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pressccl the opinion that such n system wo~~lcl 
be l~ ig l~ ly  clcsirable. 

Thcn followecl a long cliscussion upon the 
stanclard of light. I t  mas generally granted 
tliat a mhite light was d ~ ~ i r a b l ~ .  JVicclemann 
remarked, that a fine gauze saturated with the  
spirit of twpcntine, burning in oxg-gcn, gave 
a vcry ~vliite light. Sicmens proposed to ern-
ploy a current of oxygen passing through a 
carburettecl hyclrogen, maintainccl at  some 
fixed temperature. One conltl thus obtain a 
constant mixture which woulcl burn with n 
white flame. Helmholtz thought tliat i t  ~voulcl 
be extremely difficult to procluce a mixture 
of air ancl carburetted 111drogen in conslant 
proportion, ancl to regulate the tempcrature. 
Dumas thougllt that the late experiments of 
Violle upon tlie light emittecl by melting plati- 
num miglit solve the problcm. The point of 
f~lsion of a body scemecl to him to be as good a 
fixed point as could be wished. EIc invited the 
commission to view the esperinlents of Violle. 

After witnessing the experiments of Violle, 
the members of the commission appearecl to 
think more favorably of Dumas' suggestion. 
Professor Leblanc, who has liacl charge for 
nlany y a r s  of the photometric cletermin a t '  lons 
of Ihe lighting-gas of Paris, was invited to 
explain his rncthocls ; ancl the members of the 
commission, in turn, were invited to witness 
thc methods in his laboratory. Professor Le- 
blanc statccl his prcfcrences for the employment 
of tt Carccl lamp for photometric cleterrnina- 
tions. He showed tliat the 13ersonal cquation 
could bc practically eliminated, ancl that clif- 
ferences of tint did not influence the resalts to 
the degree supposed. Sir W. Thomson spolie 
of the advantages of Rumford's p1ioto:neter. 
The followi~ig resolutions upon this subject 
were finally adoptecl :-

a. The conference espress their liope tliat 

the expt~iments now in process upon the liglit 

emitted by melting platinum nil1 lcacl to a 

definite standarc1 of light. 


b. Tliey recommend the cinploj-ment of the 
Carcel lamp as a seconclary stanclard, this lamp 
to be employed with the precautions adopted 
by MM. Dumas ancl Regnault. 

Calidles can also be eml~loyecl as a second-
ary stanclarcl, if sufficient care be tnken in 
regard to their constr~~ction anel constitution. 

c. They call attention also to the necessity 
of the analysis of' the clifferent couclitions under 
which coml~arisons of light arc made, ancl rc- 
iteratc tlie opinions, expressed a t  the meeting 
of tlie elcct,rical congress of 1881, in regarcl 
to the necessity of taliing into account tlic 
amount of light radiated from sonrces of light 
in cliffcrent clirections. 

At  the close of the conference, Sir W. Tliom-
son espressccl the opinion that the labors of 
the confcrcnce monlcl stimulate rcscarches dur- 
ing thc comi~lg year ; ancl lie congratulated the 
confercnce upon its important work. 

On the 26th of October, Presidcnt Grevy 
rcceived the members of the coinmission a t  
t l ~ cPalais c17E1ys4es ; ancl, after a reception by 
MinisterCoch6ry, on the afternoon of the same 
clay, the confercnce was acljournecl to the first 
&Ionclay of October, 1883. 

O N  T H E  P H Y S I C A L  CONDITIONS U N D E R  
W H I C H  COAL WAS FOll114ED.l 

THE mode of formation of coal has been 
much discussed, and various thcories have 
been promulgated in regarcl to i t ;  bnt the 
peat-bog theory, as it is callccl, has bcen 
generally acccptecl. This is t l ~ e  view, that coal 
is t l ~ e  resiclnal l~ydrocarbon of plants ~vhich 
have growl wherc their remains are found, 
ancl that i t  l ~ a s  been formecl prccisely as pcat 
accninulatcs in marshes at  the present clay. 

So great has been the harmony of opinion 
on this subject, that i t  wonlcl a t  first sight 
appear unnecessary to renew clisctlssion 011 a 
question that had seemed to be clefinitely and 
l~ern~anently The calm of geological settled. 
opinion which has pievailed on the coal-ques- 
tion has, l i o~ever ,  been recently disturbed by 
a very voluminous ancl 1)ainstalting discussion 
of tlie mode of for~ilatioll of' coal, by M. 
Grand'Enry, ~vhicli occul~ies nearly 300 pages 
in the i l ~ ~ n c t l e sdes nzilles for tlie prcsent p a r .  
111 this discussion the t h e o ~  is aclvocatecl, that 
the carbonaceous matter forming beds of coal 
has been tlerivecl from plants, but plants trans- 
ported fYom their places of growth, ancl cle- 
positcd at  a greater or less distance in the 
bottom of water basins. 

