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latter were electrically heated, their temperatures being 
read by mercury thermometers. The zero positions of 
the small suspended s tern were deduced by noting the 
turning points y r e a r b y  a distant telescope and scale. 
Thus the relatlve gravitative effects with the large 
masses cold and hot are found by observing the shift in 
each case on .qotating the large niasses froni the one 
attractmg posltlon t? the other. 

Elaborate prectmtlons were taken to moitl various 
disturbances or spurious effects. Thosc dealt with tire 
electrostatic, nia etiv convection, radiometer pressitre, 

of heat, and displacements pf apparatus. Taking all 
circumstances into consideration, n pressurc of 14 nini. 
was held to be most satlsfactory aiid was adopted in 
many of the later esperiments. Thc results of the es- 
periments with the h a l  form of apparatus are suni?ii?- 
rized in the table [not reproduced here]. From this It IS 
deduced, for the given temperature range o€ the larger 
masses (of about 47 kg. each) if a linear relation be 
assumed, that 

f=G(1 +&)M/n/d2, 

where a is a temperature coefficicnt of v n l u i ~  (-1-1.30f 
0.05) x 

occluded gases, i? amping, radiation pressure, conduction 

per degree C.-E. H.  B[arlon]. 

GEAVITATION AND TEMPEXATURE.:' 

By J. L[ARMOR]. 

[Reprinttd~mom Science Abstracts, Sect. A, Aug. 25, 191% &?;I.] 

As the outcome of n very delicate systcnmtic wries of 
experiment,s, it  is announced by P. E. Shmv [see above] 
that when one large mass at.tract.s :I. sm:dl onc tho gmvi- 
tatire force between them increases by about 1/500 :is 
the temperature of the 1a.r e ninss rises from, s w ,  15O t,o 
315OC.; thatis,it increases % y about 1.3~lO-~of'itselfprr 
degreeC. This seems to be a very stnrtling rcsult, :it any 
rate if temperature is mere1 the espression of intciimnl 

admit. 
By Newton's principle gravitation betwwn masses 

must act reciprocally; the result, therefore, nienns that 
the astronomical mass of a body must incre;ise wit.li teni- 
perature by 1.2 x 10-5 of itself per degree C. 

The pendulum experiments of Bessel and rcrcnt c1ct.w- 
minations by Eotvos seem to establish proportjonality be- 
tween gravitational mass a.nd mass of ntertic., iiwqt.ct,ivc 
of temperature, well beyond these limits. Thus inert.in. 
also would hsve to increase with temperatmure, >::nil when 
a freely moving mass is becoming wwnicr its vrlocit,g 
must be diminishin , for its momentum must be con- 
served. A comet li -e Halley's is heated upon ap roach 
to the sun; thus i t  should suffer retarda.tion in t\e a:- 
proaching, and accelerat,ion in the receding part of t e 
orbit, enough, probably, to upset existing astrononiicnl 
verifications. 

Electrodyna.mic theory does establish unequivocally 
an increase of inertia of a body arising from gain (SE) of 
thermal or electric energy; but this is only of amount 
SE/c2, where c is the. velocity of rn.cliatioo, and so is 
minute beyond detect,ion. The question wliet,her there 
is also an equivalent iricrease in g?.a.ritational~?ia.ss cratles 
discussion until some link coiuiec tine wavit,titire ii.ntl 
electric forces has been est.a.blishecl.--h. B. B[nrtoii]. 

strwted above. 

molecular motions, as iiidee B the esperimenter scomed to 

-. .. -- 
SRevlew in Nature, Lmdm, June 15, 1916, 92321, 01 the paper by I?. IC. Slrw ab- 

ICE CRYSTALLIZATIONS FXOY AQUEOUS SOLUTIONS.' 

By R. HAicTarANN. 

