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springs in a straight line. As for the ether itself, it 
is to be considered as a substance which may not be 
a n  elastic solid, but which, so far as the luminiferous 
vibrations are concerned, nioves as if i t  were an elas- 
tic solid. The lecturer carried 011the matllematical 
discussion of these two dynamical problems- the 
propagation of waves in an  elastic solid, and the mo- 
tion of a sj-stem iof spring-connected particles in s 
straight line -side by side, ~ ~ s u a i l y  devoting the first 
half of a lecture to one problem; and the rernaiuder 
to the other. 

I t  is impossible here to give any specific acconnt of 
the contents of the lectures; it may be stated, how- 
ever, that Inany of t,he cardinal phenomen:~ of light 
were shoxvn to be explicable by tlie hypothesis 
sketched above, but that the phenomenon of double 
refraction presented apparently insuperable difficul- 
ties, as it has done in  all prerious atternpts to explain 
it. By proper supposit,ions regarding the elasticity 
of tlle springs (iri the mechanical model^ of thephe- 
nomenon given ahove) double refraction would indeed 
be produced; but its law would be videly different 
from that actually observed. 

The lecturer was conversatiorral in his manner, 
made almost no ilse of notes, and was full of enthu- 
siasrn for his srtbject. The audience mas composed 
of professors of physics from easte1.11 and western 
colleges, scientific nleri from Wasllington, and sta- 
clents and instructors of the Johns EIopkins univer- 
sity. The lectures, while not conclensed in form, 
presnpposed thorough familiarity with the physical 
and mathematical theories involved. A verbatim 
report of them, from stenographic notes, will be issued 
in a limited edition, by the use of the papyrograph 
process. A t  the closc of the course, Sir William 
Thomson was present,ed by the class with one of 12ow- 
land's concave gratings, as a memento of their con- 
nection with him. 

flTORTEI-AFRICAN ARCHEOLOGY. 
8.1.
a meeting of the Academy of natural science.: of 

Philadelnhia. Sept. 2.5, Dr. Daniel G. Brillton called 
attelltion to a collection of flint-chips collected at  the 
station of 11%~-et-Oued,near Biban, on the south-
eastern coast of Tl~niq, and plesented to the academ) 
by the Marquis de Uadaillhc. The s p e c i n ~ e ~ ~ s  con-
sisted of flint-chlps, ,z~ro~v-points, and s semi-lunar 
shaped iinplemellt of hnlall size, xvliicll reserribles the - stemmed scrapers ' fo~untl in Anierica. Tliis fo1111 
was obtained from lo~ver levels bclom the sixrface, 
h11d is cha~acteristic ~ I LFrance of the later produc- 
tlorls of the stone aqc, especially of that epoch called 
I)y the Frerlch arcl~cologists ' the cpoch of 12oben-
hausen,' fro111 the locality of that  name in Switzer- 
land. Chroliologically this is regarded as the first 
epoch of the appearance of man on the globe, the 
previous implement-using allirnals being probably 
anthropoids. These made use of stone only, not 
having learned the dressing of bone or ho1.11. Tliis 
~ i e madds to the interezt of the query as to the pur- 
pose of these scrapers. That they were an irnporta~it 

tool to tlle primitive man is evident from their wide 
distribution. They have been found in France, in 
the Crimes, in India, in America (both North and 
South), and now we have them from Africa. The 
st,rata in which they have been found are of great 
antiqnity. 

The archeology of the North-African coast has 
especial claims to attention, as from there, apparently, 
a very ancierit migration advanced northward, pass- 
ing in one direct,ion through Spain, and in another 
by may of Malta, Sicily, arid Italy. This migration 
mas apparently contemporary v i th  the appearance of 
the Eleplias africanus in Europe. Another point of 
interest, coti~iected with North-African archeology, is  
foul~d in the fact that the only locality in the old 
world ~vliere ariimal or effigy mounds hax-e been re-
ported is i n  Algiers, near the forest of Tenrit-el-Sad, 
south of Niliana. As these peculiar structures are 
so freqne~it  in the Mississippi valley, the coincide~ice 
is \vorth noting. 

Prof. A. IIeilpriu contended, that while on the 
hypothesis of evolution, rio objection could be raised 
to an  asslul~i~ption intermediatevhich  made an ani~nal  
between illan and the anthropoid apes snfficie~itly 
intelligent to a~lderstand the full value a@ maliu-
facture of stone implements, such as were exhibited, 
yet, as a matter of fact, paleontological evidence hatl 
thus far failed to prove that any such use or marin- 
facture had been niacle of them, as was claimed. 
Indeed, no evidence was forthcoming to shom that 
the implenrents were not the work of man himself, 
despite the fact that no traces of human remaills 
have been fourl(1 associa,ted with tliefragrnents. The 
assumption that the advent of nlan dates only to a 
given period of the so-called 's tone age' was con-
sidered to be pzlrely gratnitons, and to rest solely on 
negative evidence. Nany archeologists concur in 
the belief that man's re~nains niay yet be fount1 in 
deposits of a strictly tertiary age. 

