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union of these narlon-etl sepa l - lea~es  in tlie 
rnonopetalous calyx is ind~lcetl by the highly 
refined sap  circulatiug in a ],art of the l ~ l a u t  so 
distal, so renlote. I n  the calyu, Xatrlre pro- $ '  

duces notiling new. She simply unites and 
changes parts already f'alnilinr, and so rises by 
one s tep nearer her destination." 

Nom, as  the calyx o m s  its character to the 
refiiie~ncats of organs preceding it ,  so i t  in 
turn becomes a n  organ of filtration ; ancl from 
the cromclecl ~ c s s c l s  of the sepal conies the 
p ~ ~ r elicluid nrhich nlakcs possible t l ~ c  petal. 
Colored petals indicate tha t  the nourishing 
fluitl has reacllecl :L liigh ilcgrec of refinement, 
white, of absolute puiitg. The c q n i ~alcncy 
of sepal ancl petal is  sllon~n by tile usual coin- 
parison, Goethe adding only that a s  the sepal 
evinces contraction, so does the petal espnn- 
sion, anel nTe are tlills prepared for the last 
clcglee of contraction in tlle formation of the 
stnnlen. T h e  foliar natoie of the latter organ, 
as  of the carpels, is s l~own in tlie f:lmiliar Dray. 
T h e  ~ c t a l o i t l  style of the iiis is  cited, as  also 
the reversion so common among crowfoots, 
tulips. etc. 

tion to  botanical science. T h e  importance of 
his discovery can scarce 1)e o\-er-estimatecl, 
~vhilc its heaoty can be apprecintetl only after 
carefril esarnination, riot only of tile cliscor- 
ery itself, but lilcenise of tlic nlailncl. of its 
attaiainent. A s  t o  the latter, Jve arc happily 
not left in tlor~l?t. Tlic poct has  himself given 
us  a concise tlccount of every s tep of his prog- 
rcss. \Jre may see the impassionecl enthusi- 
asm of L in~lk  stlmlllatillg society nnirersal,  
so that  Goetlie says i t  fai~xly - floatccl hi111 
along.' TJ7hat ail era  in n.11icli to  l i re ,  - the 
r e r y  springtime of science, tile air recloleiit 
of odors of the life to  he ! Even petalant,  
passionate l iousseal~ forgets for the iioncc liis 
clreanls of social compnct, and, charmccl \vitli 
the bcaaty of the living ~ ~ ~ o r l c l ,  bccolnes hot- 
m i s t ,  aiicl even begins a botanical dictionas) . 
T h e  spirit of investigation was abroad, atid 
Cioethc entered liis morphological studies with 
all the energy of his nature. His  ideas toolc 
possessio~l of him. The  voice of Katurc cried : 
he could not choose but hear. EIis work be- 
ca lm a passion, a leiclelzschcift he calls i t ,  froill 
~vliich even the rilarbles of I ta ly and the pal- 

'But i t  is to  the ~iectary ( a  rc ry  co111~~re11ci~- aces of the eternal city ' coulcl not divert 
sivc term in Goethe's time) that  the poet here 
gives chief tlttention. Sectar ies  scem to occu- 
py an intermediate place between stanlens and 
petals, non7 partaking of the character of one 
orgall, ilo\' of the other. Goctlie inclines to 
the opinion tliat ilectalies are ~ u l d e \  eloped sta- 
mens. R e  is ccrlain, a t  least, that  the llectar 
itself is concer~led in the fecrtihzntion of the 
flo\ver ; for, " after fertilization, the nectar clis- 
appenrs, ancl iio more is foin~ecl." EIe con-
ceived that the nectar lnigl~t  be an iml?erfect 
fertilizing fliiid ; that t h r  pollen-grains are  so 
111:111\- miante 1csicles containing an exccetling- 
1y (lelicate iliattcr elaborated by the vessels of 
the stamen, and destined to be absorbeel by the 
pistil. 