[Repiiatrd/rorn Science Abstracts, Sect. A, M3y 25,1916,562S.J 

The solutioiis roiitnin eane SUWW, glyc.erol, alcohol, 
NaBr, MiiYO,, NaOH, FeCI,, or €Ih, d e . ,  in water, and 
:ire untlerroold, with t h  two Irtst-mentioned so1vent.e t o  
- 3S0  niicl - 40°C. %'lit. crystallit.es tiirn scpintting :ire 
of four or 5-w t.gpc-s : ( a )  The skclet.ons or iiiiclei are hesag- 
onal or rc-ct.:ingul:ir in out,line, but the tdirec or two (rec- 
tangle) ~ I X V S  cross in 1mt.h c:ises at 60: (1)) n.nd ( c )  spheru- 
lites, radio1 or built up of plntes; (d) fen the~gowths .  
With moder;Ltc. nntlcrcooling (a1 is obtainccl; (b) and ( c )  
with heavy unrlcrcoc~ling ; (cl) in very clilute solutions, 
what,ever t.he woli?ig. In order to sec? whether t.he nuclei 
have nll the s:{nie melt,iiig points, t h y  were placed in 
watcr a.t, -2" :ml t h w  wry slo:vlg lientccl up, differ- 
c11ces of 0.001 degrcn C. heiiig o1:)ecrvable ; bhe melting 
pcrint,s were ~ilw-a!j-s found x,rnid. In the ( m e  of the 
two ($1) t,ypes, t.he linc::r vclocity of crystn.llization was 
furtlicr detc.niiincc1; 110 difIerences n w e  observed. When, 
in tlio spont.:iiicous crys t,:ilIimtiy a iiuclcus licippens to 
settle em t h r  glnss s11rl:~~ wit,li Its h s e ,  2% 11es;igoli SeelilS 
to br formed J when with its trinngulnr edge :L rcvt~ng1;le is 
for111C.cl.- II .  C[o/*n 81. 

THE U T A  THERMOMETEE AS A MEASURE OF THE EFFEfT 
OF ATXOSPHERIC CONDITIONS ON BODILY COMFORT. 

By C.-E. A. WINSLOW. 
[Rfprin/cd/,am Science Abstracts, Sect. A, Avg. 5, 1916, 8 W?.] 

The reaciii!gs cjf :in ordinary ther~noinetcr afford n poor 
iii~[it::lti~m ot t h o  c!,c..gi.ce of coJ:dort felt b>- t.ho average 
intlivitlunl, w!io in atlclitiiiii to fcding the c+i'rcts of t e ~ -  
per:it,urc is also sc.ilsit.i\yt! to c.ir movelilelits. TO ohtdn 

11ior~~ s:ttisf:wtoq- :wasure of coinfort 1,. Hill devised 
the kat,~--tilenuo.neter outfit, which consists of two ther- 
i1ionieter.i; wit.11 large bulbs aiid s t e ~ s  graduntetl from S 6 O  
to 1 :o"P.,  on^' to Le rc:tc!. ,::.s a dry- t t n d  t,he other as a 
wet-bulb thew Imiicter. 1 lit! h l b s  are lieiitccl to about 
1 IoT., niid then, whiic! t,liey arc! freely esposecl, the 
tinit? t&n to f d l  froiii 100° t,cj W'F. is noted. The 
ttutlior hiis tdwn thrce swiw of reatlincvs with the a.ppa- 
rikt,us unci cr tliflercnt. circui:is tmices. f t tlie smie t.i:ne 
ti b:uitl of observers t.stiu!;itecl the ilegree of conifort of 
the coui!it.ions on mi arbitrary sc.ale of 1 to 5, in which 3 
represented iileal conditions zi.iitl 1 nncl 5 estremes of 
cold and wariiith, respectively. The coiiiparative in- 
struinent.ul aid personal re.sult,a nre set out in tables and 
on ti cliiigruin. As u result i t  scGJils clear that the instru- 
iliellt is of went riilue in ~i~cusuring tho actual influence 

air oon&tions on tlie bociy  ant^ is grent.ly superior 
t.o t.hc ordimry t.herxo:iic!tcr for t,his purpose. The curves 
show that contiitions of li::isil?lui:l cmdort arc representetl 
ljy fallin.. times, Ircm 101)" to 90" I+'., of 45-60 seconds for 
the w e t - h b ,  and 150-1SIj seconds for t h  dry-bii1b.- 
J. 8. Di[rr~.s]. 

BALL LIGHTNING ON PUY DE D~IJXE.~  
Hy E. YATEUA~. 

[Repinled from Science Abstracts, Sect. A, Aug. 25.1816, 5 917.1 

On April 15, 1316, the phciioiiienoii of I d  lightning 
was observed 011 three occasions-at lSh ?Om, lSh 30m, 
and 501n-tnliing the forln of t i  brilliaiita fireball with 
somewhat hazy contour, aftei.u.urcls changing to an oval 

1 Zcitsch. I Anorg. Chew Aug. G 1914 88:1?.+13?. 
2 Science N e w  Turk M$lY 191; (N. b. 
8 i'omptks reudus. &is, Ap;. 25, l!llli, d i : M 2 .  

