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taking tllnt as  tlle dlritlend, if we can cleter-
~ni i lc  tile nnnual la te  a t  n hie11 tlic falls recede, 
ar~cl take that  for tllc alicisor, our quotielit will 
replescnt tlie tinle tliat has  elapsed since tlle 
g1:icial periocl. 7'11e iilg mnp gives a c c o ~ n p a n ~  
a 11101~tiefinite idea of tliat clivisor than we 
h a r e  e l e r  before llacl. 'l'lie loner  tlottetl line 
relxesel~ts  the margln of tlie Iioise-sl~oe f:ill 
a s  mapped hj- tile i ' ; c \ ~ - ~ o r l i  geological snr-
vcy in 1h.11, under the direction of I'rofessor 
James  Hall. 'l'lie upper line is that  made 
in 1 X i j  for the C . 5 .  gcotlrtic srrrrey. B y  
compaiiiig llre t ~ v o .  a p ~ e t t y  colrect calculation 
may I)e iilacle a s  t o  the aillonnt of iecession 
of tile lioiseslioe fall in the inteir a1 of thi~t\-- 
fonr jcnrs. This  ca~lno t  \ ary 1nuc.11 from a 
hu~idrecl feet upon the nhole linc. being, a s  
the coiiiii~issioners calctrlate, t\vo liniidrecl and 
s e v e n t  feet a t  c c ~ t a i n  points. 

T'ntil this lnst surrey,  the attempts l o  csti- 
lilate tile tilile reqt~ii,cil for tile cataract to  
receclc? from (,)~leenstoii to  its l~ resen t  positio~i 
have heen based upon xery insufEcient data. 
Ahr. I'pal1e-n ell. all emiliei~t E;ilglibll geologist, 
gure  l)ersonnl :ittelltion to  thc l ) ~ o b l e m  a s  early 
ns I h:jrl, anti, from crTery tliir~g he coultl learil 
:rt tliat time. estilnatecl that t l ~ e  kt115 hat1 re- 
cedi,tl a11out a l~nndrecl and tmelltj f'eet in 
the f o ~  t j  years plecedilig. I Ic  recaned  t o  the 
pro1)lcm again in  1316, 13-51, 1S.iG ( A l , ~ e ~ i c a n  
jo7i1.1~c[lnj' science, Jalinaly, 18.57, pp. 8'7. 
YQ),  aild urns each time coniinnecl in  tlie belief 
that  tllc a p e s  of the horieslioe fall was rcced- 
ing, 011 an arerage, tliree feet a J ear.  On  the 
other linucl, Sir Charles J,jell, upon his first 
visit. in Ib41, ' conceir ed ' (upon what basis 
Ile does not tell us ) .  tliat, a t  the utmost, the  
rate  coulcl not be  Inore tllxn one foot a !car, 
which w o ~ ~ l d  give ns thirty-fir c thousand years 
us the mininlmn time. But, a s  i t  appe:trs, 
t11~  result of the recent surxey is  to  confirm 
the  estimate of Mr.  lSalie~mll, tllns bringing the  
period iiown t o  about seren thousnncl gears. 

Two elements of uncertainty, however. tend- 
ing to  lengt i~en tlie estimate, slionlcl be noticed. 
I n  the first place, the recession may have been 
somenhat  slower wliile the hard s t ratam, No. 
3, was esposccl. I n  tlie second place, the  de- 
posits of gravel ruunilig soutliwarcl from St. 
Dar  itl's, and corresl~onding to the lake-ridges, 
indicate that  subseqoent t o  the glacial period 
this nliole region was sligl~tl- snhmcrgecl he- 
ileatli a shullow bocly of water ; in n~hicll case, 
tlie ieccssion of the gorge TI-oolcl have begun 
0111- upon the emergence of the  land. A n d  
me ha\ e no means of telling how lorig an inter- 
val m q  l iare elapsed between the witliclrawal 
of tlie ice and tlic witlidran a1 of the water. 

Oil the other li:111(1, i t  is probnble tliat tlle 
channel of the preglacinl stream estendctl 
solnen lint above the .ivliirlpool, thus reclucil~g 
ainount of ~rroili clone since glacial time. 

