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his pen h a r e  appeared in the I Ie  had,  hon,erer, little patience ~vitll inac- B o t c ( ~ ~ i s c h ~  
zeitc~ng, Bienen. zeitung, I i o s a ~ o s ,  Nutc~re.  
etc.. nhile, as  editor of the department of 
Justs '  J t th~esber ic l~ t ,relating t o  pollination 
ailel clissemination, he has contributed revie11 s 
of a11 of thc more important pnblications bear- 
ing on his specialty. Beside these, he pub- 
lisllcd tn-o books, -Befruchtung cler blumen 
clurch insel<ten, uilcl (lie gcgenseitigcn aupas-
s~ulgenheider (~vllich appeared in 1873, served 
as  the basis of a ~ e r yiustructivc series of arti- 
cles in  ~Vutul,e, and may largely drawn ilpon 
Ilg Lubboclr in  the preparation of his little 
~ o r koil British wild-flowers, aild nrliicll, sup- 
plemeatetl by the illore recent o\)scr~-ations of 
its author, has  lately been translated into 
English) ; an(1 Alpenlil~uincn. illre befr~icl l t~ing 
clurcll insekteii und illre aupsssuagcn nri clie- 
selben (a uolnnic of equal s i ~ e ,  l,nbli41ed in 
1881, and. like its p~edecessor .  filled with 
instructir e facts) . 

From the first, Dl. ALiiller nas a pronorulced 
erolutionist, perhaps erring in loo r s c l u s i ~e 
contemplation or  a limited 13a1.t of tile e l  i- 
dence of dcri\-ation, anti, like many others of 
tlle (+el inail school. incli~led to  pnsh crolation- 
ary logic t o  its nltimate if runilemonstrablc 
conclusion of materialism. 

A s  a teacher he n a s  most euccllcnt, ha1 ing 
tlle fac~i l t j  , not onlj of impartin? icleas to  his 
111il)ils, brit of irispi:ilig thc~ii euthusiasm. I11 

his specialtj he w a s  a careful obberver. noting 
and acco~ulting for manj  minntc structulal 
pccnliarities in both flon cis  and insects. 17 llich, 
so long as  their utility re:llainecl r~ncliscove~ecl. 
mere e ~ p l i c a b l e  onl j  by tile tlieoiy of type5 in 
ilatnre. So far  as observation is  concerned, 
his molk is  a l)o\e  criticijm. A s  a rnle, too, 
hi5 inferences arc  cor~cc t ly  dran,n. tliongh the 
1iinitatio:l of his stntlies t o  n ~111x11part of t l ~ c  
~vorld has s ~ t  times rendered liis ent l~asiasm 
over the biological sigllificance of sollie sup- 
posed nenr :rdaptation. subject to  the criticisin 
of specialists ] ~ r c \  iousl? fa~l i i l ia~,  nitli  the shuc-  
t ~ u e ,  if not nit11 its mca~iing.  

115 n fi iencl, 111. AIl~ller n as a l ~ r a j  s cordial, 
ever reacly wit11 ei~cour:~gement and a5sjsta11ce 
for 7 ounger morliels in tlie line of l l i ~  ipecialtj  . 

curacy in obscrrat ioi~,  and ,  lrotli l~nhlicly and 
in private, criticiseel errors mith vigor ; h~ut, 
thorigli liis criticisills were s o ~ ~ e t i i n e ssevere, 
tlicy were seldom unliincl, anil never unjust.  
I3y liis tleath, biological science loses :lot only 
one of' i ts nlost enthusiastic a~lcl able devotees, 
but also one. n.110, hy the iiidepenclent and 
thorough nature of his nrork, m8xy be stylecl 
not inappropriately :tn cpocli-maker. 

T H E  USE 	 OF T H E  SPECTROSCOPE I N  

METEOROLOGY. 