4351fi-719. 
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with long axis horizontal. The discharges appeared swsi- 
bly stationary and lasted for some 2 or 3 seconds. Their 
color was whitme, tinted slightly niauvc. -( ! P. B [ ~ f l r ~ ] .  

CENTRAL OBSERVATORY OF MEXICO REMOVED. 

Under date of October 5, 1916, we are informed by 
J. Covarruhias. chief of the Mesican Meteorologica,l mil 
Seismological Service, thnt the ofices of the Central Me- 
teorological-Magnetic Observatory hare been removed 
from their former location in the City of hfbsico anil tire 
now in the city of Tacubnp, D. F., where t,liey are 
located in t,he sniiie building as t,li;it occupied by the 
‘(Direction of Geographical and C!lilimatolo&xd Stutlies.” 

The geographical position of the Cent,ral keteorological 
Observatory is now: 

Height above senlevel, 2,3308.5 i:iet,ers (baroiiiet.er cis 
tern). 

Longitude, 6h 3Gm 46.G7* west of Greenwich. 
Latitude, 19’ 34’ 17.9” north. 

CLEVELAND .4BBE9 1838-1916.‘ 

Professor Clerela.ncl Abbe dicil about 4 a. in. on October 
28, 1916. He h d  been in ill health siiice June 4, 1915, 
when he was stricken by a parillpsis of the riglit side, froiii 
which he hac1 largely reco~-erecl.~ Siiicc July, 1916, how- 
ever, lie hac1 suffered from a ni:i,lignant degenrmt~ion of a 
mole, which rapidly hecnnie so estensivc as to prevent, 
his resting conifort,ably in ot.liei- than om position. The 
resultant irritat.ion and great loss of sleepy together with 
the restricted diet imposed hy the conditions of his p i -  
ralysis, drained his strength. He returned from Port- 
land, Me., where he had spent thc suiiinier of 1916, about 
the middle of Sep temher and  in a grestly wealiened con- 
dition. I4’0r a few days he enjoyed t,he freedom of his 
home, but, soon retired to the roo111 which lie kept until 
the end. Mentdy  but little change was observable, and 
even on the aftfternoon of October 35 lie dictated a letter 
to the Secretar-y of the S!nit.lisonian conceriiing tlie det.xils 
of publication of a paper 011 meteors. 

Professor ,4hbe h i 1  not takeii a l i i  ackive part in tho 
Weather Bureau’s work since June 4, 1915, lmng on leave 
or on furlough froiii thut t,inie unt.il hc resigned on August 
3, 1916. 

His death will awaken a kcen sense of peixonal loss in 
the minds of his former cold>orei~. Professor Ahbe was 
not only a tireless and prolific worlcer in helidf of the 
science and the ublic institution to which he cleclicatetl 
the best years of E is life, hut lie was also, in a very uiiusual 
degree, endowed with the faculty of coniniunicatiiig liis 
enthusiasilz to others a.iicl stiiiiulatiiig their en’orts, a 
faculty that niacle itself felt; 1)ot:Ii in pcisoiid intercoui-se 
and tlirou h his writings. 

~ o r n  inkew ~ o r k  Cit’y in  1 s : ~  hc? was grac1uatc.d from 
t#lie Free Academy (now the C.!dlt.ge of t,he City of New 
York) in 1Y57, nurl stuilied ;istronoiiiy wit-h I?. Briiiinom 
at Ann Arbor, 1S5S-60, micl with B. A. Goulcl a t  Cam- 
bridge, 1860-64. From Canibridgv he went to Riissia, 
where he spent two years as a stutlent and assistant at 
the Observatory of Pulkovtt, under tdie distinguished 
astronomer Otto Qtruve. On returning to the United 
States he was connecked for n short t h e  wit,li the Naval 
Observatory, and was called thmce to the clirectorsliip of 
the Cincinnati Observatory. 

