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of t!e tlie ti111c recjuirerl by tlrc Prolit of ;t ray iri mov- 
ing fro111 11 to 1 1 1 ,  or cice versa. 1)nriilg tlie first inter- 
val let :E a ~ i dz' alone be open. 'L'bc, rays betrvee~l tllc 
screens at ttla coliclnsioi~ of tlie first inte!,x7al are 
sl~omil in the first diagr:tm. During tlre secolrcl in- 
terval let y alone be open, and let, the reflector at  y' 
send the ray inlpingiiig on i t  to\~~itrds 'Flie situatioii z. 
of the rays at the end of the secor~d interval are sllowu 
in the secorid diagram. During tlie tliircl ititerval let 
s' arid z alone be open. Tlre rays between tlie bcreens 
: ~ ttlie ei~rl of this interval are represt~iited in the 
t,hit.d diagram. During tlie fourth ititerral let y' 
alone be ogc~r, and let the reflector at  y scbnd the ray 
frorl~ that poiiit tomartl 2'. 'rlie next interval is n 
rel~rt,ition(if the first, and so on. 

I t  is seen thilt, in fact, tlie cliffereace ill the tlirec- 
tiorls of tile t?vo rays arriving at  L' can be made less 
than any asa~giied finite angle, however s~rlall, by 
s~tficieiitly iiicreasiiig Ihe distance between the 
screens, or sufficiently ilecreasing tlic space behveen 
the openings, or I~otll. 

I t  is possible that the above process Itlay, from its 
cornparativa siml~licity, conduce to a clearer i~ntler- 
standiiig of the relations involved, tliougl~ it seeills 
inferior to the one originally proposeti irr soirle im- 
~ ~ o r t a n t  I{. T. EIJT)Y.particulars. 


Urliversity of Cincintlati, R P ~ .2, 1834. 


The Greely relief expedition. 
I n  view of the cc>ninlent up011 t l ~ e  Greely relief es-  

pt?ditiori, it Inny not. 1)c: ont of p1ai.c a t  this early (late 
to call atterltio~l to a neglected prir~ciple of arctic 
~iavigatiorl wllicll bears wit11 full force irpon the 
lravigatiorl of the route irl cjuestioli. To  its adoption 
may be traced tlie succcss of' K:~res wit11 tl?i+ Alert 
and Discovery, ; ~ u d  of Sorrlensliiiild will1 t,l~a Vcga; 
to its neglect, tllc mrecli of tilt? .Je:t~~nette :inti 1 1 1 ( ~I'ro--
teus arnong a. l i o s ~of otlrcrs. 

Simply stn,tecl, i l  is, ~ulder  a!l circiuristarices, lo 
cling to the coast, and anloug its islands firlti protei:- 
tion against tilo floating ice. To coast along t l ~ c  otlgy 
of the floe, ant1 fo1lo.r~ the opciii~igs i t  offers, is a rrrl-  
tabie siren. Of coursc, tlie principle is llol appiica-. 
ble till after Jones's Sonntl is l~nssetl; bu.t here tllc 
course is n s i~a l l j~  free. 

roadside, 1 noticetl near Broill~eatl, Wis., a peculiar 
p l~er~on~enon,  TIICnrlliclr rrlay he mortli recording. 
mud, del~ositetl only a few Ilours before, was still 
vcrg inobile, and, at  tlie point wllere best seeil, cov- 
eretl an area a rod or niore wide and tlrree or four 
lorig, preseiititig a pei.fectly plane slmfuce. The 
steady force of tlie stroiig xvilld mas iiiterr~lljted by 
occasional gusts of greater ~ i o l e ~ i c e ,  each of wl~iclt 
raisecl on the plastic nrnd-surface corritgations, ~vliicli, 
ill every detail that  conlcl be caught during tlieir 
momentary existence, resembled ripple-niarlrs formeti 
by water, being a beautiful ant1 distinct series of 
~~arnl le lridges slightly concave ton~arcl the ilirection 
of the mo~~lcling-force. The outlines of thc.se aeoliarl 
ril~plcs mere no soolier delirred than they began to 
dissolve, anrl a niinitte or tmo sufficed to obliterate 
2~11 trace of thern. Tlie plrenomenon was observed 
several tirnes on 1,lie sanle surface, arid also in a(1.j:~- 
cent localities, where tht: consistence of the mud, and 
therefore the duration of the ridges, varied sligl~tly. 
The ripples were best defined irl tlre thinnest rnu(1, 
t l ~ o n g l ~this was nlost favorably situated for tlieir 
prodilction; ant1 they disappeared less rapidly where 
formed in 1,lie Inore viscous ~naterial. 