IK April last i t  n.as tl~olight desirable to  add 
to the regular mcteo~ological observatioil made 
a t  the Shattnclt observatory, Dartmoutl.: col-
lege, tlle hygiomt%ric indicatioils of the spec- 
troscopc. Tile olrserrations Terc m u l e  in 
accordance ~ v i t h  the ilireclions of J. Itanel 
Capron in his ' Plea for tlle rain-hand.' T h e  
instrr~menti  osed meie tn-o direct vision spec- 
troscopes : one a 3%-inch ' in-$ ~ ~ c s t - p o c k c t  
strulnent of IIofmann's ; the other 10 iilclies 
in length, and capable of separatiilg the U lines 
wit11 clircct sunlight. Tile obserr ations lnacle 
in this y a y  nrerc fo~und t o  be interesting, Imt 
unsatisfactorj . Tile difficulty 11hich ail ob-
server nlust aln a j  s fi11~1 in estiiilatiilg coufi-
dently the ilcgree of intensity of the absorptiou 
lines and 11ancls ni th the wiclely I a q  iug lights 
of fail alicl cloucly n eather, makes the  arrange- 
ment of io111e uliethod of measnremcnt \ cry 
desiiable. After a f e n  tlials ill other clirec- 
tions, the dc\  ice ciescribecl below -was cieciclccl 
upon, and 11~1s p:orctl satisfacto~.y. I t  nras 
thouglit that  tlic absorption lines of aqueous 
\a1)or, see11 with a spectroscope of r a t l ~ e l  high 
power, are better acl:~ple(l to  clelicate Inensure- 
lneilt than the l~roncl band seen with a low 
power. Tile small sl)c~ctroscopc usecl shon-i 
the  clarlr ballel on the led siclc of the D line 
v i t h  g ~ e n t  clearness : but the absorption liilrs 
are onl j  visilrle nhen  particnlarly btrong. 
TJ7itll the laigcr instrument, 1105 ever, the spec- 
trum is  so eloilgated that  the general darlien- 
ing near D is h: i rdl  ~loticeahle ; n hile the t n  o 
inoisture lines to  be fo~l:lcL tliere are \ e l ?  
l~roniinent.  T h e  apparatus illustrated is de-
signcci t o  measure tile T arislioa in i n t e ~ ~ s i t y  of 
the  darlicr line of this pair (the u of the D 
giou1) of Jailsse~: '? map) . 

Tlle 0111) illetllods of measurement of tlre 
i i ~ t e n s i t  of :~bsorplion lines, knomn t o  tlic 
n r i t e i .  :Ire lhose of Jnilsseii and Gong-. Tile 
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former, in 1871, in his work in mapping the 
atmosl~here lines, used for coml)arison blaclr 
lilies of various ~viclths, 'uled on white paper, 
and viewrcl through vessels filled with darlr-
ened .;i-ater.l Gouy made sonie measure-
~nents  of solar lines by photometric ~netl~ocls ; 
isolating a narrow strip of the spectrun~ aclja- 
cent to the line, aucl compariiig its liglit with 
that of a strip of equal width contaiiiiilg tlie 
line. From tllcse data he calculated the in- 
tens it^ of tlie line, not in photometric, but in 
linear u i ~ i t s . ~The method :tdopted by the 
writer is entirely different from either of these ; 
and. as far as linorn, is new. 

I 1  b 
P I G .  1. 

What was desired was the production of nil 
artificial abs'orption spectrum, the intensity of 
whose lines conld be variecl at  \ d l ,  until one 
of the lilies thus procluced should be sen-
s i b l ~  the same as the line to be measured. 
Fig. 1 is a section of tlie attachment to the 
spectroscope iinatle for this pt~rpose. The 
darli lines required are diff'raction fringes pro- 
d~~ceclat  the focus of the positive eye-piece, 
1vllicI1 are therefore seen projec,ted on the 
sl>eetrnm. They are procluuecl by placing a 
silk fibre a little beyond the focus of the eye- 
piece. 111 the figure, the piece n, slicles in the 
tube. beariug with it a single silk fibre placed 
vertically ancl jost in tile iniddle of the field of 
view of thc eye-piece. Tlie fibre is maintained 
vertical b r  ineaus of a 1x0-
jecting pin sliding ill :t longi-
!ndinal slot in tile tube, as 
shown at  s in fig. 2.  Tlie 
sliding motioil is given to it 
by means of the piecc b. mllich .s. ? L .  

turns freely, but cannot slide, 
being retainecl by the screw d fitting in a 
groove illacle entircly arouncl the piece. 'i'wo 
openings are made in the t~ibe ,  on opl~osite 
sides, so that b can be tornecl directly with 
the fingers. Olie of these windows is sliovvn 
:it ?L in fig. 2. RJ- turning in one clirec-
tion, the sill< fibre iliay be 11ut nearly in tile 
focus : b ~ -turiling back, it call be nxrde invisi- 
ble. TT71ien near the focus, the fibre appears 
as a pair of clarlc parallel lines ancl qnite close 
together. As it is drawn nTT-ay from the. focus, 

