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And besides, the effect of changes of temperature 
upon the spectroscopic portion of his apparatus, and 
the dificulty of securing nights on which the atmos- 
phere would not cut off the actinic rays to an  unusual 
degree, not to mention the fact that the observatory 
was more than two miles distant from his residence, 
- these and many other conditions hindered the prog- 
ress of the worli. Spectrographic operations are, as 
Professor Young well says, much Illore sensitive to 
atmospheric conditions than are visual observations. 

As regards the spectroscopic apparatus, a great 
many forms were employed, the first of ~vhich has 
already been mentioned. Later, direct-vision prisms 
were used in  the same way, and spectroscopes made 
up of such prisms, some with a slit, some without, 
and sollle with a cylindrical lens to give necessary 
width to the spectrum. I n  the defiuitive arraiige- 
ment of tlie apparatus, n i t h  which all the plates 
measured by Professor Picke~ing were made, a re-
modelled form of Browlling's star-spectroscope folmed 
the b a ~ i s  of the instrument; the telescope ancl colli- 
mator each having a focal length of six inches, and 
an  aperture of 0.75 of at1 inch. The eye-piece a ~ i d  
ni~croineter being removed, a blocB of hard wood mas 
fitted on in such a way as to carry the photographic 
plate ( a  small piece of glass about an inch square); 
arid a small positive eye-piece was mounted on the 
bloclr, so that the yellow ancl red portions of the spec- 
trum, projected beyond the sensitive plate into the 
field of view, could be exami~iecl at pleasure. I t  was 
thus possible to be surc that the driving-cloclc was 
run~i ing properly, arid that all the adjustments re-
mained correct. The whole apparatus weighed less 
than fire pounds, ancl could be screlvecl on the eye- 
end of whichever telescope it was desirable to use it 
with. The developn~ent of the plates was usually 
by ferrous oxalate, though the alkaline development 
and pyrogallic acicl were both used on some occa- 
sions. The pictures mere about half an inch long, 
aud one-sixteenth of an inch in nidth,  extending 
from a poiiit between the Fraunhofer lines F arid G 
to a point near Jf. 

P1ofessor Piclierirlg divides his worlr on these plates 
into three parts: first, the determiriatiorl of the rel- 
ative positio~is of the lines in the various spectra in 
terins of any convenient unit of length; second, from 
the kiiomii spectra of the moon axid Jupiter, a deter- 
mination of tlie relation of these measures to wave- 
lengths; third, a reduction of the measures of tlie 
stellar spectra to wave-lengths, and a discussion of 
the results. The stars whose spectra have been meas- 
ured are a Aquilae, a Lyrae, a Aurigae, a Bootis, and 
aScorp~i.  The spectrum of the first of these stars is 
rernarlrable for containing, i n  addition to the illtense 
broad hydrogen-bands which characterize the spec- 
trum of a Lyrae and similar stars, a multitude of very 
fine lines, which are easily seen between G and H in 
several of tlie plates, but are too delicate to be satis- 
factorily measured. Dr. Draper considered these fine 
lines pery important as showing thnt Altair should 
be regarded as a sort of intermediate link betvveen 
a Lyrae and Sirius on the one side, and Capella and 
the sun on the other. 

On the plates of the spectra of a Aurigae and 
a Bootis, not only do tlie lines appear to coincide in 
position with those of the sun, but their relative in- 
tensity seems to be nearly the same. Of the twelve 
lines seer1 in at  least seven of tlie nine spectra of the  
moon and Jupiter, every one is contained in the spec- 
tra of both a Aurigae and a Bootis. Of the fifteen 
lines which are so faint as to be contained in but one 
or two of the spectra of the moon or Jupiter; only 
four are contained in the spectruni of a Bootis, and 
but one in that of a rlurigae. There is therefore no  
room for doubt of the correctness of Professor Pick- 
ering's conclusion that the evidence afforded by these 
photographs is very strorig indication of the same- 
ness of their co~istitution with that of our sun. 

