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clver, tltat spherical aber~ation has little, if any 
thing, to do with it, as, in lenses constrncted 
on the moilern curves, this clefect has been 
practically recluced to zero. If now we take 
a perfectly correctecl, -r ide-angled lens, ancl 
focus it on the centre of the plate, we shall 
fincl that the objects near the eclges are soine-
what inclistinct, and by no possible cornljinit- 
tion of cnrves. can tliis clifficulty be wholly 
remediecl ; it is, however, redr~ced proportion- 
ally to the size of the stop employecl. I t  has 
been shown, by Prof. E. C. Pickeriiig ancl Dr. 
C. H. JJTilliarns (Proc. Amer. ncnd. 1875, 
300), that, wit11 a single lens, a ser:es of con- 
centric circles moulcl be f o c ~ ~ s e d  n syheri- on 
cal plate whose radius of curvature was 0.7 
the focus of the lens. On the other hand, the 
cliameters of these circles could only be ac-
curately foctised on a spherical plate whose 
raclius of curvature was 0.3 of this focus. As  
far as the miiter is aware, no name has ever 
been given to this optical defect ; but for con- 
venience' sake it might be callecl the $eld 
aberration. 

I f  the central object on the plate is of the 
most interest, me s11,zll focus on it, ancl then 
push i11 the plate as  far as  possible ~vithout 
injuring the ceirtral clefillition, to obtain the 
best possible result a t  the edges. Supposing 
now we insert a srllaller stop, the definition 
over the whole plate will be improved certain- 
l y ;  but, that at the centre having beeii suffi- 
ciently sharp before, we can now afford to  
pnsh in the plate a little farther still, ancl obtain 
better definition a t  the edges, without percep- 
tibly injuring thitt a t  the centre. Therefore, 
on tlieorgtical consicleratioils merely, we shoultl 
alwaxs focus with the stop we are going to use. 
B ~ i t ,on the other hand, for lenses of less t l ~ a n  
45" angle, or when tlie illnmination is  very 
faint, the pi actical advantage of a bright image 
for focusing n~onld inore than coinpensate for 
the advantages of using the other stop. I n  
practice, for nccurate ~vork. the best n a y  
would be to determine once for all the differ- 
cnce of focus required by each stop, ancl then 
focus wit11 the largest, and apply the proper 
correction, depencli~~g or1 the stop used. 

arc1 litinp. No other apparatus has given 
better results. Especially with alteinating 
cnrrents, its working is excellent, hecause the 
armature of the electro-magnet cletaches itself 
very easily ; and besides, as  tlie coiis~imption 
of both carboils is uniform, the arc remains 
absolutely fixed. 

The machines for generating the current 
have beeii of late years the subject of attentive 
stucly, whicll has been nnfortnnately confined 
to three types, -the Alliance, Grsmme, and 
cle Meritens. The lulninoas illtcnsities of each 
of these machines hare been measured under 
carefully arranged conclitions. Photometria 
rlleasurements in snc11 cases are rather delicate. 
To make them, since the intensity varies in 
the vertical direction with different heights, a 
nlovable mirror is used, which is placed a t  
different heights in the same' vcrtical plane, 
and which, in each position, tllrows the rays on 
the photometer ; ancl thus the average intensi- 
ties co~lld be obtained. Bnt, as the intensity 
of the electric light consta~ltly varies, i t  was 
necessary to make the observations a t  one-
niinute intervals for each position of the mir- 
ror. It is not necessary here to go into the 
details of coiistructioil of the different ma-
chines; the table below gives the results 
obtained. 

Alliance. . . . 450 5.18 

Gmmme, No. 1 . 650 12.04


" No. 2 . 000 0.01 

' (  NO. :I . 680 7.00 


De Meritens . . 790 8.06 


I t  will be seen, that the Alliance rnachine 
gives a far less intensity per horse-power than 
the two others, which are approximately eclual. 
The de Meritens has certain characteristics of 
stability and solidity ~l.hich the Gramme ma- 
chine does not possess; it  was, besides, pre- TIT. H. PIC~CI~RING. 

HISTORY OF THL'APPLICA7'ION OF T H E  
RLEC'I'RIC LIGHT 2'0 LIGHTING THE 
COASTS OF FRANCE.' 

11. 
THE Scrrin regulator, arranged for alter-

nating currents, lias been adopted as the stand- 
f Continued from No. 5 .  

ferred to use alternating currents. For these 
reasons it lras been adopted, nncl will be in- 
stallecl in all the new lighthouses. 

