
S C I E N C E .  


I n  establishing his ful~darnelltal equations, Dr. 
Whiting, like Van der JVaals, treats the molecules 
as elrstic spheres which attract one another when 
not in contact. The cohesive effect of the ~nolecular 
attraction is regarded by both as proportional to the 
square of the density. It is, in fact, represented by 

the s a ~ n e  tern1 (>) in equations (1) and (2). This 

effect is deduced by Dr. Whitillg from the hypothesis 
of a molecular attraction varyiug inversely as the 
fourth power of tlle distance, by supposirig a body to 
expand so that every distance is increased in the 
same ratio ; but such an expansion is entirely ~rnlilce 
any which actually occur in fluids, since it increases 
the distance within which tlle centres of niolrcules 
do not approach one another. We shall probably 
come much nearer to the case of nature, if we sup- 
pose that the  average rlulnber of molecules in a fluld, 
which are between the distances 1, and i. + tlr from a 
given molecule, varies as the densitj of the fluid. 
This supposition will evidently make the cohesive 
effect of the molecular attraction vary as the square 
of the density. It would seem that any agieement of 
experiment with the indications either of equation 
(1)or of equation (2)slioulcl be regarded as confirma- 
tory of this law of the distribution of the molecules 
rather than of any particular law of attraction. 

T H U R S T O N ' S  FRICTION A N D  LOST 
WORR. 

T a r s  volume combines ~Elaracteristics not 
too often found in a work on this o r  kindred 
subjects. I t  is  thoroughly scientific in method, 
a s  well a s  in the treatment of separate proble~iis. 
I t  is  eminently practical in  results, a s  well a s  
in  the selection and range of the  l ~ r o b l e n ~ s  con-
sidered. It is  clear, accurate. ailcl minute i n  
the details m.hic11 give completeness to  its dis- 
cussions, and inake them readily available for  
actual use. I t  is not merely or  principally a 
co~npilation. While i t  brings together the 
formulae and results of the standard writers 
and experimenters upon friction, i ts  laws, 
moclifications, and effects, i t  also includes the 
author's om n elaborate experiments, made with 
a viem to their bearing upon questions of d a i l ~  
ancl vital importai~ce to  the engineer and the 
student. The  conclusions drawn from these 
experiments, being always subject to  compari- 
son with the facts and knowledge gained by 
the author in a wide and extensive engineering 
practice, are rational and reliable. T h e  book 
co~nprises  eight chapters. T h e  first explaias 
the object of' mechanism, the  manner of com-
puting work and power, the laws of the per- 

alzd mill-uork. By R. 
12-365 p., ~Ilustr .  8'. 

sistence ancl transformation of energy, and 
the relation of lost morli- t o  the efficiency of 
mechanism. I n  the second chapter, the theory 
ancl laws of friction are  developed. T h e  
lxobleins which arise i n  practice are  taken u p  
one by one, clearly analyzed, mathematically 
solved, and the applications of the  resulting 
f o r m ~ ~ l a epointed ont. 

T h e  next  three chapters form a n  exhaust i re  
treatise on tlle lubricants used for reducing 
friction ; their nature and relatire T alues ; 
the means of applying and  using ; methods 
of analyzing, inspecting, ancl testing them. 
Cuts of the best lubricators in  use, ancl also 
of the apparatus used in maliing physical 
t es t s ;  tables giving ph~-sical and chemical 
properties of oils, their color reactions, density, 
specific gravity, and viscosity ; and diagrams 
shon ing the relations of viscosity and lubri-
cation, and effects of temperature upon 
T-iscosity, accolnpany the t e s t .  Oleography 
and electrical concluctivity are  noticed a s  
methods of i d e n t i f ~ i n g  rar ious oils. T h e  
natrrre ancl effects of friction. and the liintls 
and properties of lubricants, having been thus 
fully cliscussecl, the author p ~ o c e e d s  to  the 
subject of experiments, from which must be  
obtained the values of constants which ea te r  
into all the formalae. Upon the correctness of 
these valnes depends the accuracy of results 
obtained by calculation from the formulae 

