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n o t  be of i~ l~ lne r l i n t e  conscr- have a certain deflec- llecessitv in the  needle of the galvonometer~~i l l  
tion dependent on the strength of the battery-cur-r n t i r e  l ines  o f  nstronomic:tl inquiry. 
rent emplr~yed. When the li811t to be ~neawred is P. 'rollr). placed in front of the slit of the spectroscope (~vllich 

LETYXIZS TO TIZE EDITOI:. 
*** ~orrrapo, ,de71ts  lo as bricfnsposaibli.. The 
wtdte) l~sRa,jle Ca,se8 ,~eg l l i ye ,~iT1a l ~  U s p y o o f  of good faith. 

A metlrod for determining the unit o f  light. 

IN all pllotometric wor l~  hitherto 
orie of the mairk difliculties has heen to obtairl 
satisfactory standard of light, -olle ,Tllicll ,Till be
alTj-ays aIltl q7bich can he dn1,li-
cated. Heretofore, all experiments in this direction 
have been failures. The plan here suggestec\ con- 
templates, not the employment of a unit quantity of 
light, but the employment of a certain effect pro-
duced by that unit quantity as a stantlard. I n  other 
nords, i t  malies not the l~gh t ,  but the photometer, 
the constant. 

Tliis plnotometer must, then, he some dexice for 
~neasciring rail~ant energy. But, for photometric pur- 
poses, T T ~wish only to mea+ure that portion of the 
energy which 11~s a ~~ave - l eng th  to~eadi ly  visible 
the human eye. JVitli tlle great differences in color 
of our modern sources of illumination, it is absolutely 
impossible to state an  exact equivalence betneen the 
vellow light of a candle-flame. and the blur liallt of 
kn electGc arc. For really accurate ~ ~ o r l r ,  canT; 

compare only liglit rays of the same nave-length. 
As the human eye is most sensitive to light from 
that portion of tlie spectrum betneen tlie D and E 
lines, in the folloning plan I have selected that re- 
gion of the spectrum to be used exclusively for the 
comparison of the brilliancy of the various lights. 
I n  a11 probability, the total brilliancy of an  incaildes- 
cent body does not increase in a ratio exactly pro- 
portional to tlne increase in brilliancy of the yellow 
rays; but this difference, within practicable limits, is 
probably so small as to be entirely negligable. And 
we have tlie advantage of being able to state an ac-
curate arithmetical ratio betneen the lights, instead 
of n h a t  must be a t  best a mere general co~nparison of 
the relative effect of the t x  o lights upon our eyes. 

Briefly stated, then, the method I nould suggest 
consists in rnoving the light to be measured tonards 
the slit of a spectroscope, utitil a cel tain effect is pro- 
duced upon a screen so placed as to receive tlle 
yellom rays. When this effect is produced, the spec- 
troscope is receiving the standard amount of light 
from the source; and the brilliancy of the source can 
then be deternnined by measuring its distance from 
the slit. 

I n  attempting to apply this method, the difficulty 
ahicll at  first arises is, to obtain an effect wh~cll  can 
be measuted wit11 accuracy. By perm~tting the spec- 
trum of a light to fall upon suitable screens, three 
classes of effects may be obta~ned; namely, heat-
ing, visual, and chemical. Of these, tlie second is 
evidently unsuited for the purpose of obtaining a 
standard. The third is too uncertain, and not sns- 
ceptl!?le of sufiicient acciuacy, so that the first alone 
remalns. Of the t n o  practicable heat methods of 
mea-uring radiant energy, the thermopile is the more 
sensitive; hut tlle bolometer responds tlne quicker to 
changes of temperature, and has the narroner sun-
face. The latter instrument has, therefore, been 
selected for this application of the method. Tlle 
unexpo~ed arm of the boloineter has a sliqht addi- 
tional adjustable resistance thronn into i& circuit, 
so that, when the instrument is not in use, tile 

should be quite broad), the deflection ~ ~ i l l  be dimin- 
islierl. As tlne light approacl~es the slit, the deflec- 
tion will decrease, and finally beconie zero, at  \vl~icll 
time it is g iv i r l~  out the standard light. Its bl.il- 
liancy can now be reail off frorn its position upon a 
scale placed in front of the slit and parallel to tlie 
collimator. 

This photorneter might also be used to adjust the 
position at ~ ~ h i c h  an incandescent electric or other 
I an~pshould be placed in order to furnish a con<tant 
flipply of light. 'rliis source could then he used as a 

an ordillary photometer. 
1JTar.11. P r c ~ r ~ ~ r N a .  

A n  American Silurian scorpion. 

