 
cn~anl rcadcr to have exl~austed tho suhject by 
dclnonst~ntin~: the most approved mathe- in 
matical fashion of our (lay that the poskllattes 

%"The Deviations of Palling Rodles," A ~ ~ n u l s  
of illnthe~acrticc,Second Series, T'ol. 15, No. 4, pp. 
184-94. June, 1914. This inresti,rrntinri is sliccidly 
remarliable ;I, tljat but liind of l a t i k ~ d eiso ~ ~ e  
used. It is Ilkewise remarliable in tha t  no  ex-
plivit st3+ement is made as to nh+h of the vari- 
0 1 s  latitudes (astronomic, geocentrir, geodetic, or 
rod~~ced)is used. 
,(lDovi;Ltinnsof Astroltornical 

j0,,,,,1, jyos. ~70-rj72, pp.- 177-203, Jamlay 22,-
1915. 
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adopted and the results derived are a t  once 
unique, ''necessary " and " sufficient." Both 
authors insist with much particularity that  
the discrepancy between us is due to superior 
methods of approximation followed by them 
in integrating the fundamental equations of 
motion, since we all agree on the forms of 
these equations. 

But  the subject is not thus easily disposed of. 
A sense of humor should lead us to inquire 
whether the parties concerned have all solved 
the same problem. The answer to such an 
inquiry in this case is that while all have 
ostensibly treated the same problem, two differ- 
ent  problems have actually been solved. We 
have thus developed a fresh illustration of a 
common danger in mathematical physics, 
namely, that of fixing attention on mathe-
matical perfection before adequate regard has 
been given to physical requirements. 

It would be out of place in the colutnns of 
this journal to enter into a review of the de- 
tails of the investigations of Professor &foulton 
and Professor Roever. Such a review is, in 
fact, neither desirable here nor essential in a 
technical publication. The source of the dis- 
crepancy referred to is so evident that it needs 
only to be stated to be appreciated; and once 
stated there is no ground for controversy in 
this part of the subject. It appears desirable, 
however, to refer in some detail to the general 
considerations involved in deriving the orbits 
of falling bodies as well as to those special 
considerations which determine meridional 
deviations. For this purpose i t  will be essen- 
tial in a limited degree to use the abridged 
language of analysis. 

Bu t  before adducing these considerations 
I wish to plead guilty to an oversight i n  read- 
ing Professor Roevcr's earlier papers3 and to 
submit a brief of extenuating circumstances. 
At  first reading of these papers it appeared to 
me that he had neglected terms involving the 
square of the angnlar velocity of the earth in  
his equations of motion of the falling body. 

3 ' The Southerly Deviation of Falling Bodies, '' 
Tvansactions of the Ame~ ican  Mathematical So-
ciety, Vol. XIT., pp. 335-53. "The Southerly and 
Easterly Deviations of Fdling Bodies for an Un-
symmetrical Gravitational Field of Force," Ibid., 
Xrol. XIII., pp. 469-490. 

These terms do not appear explicitly in  those 
equations, but only implicitly through a spe-
cial potential function used by him for the 
first time, apparently, in this connection. Not 
being able to follow his derivation of these 
equations (if, indeed, he may be said to have 
derived them in the mechanical sense), I as-
sumed them to be identical in meaning, as 
they are in form, with those published by sev- 
eral earlier writers. This assumption was 
supported by uncertainty as to meaning and 
by lack of homogeneity of his expression for 
the potential function introduced on page 342 
of his first paper; and still more by his iden- 
tification of astronomic with geocentric lati- 
tude (on p. 339, same paper) by means of the 
loose phrase "with sufficient approximation.'' 
A similar lack of "accuracy and precision" 
will be found in several parts of his latest 
paper cited above. See, for example, his equa- 
tions ( j ) ,  wherein he confounds geocentric 
with reduced latitude; also p. 199, where he 
identifies his equations (38) and (41) with my 
equation (26) and makes with respect to them 
the surprising statement that  "it is, of course, 
evident that  this function corresponds to some 
distribution of revolution" in  the earth's 
mass. Concerning the absence of validity for 
this latter statement some remarks are made 
below. 