a Ions. developed by the theoretical inl~est ig  t '  
The  sixth chapter relates t o  experiments of 

two liinds : First ,  those designed to ascertain 
the relative amonnts of friction between cliger- 
en t  surfaces under v a q  irlg conclitioils ; t o  cleter- 
mine constants,  or suggest the ~ n l u e  and form 
of empirical formulae, applicable t o  friction of  
both solids ancl fluids. Second, experiments 
with machines for testing lubricants, ~ v i t h  cuts 
and descriptions of oil-testing machines. T h e  
mathematical theory ancl method of' using 
Tllarston's macliine a le  given in detail, to- 
gether with tables showing records of oil-tests 
made by the author with his machine. T h e  
seventh cliapter gives results of experiments 
n i t h  lubricants, showing their effects in modi- 
[j ing friction ; their endurarlce under different 
conclitions of pressure ancl velocity ; ancl the  
effect of cllanges of pressure and vclocity upon 
the coefficient of friction. 

It is  impossible t o  give i n  a brief review a n  
adequate idea of the minuteness of cletail with 
which tlle wicle range of problems ancl experi- 
ments are  discussed. The  reailcr may e x l ~ e c t  
t o  find, substantially, all that  is known upon 
these subjects through the i~lvestigations of 
earlier writers, supplernented by the results of 
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the author's own work in his professioaal 
practice, ancl in carefi~lly condtlcted espei i -
ments. 

A son1ewliat 1101cl featme of the book. and  
one ~vhieh will commc~lid i t  to  the i l lan~~facturer  
a i d  mill-owiler, is the closing cliapter on ' Tlie 
fiiiance of lost ~vork . '  The  lost n~oil i ,  the 
cost of the lubricaiit, the qoantitj  useil, a ~ i d  
the saxing or loss of energy effected by the 
ehangc of one lc~hricant for a better or a poorer, 
a r e  representecl bj- s~ mltols. aiid embocliecl in  
equatiol:~, by mliich general priaciltles. as .cr.cll 
a s  special results, arc reaclied. Tlie applica- 
tion of these cqual io~ls  is  illn-tr:~tecl by tlie 
solr~tioii of se! ern1 l ~ ~ o b l e r n s .  

FVllile the author poiilts out the iicetl of 
more estentleil esl)eriments iii some clirectiolls, 
and nraras  the reader against clrawing con-
cliisions too liastily from insuEcient clnla. it 
wonld seem that  the mctliocl o ~ ~ t l i i i e ~ l .  soa ~ ~ , ' l  
c s t ~ ~ l s i v e l y1)ursuetl. corers tlic whole g ~ o u n d  
of i~lvestigatiori rccjr~i~eii for the complete 
solution of all cyucstions relating to losses clue 
l o  friction in n~cchniiiriii. 

bo~rr:inen arc great,  and some ineu fttruous : 
a few are  both, and among them Darwin is pre- 
eminent. Greatness is a quality, f a n ~ e  a 
circ~~nlstance,n-hich greatness, unhelpcd by  
fortune, cannot secure. I n  this century, there 
have bee11 inany great  ii~tellects celebrated to  
the votaries of scieiice for their achievements. 
yet  riot f a ~ n o ~ i s  the 1)arnin is with pllblic. 
not solitarily pre-eminent : of lris o n n  genera- 
tion we lnay count a ntulliber liis eoln1)cers. 
H e  s tands high aloft, yet lie is even ovcr-
topped in sheer greatness by liis greatest con-
temporaries; but,  among tlieiri all, not one 
equals Darwin in deserved fame. Tlie influen- 
tial importance of a d i s c o r e r ~  is  measured 
neither hy the ability of the discoverer, nor 
by tlie magnitude of the difliculties overcome. 
T l ~ c r c  h a r e  been other intcllcctnal efforts ;IS 

successful and grand in their making and rc-
sults,  a s  that  wliich established tlic Darn i~ l ia i i  
theory, bat, in our time, no otlicr of equally 
1,rofound far-reaching and lasting significance 
t o  mankind. 