THE LIIV~ITATIO.VS OF S1lTBIMdRINE: 
'J'ELEGRAPH Y.l 

THE ~re ight  of the conductols, says Henry Vivarc? 
in La Zt~mibreGleclriqztr, plays an important pait ill 
submari~le telegraphy, not rne~ely as a heavy item in 
the outlay, but as one of the principal factors in lag -
ing down tlie lines, and in  taking them up in c:t\e of 
damage. 7'11en the coilductor is being raised, tllc 
grappling-irons mlnch hft it hahe to resist not merely 
tlie vertical conlponent of the  weight of the cable, 
ba t  also the colrsidelnble effects resulting frorn fiic- 
tion against the water. I t  thns frequently happens, 
when mo~lririg at  great depths, that the conductor n ~ a y  
be exposed to a strain greater than it is able to bear, 
and me are forced to have recourse to stratagems to  
bring it to the surface. These artifices consist in the 
use of two or more ships in raising, nhich  is done as 
sho\vn in figs. 3 ant1 3, or, in the most simple vases, 

1 fieprodrlccd in sibridgod form from tile Elwtricr/l ,.roir.ir., 
arid the elits from La l z ~ ? r ~ i r ~ cf : I ~ c l , i y ~ i r .  
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with tlle aid of an auxiliary buoy, as in fig. 4. In  
ally event, we see that the difficulties, and of course 
the cost of raising, Innst be corlsiderable. 

Hence to decrease the weight of the cables wonld 
be an ilnportant step in advance. If the weight is 
i n  general very great, i t  is becanse the copper core 
does not take ally part ill the stri~irl wliich the entire 
cable has to resist. We I r ~ ~ o w ,  irtdeecl, that copper 
cannot bear a breali i~~g-strir i~~ greater, at  n~ost ,  than 
28 1;ilos per square ~nil l i~netre.  Besides, it wonld be 

elongated by siicll a strain by a ~ e r yconride~nble 
fraction of its Initial length; antl, if the cole ae re  
made to take part in any rr~aniicr mlialever in the 
strain which the entirr cable has to support, it 
mould be drawn out beyond its liirlit of elasticity. 
ancl would remain permanently elongated, whilst the 
substances in wliich it is enclosed wonld return to 
their natural length. I t  woulil rixsult, that, being no 
longer able to find loom in a sheath mliicl~ had be- 
coirle too short, the copper mire mould take a sirluous 
form in its gutta-perchaenvelope, and would occasion 
at  certain points ruptures, the effect of which mould 
be to decentralize the wire, to perforate the layer of 
insulating matter, and finally to opeir out n fault in 
tlre cable. 

But there exizts an  alloy (silicinm bronze) which 
can be d rann  out into wires having .L conductivity 
equal to that of copper, and a mechanical resistance 
equal to that of the best iron. The use of this alloy 
nouid reritler it possible to set flee the coating of the 

,.* t i , ., .2 .  

cable: from a p;art of tl~c?s t r i ~ i ~ i  ow has to 1r.llic11 it 
resisz, and t o  diminish, consccjuently, their tlimen- 
sloils and \:eight , ire* are now niacle of this alloy, 
having :L rc~ldlicti it of from ninety-seven to ninety- 
niilc per ~ :ent  of the  dtanclard, which at  O0 C., and 
wibil thc diamctcr if a inillirnetre, have a resistarlce 
of 20.5'7 ohms per Bilometre. These wires do :lot 
breali wit.11 a less strain than from 43 to 48 ltilos. per 

square millimetre, and, w111ch is a very pretious 
property, their increase iri length a t  the moment 
of rupture does not exceed one or one and a half 
per cent. 

Let us consider the deep-sea section of cable of 
the French cotrlparly from Paris to NCTVYork, - the 
so-called ' Pooyer-Quei tier ' cable, coiistl ucted and 
laid in 1870 by Sieine~ls Brothers of London. 

The respective ncigllt of each of its component 
elements is, per nautical ~ni ie ,  copper core, 220 kilos. : 

gntta-percha, 1SO liilos. ; llemp, or an equivalent, 80 
kilos. ; 18 mires of g;tlvanized iron of 2 nlillimetres ill 
diarrieter, 8ii0 kilos. ;external heirlp and composition, 
400 kilos. : total, 1,740 ?tiles. Total diameter, 30 mil- 
limetres. Total mechanical strength, 3,000 kilos., the 
mires of the covering being supposed to be of iron. 
',A7eight under watcr, 450 kilos. I t  can support its 
olvr~weight without breaking for a length of from six 
to seven miles. 