Now, to account for the discrepancy in ques- 
tion, namely, our differing values for the 
meridional deviation of the falling body, it is  
only essential to observe that two different sur- 
faces of reference have been used. Professors 
Moulton and Roever have referred the motion 
to a geoid specified by a certain approximate 
potential function, while I have referred the 
same niotion to Clarke's spheroid of revolutiorl 
(of 1866), which is determined by certain axes 
(a, b) dependent on geodetic measurements. 
These surfaces are not coincident to tile order 
of approxiination adopted by either party, ancl 
the discrepancy developed appears to be both 
"necessary" and ('sufficient " to restore con-
fidence in  the matliematical mills of all 

4 I t  has been known since the earlier writings o f  
Airy that the geoid and the spheroid are not coin- 
cident, but I was not aware that their inclination, 
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To put this statement in a clearer form for 
the mathexnatical reader, let B denote the 
gravitational potential per unit rrlass a t  a 
point outside, or on, the earth, and let r and 
$ dexlotc, respectivcl~r, tho radius rector and 
the geocentric latitude of that point. Then, if 
-w clenole the angular velocity of the earth and 
if I11e point (r, 3 )  is attached to and rotates 
with the earth, the expression 

V + 3 m Z PCOB= \I, 
is the potential per unit mass at  that point due 
to the allraction and to the rotation of the 
earth. Calling this expression U, 

U - V  +4~o2i-,"cod\I,=co~~s'L (1) 

specifies a family of equipotential surfaces 
about tllc earth. 'i'kus, for example, TJ= con-
s fa~r tspccilies tho sca surface, provided V, r, J /  

have appropriate value^, and this surfacc, 
which nlny be imagined to extend through the 
contincats, is called the geoid. Similarly, 
correspon;ling surfaces above and below the 
sea surface are geoidal a~ ld  xnay be used, like 
the sca level, as srxrfaccs of reference. 

Adopting for the moment the simpler hy- 
pothesis that the shape of the geoid does not 
depcnd on loligitutle, the diverxence from 
parallelism of the geoid (1) ant1 the spheroid 
(0,6 )  mRy be ticlined in the following manner. 
Since the linear acceleration components along 
and to the raclhxs vector r a t  
the point (I; 3 )  of the geoid U .=constant are, 
respectively, 

the tangent of the angle between r and the 
normal to the geoid at  the same point is 
given hy the quotient of the second by the 
first oP thcse partial derivatives.5 

The angle thus derived is the difference 
between tlie astronomical latitude, +,, say, and 
the geocentric latitude 3 of the point (r, $). 

could figure sellbibly in the orbits of falling bod-
ies mhen my first invcstigation of these orbits aas 
p~tblislied. 

5 To terms of tho ordcr of wZ inclnsive this tan-
gent, using the notation of my paper cited above, i s  

:T (J+!:+) sin Z$ 

Using the data for 17 and r adopted in my 
papcr citctl ahove, it i q  found t l ~ a t  tlle gcncral 
valrre of i,l~is difference is to the first order of 
approximation, and in seconds of arcA, 

@o -\I, =688'' sin 2+o. (2 )  
On the other hand, the difl'ereucc between the 
geodetic latitudes +, say (determined by the 
xlorutal to tlle spl.~c~,oid b ) ) ,  aod the geo-( ( 1 ,  

centric latitudc of the same point, is to the 
same ordcr of approximation 

@ -$ --- 700" sm 3@. (3)  

There is thus a systenlatic diffe~*cnce betwccn 
these two quantities, si11cc the resiclual~ 
(+,-+), or thc so-called plumb-line deflec- 
tion in the meridian, arc assu~nerl to be of 
compensating plus and minns niagnitucles in 
determining the spheroid (a, b ). Otherwise 
expressed, this systematic dilTerence is such 
as to make the valuc of the rrleridional devia- 
tion of the falling botly valiish to tcrms of the 
order OF inclusive, adoptctl in my investi-
gation, if relererlce is made to the geoid in- 
stead of to the spheroid; and to this order of 
approximation the discrepancy is conlpletely 
accounted for. 

