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is 'pulled gently anil steadily,' is the I,eason that t,he 
fifty-pounil meight acquires a great,er velocity, brcause 
tlie ~veight resists less (if so, theii resistance is IPSS 
tlian itself), or bcca~~se  t,lle tiine of application is 
greater ? 

I n  elementary works on physics, the nord ' iiiertia ' 
should be seldo~il rised, l ~ s t  the pupil ncrlaire the irn- 
pressioii that irierlia is : ~ I Ientity. >lost esnct writers, 
foreuiost arrioiig wholu is J. Cierli I\Iaxa.ell, enrefully 
avoid the nse of the mortl. Ent  if Dr. Ilall's quasi- 
definition, given in tlie Inst paragralih of the article 
luider discussion, is tu be aeccptcd, then rrinst tlie 
~ ro rd  riecessal,ily l~ocoine one of co~~sta l i t  I t  is a use. 
pity that A lax~e l l  lias not giveii us a dofiiiitioii of ' an 
inertia ~iiiit.' We s1.1all be pleased to liave Dr. Hall 
supply the desideratun~. A. P. GAGE. 

Iri my article 011 ' Inert ia '  I r n s  mainly concerned 
for the distinct recognition of aphysical fact. 117 in- 
terest in tlie word ' inertia' mas secontlary. Professor 
&Iendeiiliall and Xr .  Gage appear to deny t,lie realit,g 
of the ' resistarice ' of which I spoke ill defining h e r -  
tia. I said, "Natter possesses a property in virtue 
of which it offers resistance to an  agency which is 
settirzq i t  in motion." Professor Alentie~~liall at-
tempts to avoid the idea of a resistance in explaining 
tlie fact that  force is reyni~,ed to set a body in motion, 
by spealring of the ~ o r k  (lone. The attempt seeins 
to  me entirely u~isuccessful, unless he lias some 
unusual definition of the word ' work.' Accorcling 
to  Maxwell (Theory of lieat, 4th etl., p. S7), '~ o r l i  
is done when resistance is overcome;' and, though 
he  does riot say that worli is done only when resist- 
ance is overcome, rio reader of hfaxrl-ell will deny 
tha t  he meant that. This, by the way, is the only 
reply I need make to niy critics' use of Maxwell's 
tea-and-sugar illustration; for certainly Maxwell con- 
sidered setting a inass in motion to be doing work. 
With this I leave the question of physical fact, and 
come to tliat of the word or words used to denote 
that  property which I have called 'inertia.' 

In u-in% the word ' inertia ' as I did, I knew per- 
fectly well t.hat I assigned to i t  a meaning sonletilnes 
given to the word 'mass.' I knew tliat &Iaxwell, in 
the very passage of which I quoted a part, and of 
which Dr. Hastings has quoted the whole, used 
'mass ' as I hare  used ' inertia.' I t  v a s  iriy belief, 
however, arid it still is, that iIIaxwel1, in thaL famous 
chapter, used ' niass ' in two senses. EIe does use it 
as I have nsed 'inertia,' and in tliat case defines 
i t  as a 'property of matter '  ( the italics are mine). 
Elsewhere in the same chapter he says, "What  is 
really invariable is the qunntitv oj'inutter in the body, 
or what is called in scientific language the nzass of 
the body," etc. (the italics are rnine). 

As to Xax~vell's use of the word 'inertia,' I mas 
in  error. I certainly spoke as if he gave ~tndoubtect 
sanction to the word in  the sense in wliich I Ilave 
used it. This I had no right to do, for he merely 
states wliat others harc  nleaiit by this word. Any 
one. by reading the passace mhich Dr. Hastings has 
quoted froin JIaxmell, mill see all tlie excuse 1 havc 
to  offer for my blnnder. 

Dr. Elastings admits that Tllonlson and Tait use 
thc ~vord ' iriertin ' lo denote that i~roaertv of riiatter 
for mhich I have used the same rianie; fiut he says 
that  their statement is confused. This criticis~rl is 
just; hut it is irrelevant, anless Dr. EIastincrs means 
to imply that  Tliornson and Tait wrote 'inertia' 
vhere. in a clearer rnonlent, they mould have written 
'mass.' Moreover, his conirnel~datior~ of their defi- 
11itiui-i of tht. latter wurd rtiight lend one to infer 

that Thornson aiiil ' h i t  use ' n ~ a s s  ' as ;\iaswell does 
in tlie passage he lias yaotcd. IVhat, t l ~ e ~ i ,  is theii 
defi~litioiiof ' i~lass? tliits : ' T!ICrjz~c~~ztity' I t  rea~Is 01' 
nzcctter iti a body, or, as we now call it, tlic mass of a 
body," etc. (art". 20s). 