The figures giving tlie intensity in the pre- 
ceding table refer to the nalied light. When 
this is placed in a fisecl-light app:~ratus, these 
intensities heconle, in round numbers, 12,000 
carcels with the Alliance, :mcl 20,000 carcels 
with the Grnmme No. 2. The flashes increase 



162 SCIENCE. ~VOL. I., NO. 6. 

the intensity still more. In  a scintillating light 
with red and white flashes there is an intensity 

---=-' I 

FIG. 2. 

of 60,000 carcels with the Alliance, and 110,- 
000 carcels with the Gramme machine; with 
a scintillating light with groups of white flash- 

es, 90,000 carcels for the former, and 150,000 
carcels with the latter. The intensities with 
the de Meritens machine are about the same 
as with the Gramme ; and 125,000 carcels may 
be taken as the average intensit1 when the 
electric light is used. 

Some details will now be given of the in- 
stallations actually existing, and of those in 
process of construction ; specially describing 
the lights of la HBve, the first in date to be 
electrically lighted, and the Planier light, 
whose installation has just been completed. 

The lights of la HBve, situated on the cape 
of this nam'e and on the top of the cliff, are, 
from this fact, very elevated: so the towers 
themselves are not of great height. Both 

towers are square, and are placed about sisty 
metres apart; between them being the long 
building containing the steam-power, genera- 
tors, and quarters for the keepers. 

There are four Alliance machines,- two for 
each light. The two on the left supply the left- 
hand tower; and the two on the right, the 
tower on the right hand. The conductors lead- 
ing the current from the generator are first 
thick copper rods connected with the cominu- 
tator, Fig. 2. The rod A communicates with 
the two similar poles of the two machines, 
the rods B and B' being connected to the op- 
posite poles. Ordinarily one machine supplies 
each light. Thus the current arrives by A, 
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and, without traversing .the commutator, goes 
by the cable to the regulator (or lamp) ; thence 
it returns by the second wire of the same cable 
to N, follows the vertical conductor to P, and 
returns to the machine by the rod B. If  it is 
desired to use the machine corresponding to 

the rod B', the central handle is turned, thus 
bringing the plate D in contact with P' instead 
of P, retaining always the contact at N. In  
this case the current arrives, as before, at A, 
goes to the regulator, returns again, but passes 
this time from N to I", and thence to the ma- 
chine by B'. 

In foe1 weather, or whenever it is necessary 
to increase the luminous intensity, both ma- 
chines are coupled in quantity. The commu- 
tator is then turned until the ilates E and E' 
are in contact, -the one with I?' and N', the 
other with P and N ; the return current flowing 
similltaneoilsly by B and B'. 

The tower of each light is surmounted by a 
square structure, at oue of the angles of 
which is the optical appamtus. This is clearly 
shown in Fig. 3. A kind of glass drum closes 
the open angle of this structure which is in 
two stories, in each of which is a distinct opti- 
cal apparatus. The intention of this arrange- 
ment is to allow one optical apparatus to be 

instantly replaced by the other, in order to 
avoid total extinction in case of accident. In  
each story, there are two regulators, which can 
be substitutcd for each other by means of the 
crossed rails shown in Fig. 4. The cable with 
three conductors leading from the commutator, 
previously described, arrives at the lower a t q .  
One of the conductors (A) is connected to the 
metal platform carrying the rails, also metallic ; 
the conductor B connects with the sliding rod 
of the long bolt MT. When this bolt is low- 
ered, it connects the conductor B'with a wire 
going from the bottom staple of the bolt to a 
spring contact under the lamp. The latter re- 

ceives the current, partly by the rails, partly by 
the contact nnderneath. The wire 'B communl- 
cstes with a smaller bolt slidingat the same time 
with M T,  and whose lower staple is connected 
to the wire coming from the staple of the larger 
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bolt ; so that, when the current passes by B', 
it always traverses the lamp, and, when the 
two machines are at  work together, the two 
currents are unitecl by the connection between 
the two staples. The upper staples are con- 
nected in the same way to the apparatus in the 
second story ; and, when the bolts are raised, 
the upper lamp is lighted. 

The regulators can thus be changed in two 
ways, -either by drawing the lamp a t  work 
back on the rails, and quickly pushing the 
other one in i ts  place ; or by manipulating the 
commutator bolt, which shifts the luminous 

A.-Engine and hoilr:r house. 8.-Electric generator room. 
F. - Forge and heavy repair-shop. d. -Shop iilr light repairs. 
D. -Coal dPpBt, with water-tank underneath. c. - Water. 
tank. V. -Vestibule. 

arc from one story to the other. Since the 
establishment of the lights at  la HBve, the 
latter means hare been found superfluous, and 
will no longer be employed. 