Professor Abbe’s work at  Ciiicinuati will always 
reniain a landinark in the history of meteorology, as it was 
here that he orgttiiized, in 1S69, with the assistance of the 
Cincinnati Chamber of Cooinierce and tshe Western 
Union Telegraph Coiiipniig, a system of telegra hic 
wrnther report,s, daily weather iiia.1)~~ and weather P ore- 
casts, t,he iiist regular undertakin- of tdiis kind in America 
ani1 tdie prototype of the mr:it,nc.r service now main- 
tniiiecl I) the l&lerti.i Uoverniiient,. Indeed, the object 

s t m q p t  a r g i w n t  in l I c h l f  of t’lir! est.nblishnient of a 
n:i.tioiitil weather service in councct,ion with the Signal 
Corps of t.he Arniy, 1% project urged upon Congress by 
Dr. I. 9. Lapliam uiirl others :mcl put into effect in the 
yetir 1S’iO. 

In January, 18171: Professor Abbe wms appointed a 
civilian assisttint in the office of t.lie Chid Signal Officer, 
wlicrc he organized t,he forecast, worli and began prepur- 
iiig thc tri-daily syiiopscs a.iicl ’. pro1,iibilities ” of the 
wentlier. In the same yew he bcgnn anil urpd  the col- 
lection of lines of leveling and in 1S72, Lv laborious analy- 
sis, clduccil tlie altitudes of the Sigiial &vice barometers 
:ibove sealevel. In IS73 he inaugurated the MONTHLY 
WEATHER REVIEW, and he prepared 22 of the first GO num- 
1;im of this publication, which wiis then only a brief bulle- 
t,iii of current went,her st>:&tics. Sept,eniber 1 , 1893, he 
u-as nppoii iied etlit.or of mi eiiliirgcd puhlica.tion bearing 
t,he s:iiiie t,itle, and under Ilia rlirect,ioii it  soon became 
otic of tlic Iciidiiig meteoro!o,rricul journals of t,he ~vorld. 

I t  wns largely owing t,o Pro€essor Abl.w’s advice that 
General Mpr ,  the Ciiiof Sigiui.1 OifiIicer, sou& the coop- 
eration of foreign goveimment,s and of the fnternational 
Afeteorologicd Congress of 1S73 in establishing the 
“ Daily Bullct~in of biiiiultaiieous Intoriiational Meteoro- 
logical Observntions, ” and Professor Abbe took a leadin 
part in organizing this rcniarkable enterprise. Worlcf 
wide systems of observations continued to be one of the 
chief objects of his interest and advocacy throughout 
liis career. He was also specially instrumental in the 
orgnnizat,ion of the State weather services , the recleces- 
sors of the present c.liniatologica1 service of thekeather  
Ru rem. 

Professor Abbe never cemed to urge tlie importance 
of meteorological research, tmcl he organized a branch of 
the cwitral ofice, known a t  first iufornially and later 
oficinlly as the “study room,” in which niany fruitful 
investigations were carried out. Ht) hiinself set the 
esmiiple in this field of activity. He collected on cards 
about 11,000 titles of )rtpers on nieteorological and allied 
subjects a t  considera T, le exp:mdit,ure of private means 
and lersonill effort. This c.ollection was purchased in 
1SSl \y the S i p 1  Service illid furthcr enriched by very 
extensive contributions from all over tlie world, becom- 
ing international in iniportuiice :uid scope. The four 
parts, which began to sp1)en.r as niinico~ra hed pages in 
1889 , have ii@vcr bocrii continued i i i i ~  t t e  remaining 
cards lie somewhat neglectcd in their dusty drawers in the 
Bureau library. This bibliowal>hy was classified to be 
of hell to the workeis in tTic ”study roomJJ and has 
provec t invalual~le, as far a s  rtrailalde, t.o many others 
also. 

H.e prc? mrcd for puLlicatkm a s  sup 1mient.s to annual 
rtyorts o / tlic Chief Signal OfIiccr :I. *b‘J!e:it,ise on hfeteoro- 
1ogica.l A )paratus ;i.nrl Aluthods’! (1PS 1 mid “Preparrt- 
t,org Studios for uccluc,tive ~eti iocls in Storm and 

nie teoro1ogist.s throughout t.he world under a specia 5 Wuat,her Prediction ” (1SS9 1, :i.titl lit! hid English-speakin 

o1,ligiltion bp collecting and trruiislat,iiig the lending con- 
tril,ut.ions t.0 t.lie subject of dynnmic nict.eorology (pub- 

? 

lesson a J ’orded by Professor Abbc’s uiiclertaking was the 