The Atlantic presents from north to south, and at 
about an  equal distance frorn each continent, a sort 
of longitudinal ridge, in which the depths vary from 
300 to 400 metres. This ridge spreads out, in 50O 
north latitude, illto the region which has received 
the principal wires connecting England and France 
wit11 the Urlited Slates. On both coasts there are 
depressions i n  which the bottom is a t  the depth of 
from 4,000 to 6,000 metres. Tlie one on the east 
extends from the south point of Ireland to the lati- 
tude of the Cape of Good Ifope, and its left-hand 

bornldLLri foilows t,he general outlines of the west 
coasts of I : ~ , , . ~ , , ~ Z I I ~Africa. 'The two-otliers, the 
nol.th->ve5+crn :Lnti the soxth-western, form two 
basins, bordcriilA respectively oil the United states 
and the  bnti l l t~s a1ic1 ~oir t l l  Anleric;t. 

I n  tllese depre:jsiolls so~111cli11gs liavc shown certain 
zones in whicil drptjls exceed 6.OOO metres, the 
principal of whicll arc found to Clie west of thc Cana- 
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ries, to t,he south of Nemfoundland, between Porto 
Rico and the Bermudas, and to the right of the Isle 
of Marten-Vaz. 

Tlie great depths of tlie Pacific are differently dis- 
tributed. Betweeti Japaa  and California, between 
40° and 50° north latitude, there is tlie Tuscarora 
depression, ~vhieh has depths of from 6,000 to 8,000 
metres. Parallel to Japan and tlie Kuriles there is 
a depressio~l ill n~ l~ ic l l  bas beell founrl tlle greatest 
Irnown deplh, -S,51:1 metres. 

We see, tilerefore, tliat any rienr great sltbrnarine 
lint?, I1:~ving to extend into anotlier zone tlian that 
wl~icli has received the present iltlantic cables, illi~st 
traverbc tlcpreasioiis in 1~11ich the bottom reacl~es a 
~naxinl~ui l  'rile possibility of depth of 4,000 nietres. 
raising a dnin:~geil cable \vo~ild be very ~)robleniatical 
under siicli contlitiuns, and it lvould becorrie certainly 
i~upossible ill case of a cable from Sail Francisco to 
Japan. 

Uritler tlieae co~lilitions, we are forcetl to concltlde 
that the use of tile present cables linlits striliingly 
t>lle progress of snbniarine telegraphy, wliieh liil~st 
rema.in confined to certain zones of the Atlantic, to 
inland seas, alid to lilies along tlie co;~sls. But if \re 
consider the daily progress of appiiecl science, and 
the constantly increasiiig denialid fur rilpid coin-
~iinnication bet\?-cen riations, it is certain that \re 
must sliortly undertalie the stitdy of nelv cables in- 
teiidecl to traverse ille greatest depths of tlle ocean 
for 1o11g rlistances. Xecessity, therefore, compels a s  
to il~veatigate the new solutions of tlie probleln, 
which niay furnish a s  with light cables, easy to lay, 
and possible to ~*epair. 

A cable niade by Nr. J. liicliardi is cornposed as 
follo~rs: core of s i l ic in~~l  bronze equal in weight to 
that of the. ' Pouyer-Qaertier ' cable, or, per nautical 
~nilc,220 liilos. ; gutta-percha, 180 kilos. ; layer of 
hemp, SO liilos. Tlie sheatliillg is formed of 2s wil,cs 
of gnlvariizcd iron of 1.25 millitr!ctres in cliaineter, 
each covered ~ t ~ i t l l  hemp, ancl all t~vistecl into a rope 
around the dielectric; the lvires, 500 liilos. ; tlle lieiiip 
coverirlg tiie~ii, 220 ltilos. The ~vcigllt of tlie cable 
is, therefore, 1,230 liilos. ill tllc air, and 3'10 liilos. in 
the water. I ts  tliainetcr is 25 centinletres, and its 
resistailce to fracture, 2,500 l;ilos., of mliicli the core 
sul~portsoirc-lialf. Under these conditions, tlie cable 
can support fl,o111 eight to nine ~iautical  rriiles of its 
length, and call be i~aisecl fro111 the greatest del~ths. 
r ,l h e  results of this conigar;ttire esanli:iatioll are self- 
evitleiit. 

For an eclnal coiid~~cfivity anil an al,l,roxinlately 
ec(ua1 inecliaiiiczl streiigtl~, the IieTv c;tl~le is ill wcigllt, 
and bnlli equal to about tivo-thirds o f  tile yoIlyer- 
Qnertier cable. It ~voiild cost about less 
mile, and mould reilnire, for laying, a s]li13 alld eligiIles 
of less power, all11 t l ieref~re ch$alier. TIle ri.dul:eil 
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THE twelfth annual nieetirlg of this association, 

held at  St. Lonis from Oct. 14 to Oct. 15, was one 

of tlie most s~~cccissf~il Tile number
in tlle series. 
of members present WNS large; arid it is a matter of 
gre:rt promise for the association, tliat state and mu-
nicipal boards of healtli were more fully represented 
than at  ally previous meeting. 