The light of Planier, whicli has just been 
finished, is about eight nautical miles from the 
port of Narseilles, upon a rock. I t  is a tower 
sixty metres high, aud eighteen metres indiame- 
ter at  the base, which rests on the rock itself. 

Fig. 5 gives the details of the summit of the 
tower, and Fig. 6 those of the optical appamtus. 
I n  the latter figure are shown the he.!-iight 
appamtus, and, movable around it, the drum, 

with vertical lenses. The mechanism for driv- 
ing the latter is given in considerable detail. 

In  this apparatus the changing of the regu- 
lators is effected by means of a system of two 
pairs of rails; but they are not placed a t  an 
acute angle. as at la HBre. One enters direct 

into the optical apparatus ; the other is placed 
outside, t i l~d  : ~ t  right angles to the first. At 
their junction is a <urn-table; and, with this 
arrangement, the m.tnoeuvre of changing the 
lamps takes no long~r than with oblique rails. 

The de Meritens machines, which feed the 
regulator, are pla,ed in a special building. 
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T h e  plan and eleration of this building, which 
will serve :rs a type for those illstalled ill most 
of the lighthonses, is  showl~  in Fig.  7. 

T h e  Planier is  a f~ i l l  horizon light. I t s  
charactelistic is  tha t  of three white flashes 
separated bj- a red flash. I t s  l ange ,  like tha t  
of all the new lights in the i\Iecliterri~~leaii, is  
t.iventy-sc\ en nautical miles for fo~~rteea-f i f-
teeiltlls of the year. 

W e  have lne~i t io~ led  that  the trailsformatioi~ 
of tlie Pnlinyre light is also in progl.ess. This, 
~ullilie the I'lanier, vi l l  throw a beam in one 
directioil only ; nild the arrangcinent of the 
lalitern is the1 e f o ~  c slightly different. It is  
s h o ~ ~ n  T h e  geileinl dislsosition re- i n  Fig. 8. 
sembles, u p  t o  a certain point, tliirt of In 1I&\-e. 
The  optical appnratns for the new fixed lights 
will h a r e  a diameter of 0.6 inet., instead of 
0.3, a s  was formerly employecl. Witli the 
revel\ i ~ i g  cylinder of r e r t i c d  lenses. this 
clia~neter pi l l  re:icll 0.7 met. 

C R I T I C I S M  OF PROPESSOI? H U B R E C I I T ' S  

I IYI 'OTHRSIS 01.' LIE WLOPJIL'IVT BY 


EVOLUTIONISTS been puzzled to find liavc l i i t l ~ e r t , ~  

a full a ~ ~ d  
satisfitctory explanatio~i of tlie pci,sistency 

the descendants in a direct line of the last-born of 
every successive generation." Consequently, of the 
conten~poraneons generations, the individuals of the 
first set would have nrlmerous ancestors; those of 
the sccontl set, not nearlj: so mally. 4. The age of the  
parent affects the character of tlie progeny. Of this, 
I-Iubrecht is able to b r i ~ ~ g  forwnrcl only o ~ i c  exanlple, 
-apparently the only one known to 11i11i; namely, 
that Stone found in the AlcClond River that the 
eggs of y o ~ m g  salinori are smaller thali tllosc of old 
sal~iion. 5. " I must now call your attention to the  
second cardinal point. . . . EIeretlity has, inilecd, in- 
vested tlleiii [ the l)rogenyl with peculia~,it,ies, p a ~ tof 
wliicli show tlicmselves in their orgaiiizntion; anotller 
part remaining latent, and only atti~iiiiiig dcvelop- 
mcnt ill fo i lowi~~g Such latent po- generations. a 
tential energy towards eventual modification of the  
individual or liis progeny nirrst needs find more occa- 
sions to unfold itself in the firs1;-born, si11?11l?j becnz~se 
these cire possessed oj' cc larger ~zuj~lber 01' ulrceslors " 
( the  italics are ours). 0. Bsex11al . reproduction is 
accompa~iied by less variat,ion t , l ~ a ~ l  s c x ~ ~ a l .  

Fi,orn these premises, tlie dctlr~ction: that the first- 
born of sexual generatio~rs are the pl.incipal variants, 
and evgo tlie pri~icipal source of new species; and 
tlic last-born, per contrci, the representatives of sta-
bility. 