Professor Pickering's method of deriving his results 
from these plates is rrorthy of note here, as indicat-. 
ing the great degree of confidence to which they are 
entitled. To secure entire inclepeiidence in the re- 
sults, the nleasures were conlpleted before the reduc- 
tions were begun. The lines in each plate rrere 
measured without conlpariso~i with ally map, and no 
search was made for lines rrllicll appeared to be want-. 
ing. Wliell two similar spectra 1vel.e pliotographed 
side by side, care was taker1 to cover oue wlien nieas- 
uring the other. Under these circu~ilstances, t he  
agreement in the measures of several plates is strong 
evidence of the identity of the spectra. 

rlppended to this monograph are three of the pa- 
pers of Dr. Draper, reprinted from the Arne,, icai~jouv-
tzal qf science: lo,On photographing the spectra of 
the stars and planets (Ilecember, 187'3); 2 O ,  Or1 pho- 
tographs of the spectrum of the ~iebula in Orion (May, 
1882); and, 3O, Note on photographs of the spectrum 
of conlet b 1881 (August, 1881). The first of these 
papers gives, in brief form, a very lucid statement 
of the conclitioils of the problem of celestial spec-
trum-photography, as well as the obstacles wliich he 
had, up to that time, overcome in solving it. 
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Iir was the gooil fortune of one of the writers 
of this r e ~ i e w  to see this work ill process of 
c~olation in the n-orlishop and stndy of its 
hospitable anthor in Lille ; but much as he 
admired the iililomitable energy and patience 
which mere presiding at its birth, as well as 
the copious notes ancl experience which were 
being assimilated into this monograph, the re-
sult is a surprise. EIom much more must i t  
surprise those who are unacquainted with Dr. 
Barrois, to learn that he is but little past his 
thirtieth year ; that this is but one of several 
impol.tailt rne~~loirs which he has begun and 



728 SCIENCE.  [VOL. III., NO, 71. 

completed aloile ; and that he has been able to 
do this while his chair in the faculty of science 
at Lille (Academy of Dooai) mas demailcli~lg 
tlie constant and fatiguing work of lectures ancl 
preparation, and his arduous labors in Brit-
tany uncler the geological survey of France 
suffered 110 iilterruption ! 

Without the experiellce which he gained, both 
in the fielcl and i11 the art of pnlrlisl~ing, by his 
important and now oftell qaoted c L  Recherclies 
sur le terrain cretack sup6riem tle l'llngletcrre 
et  de l'Irlandc," ~ h i c hon him his doctorate 
from the University of France, he monld hardly 
hare becn so suceessfiil in this last booli. Both 
works begin mitli liistorical uotices and bibliog- 
raphies ; but in tllc latest the first four pages 
are clevotecl to a veritable history of the labors 
of his predecessors, rather than to a Inere list 
of their books. l i t  the eucl of this, horn-ever, 
there are nearly four pages of titles rninccl 
upoa tile reader, as if Dr. 13arrois were anxious 
to terminate this part, ancl get at his snbject. 

Aceoiiipan~-ingtliis large ancl handsoii~e qunr-
to is an atlas in the same form, ~ h i c h  contains 
twenty plates reprodacecl in tlie best style of 
art at the preseut c t a ~  The first three of 
these are colorecl plates, rcprescnting ten thin 
sections of rocks under the nlicroscope and in 
polarizecl light. Each plate is conveniei~tlg 
coverecl by a tliiil tissue sheet co~ltai~ling the 
outlines of the constituent rniizerals, with the 
letters and figures neee~sary for inclentifj i11g 
them. F o l l o ~ ~ ~ i a gtliese are fourteen plates of 
fossils, of n-hich four are fi.o~ll the hand of the 
author ; nine were drawn by the lithographer, 
Mr. C. Rogghb ; trnd oue is a l~liototype fro111 
the A t e l i e ~ s  de  rcp~*ocluctions urtistiques in 
Paris. 'I'he last threc plates are in order : one 
of vertical sections, one of sectioil sketches, 
and one of pure sketches, on which lalter in- 
teresting and i~nportailt geological pheilomena 
have beell inarke~l. Viemecl as a ~vhole, the 
artistic n-ork is as perfect as ally set of illustra- 
tions of icieiitific nlatt,er which the writer re-
remembers to have seen. Where fault is so 
harcl to Bncl, he may be pnrcloned here for 
mentioning the o11ly adclitions which it scellls 
to him could have m:de tlie plates clearer; viz., 
a note of the amount of enlargcruent of the 
figures of plrttes ii. ~~1ic1 iii., on the pages 011120- 
site those plates. Plate i.  is thus providerl. 