These occasions have a value far beyond the i~itr in- 
sic merit of tlic papers p~eselitetl. T l ~ e  discl13cions 
are alwa) s i ~ i s t r ~ c l i r c ,  Tlie sanitary often valuable. 

qnestioiis of riim~icipnl life vary eiscntiitlly iii the 

different citics c~f tlie U l~ i i~n ,  i r ~ 
and arc? at~s~vei,cil as 
niany ways; niicl e v o y  pit1)lic-1ie:bltll oficcr vill fitill 
somelliiirg to leart~,  as wril as instrlictioii to give. 

Several tlireadbare tiopics, ~ ~ ~ l i i c l l  liave occi~liied t11e 
attelltioil of this body for yezirs, ha\-e tlisappeartid 
froin the progranltrie, s11c11 as r:~ccinatioii, yellow- 
fever, ;tnd ~nnlaii ;~.  

The order of exercises, as arranged by the exec-
utive con~mittee, included the follo~viiig sitbjects : 
Hypielle of occupations, 1Tygieile of tile 11nbit;ttions 
of the ])oar, Scliool hygiene, Arl~ilteratiorl of food, 
JVater-polltitioli, Disposnl of selvage by chemical 
action or irrigation, The observable effects upon the 
public liealtll of oflicial sanitary supervisioii, The 
worl; of state and m1ulici~)al \)oarcis of liealt21, Dis- 
ease-genus, Creri~atiori as a saiiitnry Ine:ts1lrr irl times 
of great epidemics, Survey of present sanit,ary situ- 
ation ill St. Loui*. 

Nearly forty papers u l~on tlicsc tol~ics were sub-
mitted. Uy far the larger nnrnber were of more tlian 
average merit, giving rise to interesting alid iristruc- 
tivc debate. 'The follo\riiig-tia~~iecl papers col~taiiicd 
more, perlialm, tliari tl:e otlier* upon tlie newer sub- 
jects iri sanitary mo~,l<. 

Ilr. Sterrtberg's 11al1er lipon disease-germs, read 
s t  tlie evciiir~g nicct ilig of thi? tl~ircl (lay, attractetl 
the 1:~r;est aurlience of tlie co~ivention. This paper, 
mllich mas i l l ~ ~ s t r a ~ e i l  by a ci~llcctioil of reinarl<nbly 
good microl~110togr:~~~lls tip011 a projecteil screen, 
was substalitially :L ye-stnteniciit o f  observations 
already ~n;itIc, and Soi~tified by adclitio~lal research. 
IIis stnteuierit tliai lie ~ v a *  still at u-orlc upon tlic 
str~cly of yellow-fever, !)y nic;t~isof an nb1~11daat 1ii;i-

teriztl Eur:lisiiecl I i in~ Croln Ila!-n!~:~, is a source of 
much satiqfactioll, soiilclvliat tliminislied by the fact 
that this indcfi~tignble mid co~llpct,c*iltirrvestig:ttor 
,??Lyi.i_cson hi.; n.orlr at his o~r.11 espcusr. Ilom long 
will the I;~~;!lP of this colultry be ~villing to acccl~t 
froill tlie \vell-appo~l:'tetl lsboratorics of tlie oltl rvorltl 
llle researclies of I(o~>l, Pastcllr, alltl Iileill, - ill-
\~es~igatioiisillto diseases <?! .% lllncll irrlportallcc to 

one sicle of t.lie Atlantic as to the uiher, --and still 
a ~ m a t u r e\{-ill snfiice to resist J ' I . ~ ~ ~ ~ ~ ~ ~  ,alld tile attaclis 1lesit;ltc to lrroperly stridy tlle one disease--,peculiar to 
of allilnal life in tlie deep sea but for  tile siiore ellcls 
we niust lice11 to the types ge;lerally ernployecl. sucll  
as it is. and altliougli it ulldergo lllodificatio~ls 
in detail from a more coi11~1,t~stucly and fro111 ex- 
perience, it merits the attelltioll of corrlpetellt 
neers. 

01tr own coritiiieilt -yvllo\v-fel-er? 
111.. Stenlberg's ajseition that he has de~iio~lntmted 

the non-existence of a yello~k- fever germ in the b~'oocl 
callnot be strictly accurate. A t  this day olle Cannot 
exclltde tlie possibility of niaking visil~le, Ily SOlne :Lt 
present ~1ilii10\v11 O I , ~ R I I ~ S I I I Sinetl~o(ls, 1101 yet. recog- 


