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mere of special interest ; eartl~quakeswere re- 
ported in New Hampshire anil California on 
the 19th, and in Naine on the 31st. 

HISTORY OF T H E  APPLICATION OF THE 
E L B C T R I C  LIGAYl' TO LIGHTIhTG THE 
COBSTS OF FIZANCE. 

1. 
TI-~I:value to na~igation of thoroughly light- 

ing o ~ ~ rcoasts is too evident to require any 
argume~lt in its faror ; and, in view of the 
immense interests at  stake, there is no ques- 
tion but that i~nprovecl mctllods of lighting 
should be adopted, al~nost  regardless of ex-
pense, providing that the adl-antagcs gained 
are in any may commensurate with the cost. 

France has long appreciated this ; ancl it is 
to her that the world owes the Fresnel lens 
and many improrecl lamps burning successive- 
ly whale, vegetable, and mineral oils. She 
has finally lecl the way, as usual, in the use of 
the electric light, which has been definitely 
adopted for the lighting of her coasts, after 
nlaiiy ex~ensive  and conclusive eslseriments ; 
ancl, when the plan has been fully carried out, 
France can boast of having the best ancl most 
systematic method of const-lighting of any 
countrv in the world. 

The" Unitcd States has followed France. 
Our optical apparatus has been almost exclu- 
sively imported from that coantry. We use 
laml~s  made after French patterns, aiicl now 
we are mnliing experiments to determine its 
~ a l u e  for our lighthouses. This is deemed 
s~~flicientexcuse for giririg full details of the 
French sxstem. The inforillation has naturally 
been mostl? obtained from French sources. 

I t  was in 1863 that the electric light was 
for the first time user1 in lighthonses. The ex- 
periment was made with a11 Alliance machine 
in the first-order lighthouse of la EIAre, near 
I-Iavre; ancl the results were so satisfactory 
that doubtless a11 the lightliouses woalrl have 
been immecliately f~~rnished lights,with clect~ic 
had i t  not been for the great expense attend- 
ing a general alteration. I t  rras proved that 
the e1ectl.i~ light n-as seen about eight Itilo- 
metres farther than the oil-light, and that, in 
time of fog, tlle rnnge of the former light as 
more thnn clouble that of the latter. 

M. Quinette cle Rochernont, inghnieur des 
ponts et  cl1auss6es, published in 1870 a report 
~111on the lighthouses a t  la EIAre. Below are 
some extracts :-

"The electric light having been installed for six 
years a t  la HBve, enough time has elapsed to allow 
us to form an exact idea of the value of this meails 

of producing light for the lighting of coasts. Sailors 
take pleasure in recognizing the good services ren-
dered them by the electric light. The advantages of 
the system have been llighly appreciated : the increase 
of the range of the l ~ g h t  is very apparent; and, 
above all, in slightly foggy veather, many ships can 
continue their voyage, and enter the port at  night, 
wl~icll thry could not do when oil was used. The 
light, xhich  a t  first was rather unsteady, gradually 
acquired a re~narkable fixity, -thanlts to the im- 
provement of the appa la tu~  and to the experience 
gained by the lreepers. The fears n~hich  ve re  at  first 
eilteitained regarding the delicacy of certain parts of 
the apparatus are not realized in practice. The acci- 
deilts have been rare, the estinctioils short and very 
few, -two only during this period of six years hav- 
lng had a notable duration: one, of an  hour, was due 
to an  accident to the steam-engine; the  other, of four 
hours, should, i t  appears, be attributed to malevo- 
lence. Under these circumstances i t  seems hardly 
worth whilr to worry about possible accidents.:' 

Since 1863 experience has only coilfirmed 
the favorable 17iews of 31. Qninette. The 
lighthouses of Gris-PTez, France ; Cape Liz- 
ard, Englancl ; Odessa, Itussia ; and Port  Said. 
Egypt, -have been provided with electric ap- 
paratns ; and there is a question of placing i t  
in the lighthouses of l'laaier and Palmyre, 
France, and in several lighthouses in other 
foreign countries. 