I11 s tud j  ing D a m i n  we have to bear in  nliud 
to separate the gre:~tncss of tlie man from the 
fame of his influence. T h e  time has not yet 

come to fully es t i~na tc  the ma11 -we lllust 
await the biography proinisccl by the family ; 
but n e a re  al~eacly able to  appreciate the 
directness and folce of liis iiitellect, his noble 
candor, his coulage under suffering, and. above 
all. his i~~sat i r tble  re-love of li-nowledge nrlcl 
search ; we can :~pl)iccinte also the rcrolntion 
of belief Ilc caused. 

I f  a poet were t o  imagine foith a carver. 
which n-itliout acl-cent~u'ous incident. o r  par-
ticipation iii the great  nff'airs of nations, 
sliooltl stir  tlic world, he might. if a great  
artist ,  conceive a chclracte~ a t  once simple 
:ancl noble : e n d o \ ~ e d  with irrepressible love 
of Iinonledge ; given ovcr t o  stutly ; inde-
fatigable in gathering facts, and always inar- 
s l ~ a l l ~ n g  illto logical plmlnnscs, ~n:lliing tilein 
tlie f r o i ~ t  and fianlrs of liis evidence alike im- 
prcgiial~le: lie wonld p1:lce tliis character aside 
fionl tlie br~st le  of the norld,  and perhaps add 
ill health to  the condilions to  e~iforce closer 
retirernmt, arid accentuate the obscurity of 
seclutlcd labor ;  al:d the poet-artist would 
endow Ilia created nian nit11 means, that  his 
life lniglil be altogetlicr devoted to study, 
~ i t l i o t i t  pecuaiary liarassineills t o  impede the 
absolute conce~:tration of mental eflhit. Last 
of all, the poet's conception i~iclndei  a great 
idea. I"or year after j car the toil ~ v o i ~ l d  con-
tinue. unhccclccl but prosperous, until ttie 
lotig-growing thought becomes n proveil gcn- 
cralization - the n hilom mystery of natme is  
clarified. At last tlic resnlt is given to the 
ror l t l  ; i t  turns tlic ininds of men topsy-turvy ; 
all civilized nations a re  convulsed n i t h  tlie 
turilioil of discnssion, angrg- and tur l~ulcnt: 
tlir suddenly fanlous pliilosopher ~ilaiiltains liis 
retirement ; he withholds himself from all stlare 
in  the profitless fury lie has  aronsccl ; llc cloes 
not srrerrc  from the  continuatiol~ of liis 1inol)- 
t rnsire  labors, bnt repeatedly re-enforcci bj-
inore facts and rnore logic his pul)lislied gcncr- 
nlization. I n  a few gears the \ituperation, 
wliicli TI as 1111rled a t  liim in Lulrncaslil abic 
quantity. ceases ; j e t  a little mliilc, a:itl Ins 
due is paid -fully : the world, that  lind hut just 
now rc\  ilecl him, turris aboiit and acknowledges 
tlie mighty progress the oiic n~ni i  lias accom-
plisheil for all. S o w  tlic .cvork is finishe?: 
tile rich recompense of universal gratitude lias 
i ~ e ~ r r  ant1 Then thc  lifeearned received. 
closes, Iionorccl by every class :mtl i11 ever! 
countrj . A t  his death it  is  already linorrrll 
that  tliis student's name will i~eiicefortli m:lrl; 
tlie c c ~ i t u q  in which lie lived, brcausc tllc 
liiiigs, generals, and politicimis 01 liis t imr arc 
all less than the unpretentious lnvestigatoi. 

Our supposed poet, the maker of this his-


