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power of producing nuclei when cold, while others, as 
aluminum, had little effect. Experiments with ordi- 
nary air and with the pure air found in the neighborhood 
of Loch Awe both showed that whereas large nuclei were 
present, small nuclei reyuirin more than a 6 per cent 

absent. This clid not support the theory that nuclei 
gregations of ions, since in this case nuclei of all 

Some tests were made with air ionized by means of 
radium salts, but even after long intervals estending up 
to a day no tendency was observed for the ions to com- 
bine and roduce large nuclei. It is therefore considered 
as provefthat the *‘large ions of the atmosphere” are 
in reality nuclei to which an ion has beconie attached 
and given up its charge. The paper contains much 
detail inforination which can not he auniinarized in an 
abstrsc t .A. AS. D ~ ~ ~ I c s ] .  

expansion to produce con( T ensation were generally 

sizes are i roin that of a single ion upward would be expected. 

EELATION BETWEEN SUNLI<3HT AND MOONLIGHT.’ 

By J. S. Dow. 
[Hrpriritd/rorn Science Abstracts, Sect. A, Sept. 29, 1917, 5931.1 

Taking sunsli,aht. to be equivalent to 10,000 candle- 
feet. (for perpenthculnr iiicidence from an unclouded sky), 
t-he corresponding illuminut,ion from the full moon is 
calculated to be 0.02 candle-foot. The author finds this 
to be very near the value he obtained by actual meas- 
urement. The range of illumination be tween sunlight 
and moonlight. is thuus of the order of 1 t.0 500,OOOT-- - 
0. P. BFutZer] . 

[See this REVIEW for June, 1914, p. 347 for another 
estimate of the moon’s brightness.] 

,w. c . . e m >  
MINUTE STBUCTURE OF TEE SOLAB 

t3y ti. E. I~AI.E d;. F. ELLERMAK. 

[Beprfntcd from ficlence AbSrwts, Sect. A, Sept. 29,1917, $873.1 

A short summary is given of the result of an extensive 
investigation of spectroheliograms showing the structure 
of the solar a h o s  here a t  various levels in comparison 

For the photosphere Langley s “rice rains’J and “grau- 

structure, the granules Leino almut 0.3 second in 
diameter (say about 130 ides) .  Photographs taken 
with the s ertroheliopph in calcium light can be made 

setting. The smallest calcium flocculi observed are less 
than 1 second in diameter. In the case of the hi hest 

the smallest flocculi are about 2 seconds m diameter. 
This seems to support the view that the 
and gaseous atmosphere nbove it are forme of columns 
of hot gases, rising by convection from the interior of 
the sun. To illustrates these difference of level a stereo- 
scopic picture is given of a dark hydrogen Aocculus 
floating over the region of alarge spot grou on 1915, A u g  

by the bending of the h drogen flocculus near the spot 

the quiescent solar atmosphere resembles that of the 

Roc., Nat. wad. sci., F e h y ,  i9li 2: lWiO8. 

with that of the P ow-lying photosphere and sunspots. 

ules” are stiU the best staiidards for c f enoting the minute 

to show 2 etaila at daerent levels according to the slit 

levels shown by the dark hydrogen flocculi-in HQ- K ight., 

tho tosph ere 

ust 7, the vortex action of the spots is a P so well shown 

umbrse. It is conclude B that tho minute structure of 

1 Illum. engr., London, A ril lPl7 10. 113-114 

photosphere. In  disturbed regions, the small granular 
re ‘om are replaced by slender filaments, 1 ing side by 

c. P. RlutZe7q. 
si C Y  e, resembling the stntcture of penumbrte o 7 sunspots.- 

The present edit,or reprints below the last paragraph 
proceedings of the Nationnl Academy of 

1!l161 2:lOS: 
We haw shown in this paper that the niiniitc. strurt,ure of tht. quies- 

cent solar atnios here resembles tkqt of the photosphere. In tlis- 
turbed regions, tge small ganular elements (minute flocculi) are re- 
placed by nuinerous slender filanwnte. lying side by side. and wcall- 
~g the structure of tht: penui:ihra in sun spots. While thcsc resiilts 
appear to ~ ~ p p ~ r t  the hypothesis that the d a r  atnicapherc ronsista 
nf parallel colnmns of ascending and expanding gaa~~e, which are 
tlimm nut hrJnxoiitsll:.r in spot penumlme and in distnrbecl rcagiolm 
of the chromosphere. mch rliieatiuns as the dimensions uI the columna 
and the direction nf mntkiii and velocity ni the vapor in ~ 1 1 1 1  *put8 
and .in tlie atmospliert~ : h u t ,  tliriu aiv i i w r w d  Trr a u l w q i i i * t i t  dis- 
i-iiwion. 