T h e  above estimates nre c o n f i ~ ~ ~ ~ e c l ,  also, by 
tlie sillall miionrlt of change that  l ~ a s  tal..en 
place in  tile species of allillials iiiiring t11at 
period. The  ~noll~ls l is  iii the river :ibo~ fo~lnd  e 
the falls a t  the l~rcsen t  tiillc, are itleilticalspecies 
n-it11 the sllells foulid in  the clesertecl river- 
channel a t  llle top of tlle eseaipmcnt opposite 
the whirlpool. m111le nearer t11e falls the bones 
of the innstoiIon have been fo~uitl  ill the sanie 
cleposits; all whicll correspoi-uls with a vast  
ainount of other e ~ i ( l c l ~ c e ,  going t o  shorn t h t  
the present species nre, in tlie main, iclei~tical 
with tllose es i s t i l~g  at the clo5e of tlie glacial 
periocl. The  theory of e r o l ~ ~ t i o n  is  relierretl 
from a l)urtlen by supposing recent1 1 ~ a ~ y  a 
(late for tlie close of the gl:~eial el10c11 ; fol3 
tlie c1inngt.s si11c.e tlint epoch liare been so  
slight, that  tlic time allo~r~ecl by the p11ysicists 
is  insnfEcieiit for the whole derelopi~ientof 
organic fonns,  unless the rate  of change i \  
lnore rapicl t l ~ a n  mnst be the  case if the g1:tcinl 
periotl is  t1iron.n r e r j  fa1 l~aclc. 

G. I i ' ~ ~ u c n ~ c i . rB' iTurr;~~i .  

ATIAGARA FALLS CONSIBERED AS A 
SO UIl CE OF ELECTRICAL EiVBRGY. 

Trrx first s~iggestioii of the possible enlplov- 
llient of Kiagara Fal ls  as a source of electrical 
energy, and the distribution of this energy in 
tlie s1i:rpe of liglit ancl power, is due t o  6. TI7. 
Siemens. I t  was a large suggestion ; and i t  
tooli root speedily in  what lriag Ir)c tcrmetl 

cosnlical n~inds. '  The  way, llomerer, t o  its 
fulfilment, ha-; not bccn lnacle l~ la in  t o  bnsiness 
enterprise. T h e  most ilolen-ortlly r e ~ n a r l ~ s  
upon the  sul)jec% were lilacle by Sir  lJrillinln 
'I'homson in 1SS1, a t  tlie Yorli mcetinq of tile 
British association. I I is  rcnlnrlis allcl calculx- 
tioils were in substance as  f o l l o ~ s: TF7ith t1:c 
iclea of bringing the eucrgy of Kiagara Falls 
t o  BIontrcal, Boston, la'ew Yorli, anc! Philaclel- 
p l ~ i a ,a total electromotive f o i m  proclnced 1)y 
the  dynamo-macllines a t  the falls was talien a t  
80,000 .volts. This was betvlcen n good earth 
co i~ncc l io i~a t  the falls, and  one ei~cl of a solid 
copper wire of half a n  inch in diaineter, nild 
three linnclrecl statute miles in  length. T h e  
r ~ s i s t a n c e  of the  circuit was so arranged t h a t  
there should be  a n  electro~llotive force of 
G-C.000 volts a t  the remote end. between t h e  
wire and the e:u t11 connection. The  calcu in- 
tions sliomecl that  a current of 240 webels  
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wolild be procluced in the wire, which would 
talie energy from the Niagnra encl a t  the rate  
of 26,250-horse power, and only 5,250-horse 
pornel. moulcl be lost by the generation and dis- 
sipation of lieat through the collductors ; and 
tllris 21,000-horse pon7er woulcl be available a t  
tlie cities above mentioned. According to Sir  
\Frilliam Thomson's calcnlation, i t  will he seen 
that  eighty per cent of the energy moulcl be  
thus transmitted. EIe also snpposed that the 
solicl copper wire mas supported, like the ordi- 
liary telegraph-mire, upoil poles, ailcl founcl 
that  ail electric spark moulcl not be producecl 
between wires electrified t o  the diference of 
potential of 50,000 volts, unless they mere 
within three-quarters of an i11cl.i ap:~rt  : there 
conld not be, therefore, great difficnlty in the 
insulation. The  cost of the  copper conductor 
v a s  recltoiiecl a t  $185,000 ; ant1 the i r~terest  
upon this a t  five per cent is $9,500 a gear. 