Tliiuk of a11 this in ien of tlic moclcin cloc- 
trine of fertilization ancl cross-fertilization, ancl 
you begin to  al~preciate tile inveilti\ e genius 
of the man,  horeiillg about his sul~ject,  :lnd 
almost clivining tliat n llicll he coul(1 not clearly 
w e ,  and then liis colicl~lsion : T h e  forms of 
plants about us are not originally cleterilliilcd 
and i ~ ~ v a r i a h l y  fixed, b ~ l t  unite with sonle per- 
sistence of genelie. specific, ant1 inclividunl 
character, a fortunate power to  r a r y  and t o  
accominodate theillselvcs to  circumstaiices, so 
as  to  be able to meet and adapt  themselves t o  
the varying conclitions wllich coinc upon the 
~ a r t h . "  Darwnl might liave written it  : Dar-
win coulcl have said no more. 

Such is  a brief ontline of Goethe's contribu- 

him. H e  was a poct ; but he suddenly found 
ont that N a t i ~ r e ,  too,  is poetic, aiitl tliat CT-en 
her ~ n o s l  gifted chiltl has nothing that  lie h:is 
not received, nor has so much that  he may not 
craxe ant1 receive the more. Tlie facts of Na-  
ture were before him : his thought rcsponclecl 
to  the thought in  K a t ~ ~ r c .  I t  seemed a s  if it 
were so. I t  mnst he so. I t  was so. 

I t  is said that each iiitliriclunl lives in  epitome 
the life-llistory of liis race. nIay it not be 
said that  in this brief slictch of tlie rise of n 
single scientific cloctrine we hare fo~uitl  those 
agencies nliicll maBc possible all 311~1 e ~ e r y  
science, - the light of the eye, the light of the 
intellect. ancl the 1iricl brilliancy of the imngi- 
natioi~,-Linn6, Wolft', Goethe. -the system-
atist, the student,  ancl the poet?  

T. 11. 31cl3iirn~. 

A1X7 A T7'E.111'1' TO 1'110 TOGl1APII TI IE 
SOLrll? COf?OrATil VVI TIIOUT A N  ECLIPSE .  

Since mriting lily last com~~iu~i ica t io i i  011 this sub- 
ject, I hare made a series of illriestigatiolls ~vitll tlie 
object of in~proviiig my apparatus, if possible, and 
of obtaiiiilig sorile rinarititative iiieasure~llents of tlie 
light reflected by the at~nosphere near the sun. To 
avoid the reflection of tlie light from the surfaces of 
the glass: I removed illy achromatic lens, and snb- 
stituted for it a sirriple spectacle-glass of one and 
three-eiglitlis iiiclies diameter, and forty-nirie inclies 
focns. As the ilianleter mas relatively so small, the 
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inclination of the surfaces to one another at  any roint 
n7as liecessarily very slight; and this fact, combil~ed 
with the extrerne tlrinliess of the glass, rendered the 
nic~ltiple internal reflectiolis almost entirely harmless. 
Five diapliragrns were wed  between tlie lens and 
plate, cuttirig off totally all internal reflection from 
the tube. Tlie same dro11-shutter mas used as before, 
\~rorlciiig just in f ror~t  of the lens. 

S~:veral observers Iriive attempted to compare tlie 
bri1ii;iricy of the corona as seen dtuing a total solar 
eclipse n-it11 tliat of the full 1noo11. Thus Belli in 
1822, ;*nd \Vilsoli in 1860, fincl tlie corona brigliter tlran 
tile moon; while Halley in 171.5, Gillerbecii in 1S.51, 
anil Curtis in 1869, find the ~rioon brighter tlian the 
col.~)lia.~Other observatio~~s by TV. 0. Ross in 1870, 
and by J. C. Snlitli in lSTS,Y woulcl indicate that the 
corona mas somewhat brighter than tlie full moon. 