Tlle following infor~nation n-as fi~rnished by 
MM. Sautler ancl Leinoniiier :-

"When the light is to be fixed, the optical part of 
the apparatus is composed of a lenticular drum of 
proper form, which renders the rays horizontal in 
the vertical plane w11ile allowing them to  diverge in 
the l~orizo~ital  The dimeilsions of this drnm plane. 
vary from a diameter of half a metre for a fourth- 
order light to one metre i n  a first-order light. This 
increase in diameter of the apparatus is sensibly 
proportional to the increase in diameter of the carbon- 
pencils between which the voltaic arc is produced, 
and which determines very nearly the dimensions of 
the electric light. I t  follows from this, that  the ver- 
tical diverge~~ce remains the same in the different 
types of apparatus. When the light is to be revolv- 
ing, the fixed lens is surronndecl by a movable drnm 
formed of straight vertical lenses of which tile form 
varies accordinq to the characteristics desired to be  
given to the light." 

ILe~olving electric lights ha\-c this great ad- 
vantage over re\olving oil-lights : the flashes 
can be given a clliration equal to that of the 
eclipses. I11 oil-lights, when the light is con- 
centrated in the form of Bashes, there are two 
ends in view : lo, to augment the intensity, 
ancl conseqnently the range, of t l ~ c  light ; 2 O ,  
to create an appearance different from that of" 
a fixed light. The first can only be obtainled 
by giving the flash a clnration nluch shorter 
thall that of the eclipse ; or, in other terms, 
by makiilg the angle of the luminons beam a 
small isart of the angle snhtericlecl by the lens. 
Moreover, this angle clepencls on the dimensions 
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of the .foyer,l nncl it call oiily be alig~lic~lted of which the most impo~tan t  is that  of sig- 
either b j  increasing this climcnsioa or by chan- n a l l i n ~to navigators tlieir approach to lai~cl : 
ging tlie focal distance of the lens, thus losing and tlie lights constrnctecl for this end are 
a part of the liglit, since the c1irc1,gencc is placed ill preference lipoil more or lcss acl-
1)rocluced not onlj- in the horizontnl planc. - T anced lieadla~lcls ; which f o ~ m ,  according to 
the only one ill which it is u t i l i~ed for prolong- the expreision of 31. L. IEeyi~a~id,the angles ' L  

111g the flaslies. -hut in every direction. 7TTith of a polygon circ~~mscribingall dangeis." 
the combination of rertical lenses and a c j  liii- These are tlie lights nhich should Iiave tlie 
clrical ilrnin mliicli serles to produce flashes greatest lu~niuons pon er, anrl ~v l~ ich ,  there-
n-heii electricity is used, the divergence of the fore, constitute~first-orcler lights. 
beains can, by giving tile ~ e r t i c a l  leiises a Between tliese rs t re~l le  points i~ldicatilig tlie 
proper currature, be augmentetl ns ~iiuch as general contour of the coast, the latter still 
desired in the borizol~tal plane, and the durn- preseiits aclvallced 1)oints nllich slioulcl become 
tion of tlie eclipses be diniinished in propor- centres of lights of less i~nportance, :tncl serre 
tion, mhile the range of the smallest electric to guide the ressels to tlieir harbors. The 
liglit usecl -sill iirrertheless remain mncli great- secondary liglits placecl on these l?oints are 
er than that of tllc liiost powerf~~l  calletl second-order lights; aild ~ n e ~ , i ttheiroil-light. 

For exraii~l,le : the luminous iiite~isity of ail name, not onlj- by their position, but also on 
nllnnlar panel of 45" of a first-order reroli ing acco~ult of the less ponrer given to their optical 
light with a six- rick lain12 equals 9,817 carcels. appmatns. Along tile ionte thns traced for 
This is the greatest inte~isity ol~tained with an na~igatioi ime  also found localities n~hich it is  
oil-lamp. The clirergeiic~e of the 1,e:iiil given important sl~oulcl be pointed out to sailors : 
by this same panel is iO7', and the rluratioii of these ale, for esa~nple ,  sand-banks, s~nl l ie~i  
the flash is  about one-sinth part of the eclipse rocks, islets, etc. Frolii tliese arises tile ile- 
which prececles aiicl follorrs it. cessiiv of luminous foyers of ~ a r i o n s  intensi- 