1 d~c?r. xxiii. 274.phyn, clr?'~n., 
2 ('on~ptes re?tr/zis, lsxxix.  1033 aild xci. 389. 

tlie lines appear to separate somemliat, grow- 
ing coiistaiitly fainter until they disappear. 
Tlie fainter diffraction fringes procluced are 
inviiible in tlie rather ~veali light of the spec- 
trum. \lrholr revolntio~ls of the screm b are 
read 0% on the graduation at the side of the 
slot, and fractions (tenths) are read from the 
piece itself, wliich is graduated as a microme-
ter screw. Tlie lines thus produced reseinble 
closely tlie D group, partic~~larly mlien both 
are strong, lien a v e q  sharp eye is required 
to distinguish the spurious lines from the genu- 
ine. As the movement of the eye from sicle to 
side would modify the appearance of the inter- 
ference lines. maliine" one darker than tlie 
other, the spectruin inust be riewecl through a 
narroxv \~ertical opening, nlalcing such motion 
irnpossi1)le. For this purpose a piece of blacli 
pa l~er  (not sho\vn in the figure), proridecl wit11 
a vertical slit of perhaps 0.7 min. a-iclth, must 
bc placed on the eye-lens a t  7c. Even ~ i t h  
this, a little care is necessary in the position of 
the eye, that the pair of lines shall always be 
equal. Tlie slight tlarkening of the spectrum 
betn~een the two 1inc.s. which occurs, is in this 
case not objectionable, as it imitates prettx 
closely the general absorption in the space be- 
tween D and the u line of tlie D group. The 
instrnineilt, as figured, is provided \ ~ i t h  a 
tangent screw at  e,  by which tlie whole tube 
conta i~~ingthe e~e-piece c~11 be ~noretl  hori- 

zo11tal1~-,tlins shifting the field of view so that 

anx line of the spectrum call be brought to the 

side of the comparison lines. The illstruinerit 

is ~ilouiltecl on a wooclen base, gyoore(1 at the 

top to receive it. A t  the back sicle is n large 

I<nob by ~vllich the iiistrament is lielcl n,lleri 

taking an obse~l-ation. IVhen directed to an) 


e ,  

Y r s .  2 .  

part of the sliy, tile altitude can he dete~inined 
by means of the gratluated circle ancl hnngiug 
weight s h o m ~ ~  in the figure. 

Another cler7ice, much simpler, ancl of use. 



SCIENCE.  [VOL.II., NO. 36. 

i t  is believed, for general observatioi~ nhen less 
nccuracy is required, is shown in fig. 3.  A 
collar represented iii section a t  n is inserted 
into the tube of the spectroscope, and iksteiiecl 
permailently so  that  its front sicle shall be 
inst in the focus of the eye-piece. Froin the 
lower front edge to the upper back eclge. a silk 
Abre passes, drnwing back a s  i t  rises. T h e  
fibre will eridently nppenr in the field of rien-, 
as  represented a t  6, as  lines of diminishung 
intensity. A set of llorizontnl, e q u i d i s t ~ u t  
spider-lines are attnclred t o  the front edge, 

heilce just in focus. Tllc 
line TI hose iilteiisity is to  

B @ he mensuiecl is  macle t o  

" 
appenr palallel ailel ileal 

BIG. s to  one of the in te r fe~  eilce 
lines ; nncl i ts  intensit\ is 

expressed by the number of the spider-line a t  
nhicli the ii~teilsities coriespoi~cl, counting 
clownn~ards. A L ~ ~ t l  hele i t  may 11e iileiltioned 
that  such a scale of iiltei~sities (or,  indeed, tlie 
scale afforded by tlie micrometer sciew lend- 
i n g ~in the preceding apparatus) is  ilot a scale 
of equal par ts ,  n clinnge of a nnlt in  case of a 
line of high inten3ity being Inore tila11 in case 
of a ~ O J Jinteilsity. This is, lion eve1 , btblie~ed 
not to  he :L seiious clisad\ niltage in practice.. 