This, of coi~rse, is ni)t a ratlically ne\\- phenoiiie- 
non, but a rare phase of the familiar action of vvi~ltl 
on liqi~iil surfaces. R. I>. S~r,rsnrrrtu. 

Winchell's 'World-life.' 
\Yill yo11 ~ ) e r ~ i ~ i l ;  ~ u eto anuounce that a. number of 

errztta, attrib~tl~able to autlror and proof-reader, bol,l~ 
linve found tlieir way into niy late work on ' IVorltl-. 
life; ' and I will be glail to mail slilrs of corrections 
to nrly mlio will liintl1,y ~loti iy Ine by siml~le postal- 
card that tllcy so tlesirc.:? 

11 T,14;XAXI)ER ? ~ T ~ ~ t , ' ~ ~ l z ~ ~ .  
AUII.l~.i,or,hlicll. 

'L'ri~, rr~atcrial circulnstances riilcler whicli 
scientific discovery IS prosecutecl llnve been 
complctcly ie~olutioniaed cli~riag the last forly 

The 1':skil;lo line~v 111e as 8 X > ir ,!~oinrnr~~tr.>ears. Of the immense cliangcs that hnvc oc- 
Xew Havel~, Conn., Vclr. 2 .  

The red skies. 

I have only t i ~ n e  to-day to roply vcry briruv to yoirr 
eclitorial inquiry on 1). 30, as t,o previons instances of 
reii skies and v6lcaliic cruptiotis. 

You will find a TT'e-t Intlia. iiistance ill IS31 on 
p. 165 of tlie &teo,.ologicnl li~ii!/irziize for lSP2; bnt the 
most striking parallel has i~eon poi~itctl out by pro- 
fessor l<arstrn of  Xiel as occurring in 1783. lastir~g 
about, four molltl~s, i~nd  sprc,:ldir~:; over t11c wl101e of 
li:urope, iiortlier~i Africa, ant1 eastern as is^. 

Arrangemorits are being iriarle for tlie conce~ltratiori 
of all colleclible inforn1:ition tu)oll tile subject, arid 1 
sl~niibe prond to act as t ~ i c  recei7-er of copies of ally 
notes or records wllicl~ your rcztlers rusy inl.r~!st to 
me. G. ,I. h u a r o ~ s ,F.E.S. 

62 Camdcli Y q . ,  I,ondoii, S.\\'., 

Jan.  25 ,  l S Y 4 .  


/TVe sliall publish I'rofeswr iC,trsIel~'i article liest 
week.] 

Aeolian ripple-marlrs. 

On t l ~ ~evening of June  11, 3883, after ,L severe 
rain-storm, t lu~ing which larqe rluantities of so11 were 
washed from adjacent ficlrls and tleposited :dong tlie 

clirrecl, the majority have fallell ~vi th i~i  the last 
fifteen, one might nlrnost say dohen, years. 11 
is interesting aiid profitable to contr:~st the 
pnst n-it11 tlie present in this respect. 