A pliotograpll of the solar corona in order to be of 
any use n,hatever should show solllething more than 
a thin uniform ring of liglit around the sun. I t  
siio~~lclsllolv some strnctare, sonle details of the rays 
a l ~ drifts visible at  the time of an eclipse. Tlie only 
ob.;ervatio~~s~rhic l iI hare  bee11 able to find of the 
intrinsic briglit~iess of (tifierent porlioris of tlie corona, 
weye those by Professor John 7V. Langley in 1878.'' 
He founrl that the corona a t  1' distance fro111 tile sun 
had s bri1lisni.y eclual to six full moons, while at  4' 
distalice it 17-3s only equal to .1of a full moon. Un-
fortunately for our preselit l~ur~ios(? obserra-these 
ti0115 were visual, ancl not photographic; but tliey 
will give us a11 idea of tlie size of the figures ~v i th  
ml~icli Tve are dealing. I n  order, then, for a photo- 
graphic plate to show any of the irregularities of 
detail in the corolla, sucll ns the contrast between a 
ray and one of the 11eig11bor.ing rifts, it must be capa- 
ble of showing co~itrasts of light mliicll do not vary 
fro111 one ano thn  by Inore t l la~i a b o ~ ~ t  one-tent11 the 
illtrillsic brilliancy of the fall rriooli. 

A series of i~ivestigations was next illstituted to 
determine ~vliat  excess of brilliancy it was r~ecessary 
for one surface to have over another, in order that 
the contrast between them might be re~idererl per- 
ceptible in a photograph. The difference of l~rilliancy 
required by an acute eye amounts to between one 
and two per cent. Oire sees it sornetililes stated that 
the camera is capable of distingi~islling contrasts 
~vhicliare quite invisible to the eye. This, I tliil~B, 
is a serious error. If both sources of liglit are of 
great brilliancy, tliougli differing considerably, the 
eye m;ty not perceive a very great clifference betweell 
t l ~ e n ~ ;~ l l i l ea negative with a very short exposure 
inay shorn a very considerable difference. If, how-
ever, Lhe eye be protected by colored glasses, tlie coli- 
trast will be as great as that prese~rted by tlie negative. 

Bnt tlie question mliich occurs at  present is not 
where great clifferences of light exist, but mliere the 
clifferences are very small, of oiliy a few per cerrt. 
The inferiority of tlle best gelatine plates to tlie lln- 
I U ~ I Ieye in tliis respect is very readily shown by an 

1 i l l e ? ) z o i ~ ~  t h e  Royul vol. xli. pg.of n82row3??zicrtl sociuty,
213-253. 

3 I\.-iiahiogton obaerv:ilioi~?, 1876: Alppendix iii., 11.HSi. 
:< TFnbhington obsel'ration.;, 1 S i G :  Append i s  iii., p. 211. 

attenipt to pliotogri~pli distant mountains. I t  mill he 
found that it is perfectly irnpos?ible, even in tlie 
clearest weather, to photograph at  a niucli greater 
distance than fifty or sixty miles. 1 recently, on a 
very clear morning, made a moantairi ascent with a 
camcra. No~urtains orer ninety miles distant TI-ere 
readily recognized and distinguished; but, on point-
ing the camera in their direction, notl~ing or-er f o ~ t y  
miles dist,ant could be photograpl~ed. Tliere was i ~ o  
question but that mountains at  a nlucli greater tlis- 
t ame  tlran ninety rniles could have been seen, lratl 
there been any high enough to be visib!e. Every 
pliotograplrer who has visited n~ountainregions is 
perfectly atvare of the disztbilities luider mliieh he 
labors in tliis respect. 

Anotlier illustration of tile same tl i i~ig is tlie im- 
possibility of photographing tile rnoon iii the day- 
time, vvlierl tlie sun is high above the liorizon. 
Althoc~gh the rnooll may be perfectly distinct to the 
eye, the negative slioxvs 110 trace of it. Tliis fact of 
itself, I tllinlr, has a direct bearing on tlie question ill 
point. 