A t  the tiine these remarlis were made, great 
hopes had beell excited b j  the in\ eation of the 
Baure storage-battery : and hir  TFTilliam Tho111- 
soil closed his atldress 11y a glonriag picture of 
the posslhility of Iceeping a F a m e  battery of 
40,000 cells constantly chnrgc~l ,  rve mill s a j  ill 
Ken  Yorli. and ~1~111j systeiliiilg a i~~e t l~or l ica l  
of remoT iiig sets of 50,  nllti plncing t1ie:n lipon 
local snpplj-ci~cuitcj, nhi le  sets of 53 are re- 
placed ulron the 1~1:tin coliclactor. 

The  electromoti~e force of i~ 'aurc cell is 
ilk the r~eighborliood of' 1 lo l t s  ; and 50 cells 
nould gil-e 100 volts. wliich n~oulcl be snf3cient 
to  sul~ply several arc-lights. Thus  tlie great  
electromotive Soice of 80,000 ~ o l t s  conld be 
snbdiviclerl. Cnfortul~ntcly. h o n e ~ e r ,  i t  has 
been found that  the Faure h:lttery is  11ot per- 
inanent, or ere11 fairly so. I t  en11 he saicl. 
without exaggeration. that  i ts  ~r-orl\ing-life is 
less than a e a r ,  and duiiiig the time of i ts  
best estate it  canilot be clependecl ~1poii. 
X a n y  attempts lia) e beell inadr to  perfect tlie 
Faure cell. anc1 other Corms of electrical ac-
c u m ~ ~ l a t o r s; but no form of storage-battery is 
a corninelcia1 s u c c e s ~  a t  this present mriting. 
I t  is  not,  howerer, be j  oncl the povver of inven- 
tioil to  dex-ise a s y s ~ e m  of what are czllled step- 
clo\vn clynaliio-machines, by i ~ l e a i ~ s  nof hich 
the great  diiYerence of potential of 80,000 
volts can be suhdiriclecl nlld utilized on clifer-
cilt circuits. A i ~ u i u l ~ e rof srnall (1) naillo-
lnachines coulcl be connected r~ i t l l  the great 
copper conclnctor l e n d i ~ ~ g  to S iagara  Falls in 
such a mar~nerthat  tlie c i ~ c r g j  transtuitted by  
this conductor could be clistrih~ite(1 over a large 
exteiit of t e l i i t o r ~ ,  either in the shape of light 
o r  power. 

The  distribi~tion of light froin a gieat  central 

s ta t io i~  has already been accoinplisl~ecl. T h e  
system of village-lighting clerised by Eclisoi~ 
can now be studied by  those n-lio a re  interestecl 
in tlie emplojmeiit of tlie energy of Kiagara 
Falls for a siil~ilar Ixirpose. T h e  liil~itations 
of d i s ta i~ce  apply to  the present central electric- 
lighting stations ; and those who are iceptical 
in regarcl t o  the great plan of utilizing Niapnra 
Falls as  a source of energy inalie a stloilg 
point when they ask x~l i j  the s j  stem of great 
cnltrnl stations has not 1)ern rapidl! i~icreasecl. 
I t  is  true that  abundance of n uter-pon e r  talies 
the 1~l:lce of coal ; but  tlie cost of the long con- 
d ~ ~ c t o r s ,the niaintei~ance of the i~lsrilatio~i.  ailcl 
tlie interest on tile cost of m y  methot1 of sub- 
rlivision, mni t  also be consitlerecl, ai~cl IIIXJ he 
found to offset tlie cheapuess of the 3ource of 
the eilergy. TTTe iinagine. inoreol er.  that  fern 
t o n n s  or cities monltl be n illing to  dcpend for  
their light on a seat of cnergj- so  rciilote as  
even fift)- iililes, to say i~o th ing  of lliice Iinn-
drecl. AII  xcciclciit to the copper co11dn(.tor, 
clue to  t l ~ e  f:~lling of a tree, o r  to  some 
inischievons nction, conltl plunge a c i t j  into 
claric-ness. I f  the colirlnctor n ere p1;rc~d 
undergroui~cl, defcctix e iniulat ioi~ \vould enter,  
ancl prorlncr the ialile result. liheil if tile 
s js te in of ~ ~ l l l i ~ i n g  a s  sourceSiagnra  P'alls :t 

of electrical energy sho~ild be :~dol)tetl. a inp-
pleincntnrj- s j  stem of lightilig nloultl 11n~c to 
be mni~itnincd in every city. 