And now what is tlie practice of nly critics in 
t,he use of the ~ ro rds  ' inertia ' a ~ ~ d' ~iinss'P 111 tlie 
preface of Air. Gage's Elemeritq of physics, vr-e rr,atl, 
"Dr. C. S. EIasti~igs of Joliris Hol)liina ~ iu i r e r s i t ,~  has 
rear1 the larger port,ion in nlan~iscript, and [lie re- 
mainder in proof-sheets." 011p. S of this bor~lc I 
finti, "By  the vznss of (6 body \re understaiicl I I L C  
quul~tityof 71zatter in it," and or1 11. 20, "Tile t e r a  
nlccss is equix-alent to the espressio~i cjiiaizlily of l t c c ~ t -
ter." Of course, the word ' inass '  occiirs in inany 
other passages of  the booli; but I hay? disco\-erecl no 
case ill ~vliicli it, appea r s to  de~iote any t h i ~ ~ g  but 
yucc?ztit?jof mntter. 

As to tile use of ' inertia ' ill t,lie sanie book. (111 1). 
90 1firid, "This inability is called i~lrrt ia.  Bvitleritly 
the terirl onght never to be i!rnployetl to tlt>noie a. 
hindrance to tnotiori or rest." B u t  1vlli.11 Tve corne 
to the sitbject of centrifugal force, p. 101. Ire read, 
"Ceritdfngal force has, in ~,ealit,v, 110 esistcl~ce: the 
results that are commonly attributed to it are,tlue 
entirely to the tentlency of ~ n o v i ~ i g  bodies to liiore in 
st,raiglit lines in conseclnence of tlieir iiiertia." 

Ken., one of time results is the rriairitenn~rcc of tlie 
solar system. Why do not the planets, obeying the 
law of gravitation, fall into the s ~ u l ?  Accordii~g to  
the teacliillgs of tliis book, Tve mnst answer. "Siinply 
because of their .utter  inability' to pnt tliemselves 
in motion, or to stop themselves, altllougli tliis in- 
ability mnst never be understood as a ' l l indra~~ceto 
lnotion or rest.' " A little farther on in tlie boolc we 
read, it is true, that " to produce circular motion, t.hc 
centripetal force must be increased . . . as the mass 
increases." 'Xass ' enters here when the book 
speaks of numerical relatioi~s; but we see, that, 
it attempts to explain 'centripetal force,' i t  appeals 
to ' inertia,' and says nothing whatever of 'mass.' 

I t l~ ink  it not too ~iinch to claim that mass.' nsed 
to denote tliat property of matter TI-hich Tliomson 
arid Tait call 'iliertia,' is com~~aratively whilerare, 
one can hardly take up a book upon physics mitho~it  
finding 'mass '  used iri the sense of ' quantity of 
matter.' That an exceedingly iritirnate relation 
exists between inertia as I have defined it, and mass 
as con~rnonly defined, I am well aware. Thomsou 
and Tait's words are, "This, the inertia of niatter, 
is proportional to the quantity of matter in the botlg." 
I should prefer to say, bodies of equal inertia (see 
the last paragraph of my article on ' Iner t ia ' )  arc 
assumed to coritain equal quantities of matt,er. 
Qnantity of matter, in tliis sensr, is calleil 'niass.' 

If it seeriis best to use 'mass '  to denote also the 
property of rnatter which l\Iaxmell undoubtedly does 
denote by it, let us so use i t ;  and,  by all means, let 
its tloable rneailillg be tlistinctly recogriized in the 
elcrrientary test-hoolis. To lrie it seelris far nriaer, 
lio~vevcr, to use the t\von~orils, ' inertia ' and ' mass,' 
substantially as Tlio~nsoii and Tait use them, ancl to  
rigorously exclude from the text-boolis tlic coliipar- 
a t i ~ e l y  useless ' inability ' defiiiition of ine~,t ia.  

E. 13. IIAI,~.. 

Silk-culture in the colonies. 