But iii adclilion to these general facts it ~ v a s  
thought that sonie quantitative r ~ s u l t s  wonld be de- 
siral~le. Besides tlie chloride plates which I 11atl 
been using, several well-lino~vn liir~cls of bronlicle 
plates were testecl at  tlie same time. These were 
selected with special regard to the strong contrast 
qualities Iv11icI1 they vere  supposed to possess. The 
plates teitecl were the Antliony chloride, the Cai.b~ttt 
B, tlie Alien and Rowell, and tlie Stanley. Different 
portions of the plate were exposed to a uniform illn- 
mination for various tirnes, and it was found tliat all 
the plates gave about tlie same result, and that if tlia 
division lines between the areas were very sharp, ant1 
over an inch in length, as srnall a contrast as fire per 
cent could be detectccl; bi7t i f  tlie clivisioti lines were 
not orer one-eigllth of an inch in lengtli, even if one 
knew just mliere to loolr for tlieni, it v7as impossible 
to recognize a difference of less tllan ten per cent 
upon the negative. As the coronal rays 011 tlle plio- 
tograpli would he less than one-eighth of all ilicli in 
lengtll i11 order to reach out beyond :3', ten per cent 
was selected as the liriiit of contrast necessary to ob- 
tain a satisfactory result. 

Since tlie light reflected by tlie corona at  3' ilis-
tance from the snn is only . l  tliat of the full moon, 
in order to tlistillguish between a cororial ray and a 
neigl~boring rift at  that distance, it is necessary tliat 
the liglit reflected frorn the earth's atniospliei'e in 
that region slionid not exceed in illtrillsic brilliancy 
that  reflrctrcl by the nioori itself. 

A series of observatioris was next made to deter- 
ruine the relative liglit of the sun and of the sliy in 
its iruluediate vicinity. Tlie nletllocl employed was 
as follows: Half of tlie photographic plate was 
covered with tliiclr yello\tr paper; a diay~hragm of . O l G  
centimeter in diameter was placed in front of the 
lens, ancl four clifferent exposures made to the sun 011 
different parts of the plate, lasting respectively for 
two, four, eight, arid sixteen seconds. Tlie plate was 
then talteri into the clark room, and the expo~e(1 ptrr-
tior] protected by tlie yellow paper, mhicli n7ns re- 
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moved from the other half of the plate. The 
telescope was now so placed that the sun should be 
hidden behind a paper disk, fixed at about twenty 
feet distant. A diaphragm of one centimeter aper
ture was placed in front of the lens, and an exposure 
of four seconds given to the sky. On development, 
half of the plate, except where cut by the image 
of the disk, was found uniformly darkened. On the 
other half were four images of the sun, two of 
which were lighter, and one darker, than the sky. 
The third image of eight seconds exposure was of 
exactly the same darkness as the sky; and it was 
accordingly shown, that since the diaphragm used 
with the sky was about four thousand times larger, 
the sun was about two thousand times as bright, 
photographically, as the sky in its immediate vicin
ity, A number of plates were taken on different 
days, when the sky seemed perfectly clear, and the 
results indicated that the number varied in general 
between a thousand and four thousand. Owing 
to the diffraction produced by the small diaphragm 
used in photographing the sun, which rendered the 
image 1.6 times larger than it really should be, all 
these figures must be multiplied by 1.6. 

Comparisons were then made in a similar manner 
between the sky near the sun, and the full moon, the 
latter taken with the full aperture of the lens, 3.65 
centimeters, and the former with an aperture of .204 
centimeter. Under these circumstances, with ex
posures of fifteen seconds, the moon and sky dark
ened the plate to about an equal amount. The 
result of a number of experiments indicated that the 
sky in the immediate vicinity of the sun was of about 
four hundred times the intrinsic brilliancy of the 
full moon. The ratio of the sky to the sun on this 
same day was fifteen hundred, so that the light of 
the moon was to that of the sun as one to six hun
dred thousand. In some experiments which I made 
in 1879,l I found the visual ratio was one to three 
hundred and fifty thousand. On account of the ex
treme blueness of the sun, it was to be expected that 
the photographic ratio should be somewhat higher 
than the visual one. 