Forts- 5 eayr ago there were very fen.. rno1.t. 
piol~clrlj no lal~orntolies ~ ~ l i i c h  of.i\ c to-t1:lj 
nonld co~lsicler even tolerable. S o w  every 
univcisity of iiliporta~~ce arid high repute. t l i ~  
noilil o\ el,. Ilur l n ~ g e  suites of roonis for encl~ 
clepa~tment of scicnce, ancl oftell ilnmeroos 
great bnilcliirgs witliin whose m:llls tliousantls 
n~rd tllousnncls of stnilcuts arc daily k~rought 
face to face nltlr the ikcts nntl 1:tms of nntr~re. 
'rhc ge1ier:ttion t1i:lt is non- gone pursued its 
scieiltific strrclics ill i~icommodious qruritei.~, 
aacl eTen those were clestinecl for the use oi' 
tllc professors rather tllan the students. i71n1q 
a sm:lll, clingy, and ill-lighted roo111 is still to 
be seen, where S O I I ~ Cill~istrio~lsS U C C O L ~created 
new kno~vleclge,-- a s~nall  squareclinn~bcr,wit11 
crookccl walls, lorn ceiling, unclolating floor, 
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2111d. ,In i~lsuflicicnt vinclom : what scieiitilic 
tl.aveller abroad lias not seen that worliing- 
place. wherc his precleccssors labored at the 
foundatioas of our existing scicnce? I s  not 
each of its forloril clctaili esalllincil with a 
curiosity ~ l l i c l ~  lialf lialf pityPis woncler, 
Yet in such places mere 1n:tcle the cornn~cnce-
rnelrts of modern science. 

Sowxdnyr cliscovcry has lilorc seemly 
abodes. Tlie grcat institutes which 1n:~ke the 
pride :~ncl glory of Gerrnari uiiiversitics arc 
tile ~noclels ilon being copiecl evci-J where. By 
a guess we rnny estimatc tile nombcr of labora- 
tories eqaippecl aiid inteililcd fhr rcscarch a t  
four or fiw hundred. Tlie aioclcrn la\)oratory 
is a really new iiistitntion, the evolntion of 
which still awaits its historian. I t s  origin ap- 
pears to ha le  hccn twofold: it grew, oli ttic 
one hand, out of thc musenms ; on the other, 
from the private collections of apparatns aild 
rnatcri:tls belonging to thc professors. The 
earliest museums vcrc storcllouscs of cnriosi- 
tics,' but during the eighteenth centiiry tiley 
gradually accluircd a rnore scientific character. 
Not, llowevcr, until this ccntnry, clicl any or the 
museums attniil grcat size ; ~vllilc thc giqantic 
dirnclis~ons ~vliicli a few. lilrc those of Berlin, 
Lonclon, Paris, and \vnshington, have rer~clled, 
:rre the result of very recent g r o ~ ~ t h .Of' 
course, spccial work-rooms ha^^. to be provideil 
for those in charge of. or mho come to study, 

such large collcctioils ; nncl, since thc majority 

of scientific rnureums are connectctl with nni- 

versities, the nork-rooms i11 many of thesc 

iiistitntions have become 1nborator.ies for stu- 

dents. 


A great many of the older scientific rnen 
11ow living, aiid of the previous generation, 
got their little and imperfect practical train- 
ing in private laboratories, rrhich were the 
only ones existing in the earlier part of this 
centt~ry. Before long :t few profc'essors intro- 
ducecl, through their prirnte c i i c rq ,  better 
equipment for the benefit of tllc.ir Inborntory 
stuclents ; and, when tlle demands c.sccrdetl 
their resonrces, these carly eiit1111sia.its ob- 
tained sn1,ventions from the u n i ~  ersity ar~thor- 
ities. As  tliesc appropriations n ere increased, 
the private laboratory graclnally became n uni- 
versity enterprisr. 'I'li~~s,Pnrhinje estal~lished 
his ph~siologicnl laboratory a t  Brcslau ; 11:tg-
IILIS, tlie pllysicnl laboratory a t  Berlin ; allrl 
Liebig, the ellei~iical a t  Giessen. 

A good musenln is very ~nlnable ,  but a 
goocl laboratory is nlany tirnes rnore valrlnblc. 
Collections of a111 killd hare,  as such, a very 

1 Of courae thc original ' musneuol' at the palace of .\lex;m. 
dria mas altrryctbcr diflkreiit. 

limitcd utility, ancl even that o111y- ill  very fcw 

scicnccs. The nloclcrn la,l)oratory is almost 

i~nrestrictcil in its scopc ancl possibilities. I t  

is tlie iiiost remarlcnblc and influential creation 

of science in onr time. I t  is a place nrcll 

sopplied with the aeccssal:). conve~lieiiccs for 

watclliiig ancl rccorcling the special class of 

1iat11ral phenoincnn belonging to the scicilcc 

to  nliicli tlie l?articular laboratory is  dcclicatecl. 