I t  is not safe to assome, that ,  if this lnlge 
sche~lie of r i t i l i~ing Niagarn c o ~ ~ l dF:ill- be 
made successfill, bnsinesi ent t l  g ~ i s e  n-oold 
alreacly have no^ ecl in t l l ~ s  ilii e c t ~ o n  ; for 
cal~i tal .  ~t is well I r n o ~ n ,  is extremelj collber- 
vative. The  true reasoil tllat large sonlces of 
watel-power hnve not bee11 utilized foi electiic 
liglltirlg on a 1u:ge scale, is due to  tlic fact 
that  tlle small tietails. and n hat  are cnll(3tl the 
small items. assuine gient p ~ o l ~ o r t i o n s .  ant1 bid 
fair t o  consrime all piofits which come f ~ o m  
a s a ~  Thus  the c i t  of illg of coal. U~ifTalo 
conld liare been liglited bx the utilization of 
the water-power along S i a g a r a  River ; ailti we 
cannot believe that  tlie failure t o  d o  so h a s  
been doe ei t l~ei  to  the ol)position of tlie g a s  
companies, or t o  tlie lacB of imagilint~on of 
capitalists. I11 iliolt, the facility n ith I\ hicln 
energ! in the s l ~ a p e  of coal c:~li be  tiansported 
fro111 place to  place co~ii~teil)alances l~reseilt:rt 
the clieal~ness of a very remote soliicc of 
e i i e r g  in  the slial)e of a n~:~telfall .  

The reas3ns for and against the ntilization 
of  tlie eneig- of K i a g a ~ a  Falls a s  n souice of 
light apply also to  the qrie~tioii  of tlie electrical 
transi~lission of pon7er. n it11 this e\;ccl)tioii, 
tliat the electrical t ra i~s i r i i s s io~~ hasof poncl  
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not rcacliecl even the perfection which systems interests mhiclz have been tlevelopetl under its au-
of  electrical ligllting have attained. spices. No president of the nation, and no minister 

JOIINTIZOWIIRII)(~E.of the departnlent nrid(:r which the observatory is 

DR.  G O U L D ' S  WORII  A T  THE CORDOBA 
OBSERVATORY.  

[TIIE Boston papers of last week Thursday gave a 
full account of tlie complimentary dinner given to 
Dr. Bcnjanlin A. Gould on his return to this country, 
afrer the completion of liis long series of observations 
irl the  Argentine Republic. We place before our 
readers that portion of the address made by Dr. 
Gould after the clinller, which narrates the hislory of 
his u~~tlertaliing, on ~vhicll he has expetided nearly 
fifteen years. Want of space prevents our giving tlie 
ii~troililctory reinarlts in response to the warn1 wel- 
come wllicli he received froriz liis hosts, or the many 
other excellent atlclresses upon the occasion.] 

The u~idertaking began, as you lrnow, wit11 the 
project of a private astronoiilical espedition, for which 
iuy friends in IZosto11 arid vicinity had pro~nisecl the 
pecuniary means. The selection of Cordoba as an  
especially desirable place was chiefly due to our la- 
nlented countryman, Gilliss, wllose astronomical niis- 
sion to Santiago de Cllile hat1 resulted in extensive 
and valuable observations of sontlierri stars, a i d  in 
the e s t ab l i sh~ne~~ t  of a riatioiial ol~servatory, vhile it 
l ~ a dellabled him to form a souud judgment as to tlle 
relative advantages of different points it1 Soutll Anzer- 
ica for astronornical p~upc~ses,  not\\-itl~st~~nclirigthe 
total want of trustworthy ineteorological data. This 
choice of place was coniirmetl by the counsel of the 
drgelltine minister to this c o u ~ ~ t r y .  Tllat ~ninister 
\\.as Sarmiento, a man who needs no e~~coill iwn liere; 
for durir~g his brief residence in tlle United States 
lie gainetl an  exceptional i iu~nber of friends and 
admirers. H e  transmitled to his gover~~~nent , ,  tllen 
under the l~residency of Gen. Nitre, rny application 
for certain privileges and assurances, all of which 
were at  once cordially concedecl; but his ii~terest in 
the plan bec;~nie furthermore so great, that w11e11, 
soon afterwarils, lie was hiinself elected president, he 
obtained the assent of the Argentiue congress to the 
establishment of a natio~lal  observatory, arld wrote 
asking me to change rny plans accordingly. Tlle 
official inr~itation was sent in due time by tlie rninis- 
ter of public instructiorl, Dr. Avellaneda. The gov- 
ernment assumed the expelise of the instrnments and 
eqnip~nents already bespolien, and autliorizeil the en- 
gagement of the requisite assistants. 