I n  rejoinder to this plausible but specious argu- 
ment, our contention is, jirst, tliat .ive cannot assume 
that there arc rcally any series of first- arid last-born ; 
secolztl, that, granting the distinction bet~vecn them, 
i t  cannot be assui~lcd tha t  one is more vari:+ble than 
the other;  tl~i?.d, granting both these premises, the 
facts of zoology cannot be nratle to show tlrat the 
pernianence of types is derived from tile last-born, 
nor that the evolution of new species dcpencls onof certai~l tJipcs, such as the familiar Lingula a ~ ~ d  

otlrers, thro11,vh long periods of tlie earth's past. 
Prof. A. A. \V. IIubrecht of Utrecht has offered, in 
his inaugural acldress, an hypothesis which he tlliilks 
adequate to sb)lve this problem. The acldress is pub- 
lislietl ill fill1 ill Nature, nos. 690-601. TVe iuay 
pass over the first part, which c o n t a i ~ ~ s  familiar mat- 
ter o ~ ~ l y ,  ant1 which, therefore, v e  veutnre to advise 
scientific readers to skip. Tlie presentation of tlle au- 
t l~or 's  own views begins near tlle bottom1 of the first 
col~unrion p. 302. The habit of ~ieedless diffuaeness 
in writing is a very grave encuinbrarice to scie~ltific 
lite~.ature, ancl ought always to ellcounter the critic's 
emphatic condemiiation. 

Tlic theory which Professor I-Inbrecllt has advanced 
appears to us not olily ut~tenable, but ~ulscientific; 
we thinlr it miglit be chai~acterized as pure specula- 
tion of that reckless quality xvliicll of late years lias 
crept into zoiilogy, coiisiderably to tlie discredit of 
the science. To  justify this concle~nriation, we will 
firqt sl.ate tile author's hypothesis, and afterward the 
objectio~lsto it. 

The  hypotliesis may be summarized as follows: 
1. I n  many animals the period of reprocluctioll is a 
prolo~~geclone ; so that  there are youns bori~ of youug 
parents, others of c11d parents, airtl, of course, of par- 
ents of inter~necliate age. -4 dis t i~~ct iontlleret'ore 
exists between first-born and last-born posterity.
2. Similarly, these first-born will likewise have first- 
and last-born; so, also, will the last-bori~; conse- 
q~lently there mill be one set of generations of the 
first-born, ant1 another set of the last-born. 3.  111the 
first series the generations will follow rapidly, i n  
the second series slowly, upon one another; llence, 
f r o ~ na given pair, there will be in time numerous 
descenda~~ts ;" a  small number of these being de- 
sce~~clants everyin a direct line of the first-born of 
successive generation, another small number being 

primogeniture to any considerable extent. 
Fiwt, Any succession of first-born ~vould depend 

upon both parents being first-born; and the proba- 
bility of both parerlts so being for ally considerable 
number of generations is so infinitely srrlall that  i t  
might be called zero. Let us talte a species which 
pairs (a bird, for example), ancl where the male fertil- 
izes only one female. Let 11s assunle tliat in a given 
locality tliere are ten of each sex, and of various 
ages, and that  there is an  equal chalice of any two 
pairing; then the probability of the first-born male 
pairing with the first-born female would be 1 in 100. 
Tlie cliances of the next set pairing in tlie sameman- 
ner would be also 1 in 100, if we further assrilne, 
what is the nsual case, that  the number of i~rdividu- 
als remains constal~t. The c l la~~ces  of both pairs 
being first-born would be 100 X 100, or 10,000. I n  
niue generatio~is tlie cliance of their being all first- 
born would becoiue 1 in l,OO0,O0O,OOO,U00,00O,OOO 
(one million inillion million). Now, for bi~,ds which 
become mature in one yeal,, these are tlie chances for 
nine years. Birds are kilown first from the Jurassic, 
wliicli we 1,000,000 years will call for c o r i v e ~ ~ i e ~ ~ c e  
ago; so that it miglit prove laborious to write out the 
chances for tliat period, tlle cliance being the last 
term of a geornetrical progression of wliicll one mil- 
lion is the rnlmber of terms, and oiie liundred the 
ratio. Yet we have taken a case exagqeratedly in 
favor of Hnbrechl's view. I t  were possible to adduce 
many arguments to sho\v that tlle liabits of animals 
often render tlle existeuce of a series of first-born 
improbable; but t,he previous calculation suflicicntly 
disposes of Hub~,ecl~t ' sfunclame~~talassumption. 
And, moreover, every such calculatio~i vould lead 
to  essentially tlie satlie result, whatever the figures 
choscn to start with ~niglit be, because the cha~rce is 
the last term of a geometrical progression. If Pro-