The 'American scorpion ' from the vater Iilne 
group of Ne~v-Yovk State, described by Pr~.fcsco~. 
J$'hitfield on pp. S7, SS,is undoubtedly a yoi~rlg speci- 
men of Eusrtrcns scorpionis (Grote a ~ l d  Pit t :  Bulb 
letin of the Buffalo society of natural sciences, rol. 
iii., pp. 1, 2), so named by an  error, and ~ ~ h i c l n  xi11 
be redescribed as Eurypterus scorpionis in the forth- 
coming vol. v. of the society's bulletin. 

The enclosed is a slietch of tlle youngest specimen 
in my possession, drawn full size: the largest I have, 

indicates an n~lirnal at least three feet long. There 
cannot be any doubt as to its zoiilogical position; for 
the characteristics of the g e m s  Eurypterus -ryes 
place(j \Tithin the ~nargin of the carapace, and a t1.i-
allgnlar spine as caudal append:~ge-can be distinct- 
ly identitied. 

All niy specimens have been found in tlle 11-ater- 
lime group at  Buffalo, associated with Eurypterus. 
Pterygotus, and Ccratiocaris. JIJLIGSPor i~~a rax .  

B~!ffalo,N.Y.,AUK.6. 
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OF course it v-ould be rather liazartlous for ]lie to 
say that the American scorpion, described in a former 
nuinber of Science, was not the young of Eusarcus 
scorpionis (Qrote and I'itt), in as positive language as 
31r. Julius Pohlrnan says it is;  for our kno~vletlge of 
the enibryonic features and developinent of tlie Euryp- 
teridac is yet too little to allo~v of many positive as- 
sertiorls. ~~-11ere not acconipanied by absolute evidence. 
Still I must say that I do not believe it to be the 
young of that or any other Eurypterid. The form 
of the liinbs, t,lie esistence of tlie nipper-shaped palpus 
a1111 of an apparently true rn:~iidible, resenibling so 
rnucl~ tliose of tlie Scorpionidae, are features whicli 
we sliould scarcely look for in an erllbryonic or nn- 
developed form of Eurypterus. If 11r. J. Polll~nari 
had seen tlie photograplls of the specirneir instead of 
the rude cut, or had examined the specimen itself, 
I tliinli he mould liave expressed a very different 
opinion. X. P. ~V~I'TFIE:LIJ.  

The geology of n a t u r a l  gas.  

I do riot wish to enter into a further discussion of 
the interesting question of the geology of natural 
gas, in ariticipatioll of the results of a special investi- 
gation whicli has just been coni~nenced in tlie oil and 
gas regions by 3Ir. Jolill F. Carl1 for the State geo- 
lovical survey, but, in reply to Prof. I. C. White's 
czticism of my letter on this subject, I desire to state 
a few facts in support of lily C O I I C ~ U S ~ O I I ,tliat the 
' anticlirial theory ' alone is insufficient to account 
for the existence of natural gas, iu all localities in 
tile Pennsylvania and adjoining gas resions. I n  or-
der to clearly understalld this corr~munlcation, refer- 
ence should be made to Science, Jnne  26 and Jnly 17. 

1 x 1  tlie first place, it is important to know that tlie 
general statenlellts contained both liere and in illy 
letter of July 17, refer, not only to all tlie gas regiolls 
of Penl~sylvania which, with possibly the exception 
of the Erie district,, are geologically connected witli 
the oil-fields, but also to those other gas localities in 
New York, Ohio, and West Virginia wliicli are not 
i11 the vicinity of producing oil-wells. The facts ro- 
Iating to the geology of natural gas, now in the posse,-,- 
sion of any one geologist, are not sufficiently numerocs 
or connected to permit of the deduction of any ulti- 
mate theory; arid it is orily possible, for tlie present, 
to deduce special geotectonic co~~ditioris under ~vhicll 
uatural gas has so far been exploited. Some of these 
conditions are so varying and apparently antagonistic, 
tliat it is orily possible to differentiate any one r~f 
the general laws controlling the occurrence of 11a.t-
ural gas by a comparison of the individual facts 
obtained from innunlerable well-drillings. 

The facts given here will serve to elucidate my pre- 
vious article, arid I tiope will prove to be sufficient to 
clearly define the few conclusions at mhich I have ar- 
rived, from field observations extending over a period 
of ten years, and from numerous studies in conjnrrc- 
tion with Mr. Carllt of the results of his snrve] s. 
whicEi are Inore thorough, complete, and valuable 
than any examinations which have ever been made 
bearing on the geology of both petroleum and n a t u ~ a l  
gas. 