It is evident that 'cve may not discard either 
in favor of thc other, of the two surfaces of 
referenre giving rise to this discrepancy, since 
their departnre from coinciclence is an index 
of our ignorance of the geoid especially and to 
a less extent also of the s~1.1eroid used. The 
geoid specified by equatioil (1) is obviously 
less well kno\rm than Ihc ~pheroid, since an 
assumption must be made concerning the dis-
tribution of density in the earth before the 
monzcnts of inertja which determine the geoid 
can bc computed. Thus the relation (2) i s  
known with less precision than the relation 
(3) ; but, it is now clear that a complete treat- 
ment of the problem in quc.stiorl requires that 
both of these relations be taHcn into account 
along wilh the adtlitional relations (+,--4) 
and (h, --A), say, or the plunlb-line deflections 
in Iatit~x(le and longitude, respcctively, a t  the 
point (r,11, A). Tliat considerable uncertainty 
attachcs still to the relation (3) i s  indicated 
by the range in the) following values for the 

a! 30 
- - coeEc~irnt of sin 24ckrived By some exrlicr and 

2 ;it.i (1- 3 sin$p) - 4 r  cos2$ by sonlc more recent writers in geodesy, 
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Bessel, 1841.. ... .. . . . . . . . . . 690.6" 
Clarke, 1666 . .. .. . . . . . . . ,.. 700.4" 
Harkness, I891 . . . . . . . .. . . . 688.2" 
Hayford, 1909 . . . . . . .. . . . . . 695.8" 

It appears essential in this connection to 
call attention to a common misapprehension 
with respect to the earth which Professors 
IIoulton and Roever have helped to dissemi- 
nate by their able contributions to the subject 
before us. The ~otent ia l  function V which 
appears in equation (1) above, may be devel- 
oped in a series of spherical harmonics whose 
first three terms are given in the second mem- 
ber of the following equation : 

I n  this r, fFI, A are, respectively, the radius 
vector, ge~cent .~iclatitude and longitude of 
the point, outside the earth, to which V ap-
plies. M is the mass of the earth, 7c is the 
gravitation constant and A, B, C are in order 
of increasing magnitude the moments of 
inertia of the earth with respect to a set of 
principal axes originating at  its centroid. C 
is commonly said to be the moment with re-
spect to the axis of rotation of the earth, but 
in these days of "variation of latitudes" 
and of " mathematical rigor," i t  should be said 
to apply to the axis of figure nearest the axis 
of rotation. A and B are then the moments 
with respect to the principal axes in  a plane 
through the centroid and normal to the axis 
of G, or in  the plane of the equator as we 
commonly say. 

The expression (4) has very remarlcable 
properties. It is equation (26) of my paper 
cited above. The value of V is the same 
whether the latitude $ is positive or negatioe; 
and depcildcnce on longitude vanishes if 
B= A. With respect to this equation Pro- 
fessor Moulton remarks '(If the rotating body 
is a figure of revolution about the axis of 
rotation whoqe density docs not depend upon 
the longitude, the function V can be devel- 
oped as a series of zonal harmonics in the form 

A similar remark with regard to this expres- 
sion has been quoted above from Professor 
Roever, the inference being, apparently, that  
in some manner the expression (4) limits the 
distribution of the earth's mass to one of revo- 
lution. As a matter of fact, however, the ex- 
pression (4) implies no such restriction; on 
the contrary, i t  applies equally to a body of 
any form and of any distribution of density, 
the sole requirement being that the point 
(r, I), A) lie at  a distance from the centroid of 
the body equal to or greater than the greatest 
distance of any element of mass in the body 
from the same point. The considerations 
which permit us to assume (B-A)  small, or 
possibly negligible, i n  this and other problems 
of geodesy, must depend, unfortunately, on 
other sources of information than the expres- 
sion (4). Some attention to these considera- 
tions was given in each of my papers referred 
to in  the first paragraph of this note. 

Without going further into the subject at 
this time i t  may suffice to remark that it now 
appears illusory except as a mathematical exer-
cise to push the solution of the differentid 
equations of motion of a falling body to terms 
involving the second derivatives of V without 
including the third term in the rikht-hand 
member of (4), without taking account of 
the known relation between these derivatives, 
and without taking account of plumb-line de- 
flections, which often exceed the discrepancy 
shown by equations (2) and (3). 

R. 8. WOODI~JAR~ 
February 22, 1915 

AIZTVOE VOW ACWERS 

TIIE problems that confront the astronomer 

differ from those with which workers in  otlier 

departments of science are engaged in  many 

important particirlars, but in none more than 

in the magnitude of the data involved. So 

great is the number of the stars, so vast, both 

in space and in time, the scale of their motions, 

that i11 general it transcends the powers of an 

individual, or even of a single observatory, to 

collect, within the span of a lifetime, the mate- 

rials for comprehensive studies, or to collate 

and discuss them. Cooperation is probably 