1 Rend brforc the Kational ncndetny of sciences at its semi-
m n u a l  mectiug in Kew Yorl;, Nov. 14-17, 1883. 
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TTre have reports, also, from time to time, 
of a system of experiments aiicl observatioiis 
made by &I.Fayol, at  Commentry, in the 
department D'Alliers, in Central France, from 
which he draws tile same inference ; and it is 
apparent that a formidable attack has been 
made all along tile line up011 the peat-bog 
theor$. 

For this reason, and in order that geological 
truth shall be maintained, I venture to report 
some facts whicll I liave myself observecl 
in tlie coal-fields of the i\lississippi valley, 
and mliich in my judgment are incompatible 
with the coi~clusions of A I M .  Grand'Eury 
and Fayol. 

The opinions presented in the discussions of 
the cliemical and physical history of coal have 
been based upon two classes of facts : viz., lo, 
those gathered from tlie study in the ;field of 
tlie structure aiid relations of thc coal-beds ; 
and, 2 O ,  those obtained from chemical and 
physical experiments coiicluctcd in the lcbborn- 
tory. Now, while there is no doubt that such 
experiments 11ave contributed much to oar 
understaiicling of the subject, it is ob~ ions  
that they ha.ve misled obser~~ers,  through the 
impossibility of imitating by artificial means 
the grand processes of nature. She has in 
most instances left a full and faithful recorcl 
of her work ; but the same difficulties attend 
the clisinterment and translatio~i of this buriecl 
record that have been encountered by tlie stu- 
dents of archeology in their efforts to trace 
the early history of ma~il<incl. Necessarily 
this is a work of time ; ancl mucll study is re- 
quired for the accluisition of a full and accurate 
linon~ledge of the language i11 n4iicli it is 
written, and for the gradual acc~~niulatioii of 
the large amount of materistl required. Yet I 
claim, that so much of nature's record of the 
processes pursued in the fbrination of coal has 
been submitted to our observation, and that 
this record is so clear that the truth is within 
our reach ; nnd, further, that this truth is dis- 
cordaiit with the results obtained in artificial 
experimentation, and therefore prores such 
results fallacious. 

I n  the present communication, nothing lilic 
a full discussion of the arganients pro ancl 
con will be attempted ; sirice tlie space a t  my 
eomnlancl mill permit me to cite only a fern of 
many facts, and to very briefly read their 
meaniiig. 

For the present I will confine myself to 
some of the phenomeiia presented by one of 
the Ohio coal-becls with which I am specially 
familiar. This is our ' Coal No. 1,' the lowest 
of the series, sometimes called the Brier-I-Iill 

coal. As this has frunislied a fuel of excep- 
tional puritj , such as could be used in the raw 
state for the sinelting of iron, ancl lies nearer 
to the navigable r a t e r s  of Lalie Erie than any 
other, it has been very extensively worked. 
The result of this worlriug has been to show, 
that the coal is confinecl to a sinall part of tlie 
area it was once supposed to cover, and that 
it lies in a series of ilnrrow troughs, or basins, 
which were evidently once peat-marshes, oc-
cupying local depressions in tlie then existing 
surface. A large number of these detached 
coal-deposits have been now completely worlied 
out, and the plienoinen:~ they present fully 
exposed to view. Among these phenomena I 
may cite :-

1. Below the coal a fire-clay, penetrated in 
every direction with roots and rootlets of Lepi- 
doclendron, Sigillaria, etc. 

2. A coal-seam having a maximum tliick- 
ness of six feet i11 the bottom of the basins, 
thiiiiiiiig out to feather-edges 011 tlie sides, 
aiid containing only two to three per cent of 
ash. 

3. The coal on the margins of a basin ris- 
ing sometirnes thirty or forty feet above its 
place 011 the bottom. 

4. A roof cornposed of argillaceous shale, 
of wliich the lower layers, a few iiiclles in 
thiclrness, are crowded with the impressions 
of plants ; among which are interloclred pros-
trate trunks of Lepidoclendra ancl Sigillaria, 
traceable from root to summit, often carrying 
foliage and fruit, the froncls of ferns, -some- 
tiiiies ten or fifteen feet in length, complete 
aiicl smoothly spread, -C'alarnites, Cordaites, 
etc. 

5. I n  many places the roof markecl with 
circles one to two feet in diameter, callecl by 
the miners ' pot-bottoms.' These are sections 
of the bases of the upright truiilis of Sigillaria 
or Lepidoclendron, which rise perpendicularly, 
sometirnes rnany feet, into the overlying sllalcs. 
They consist of liollow cyliilclers of coal, per- 
haps a half-inch in thickness, the interiors of 
~vhich are fillecl in with shale, laminated hori- 
zontally, and sometimes contain remains of 
plants ancl animals n~hich inust 1iar.e been intlo- 
ducecl when they were hollow stunlps standing 
where they grew. 

6. I11 certain circumscribed areas, part of 
the coal-seam is caniiel, bitumiiious shale, or 
black-bancl iron-ore ; and, as in all cases of 
this kind, tlie cannel, shale, ancl black-band 
contain the remains of aquatic anirnals, -crus-
tacea, fishes, or molluslis,-the iiormnl or cubi- 
cal coal never including any thing of the kind. 