T h e  aclraiitages of any l~racticable inethod 
of measurement o re r  a mere estirnatioil are 
e~ i d e i ~ t  e n o ~ ~ g h .  TVhen est1matc.d by the eJ e ,  
i t  is belie\ ed to  be impiacticnble to  clistii~qmsh 
more than i i ~e grades of s t l e i~g th ,  ~ l l l i l c  by 
this inetllocl cluite fine shades of iiltei~sity call 
be n~easurecl ; and n h a t  is. perhtlps, of eclnal 
importance, measurements lriade against da lk  
ailel light sky are apparently identical, a 
cliaiige in  the br i l l ianc~ of the bnckgiound 
afi'ecting the :rppearai~cc equally of the ab-
s o r ~ t i o n  and iilteifeience lines. E ~ i d e n t l ya n  
~nlaiclecl estiinalion noulcl \ e r j  likely he a t  
I'ault in such a e:ise. 
Ai to  tlre accnr:tcy actually attaillee1 ill 

pi,actice, i t  i s  fonnd, in looliing ovel the recoid 
of about n nlonth past,  that  tile n hole range of 
the reailings lllncle a t  one o b s e r ~ a t i o n ,  ill oiili- 
nalilj  f r r~orahle  \yeather, arerages 0.3 of a 
ex olntion of the rriicioineter screw ; and,  a3 

fioin four to  tn  el7 e oi mole reaclings a l e  a l n a j  s 
taken, according to the ainomit of ~ a i i a t i o n  
notecl, the pioba1)le error of the nican mag be 
coi~siclered ns alsout 0.03, a s  computation has 
shown in R iiumber of case?. N ~ T T ,as the 
n hole range of the instiument usecl is fro111 1 .0  
to  5.7. i t  is evident that  mmlj glades of in-
tensity are capable of appreciation. It is to  be 
1emernl~eletl, that tliese lenclii~gs a1 e p~wposcl j  
111acle in T arions cjuartcis of the sky, so that 

cliscrepai~cies in renclings are  partly clue t o  
want of uniformit? in the hygrometric s tate  of 
tile atmosphere. I t  shoulcl be stntetl, nlso, 
that  such nccnrncy is  not attainable below 1.0, 
ns the vnlne of n unit is then considerablg less 
than above that  T slue. 

T h e  regular record innde a t  the observatory 
is a s  follon s : T h e  orclii~ary ineteorological 
record is inade tliree times clnily. lTTith the 
spwtioscope, a t  least thiee sets of ~cacl iags 
are tnlien, colllplising meainrements of the iii- 
tensily of tlie inoisture line nt tlie horizon, nt 
altitudes of lo", PO0, 30") niid 90". I11 all 
cases, the readings are tnliei~ in all clunrters of 
the sky nhere  there is  sufficieilt light. A set of 
readings is also taken by setting the micronl- 
eter nt 2.0, giving a faint line just visible iii 
dark weather, ant1 theii ineasurii~g the al t i t~tde 
a t  11-hich the moisture line is of the saille 
stiengtli. Such r e n c i i i ~ ~ sof altitllde larcly 
r n i y  more thnil 2" t o  r2.in  settled neather. 
The  strength of line and of tlie rain-hxud ' 
is also estilnntecl bj- the eye a t  each obscr~ra- 
tion. , i t  the same time the reaclings of tlle n e t  
a i ~ i l  d i g  bulb liygronletcr are t n l ~ e n ,a s  nel l  as  
of a ltegnnult's c o i ~ d e i ~ i i n g  'Thellggrometer. 
wet ancl d ~ y  bulb 11jgrometei call he veiltilatecl 
hy ineni~s of n hellov-s, ns suggested by 3Ir.  
f1. A. fIazen,  in a recent nnmher of SCIL,NCE. 
S o t e s  a le  ~ n a d e  of the dilectioii nild velocity 
of thc n ind, oi' the clourls, niltl conclitiou of 
the air. 