The tern1 ' sillc-balls ' was doubtless einplogetl a t  
timcs to d ~ s i g ~ ~ a t e  but tlmt cocoo~~s ;  is quite dif- 
ferent fro111 ' rav-sillr' and 'ran.-silk b:xlls,' nrhicl~, as 
rve stated, miglit niore alspropriately apply to the 
twisted 11aul;s of raw silk mhicli are so doukiletl : L I I ~ ~  



tied as to suggest such a designation. Thr  clioltii~g 
or drying of tlie cocoons was in colonial (lays a p:wt 
of silk-raising, and not of silk-reeling; and, whilc 
reeling-establisl11i1c~ntsniay uiidertalce to cliolce the 
rocoons brought in by the raisers in their ilniilediatc 
neighborliood or by agents, the 1n:trl;eting of fresh 
cocoons must necessarily he li~nit,ett i n  t,imc nncl dis- 
tance. They cauiiot bear pressurc willlout iujnry, 
and all baled cocooris must needs be clio1;ed. One is 
hardly jtrstified in comparing tile ~uetliotls of colonial 
tinzes with those in vogtle to-day it1 Francc, wliere 
modern steam filatures and railroads have produced 
such profo~rncl modilications. TVe cannot scxe horv 
choke11 cocoons, mltich have hut one-third to one- 
fourtll tlic weight of fresh cocLoolis, can be marlietetl 
:it the same rates as the Ires11 cocoons. 'She tern1 
' green' cocoons is often r~sed in Eriglish as tht! equiv- 
alent of fresli cocoons; but, as tlnotcct in tlie Breilcli 
marlieta of to-day, tile word 'green' ( v e ~ t )  rt~fers to 
those of a green or gr.eenisli color. T'erliaps this niny 
explain t,lle puxzlo. C. V. ICII,EY. 

The rmomete r  exposure .  

I n  No. 58 of Scietice, I'rofessor &ielrclenll;tlI c;ills 
attentio~i to iritcrest,ing differenccs of the ~nirtirira 
ternneri~tures on coltl. still riirhts of the 1vii~tt31.. 1 
:tgri&witli h im that a iifference\f esposure, and pros- 
imity to buildi~~gs,  may explain a difference in re:td- 
ing ibut it is impossible to explain by them alone the 
eiiornlous difference rioticed in Columbus (2'i.3° V . ) .  
'fhere must, have been, besides, one or another of tlic 
follorvinq conditions, probably botli. TYhen the con- 
c!itions are favorable to radiation, ancl t he  ~iigil t  is 
st,ill, the lowest strata of the air arc mostly cooled by 
contact ~vit l i  the cold, upper surface of the groimd ; 
arid more so if there is s~low,  and a so-called i~iversion 
of temperature is prodnced. The teml~eratnre rises 
from the lovest strata to a certain lieight. Exaniples 
of this can be fourid in the observations a t  Pnlkova, 
near St. Petersbr~rg. .I thermometer placed at  the 
height of seventy-eight feet mas almost constantly 
liiglier than one :tt s i s  feet above ground at  eight x..ar. 
I n  August, on clear days, the mean diffcre~ice mas 
2.10 I?., and once in Septe~i~l)t?r 111t,heit \\.as 5.P0 F. 
months from Dccember Lo Jlarcll, w1ie11 the grountl 
is covered mit.h s i i o ~ ~ ,  at r.ar, t , l~c  npper even one 
thermometer was higher than tlie lower ; tlic mean 
difference on c1c.w digs of Ilcccmbei and Janaary a t  
one p . ~ .amountinq to 1.30 I<'., aritl once it .irnonnted 
to  4.1° F. 

The s a n e  resnlts 7vcl.e ol)taincd by exl)cr~iiiicnt$ 
inade at  I ie~v: by t l irectio~~ of t,llc meteorological oilicc. 
The  minima were lower at  a height of t~vcnl,y-one fect, 
above gro~~ncl  than a t  a lrnntlred and twenty feet;  ant1 
on one occasion, at  nine P.II., during a fog, tlie latter 
\!?as higher by 10.8O F. than the former. 

Now, ninst of the signal-service stations must ha\-:! 
comparatively Iiigh minima, not only because they 
are ~rlostly located in the i~iterior of cities, but he- 
canse the therreometers are often placeti very high 
above the grountl, at  the level of the fifth or sixth 
story of city buildings. Probably the stations of tlie 
Ohio state servicc? are placed lower. 

Besides the height of t1iernlonlett:rs above the 
ground, ivhat I call the ' topographical coliclitions ' 
a,re of importance. At an ec111a1 clisiance from the 
level of the grormd, u n d e ~ ~  contlit.ions favorable to  
radiation, there will be math loner rriir~inia in valleys 
than on hills. 'I'his is caused l ~ y  the descent of the 
coldest, and henviest a i l  to the vnliey, anrl also by 
t,he fact that in a valley the air is in tlie vicinity of 
n. greater surface of the groantl. nur inq t,be allti- 
cpclo!jo of Ilec. 19-SO, 1H7!!, the srunmit of JIorl( 