By applying the methocls of 31. AYllarcl to ties, a~icl the creation of thircl-, fourth-, a i d  
the photollietric measurements of electric liglits, fifth-order, and of even less powerf~il, lights, 
i t  is fouiicl that the lulniiious intensity of a such as are placecl in harbors on the encl of 
fourth-order electric light, n it11 n lcils half a jetties, to shon ~ c s s e l s  the e~ltraiice to the 
metre in diameter, and fecl by a sillall lnoclel chan~iel. 
Gramme machine, eqnals iit least 20,000 I11 addition, aliiollg all tlie lights of direlent 
earcels ; and i-rlleii conceritratecl by inearis of oiders, soine, placed on an islsuid, are clesigllecl 
straight Inorable lelises in bea~lls Ii:~ring n to throw their light entirely aroniid them ; 
divergence such that the clnmtions of tlie others, built on an adi ancecl promontory or 
eclipses and flaslies shall be the same, its in- establislled on a str:~ight part of tlie coast, 
tensity mill be eqnal to 40,000 carcels : that is  only send tlieir r:lj s on a fiactioii, inore 01% 

t o  sa j  , that it  nill be four times mole i~ i t e~ i se  less great, of tile zone n hich surroni~ds them ; 
thml that of the 111ost porrerfi~l oil-lamp, aild finally, otliers only liare to liglit a cleterinined 
with a ii~ucli shorter clinatio~l of eclipsc. ~ o i n t: he11ce tlie clistiilctio~l of lights in lights 

E y  means of electricity suc1-i immense quml- of qf tiwee-fourths the horizon, ull the l~orizo?~,  
tities of light are produced, that it is not oLf ttuo-tJ~i~.d.s the horizon, etc. 
necessary to take into account inore or less Ciitil lb(i:i all the lights of the Vi*eiich coasts 
beams in order to atlginent the range ; thr only were firr~iishcd nitli apparatus lor oil ; and i t  
ol?ject of the ~iiovnhle lenses being to prodace Tras not until this cpocli that thcrc mas in- 
cliarac.teristic :rppearnnces n-hicli tlisliugnisli stalled, a t  one of llie t n o  lights of la l I & ~ e ,  
clcailj. rncli liglltliouse from its ncigi~lror. the first apparatiis for liqhting b j  cleclricity. 
Thcse cliaracteristic a],pearances, the i~ictliod After a J c.ar niltl n halt' of expel iinciit, the 
for liroclucing tlle~ii, : L I I ~tlie iystein ~iom aclopt- :esnlt ha\ i ~ i g  bee11 iiiost satisfi~ctory, it n as 
ecl ill I '~n~icc. nill be iue~itionril fartlicr on. dccidetl to liqht in the same nay  the seco~id 

Tlic tliiTc.1 cnt lights n 11icah i e n  e for the liglit- light of la HBT-e ; :1nc1, :[bout t n o  yeais Inter, 
i ~ i g  of F'rciic!~ coads are tlc,ip,ilctl so a i  lo  llie electric liglit was also 1,laced ill the light- 
R I ~ S T ~  lionse a t  C:ipc Jlat tdis  rernainc~cl ei' tlie diffel.cnt needs of nn\ igatioii ; and Gris-Scz. 
tlicir irnl~orta~lce ill coii(litio!l witlii~i the Sewvaries in consequcncc accord- this until 1:lst 
ing Lo the rdle tliej arc callc~l up011 to play, \-ears ; awl, n liilc E~~glniicl couutccl on 111.1. 

coasts six clectiic lights, thc tlirec n1iic.h n e 
T h e  Bren~lrnor r l  ,foyiv nlr:lns l i l r la l ly  n henv t i~ ,a 2ifnce 

CCIIPVI. is i , i ~ ~ ? i t ,  h a \ c  jusl ~ilciitioned T17ere the only oiics in ~o~12etlci)iq ii~icl, ill tile scnsc i ~ s c dlicic, Ihe so i ixe  
o.fliglrt ( I ? I ~l~eict, .space o i iiipieil ti)/ thejfirme of OT existelice in Fr:riicc. L:itcly. the reconstiuc- -tlic i i  L f o ~ ~ p  
?J?J the rlectric a rc .  ir so useful that I take Lhc liberty ing bee11 'I'he ~~..orii 
of uning it in l~ laceof an Engli41 paral,il~:me. tion of the light-house of Planicr 11a~ 
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juclgccl necessaly, it  was cleciilcd to use the 
electric light in i l ;  nncl the same decision n as 
talien regarding the lighthouse of la l'almj re, 
whose l~uininons intensity was recognized as 
ins~ifficient. 