Esl)erieiice has sllomn tllnt the apl~liances 

necessav for the exact ohscrvation of iiature 

are nnlncroiis, varied, and costly : iiideccl, the 

thorough p11rs11it of any branch of science 

requircs ample resources. Xow, pure science 

docs not lead to wealth : therefore sttltlc~lts 

:tnd investigators are cornpellecl to rely Up011 

the co~leentration of means aiicl appliances in 

enclomcd laboratories to  rcnclcr thcir worlc 

possible. Association ancl co-opcrntion, the 

characteristic social forces of our epoch, no- 

where achieve irlorc important results than ill 

tllesc labor:~torirs, in wliich arc produced tile 

majority of corrcn1 contrib~~tions 
to knomlcclgc. 

'I'hc expense of cstablislling ailcl maintain- 
ing :L good laboratory or any kiiicl is far greater 
than is usually conceived. There arc weights 
ant1 volurmes nncl temperatm%s to bc incas~uecl, 
requiring clelicate balanceq, graclnatccl glasses, 
and fine tliermomctcrs ; a great variety of glass- 
vmre, lamps, stanils, etc., is necessary ; also re- 
agents, standarc1 fluids, and the like ;nes t  come 
thc special supplics needed for the sciencc to 
~ h i c hthe laboratorg is derotecl. I t  is nston- 
ishing 1101~~ like an assemblage of machin- ni~1c11 
cry the stoclc becoines e.rTeii in those departnients 
wliich require least. Next to bc iiamrd is the 
material to work npon, which, in tlle natural- 
history sciences, is estcnsive, ant1 has to i ~ e  
gathered froin far ailil near. Finally, we men- 
tion as iiidisl~eiisablc a small w o ~ k i n g - l i k , ~ ~ ~ ~ ,  
which o~ight to contain at lcast all those books 
that ileecl to he freql~ently collsnlted, and sets 
of R few of tlic rilost valuable special journals. 
'I'hese coiiclitioils are lrlore than flllfilled ill 
rnang European laboratories, bnt by vcry, verl 
Sc~v in this country. The :rrchitcctural' condi- 
tions are. on the wholc, of subsidiary impor- 
tance. 'I'hcrc is 110 inore ~oininon or egregior~s 
error Illan to snppose the ercctioli of a l~r~i ld-  
iilg c~stablislies n laboratory. Pn n l ia~ldso~ne 
cdifiee soinetliing essential is oftell sacriiicccl 
to appearanve : ontsiile bea~ity is not inilis- 
p('nsah1e to inside coilvenience. IIalf the cost 
of LX louililing, given to cndo~v the running-
expenses of a laboratory, ~rould in the majority 
of cases prove lnnny folcl marc vall~able. 