Vertlrrit, near Lyons, France, Iiad a rii6,aii tenlpcra- 
tnrt: of -l.TO C.  ; and the Parc de la TBto tl'Or, in 
the city. situ;tted foul. huntired ailcl fifty tncitrrs lower, 
;r mean of -7. l0 C .  Tlic rilean niinirna differed by 
rnore than lP°C. Very liltely the obscirvatio~rs of 
lhe  st,ntc: s e r ~ i c c  a t  Colunibns were made on lower 
gronnd 1lra11 those of tlie sigi1~1-scrvicu. TV11cre 2~11ti- 
cyclones i l l  ~vinterare corutrrori in high intitudes, ~ r i t h  
tliegroturtl covered wit,hsriow, thenica~l  te~nperati l~es 
of tlie \vintcr ~nonths  m ~ r s t  be considerably colder 
in valleys than on the surroundiiig hilis and moiln- 
tail1 slopes, as t.he insolation (lurilig tlie tiny iriter- 
feres but slightly, a1111 not at  all driring sorlie days at  
points beyond tlic polar circles, xvith tho elql~ilibriirtn 
{if air strata oblaiiiccl di~ring the ~ r ig l~ t .  

l'liis cold of tliv ~ligllts in 'alleys, sltbjectir~g pla~its 
to freezing on r~iglits when those that grow on l~i l l s  
:ire spared, is well lrrlowri, Per l~apsit is less noticed 
iii Ihc Uilited Slates, as therc lo\vi temperatures are 
rlfteiii:r accompanied by Irigh 'ivincls tha11 in Europe. 
Tile olive-cultivators iii southern France, and the 
coffee-growers i l l  the llillg tlistricts of the province 
of Sari P:tulo, soritherrz Br~~x i l ,  Imow this so well that 
tlicy tlo riot plant tlreil, tree's in valleys, from fear of 
frosts. A. WOETBO~. 

St. 1'ctrl.rhurg. 

Da lman i t e s  i n  t h e  l o w e r  ca rbon i f e rous  rocks .  

Dur i~tga reccznt geological excursion near this city, 
one of our party, Mr. E1enl.y Lane, found anrl pointed 
out to nie a trilobite, wliich l extracted from the 
stone myself. 'l'lie roclr on \\rllicli we were ~vorlring 
was tht: upper p:~rt  of llie Cuyalioga shale of thc: 
\FVaverly group of Ohio, n o ~ v  arliversally, i believe:. 
rcfcrrod to the lower carbo~riferons systeiri. The  only 
germs hithcrlo reported frolri these rocks in America is 
Phillipsia, with thc cxceptiori of two spccies of I'roe- 
tus scarcely' tListinguishablc from Piiillipsia. The: 
specirncn in question, ho~vever, iiislinctly differs from 
botli of these in (.he pygidium, the only part yet ob- 
tainccl. Instcad of the evenly roundetl untl margined 
tail of those genera, i t  sllolvs the flabellate aiid fiin- 
llriate form of Dairnanites. The occrrrrencc of this 
genus or of this t>ype of trilobite, so high in the geo- 
logical series, is both s~lrprisi~ig ailti 'unca~ioriical.? 

'A cn r ious  optical phenomenon.' 

Except in o~ril c.ttriolls point, ' F. .J. S. 'a '  lc~testox-
~ ~ : r i m e r ~ t( S c i e n c e ,  S o .  (;:$,p. -175) obviously accords 
with uiy i ~ o t  e (S:LIIIG page). Appare~ltly, thc virtual 
irnago is lhrcc feet it~,rronlof I~im,or nine fcet from 
tile mires, since the ph:tntom rises when he  boms; thc 
slats are seventeen and two-tllirtls times midcr aparL 
than the vc-ires, from crritre to centre; and every 
l'orrrtll mire hides every tliirtl slat, wliile tlie next wirc 
but one hitl(!s a. slat-sh:ttlon7. B ~ t t  how can thirty 
slats a:~d their sliatlon-s tllns give ttceive d x k  phant,oni 
lirres ? \Tit11 Iris telescope, 'P.J. S.' rntt,y find th:~t 
two of t l~em,  lcxst perfect,, are where ires cross t l ~ c  
,ii.rtnie of the blincl. 

Two wortls of ini~le,  t.11rrc lines from the bottonz of 
tlre page, require correction. The size of the image 
is ilot 'very nearly' as clescribed, but czaclly so. 11 
this image coultl become an actttal screen' tlicll its 
iniage, in t i ~ r r ~ ,  rvonld be tlic Cartlier screen; and anv 
line through a vire-crossing in  either of the  thrge 
screens woald inclct tlle otller two nt poiilts qvasi-
lrornologo~rs to ear.11 other. 

,Jaar~ssEnwarin OI,IVER. 
Come11 nnivcrtiity. April ! ! ! I .  