Tile first part of the subject of this review 
(161 p.) is clevotecl to lithology. I t  is inter- 
esting and ~~aluahle ,  and will (10 ~nucli to in- 
crease the reputation of the author. I t  treats 
of the general and microscopic characters of the 
sedimentary roclis, including schists, phgllites, 
quartzites, limestones, ant1 inimopliyres ; :~nd 

the crystalline massive rocks, comprising 
granite, quartz porphyry, cliorite, diabase, and 
receilt quartz-bearing bersantite. The schists 
are of every age, from the Cambrian to the 
carboniferous ; and he clivides their mineral 
ingredients into two classes, -those which were 
elastic, and prior in origin to the consolidation 
of the rocks ; and those mhich were secondary, 
or crystallized out during tlie consolidation. 
The first class includes quartz, felspar, and 
n-llite mica ; the second, quartz, ratile, tour-
maline, white mica, aild chlorite. The term 

mimophyre ' is given by 13arrois to a series of 
felspathic, porphyritic, ancl schistose rocks, 
which he tliiulis mere formecl from volcanic 
aslies and detritus, -the same as most poro-
ditic felsites are 1cnon.n to have been formed. 
Tllc mimopllyres are foil~ld associatecl with the 
sedimentary schists, cyuartzites, ancl pliyllites, 
and belong to the Camlnian, Silurian, and 
Permian . 

Of the plates, it is sufficient to state that 
they were inacle by Jacqacmin, who preparecl 
those for Alessrs. I'o~iqit6 anti L6vy's ' Mink-
ralogie m i c ~  ographie. ' 

Tlie second part treats of the paleontology 
of the Cambriau ancl Silu~,ian (chap. i.) , aucl of 
tile I)e\-oninn and enrboniferous (chap. ii.) ,a11(3. 
occnpies '217 pages of rery iilteresting matter ; 
to nhich, Iiomever, it will be i~llpossible here 
to malie more than the briefest allusion. We 
learn from a prefatory note, that Dr. Bstrrois 
has sueceeclecl in collecting three hnnclrecl a11d 
eighty-five species of fossils from tlie fielcl of 
his labors in this part of Spain. Of these, tllir- 
ty-nine are new species, which we owe to liis 
research ; viz., three in the C'ambriau and Silu- 
rian, t~venty in the Devonian, and sixteen in 
the carboaiferons. The syllable 13arr.,' allised 
to nlally others, is apt to lead the hasty rexler 
to ascribe these also tohi111 ;but tile abbreviatioii 
is for Barraade, ancl not Barrois. Tile author's 
note (1). 177) on the right of precetlence of 
Professor IIaldeman's Seolithus over Itonanlt's 
Tigillites is a moilel of impartial justice ailcl 
scholarly treatment of the subject. 

Following the detailed description is a 78-

sunzi (pp. 359 to 355) cont:~ining consic1el.a- 
tions by Dr. Barrols on the genera slilcl species 
just referred to, with special regard to their 
pa~allelisms; and the chapter is concluded by 
speculations on the eoiiditions nuder whicll the 
deposits have becn formed. I u  the fblloming 
chapter (ii.) the same method is applied to the 
fossils of the Devonian ancl carboniferous. 

The third part is devotecl to the stratigraphy, 
iuclncling, of comse, the descriytioil of cross-
sections. It is no fault of tllc anther tllnt this 
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portiori of the work is more difficult to follow, 
owing to the necessity of subdividing the cross- 
sections, like tlie previous parts of the book, in 
accordance with the limits of the great forma- 
tions. This difEcultg is inherent in the case, 
ancl lies in deciding how to put the diverse 
pllei~omena before the mind in ' natural order ' 
(much-abused phrase). If  nTe follow the geo- 
graphical divisions, there must be a continual 
interruption and resnmption of tlie same geo-
logical liorizon ; ~vhereas, if the geological 
boundaries are alone regarded, the geographical 
continuity is broken. Of the t ~ v o  solutions, per- 
haps the second is the better. Tlie first of these 
subdivisions (chap. i.) is the ' primitive ter-
rane ' (used by de Castro to imply nearly what 
is meant by the archaean of Dana). I t  is very 
iliteresting iu this connection (and not unes-
pected), to find that the upper dirision of the 
' primitive ' consists of tlie ~ o c h e sv e ~ t e swhic11 
occnpy this 1)osition in South \\'ales, the Ap- 
palachian belt, and ia so many other places. 
They are minglecl with chlorite schists ancl talc 
schi3ts o\-erlying the mica schists of Villalba, 
which latter contain biotite, nlusco~ ite, orthose, 
~)lagioclase, ancl two kinds of quartz ; with 
garnet, zircon, sl~hcne, and oligiste as acces-
sories. Gneiss has bee11 observetl by Dr. 
Barrois only in suboldinate thin layers inter- 
calftted aillong the mica schistr. 