The general structure of the strata drilled throng11 
by the gas-wells in the vicinity of Pittsburgh) now 
considered the most important pas district is the 
same as that of the strata in the tlifferent parts of the 
Devonian and carboniferous series pierced by the oil- 
~vells at  the Smith's Ferry (30 miles N. 600 X. from 
Pittsburg) and the Slippery Rock (34 miles N. 200 
5'T. from Pittsburgll) districts, where in both districts 
hearp oil is obtained from the base of the coal nleas- 

ures, and amber oil from the Berea grit; in the Tliorn 
Creek (23 miles S. j0E. froin I'ittsburgl~), and south 
end of the Clarion, Ihtler ,  arid Arnistrong (28 iniles 
N. 20° E. from Pittsburgh) districts, wliere oil is ob- 
tained from tlie Venango (Devonian) sands; arid in 
the Pleasant Unity (:3O iiiiles S. ti.io E. from Pitts- 
burgh), 1)unlap Creeli (:I1 iniles S.12O E. from Pittr- 
burgh), TVliiteley Creeli (45 miles 6. froin I'ittsburgll). 
arid T)u~llca~.d Creek (48ir~ilesS. from Pittsburgli) 
districts, tvllere oil is obtained from tlie 3Iahoni1lg 
*andstone (lon-er barren coal iiiea~ures) and overly- 
ing strata. The discovery of oil at Mount Xebo, about 
eiylit iiiiles nortll-west of Pittsburgli, and the several 
smitll oi!-wells reported to have been obtainetl in close 
proximity to tlie T~Tasl~ingto~i (Chartiers Creelc) gas- 
wells, tomether with traces of oil found upon special 
exaniina?ion in the gas froiii wells wliich are supposed 
to produce absolutely dry gas ( the  gas obtained 
from the Carpenter well on the l)nurn farm, West- 
morelarid county, was sul~posed to be free fro111 oil or 
water: when, however, tlie gas was confined under a 
pressure of a hundred and sixty pounds to the squarc 
inch, xater was precipitated), the esister~ce of natural 
gas, eitlier in or near all the productive oil-pools, un- 
der geological and physical coriditioiis similar to tliose 
found to obtain in what are frequently spolien of as 
' natural-gas regions proper,' are all sufficient rea-
sons for considering tlie districts producing either oil 
or gas exclusively ( ? )  one in a geological sense. 

Gas-wells are not entirely confined to liarrow belts 
(one-fourth to one mile wide) along tlie crests of an-
ticlirial folds, nor are tliose which llave apparently 
been found in synclines necessarily in the vicinity df 
subordinate crunlples or anticlinal ~ o l l s  ~vhicli are so 
frequently found in extensive basins. Tile "dip of 
the pas-sand and the position of tlie anticlines arid 
synclines " is the third of the five principal geological 
and physical conditions, ~vl~ic l i  I have already enum- 
erated (Science, July 17), wllicli seem to influence tllc 
occurrence of natural gas, and in special cases would 
seem to be the most important eonsideration. Most 
of the saddles and basins in western Peririsylva~~ia 
have a progressive dip along their axial line toward 
the south-west; and a tvell. drilled half a mile to the 
north-west or soutll-east of a given point on the crest 
of an anticline, will encounter any given stratum at  
the sarr~e elevation as a mell drilled iiniiiediately 011 
the crest of the same anticline at  a distance soutll- 
west from tlie given point, the distance in each ease 
being dependent upon the intensity of the dip in 
the three directions. The anticline along nrllicli 
the fan~ous  AIurraysville gas-nrells in T'Testmoreland 
county hare  been drilled is an instance. 

About ten miles north-east of the village of Rfur- 
raysville, two large gas-wells have been obtained 
about three niiles apart (nortli-!vest and south-east), 
one on Beaver Itiln, tlie othel. on Pine Run. The 
total dip of the Upper Freeport coal-bed, from the 
Beaver-run well to the Pine-run mell, is t ~ v o  hun- 
dred and fifteen feet, or at  the rate of seventy feet 
per mile toward the north-vest. Tlie forrner well 
is found in close proximity to the anticlinal axis 
along which the great JIurr;tysville ~vells are ob- 
tained, farther to the south- vest: mhile tlie latter 
~vell is near the synclinal axis. The extensiori of 
the general direction of this anticlir~al line to the 
north-east of the Beaver-run mcll crosses the Cone- 
maugEi Hirer near the ~ n o u t h  of Hoarin? Run, mhere a 
mell was drilled, evidently on accour;t of the exist- 
ence of the anticline at that point; but no gas mas 
found. The Apollo ~vell, about three miles nortli- 
east of the Piiie-run well, along a line parallel to the 
structural lines of the district, found no gas. I11 the 