But the good resnlts gireu by tlie electric 
light a t  1:~ 1Ii.w ancl a t  Ctll)e Gris-Nen callecl 
attelltion to the more gene1 a1 service it conlcl 
rei~clcr; and on the 27th January, 1880, after 
a long stud- of the question, 31. Allard, di- 
rector of departinent,the French l i g l ~ t h o ~ ~ s e  
preseiitecl to the ininister of public rorl is  an 
important report, recommeniliag the general 
acloption, 11po11 the n-hole extent of the French 
coasts, of electric lighting. This report was 
approved on the 4th December, 1880, by the 
Conseil g6116ral clcs poiits et chauss6es ; ant1 
the principle of electric lighting has just been 
aclol~ted for the entire extent of tlie coast. 
This decision mas so important that it seems 
pioper to ~nention here the principal points of 
31. Allard's report, to malcc known tlie argu- 
meiits bronght to tlie support of using the 
electric light, ancl the results obtaiiled in vari- 
ous trials, and, finally, to give details of the 
electric installatioils of' this nature actually in 
use. 

Before me~ltioniiig the consiclerations in 
favor of changing oil for electricity, we must 
speak a few words on the range of light-
houses. The yange is the distallee to which 
the light is visible a t  sea ; the circle of range 
has this clistance as a radius, a i d  the light as 
a centre. The lange of a light depends iiot 
only upon the optical conditions in which the 
light is placed, but also upon its height above 
the level of the sea. Thns tliere is a clistinc-
tion betneen the geographicc~l  Yange  and the 
l u m i n o u s  range; the latter being the one unclcr 
consicleration. I t  iricreases with the transpar- 
ency of the atmosphere, nhicli is v e g  variable, 
aricl changes with the locality; thus, on an 
arerage, it is mnch greater on the Jfediter- 
ranean than on the south-western coasts of 
France, greater on the latter than 011 the 
sliores of Brittany, and becomes the least 
in the British channel. TXoreover, thc trans- 
parency varies accorcling to tile seasons ; ailcl 
there are, cluring the year, a certain number 
of more or less foggy days, clnring n-liicli tlie 
transparency of tlie air anel the range of the 
light are both climinishecl. I t  is iinpossible, 
therefore, to fix the range as a certain quail- 
t i ty ;  and it is necessary to establisli a inode 
of clesignating the varying range. T o  clo 
this, observations are made cluring the year 
on the variations of the range ; the foggiest 
nights are then omitted, ancl the minimum 

rangc for the remainder of the Scar represents 
the laiigc for that poltion of the year. If, 
for example, thirty ~~ ig l i t s ,  or one-twelfth of 
the j ear, are tledlictccl, a ~ ~ r l ,  daring the re~nnin- 
cle~ of tlie yeill., tlie sinnllrst rmlgc i i  tn-elvc 
nautical iniles, it  is coiisidereil that the light 
uncle1 consideration has n rnnge of t m l v e  
miles for eleven-twelftlis of the yc:tr. I n  
s h o ~ t ,tile rmlge of a light clnrirlg a portion of 
a year is thc clistniice a t  which i t  is n l ~ ~ ~ a g s  
visible diiring that portion. 