7. The boundaries and bottoms of the chan- 



SCIENCE.  


nels and basins which holcl the coal, composed 
of the Waverley shales, or the carboniferous 
conglornerate. 

From these facts I translate the following 
history, which I am sure will be accepted as 
true by every geologist who has hacl sofficient 
experience in field-worli to make his judgment 
of such phenomena trustworthy. 

I .  A t  the beginning of the formation of tlie 
coal-measures, north-eastern Ohio was a land 
surface, underlain by the Waverley shales, or 
beds of gravel, now the conglomerate. This 
surface was furrowed by the valleys of streams, 
and pittecl by local basins, similar to those 
wliich mark the present surface. 

11. With a slow subsidence, which con-
tinoecl with interruptions tlirougliout the coal- 
measure epoch, the drainage mas checked, and 
labes and marshes were formed in the depres- 
sions of the surface. In  these basins a fine 
sediment was deposited, -the ' fire-clay,' -
like the clay now found under some of our 
peat-beds. Wheli overgrown with vegetation 
the roots of plants penetrating this silt drew 
out of i t  iron! potash, soda, etc., leaving i t  
nearly pure sil~cate of alumina, and specially 
refractory ; whence its uses and name. 

111. The marshes and lakes were ultimately 
filled with peat, which rose to a general level 
near the water-line, ancl was sonletimes thirty 
or forty feet deep in the cleepest parts of the 
basins. 

IV. In  places, water-basins remained such 
through a considerable portiotl of the time 
occupied in the accumulation of the peat ;  and 
sluggish streams flowed through the marshes, 
connecting these basins, and transporting to 
them fine sand, clay, lime, iron, etc., mhich, 
mingling with the completely macerated vege- 
table tissue, formecl calinel coal, blacli-band 
iron-ore, and bituminous shale. After a time 
these basins also were filled with peat growing 
from the margins, just as our lal<elets are now 
filled, and converted irlto peat-marshes. 

V. After ages had passed with the physical 
co~iclitions described, a subsiclcnce causecl a 
submergence of tlle peat-marshes, which first 
resulted in the destruction of the gener a t' 1011 
of growing plants that covered them. These 
droppeel, in succession, leaves, twigs, and 
branches ; and, finally, most of the standing 
trees fell. Some, however, continued longer 
to maintain an upright position, while the fine 
argillaceous sediment suspended in the water 
was slowly cleposited around them, to form the 
roof shale, -of wliich the lower layers are 
charged v i th  the ddbris of the plants growing 
on the marsh ; the upper layers, clepositecl 

when these were all buried, nearly barren of 
fossils. 

VI .  The weight of the superincumbent mass 
pressed clowa the bed of peat ; wliich, consoli- 
clated by that process, and unclergoing internal 
chemical changes, ultimately became a bed of 
coal, thickest in tlie deepest part of each basin, 
thinning ancl rising on each sicle up to its eclge, 
which remains to marli the original level of 
the surface of the peat-marsh. 

Thus, and i11 no other conceivable way, was 
tlie resulting coal-becl made six feet thick in 
the bottom of the basin, and running out 
to nothing on tlie sides, thirty or forty feet 
higher. 

The whole anatomy of the coal-seam shows 
that it was fbrmecl where i t  is found; the 
erect trees ancl plant-bearing shale above, 
the root-penetrated fire-clay below, the small 
amount of ash (only the inorganic matter of 
the plants), with many other features it pre- 
sents, maliing the theory that it has been trans- 
portecl untenable. J. S. NEWBERRY. 

T H E  YALE OBSERVATORY 

HELIOMETER.  


FORthe benefit of the non-astronomical 
reader whose heliometric ideas are vasue, the 
instrument may be defined as a measuring-ma-
chine in mhich the images of two stars, or other 
celestial objects to be measurecl, are super-
posecl in the telescopic field by the following 
methocl : a telescope object-glass is cut across 
one of its cliameters, and tlic two halves thus 
formecl can he moved in opposite dircctions 
along tlie line of section by tlie observer 
while looliing through the eye-piece. If  he 
mere examining the sun, for instance, with the 
two halves of' the objcct-glass together, then 
he would have an ordinary telescopic view of 
tlle su11 ; but let him separate them, and he has 
the effect proclucecl in the sextant when the 
two sun's images nre separated by movi~ig the 
arm. Now, if he brings the two images tan- 
gent first on one sicle ancl then on the opposite 
side by passing one over the other, the dis- 
tance the object-glass lialvc~s are moved can 
eviclently be expressecl in arc, wlie~i the focal 
leagtli is k n o w ,  and is a lneasilre of the sun's 
angular cliametcr. The advantages of such a 
method of measurement are only to be fully 
appreciatecl from ccrtain considerations in 
physiological optics, from which it seems to be 
established that the most accurate nieasure-
ments by direct vision are to be expected 
when the measnring-scale and the object meas- 
nrecl are precisely similar in appe:~rance and 