One of the lilost interesting of tlie po~vers  
of the spectroscope tl1t13 used is  its ability to  
detect relatirely inoist t racts  in the a t n ~ o s -
phere. TT71lile in settled n entller elltile m i -  
foiinity nt all poiilts of the llorizon is  gcnc~i:il!y 
noted. in unsettleel \reathe1 considernhlc difi'c,r- 
enc8e> a le  often oi)scrrecl. A11 excelleiit ex-
nmple of this p o ~ ~ - e r  of the ia>trninent occurietl 
on AIay 26. 1)nriag the morning ~\11ei1 the 
obscrvntiol~s mere made, the air mas xerj 
clear aail dry, tlie inoistuie line therefore 
n e a k .  A t  6 a.71..measurenrents innde entirely 
around tile h o r i ~ o n  shoned that  the line be-
came iiirisible r e r y  uniformly at  a n  nltitucle of 
l o " ,  except for about 43" of the i~orth-eastern 
horizon, IT-bere the altitutle of disi~ppearxnce 
was 20'. while tlie intensity of the line nt the 
h o r i ~ o n  here n as  ahollt tloul~le that  elsemhere. 
There n a s  no wii~cl l)lowiiig, a i d  no cloucls 
of a n j  kine1 were ~ i s i h l e  except LL fe\y wisps of 
cirrus cloncl high in the east. These f:icts were 
all i~otecl in tile record nt the time. A t  seTen 
o'clocli, n hen the n e s t  readings nrere t:rlien. 
to  in3 s~irpr ise  this nloist tract was found to l ~ e  
11e:trly filled 111) n i th  n bank of stratus cloncl, 
with no other cloutls ~ i s i h l e .  A t  the saille 
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time a similar moist region, of 15° altitude and 
perhaps 35° length, was discovered in the south
east ; and this in turn was found fifteen min
utes later to be partly filled with cloud. After 
an hour or so the}' had all disappeared. The 
appearance was as though a body of air heavily 
charged with moisture, having become heated, 
was seen rising bodily at six o'clock, while at 
seven the consequent cooling had condensed 
in part its moisture. 

One of the most striking facts noted is the 
suddenness with which a hygrometric change 
occurs, as indicated by the spectroscope. 
During the fine weather of June 30 and July 
1, the spectroscope had indicated unusually 
dry air with almost absolute uniformity. Dur
ing July 1, as the diagram shows, there had 
been a very slight increase in the moisture 
present, as indicated by an observation at six 
P.M. Fifteen minutes later, happening to 
glance through the spectroscope, I was greatly 
surprised to see how much blacker the line 
looked. A new set of readings was taken, 
giving a much higher amount of moisture, as 
indicated by the sudden rise in the curve. 
The sky was almost entirely free from clouds, 
with a light breeze from the south - west. 
Measurements were made in both cases all 
along the western half of the horizon, the 
eastern being too dark at that hour. At seven 
o'clock a moderately dense bank of stratus 
clouds had risen in the west to an altitude of 
15° or 20°. The record at seven and seven-
thirty showed little further hygrometric change. 
The sky was soon entirely overcast with clouds. 
This hygrometric change was not a mere mo
mentary one, connected with cloud-formation ; 
but the later record showed it to be the begin
ning of a period of moist air and showery 
weather. The hj-grometer, it will be noted in 
the diagram, gave little sign of change for 
some hours. Other sudden changes of equally 
striking character have been observed. That, 
as has been suggested by Capron and others, 
the physical state of the suspended water, the 
size of the aqueous particles, may have an influ
ence in its light-absorbing power, and so ex
plain in part such changes, is very possible ; 
but the evidence that such is the case appears 
to be far from conclusive. 

I t is believed that a series of spectroscopic 
observations, continued for a considerable 
period of time at different stations, would 
give much light on a number of important 
questions in meteorology, particularly in the 
study of the formation of showers and storms. 
The instrument is apparently admirably adapt
ed to do this work, by its ability to trace 

accurately the motions of masses of vapor in 
the upper atmosphere. The discussion of the 
more important questions which arise in carry-

^ 2.0 L4Jh-r^\J I I I 1 • I 1 I I , 1 I I I I 1 1 1 
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ing on this investigation is deferred until a 
larger mass of figures and facts have been 
accumulated. C. S. COOK. 

NOTES ON SASSAFRAS-LEAVES. 

THERE are three distinct forms of sassafras-
leaves. The simplest is ovate, varying to 
oval and obovate. A second form is three-
lobed, the incisions running from near the 
middle of the upper half of the leafs edge to 
the centre of the blade. The third form is 
midway between the entire and three-lobed 
sorts, and has but one side-lobe ; the opposite 
half of the leaf being entire. I t is as if one-
half of a three-lobed leaf were joined by the 
midrib to the opposite half of an entire one 
of the same size. This form may be very ap
propriately called the ' mitten.' 

In the study of these three forms, branches 
of sassafras have been gathered from a large 
number of places through the surrounding 
country. Some have been obtained from the 
woods, and others from the open field. 
Branches were cut from the largest trees and 
from the smallest, from vigorous trees and 
those of slow growth. Ten hundred and fifty 
leaves were examined : and of these, five hun
dred and thirteen were entire; four hundred 