I11 orcler that the ligllting of coasts be efli- 
cient, it  shoulcl he contii~nous, so that a vessel 
sailiiig along tlie coast, as soon as it passes 
the range of one light, shonld come within that 
of the next ; in other words, that the circles 
of range shonld cut each otiler snccessively. 
With the s j  stein of oil-lights now in use, this 
is actually the case, but only duri1lg half the 
year : during the other half, the oil-la~nps have 
iiot sufficient power. It will be rerv direrent 
when the electric light is nsecl. The ranges 
will l)e incrcasccl, :~ncl tlie circles of ranges \\rill 
cut each other cluring eleven-twelfths of tlie 
vear. 

r l1he accompanying oatlinc map, Fig. I ,  shows 
what would be the ranges if tlie electlic lights 
were nsecl, supposing that each light had a 
niean intensity of 123,000 carcels. The dotted 
lines show the present ranges with oil-lamps. 
Wlleii the electric light i i  aclopted, the range 
of the new lights will be 27.7 nautical miles in 
the Mecliterranean for of the year, 13 to  21 
miles in the British cha~inel for +3of the year, 
and 12 to 26.5 iniles on the Atlantic coast for 
the same periorl. 

If  the increase in the range, by using the 
electric light, is n ponerful co~isideration in 
favor of this system, objections may, however, 
be made on the scoie of economy. The report 
of 11.Allard sl-lows that the expense of exe- 
cnting the entire prograinme, even iilclucliilg 
the iristallations of steam-birens, will not esceecl 
$1.600,000 ; which is very reasonable coml~:trecl 
with the resnlts obtained. Besides, the cost of 
maintenance of electric lights is not, as one 
might have supl?osecl, much greater than that 
for oil-lights. 'L'hus the annoal expense of a 
first-order oil-light is about $1,660 per j c a r ;  
nhile for cacli electric light-house at la IIBve 
the cost is $2,270, and for that of Cape Gris- 
Nez $2,680. I f  it  is (letired to compale the 
cost of a uilit of light for a lighthouse 11t by 
oil with one lit by electricity, i t  is  found that 
the fornlci costs $81 per unit, while tlie latter 
is $22 a t  Cape Gris-Xea, and $13.40 :it la  
Hbvc. 

I t  should be said here, that  there is only 



138 SCIENCE. [VOL. I., NO. 6. 

taken account of, in the above figures, the light other ; and, where there is a gap, it will be 
of the foyer itself, independcntly of the opti- filled with an oil-light. This map also gives 
cal apparatus ; which, by concentrating the the distinctive characteristics of the different 
rays, augments the intensity very considerably. lights, and this is a most important point to be 

The number of electric lights comprised in considered. 
the project is forty-sis, counting as two the 1n.a good system of coast-lights, the neigh- 
double lights of la HBve, of la Canche, and boring lights should have very distinctive 

1 B. Glittering u-llite. 
2 1 " wit11 2 white flashes. 

" 3  " " 
' a  ., " ' 6  

6' , '& " 4 'A I ,  

FIG. 1. 

of Hourtin. Of this number there are thirty- characteristics, in order to avoid all possible 
eight of the first order, two of the second confusion. In  the existing system, these con- 
order, five of the third order, and a new one ditions obtain ; and the first idea which natu- 
to be placed at the south of Paimpol. Four rally presented itself was to retain the old 
of these lights are already, or are about to be, characteristics, simply substituting the electric 
lighted electrically. for the oil light, so that there would be no 

As to the distribution of the lights, i t  is change from that to which sailors were accus- 
easy to follow it upon the map, Fig. I :- almost tomed : but the existing charactelistics are, in 
everywhere the circles of ranges cut each some ways, inconvenient, and it has been de- 
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single fixed light. ,4 I .  

cided to replace them by others ; which, by 
making the lights more easy to he distin-
guished, will, besides, increase the range. 

The present characteristics are as follonrs :-

2. A clouble fixed light. 
3. An eclipsed liglit, with flashes every half-minute. 
4. Ari eclipsed light, with flashes every nlinute. 
5. A fixed lieht varied bv flashes everv four min- -

Utes. 
6. A fixed light varied by red flashes every four 

minutes. 
7. L4light with alternate red and white flashes. 

Fixed lights are obtained with a Fresnel 
apparatus with cylindrical lenses ; the clouhle 
fixed light, by two lights situated a t  such a 
distance that they can easily be distillguislied 
from each other, but still appear to form a pair. 
Fixed lights will eventually disappear, because 
they have a less range than flashing lights, and 
also are liable to be confounded with other 
fixer1 lights not belonging to a system of coast- 
lighting. 