A good scieiltific laboratory-that is to say, 
one in mhich original rcxsenrclics. as ~vcll as 
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mci c te:lchiog, rnay be t~nilcrtnlicn (snch a olre 
a? is Sollntl :it u11ii crsilies, clz f j i ~ t o )C:LIIIIO~ 11e 
cn~ried. on p ~ o p e i l y  :tlld B I I C O P , S ~ L I ~ ~ T .11y le9q 
t11:ul tliiee persons. 'I'11c liiglicst oiliecr miist 
be the ~espoi l s i l~ le  Innil of 5upciior director, -a 
nl~ility. c \ tcnsi \e  attaiumcnts, alld pro1ullgcd 
c ~ p c r ~ e i ~ e e :oue, iil sliort. niio llas nl:~stc~cr? 
his clepnrtment o r  science. l~no\vs  i ts  l)ossll~i!i- 
tic., an 1 deliciencics, ancl is  tlierefoie capable 
of jutlging ~111nt \ ~ o ~ l i  is liiost 1easil)lc nil(: in- 
struetiye for stutlc~iits, niicl n h n t  probleii~s :ire 
bcst xdnptecl for i i i \ - cs l i~n t~on .  11 is  s l~ee l  
vns te  for n innil of ',iiel~ ilig11 cnl~aci t j  t o  wcii-  
ficc his ~vllolc time to the alr:ungemcnt of nppa- 
ratns, or tile pleparntion of' cspeli~i~c.nls for liis 
lectures 01 liis studeilts : tilerefole i t  is clesirnble, 
\17e llrcfer t o  sny indispcns:~ble, that  he siioultl 
lia\ e a n  assistant, ~ ~ r c f c r g b l y  :L;\ oiing devotee 
of sciellcc, nllo nil1 he littctl b j  his csperieuce 
a s  311 assistant t o  111tiin:itcl 11econic lli~ilself 
direcotor of n simi1:lr l:lbor:~toq-. Tile third per- 
son is ille 1:lborntory Irecper (cl iel te~.) ,  nlio 
ileetls ii~list be n 111:111 of some n1ec11:iiiica1 skill, 
so that  the l)rccioos instti~uiients may be szScly 
i n t ~ u s t e dto 111s c x e .  H e  sliould be sonletlii~ig 
Inole tliau a ser \nnt ,  and less tlrnil a11 assistant. 
A la born to^^ nitliout this \T 01 Icing-So~ce can- 
not d o  111~1cll for Lllc l~romotion ol' scicilce, al- 
t h o u g l ~el en more morlest o ~ l c s  may he I nluable 
fo~~siinl,le A first-clais l:tborato~y, i ~ ~ s t r i ~ c t i o n .  
a11i1 in Gcr~i iany a l e  Illnnj s~ic11, ii:lr : ~ l v n r s  n 
laiger :lumber of officers. 'Ilicrc are fen. per-
solis nrnollg us n 110 npl~reeiate t l ~ c  nlngniLudc 
ol' n scie~ltifie 1nl)oinlor~ : T J ~ I Ci t  otlle~rcise, 
tlicrc ~voilltl not hr so  many pe t t r  subst i t i~tes  
for them. 

Existing laborstoric~s ft~lfil tn o f inc t io~ls ,  --
giviug cducntioi~ t o  stndellls, niid o p p o ~tir~iitg 
l o  in\ estigators. 'Fhe mi~ltiplicntiol~ and en-
lnrgcment of laboratories dcpentl cl~ieflj U ~ O L L  

tlie gron.ing ieeog~~i t io l l  of the irutli that  first- 
hand lino~vledge is the  o i ~ l g  real 1inon lcdge. 
'rhe s l u c l c ~ ~ t  ~ i l a s t  see, nntl not  rest satisfied 
with being told. Trn11sl:~tcil into n l)eilagog,ic 
Inn ,  it reacls, "To tc:iel~ science, haye a labo-
Iatory ; t o  learn n science, go  to  n lnboratorj .' 
TIe ~ ~ l i o  8 lab-llas nevcr learned t o  a l~ l~rec ia te  
oratory in  its highest scilse t1oc.s not I<ilow 
clvcn tlic: lnen i~ i l~g  of C I<IIo\v.' T1-C (lo not 
consitler those liberally educated who 11a\e 
ne\ cr lind el en a sillglp tliolongli c o u ~ s e  of 
laboratory training. It is the 1nbor:ttory nliicli 
gives stiengtli t o  the ~novclnent in  f'nvor of 
sc~e~it i f ie(.ducation, for i t  opeiis t o  all tlle road 
l o  r+al living I~iio~vletlgc ; while boolis by them- 
se l \es  lcacl off t o  the b j - r a y s  of ~ v h n t  otller 
Inen thought they Bnem a t  tiie time tlioy ml'otc. 
Life aild death arc  not Inore different than 

arc, in their ways, re:!: :iilil book l ino~~~leclge 
of ilatiire. A. b ~ o l i ,a t  best,  is  b u t  a ~ i s c f ~ i l  
ncl.junct ill scieircc. 