'l'he same is true of' the garnetiferons am-
phiholites; but thc difference between this 
Spanish stratigral)hy, and that of thosc regions 
where similar roclis have been obscrvecl in 
America ancl in E~ i ro l~e ,  is, that the series in the 
fol mer case arc concordant. The 1,aureatinn 
n~o~l ldappear, from Dr. Barrois' conclusions, to 
bc wanting in the outcrops of Galicia, :ind the 
above-mcntionecl nicasiires to reprcscnt a great 
dc\ clopment of the EIuronian. The succession 
of Cari~brian beds, both in the Asturias ancl in 
Galicia, he finds perfectly in accordance with 
ISarrandc's views of this part of Europe. From 
a fossil of Archaeocyathus (Billings), character- 
istic of the Potsclam sandstonc, fonnd in the 
liincstones of El I'cdroso, ;\lacPhersou forms a 
col~ii~inin which llc thinks that possibly the 
L~~urent ianis rcprcsentetl at  tllc base by mica 
ancl talc schists, with iutercalatetl limesto~ies of 
vai ious colors, and sonleti~lies fillecl with ncti- 
note (actiiiolitc), ancl, morc rarcly, i~ltercalatccl 
l)ctii of felspathic gmumaclie. 011 this rest 
argillnccous, splcnclcnt, siliceoils talc ichists, 
sometimes containing cliiastolitc; ancl on thcsc, 
three benches of conglomcrates, tuffs, and ar-
gillaceous schists ancl limestones, which he re- 
fers to the I'otsclam sanclstones. 

Followiilg this are dchtails of thc sections in 

the Devonian and carboniferous. 'l'he sixth 
chapter treats of the l~henomena which have 
modified the position of the paleozoic strata 
since these latter have been deposited. IIis 
conclusion is, that the Cantabrian Aiountains 
owe their origin to two distinct lines of press- 
ure ; tlie one acting along east ancl west, and 
the other along north and south, lines. The 
former occurred between the carbo~~ifcrons and 
Permian ages ; and the latter, between the 
eocene and miocene. 

The last subjects treated are the effects of 
clenuclation and the details of the actual surface- 
relief. 

The work has been built 011 strong and sure 
foundations, aricl will long be cited as an au-
thority. I t  is fnll of new facts and suggested 
analogies, and is characterized by thoughtful-
ness, industry, and modesty. 

Electricity, magnetism, and electric telegrapl~y :a prac-
ticni guide and handbook qf general informution for 
electrical studenis, operutors, and inspectors. By
T I I ~ M A SU. LOCICIVOOD.New York, Van Nos-
trand, 1883. 377 p., illustr. 8 O .  

As iudicated in its preface, Mr. Locltwoocl's 
unpretending book is not primarily intended 
for those having any cor~siclerable previous 
l~nowlcdgcof the subject of electricity, but 
for the largc n~lnlbcr of persons who liave not 
had the advantage of a scientific eclucation, 
and yet find thelnselres in the cinploymcnt of 
telegraph, telephone, or electric-light com-
panies in various subordinate positions. To 
this class of persolis the information contained 
in the work will doubtless he of grcat value; 
and, inclccd, me do not recall any one booli, of 
mocleratc size and price, in which so man! 
of tlie cliRcrcnt applications of elcctricity are 
co~lsidered in an elen~cntary manner. To  one 
familiar wit11 the subject, the treatment of the 
more important topics must, of coursc, seem 
brief and occasionally superficial ; but, rccol- 
Iccting the design of t11c worli, i t  c:tn harcllj 
fail to win commcndation, eren from those who 
most clearly rccognizc its clcficicacies. 

The chapters on line-construction. ofice ar- 
ra~igcrnents, ancl the adjustment and care of 
instruments, are excellent : ancl a lrcry clear 
description of the principles of cluples ancl 
qaadrnplex telegraphy is given. There is also 
n good account of Mr. Gray's interesting 
harmonic multiple telegraph. BIr. Dclany's 
ingenious multiplex synchronous telegraph is 
not described, probably because it did not 