Flashing lights are obtained by means of 
optical apparatus having ge~lerally eight faces : 
each face comprises, first, a lens of the same 
wiclth as the face, then, above and below, por- 
tions of rings having as a common centre the 
centre of the lens. Tlie apparatus thus gives 
rise to eight beams of light, separated by dark 
iizterrals : and, wheli it is tnrnccl, the naviga- 
tor sees alternately a flash ancl an eclipse. 
The intervals between the flashes depend upon 
the rapidity of rotation. This liglit has the 
inconvenience of req~~ir ing sustained attention, 
and of consulting a timepiece to tell the 
length of the interval. I t  should he sup-
pressed. 

The fixed lights varied by flashes are oh- 
tained by means of an apparatus for a fixed 
light arouncl which turn two or three vertical 
lenses which give flashes, either white or red, 
or alternately white or red, a t  intervals of some 
minutes. These slowly revolving lights have 
the same fault as the preceding, and will also 
eventnally disappear. 

The characteristic which will be generally 
adopted is that of a scintillating light. To  
produce i t ,  a fixed-light apparatus is e~nployed, 
aronild which revolves a drnin of lenses, placed 
vertically, con~posed of straight glass bars of 
lenticular cross-section ; each of these con-
centrates the horizontal r a p ,  and consequently 
produces a flash. Durillg a rotation, if all 
the lenses are alike, the navigator will see a 
series of equal white flashes, proclocing a scin-
tillating light, I f  the vertical lenseq are alter- 
nately red and mhite, there will be alternately 
a red and white flash, and a compound red- 

and-white scintillating light will result. I11 

the same way, by placing the lenses in groups, 
there can he tmo, three, four, or more white 
flashes, followed by a red one. I t  should he 
remarl<ecl. that, in this case, as the red color 
dirninishcs the lruninous intensity, tile red lens 
should have lnrger dilnensions to coml>ensate 
for this loss : as this causes a loss of liglit, 
M. Allard prefers, ir? most cases, to separate 
the group of white flashes siinply by an  obscure 
interval. This is obtained by a simple modi- 
fication in the forin of the vertical lenses. 
There are thus the following eight characteris- 
tics :-

1. White scintillating light. 
2. Light with altern:rte retl and white flashes. 
3. Liglit with two white flashes and one red succes- 

sively. 
4. Light with three white flashes and one red 

successively. 
5. Light with four white flashes and one red suc- 

cessively. 
6. Lieht with two white flashes. with intervals of 

obscuri6. 
7. Light with three white flashes, with intervals of 

obscurity. 
8. Light with four white flashes, with intervals of 

obscurity. 

These are the only characteristics which 
have been clefinitelj- adopted. They have the 
advantage of being rearlily recognized without 
consulting a timepiece. 

LETTERS TO THE EDITOR. 

The new comet in Pegasus.  
I DESIRE to give publicity to the following state- 

ment regarding the priority of discovery of the new 
comet in Pegasus. I discovered it  a t  seven o'clock 
last evening; and, as sooil as the direction and rate of 
lrlotion was ascertained, I repaired to the telegraph- 
office (a  mile away), and telegraphed its discovery to 
several astronomers, and to Professor Piclceri~ig to 
cable to Europe. I11 journeying thither I must have 
passed the niesserlger-boy with a telegranl from Nr. 
\V. R. Broolts of Phelps, N.Y., which I found at 
the observatory on my return, aiinouncing to me his 
discovery of the same object. 

I t  was then too late to undo the mischief I had 
innocently done. I n  fact, I was not even then sure 
that there mas any guilt attaching to the transaction, 
as he did not give the time of discovery. He irnme- 
diately wrote, however, giving the time as forty-five 
minutes uast six. local time, which letter reached me 
to-day.

I consider i t  my duty to give to the world the above 
facts, that no injustice be done to Mr. Brooks. No 
instance occurs to me of a comet having been discov- 
ered by two persons so nearly simultaneously. 

Tlle conlet is quite briglit, with a strong central 
condensation, though no nucleus could be detected. 
Its tail mas about 40' in  lerlpth, faint, straight, and 
narrow. 

The shutter of the clome of the observatory is un- 
dergoinq sonle sliqht repairs, which prevented the 
use of the 16-inch refractor; and I was, in conse-