'Co tlie i u v c s l i ~ ~ a l o rthe laboratory is, or 
o~lgiit  t o  l x 7  all in all7 p rov i~ l i i~g  hi111 ~viL!] 
every tlliiig : .vl~cre\~illl  nn(l 011-to esl)c~~~iinc:llt 
serve, ZCut ouly s i i o ~ ~ l d  tllcrc Iic on il:~liil all 
tile 11:wapllcrr1r~li:~ i t  n ~ u s t  also 06 rcse:u.cl~, b~it,  
be 1;ussiblc l o  porcilasc or construct tile Ile\\> 
appnrntus >vliicl~ m:iy be devise11 t o  mccl  the 
ncnrl~eq~~i rcmcnts .Yet ill iao resl)ect, l)erllnl,s, 
d o  1:111orntorics ~ i ~ n i n t a i ~ l  n Inore cffieiei~t uliiity 
t,11:11i i i ~ihstei~ing tcc:hiliql~e, 1iy tile clcvclop. 
nlent, of new ~ l ~ ~ t l l o d ~ ,  aiitl b j  gathcri~lg fium 
all soi~rccs complet,o iuformnlion concc'ri~ing 
tlie n-\ailnl~lc proccsst3s a i ~ d  lllcaiis of norli .  
0111jtiie (laily inborer nt scicilce coil aclc-
cln:rtely valile tile liuon-leclge of 111ct11otls ~v l~ ic l l  
is couce~~t ra te t l  laborn-ill eyer- well-~nnii:~getl 
tor)-. I11 pi:rces wllere these recj~iirclncnt,~ arc: 
fiillillecl, iliscol-cry il~alces rn l~ id  progress ; :l~l(l 
tlicir csislclicc esplniiis tllc: p i~ese l~ t  iinrnel~sc 
rapidity oi' scici~tific progress. 

\Vliat a c ~ ~ n t r a s tbctwcen tlie illngl~ificclit 
ol~porl111iilies're enjoy to-(In\ :rn:l tile meagre 
possiliilities of [illy \-cars :{go ! T h e  chnng!:c 
has  been i-c~~<lerecl the cst:iblisii- possible i)). 
riiel~t of ncll-fitted laborxtories fir t.lze promo-
ti011 of science. 

'rrrr, comrriissioncrs of" tlic el($\-enth intlas- 
trial esl~ositioll  lleltl in Ci11cin11nlr in  S c p t e ~ ~ ~ b e r  
ntiil October, 1883, tletcrliiil~ecl t o  ~ui~dertake 
n series of tests of the cfficieire~ of clcctlicnl 
lighting c,ystclns, nud s o  nclveitised i n  their 
circul:rrs, wllich wele ~videly clistiihnted. Spe-
cial pre!ninms (1 ere offerccl for tile best sj-stem 
of arc-lighting, t l ~ e  Lest s j  stem of incancles- 
c c l ~ tligliliog, the hcst d j ilnillo rnacl~inc for arcb 
a~lcl i~~cai~clescci l t  lightiug respectively, n~ i i l  for 
the best lamp in each s-stem. 
h j u r j  mac, al)poii~tecl by  the conimissiol~crs. 

consisting ol' T. C .  3Iclidcnlial1, chairman, 
£ 1 .  '3'. Etltij~,Tlloillas Frencli, jun., 2nd  liT'l'nlter 
JJnitllnm. Tile jary 'cr a s  i11striictcd t o  mnlie 
bi~ell test3 2nd me:tsiueinents a s  seemed dc- 
sirahle nlld v c r e  possible tintier the circ~1111-
s ta~ lces ,  niii! vllicsli 1voultP aid in arriving a t  :i 
t erdict u p o i ~  tlie relative incrits of the diifcrci.~i 
e s l ~ i l ~ i t s .  

r 1 7lie ol)e:~ing o r  tlic exposition tool< place or) 
Scpt.  5, nli(1 the close on Oct, 6 .  The  jury 
mas requestctl t o  make its report ol' the a\vnrilp 
one week bcrore tlie close of the exposition. 
111response l o  the proposxl of the eommis- 