I next tried comparing directly the light of the sun 
and moon on the same plate, in order, if possible, to 
get a check on my results. The results, however, 
were unsatisfactory, the ratio coming out as 1 to 
300,000, or only one-half the former amount. Owing 
to the difficulties of the experiment, this discrepancy 
may very well be referred to inaccuracies of the pho
tographic plate, and changes in the sun's and moon's 
light during the course of the experiments. In all 
the results with regard to the sun, it must be remem
bered that the figures must be multiplied by 1.6, on 
account of diffraction. The two ratios, then, of the 
light of the moon to that of the sun, stand as 1 to 960,-
000, and 1 to 480,000; and of these, I think, in connec
tion with my visual result, the former is the more 
correct figure. The moon at the time of these 
observations, June 26, 12 M., had an altitude of 29°, 
when the atmospheric absorption would amount to 

1 Proceedings of the American academy of arts and sciences^ 
1880, p. 246. 

about twenty per cent.1 Making this correction, we 
have the photographic ratio of the moon to the sun, 
as 1 to 760,000, or about twice as great as that to the 
eye. This is, of course, only an approximate result, 
as only very few observations were made, and as it 
was entirely outside the course of our inquiry. 

Returning, then, to our original subject, we found 
the sky near the sun 400 times as bright as the full 
moon. Correcting for atmospheric absorption, this 
figure becomes 320 times. But we found before, that 
in order to detect the contrast between a coronal ray 
and a neighboring rift, the light of the sky must not 
exceed that of the full moon. It therefore seems 
that even in the clearest weather the reflected light 
of the atmosphere is 300 times too strong to obtain 
the faintest visible image of the true coronal rays. 

In connection with these experiments, I took a few 
photographs of the sun with my improved apparatus. 
In order to still further diminish the reflection of the 
light from the surfaces of the lens, I so placed the 
telescope that the sun was almost completely hidden 
behind the high steeple of a neighboring church. A 
vast improvement in the results was at once obtained. 
The sun stood out sharply defined on a perfectly 
uniform background of blue sky. There was not the 
slightest trace of a fringe either where the steeple 
crossed the disk, or where the sky came in contact 
with the solar limb. The clay was beautifully clear, 
and at six in the afternoon some more photographs 
were taken; but now, although the steeple was as 
clear as ever, all around the limb of the sun appeared 
the atmospheric halo, extending out in all directions, 
and gradually growing fainter as it receded from the 
sun. We may, therefore, in general, say, that with 
properly constructed apparatus, in perfectly clear 
weather, no halo whatever appears around the sun. 
It is only in slightly hazy weather, or as the sun ap
proaches the horizon, that the appearances are pro
duced which have been elsewhere described. 

In brief, the result of my researches would seem 
to indicate, 1°; that without a total eclipse it ought 
to be impossible to photograph the solar corona, 2°; 
having tried, I have failed to photograph the corona, 
but have obtained the result which theory indicated. 

W M . H. P ICKERING. 

STEIN EN'S EXPLORATIONS OF THE 
XINGU. 

D R . K A R L TON S T E I N E H has recently made a most 
interesting report of his explorations in the Matto 
Grosso,— the immense region, more than four times as 
large as France, which occupies a large part of central 
and western Brazil, and is hardly known to geogra
phers except in the most imperfect manner. I t is 
divided by great rivers, of which the Madeira, the 
Tapajos, the Xingu, the Araguaya, and the Tocan-
tins flow northward, and the Paraguay flows south
ward. I t is watered by innumerable streams which 
unite with these rivers, along whose banks live thou-

1 Annals Harvard college observatory•, vol. xiv. p. 62. 