1111874 Dr. Avellanrila insucceeded S ~ r r n i e i ~ t o  
the presidency, and in 1880 11e was himself succeeded 
by Gen. Iioca. Thus four successive admi~listrations 
have encouraged and sustai~ietl the undertaliing; a r ~ d  
notwithstanding the high political exci tenle~~t  wllicll 
tjften prevails, and nlight easily have disinclined the  
members of any one party to give cordial aid to insti- 
tutioils establislle(1 or fostered by their opponents, 
there llas never been manting a spirit of decided 

placed, has failed to give strong practical eviclence 
of his good mill. There has been none of them to  
whom I do not owe a debt of gratitude. I have never 
nzade an official request which has not been gl.antec1, 
and ill such a may as to enhance the favor. And 
just as the official founders of tlle ol~servatory met 
us wit11 a cordial welcoune on our arrival, so the gov- 
ernment of to-(lay has overwlzeltned nze with liind- 
ness, and tokens of regard, on m y  departure. On the 
very last evening before erribarlting, when it \\,as my 
privilege to receive the faren~ells of a crolvdecl assenl- 
blage in the llalls of tlie Argentine geographical 
institute, and to hear words of sgnlpathy and com-
rner~dation froin the lips of Gen. Sarmiento, my 
earliebt ~ i rgent iue  friend, spealting in behalf of that  
society, I replied in the few words vlzich alo~ie \Irere 
possible at  tlie time, but with all sincerity ailc1 trnth- 
fulness, as follows: -

" I t  was you, sir, who provideil the opportunity for 
which I was yearning: it was the Argentine Republic 
wliich niade it easy for rile to avail nlyself of it. I t  
has been thc national governnle~zt which, ill its mri-  
ous phases, and under so many different ailministra- 
tio~la, alwaysprovicled all ~~ee t l fu l  means ant1 resources: 
it is the ilrgentine people ~vliich has accoinpaniecl nie 
in my tasks, giving sul)port by their sgrnpatlly, and 
itlce~ltiveby their liinciness." 

The original purpose of the expedition was to 
~ n a k ea thoro[igh snrvey of the southern heavens by 
obsel.~ations ~nnde  in zones between the parallel of 
:3U0 and the polar circle; but tlle plan grew, under the 
i ~ ~ f l u t ~ ~ i c ccii,curnstances, until tlie scrutiny com-of 
prised the whole regioi~ from the tropic to nithin ten 
clegrees of the pole, -somewhat more thari fifty-seven 
degrees in ~ ~ i t l t h ,  instead of thirty-seven clegrees. 
Ant1 alt l~ough it was no part of tlle original design 
to perfor111 all the ~lrlmerical computations, a11t1 still 
less to bring the results into tlle form of a finished 
catalogue, it has been nly except io~~al  privilege, 
nnique in astronomical history so far as I an1 
amarr, to enjoy the means and opport~ulitg for per- 
sonally snprrvisi~lg all that vast labor, and to see tho 
results published in their definite, permanent, form. 
Of course this lias required time. The three years 
which 1had purposed devoting to the leas coinplete 
work have been drawn out to nearly fiftren; and you 
will compreliend what that implies for one who loves 
tlie friends of his youth, his Iriildred, a ~ i d  his coun- 
try. Yet ere11 hcre there has beer1 consolalion. For, 
while the worlr has demanded all that period, it did 
not absorb the whole time, and opportur~ity was left 
for other studies. A~nong the astronomical otles, i t  
lias been possible to exanline all the stars as bright 
as the seventh magnitude, up to lo0 of north declina- 
tion, for carefnl estimates of their respective bril- 
liancy, and to refor111 the arrangement arid bountlaries 
of the southern constellatio~is; also lo carry out the 
observations and computations for anotl~er stellar 
catalogue, ruore exact than that of the zotles, and 

friendliness to the observatory, an11 to the scie~~tific extencling over tlle ~vllole southern l~etnisl~here. The 