.5-2.3, Y ( 6  +$? 
WHY THE AXES OF THE PLANETS AEE INCLINED. 

By Prnf. WILLIAM t i .  PICKISCING 

(Barvard College Olrservatory, Mande\vilJe, Januica, B. W. 1 .1 .  

i Rrprint t l  twin Popular .\strtwomy. Cwt.l;ber, 1817, 25.1 

[‘l’he intimate rel:tt.iim existin: brtwcen the dimatw and Iiwworoloq! 
nf a planet and the irlcliilstion of its axis to-1 the ~ I R I I P  of tlie ecliptic, 
aeems yiificii*n1 jii.sti:iratjw fv-ir intrwliiciii:: this ::s~i-rmnniiml i5:- 
cusvion hwe-r. A., jr.1 

This question is const.ant1-y asked hy students of 
astronomy, and t.he aiiswer generally given is either that 
it ‘“just happened so,” 01’ else that “nobody knows.” 

In point of fact the answer 

:‘tG. l.-Illustrating tlitr urigin GI‘ the 
initially r e t r o g d e  rotation at u satellite 
or H plsiiet. h. 

is riot very far to seek. Im- 
agine a large revolving gase- 
ous mass condensed toward 
the center. Recent observa- 
tions seem to show that at 
least one of the nebuh re- 
volves as one piece, as if it 
were a solid body, but in 

eneral there is no question 
eut  that in a loosely formed 
gaseous inass the outer por- 
tions will travel a t  a lower 
linear rate than the inner 
ones. Let figure 1 represent 
such a conchwing gaseous 

mass, with a huge condensation at  a and a relatively 
small one beginnmg to form at b. The shape of the 
latter is of no consequence, whether it is spherical from 
the beginning, or merely the portion of a11 arm of a spiral. 
In either case its outer portion revolves about a more 
slowls than its inner, as is indicated by the arrows, and if 
it finally condenses sufficiently to form an independent 
hody, revolving about a in a positive direction, its rota- 
tion on its own axis will be ~wgu.tive, or as we usually 
doscribe it rskogradc. 

If this is the method hy which the planets were formed, 
which seems not unlikely, why is it then that their rota- 
tion is found to be direct instead of retrograde! In 
point of fact the rotation of the two outermost is retro- 
grade as has been known theoretically, from the direction 
of revolution of their satellites, for man years. O+y 

ally for Uranus a t  the Lowell Observator (Lowell 

tion found, 10” 50m. This period has been confirmed, 

recently this direction has been confirme J spectroscopic- 

Observatory Bulletin No. 53) and the perio 8 of rota- 
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still more recently, by Mr. Campbell a t  Harvard (Cir- 
cular 200). 

Owin.. to the rotation of the planets on their axes a 
daily tize will he produced on each of them by the sun, but 
this tide can have no influence whaterer on the direction o€ 
the rotation of tho planets. But besides this daily tide an 
annual tide is also produced, the effect of which in gen- 
nral, although ven- s n i d ,  is to slow down the rotation? 
and finally to ninko each planet constantly present the 
mine face to the sun. The slowing-down process, how- 
ovw, is peculiar, and not at  all whnt ono mould naturdy 
espect. The simplest case to explain is that where the 
risis lies in tlio plane of the orbit, tis is nearly tlie cas0 nt 

The effect of present with the lanet ITrrmnus (ii 

is to tond to cause the planet to rotate tibout an asis 
perpendicular to its orhit. This force, 

two short arrows. Its direction it will 
be noted lies at right angles to that of 
the couple producing priwmion. 

Owing to the rapid rotation on its 
axis, Uranus acts as a gyroscope, and 
rofuses to shift its plane in the direc- 
tion in which it is ulled, but doos 
gradually vield in a $irection a t  right 
angles to the pull. That is to say, its 
axis of rotation cants over, so that 
instead of revolving as a t  present in a 
retrograde direction, its axis will 
sooixw or later lie exactly in the plane 

stead of pole c being abovo the plane retrrmade rotatfin 
of the paper, it will coincide with :gg~~ lnclinatr"n ' I  

it. Its inclination then instead of 
being 95' will become 90'. When this OCCUIB we CBU 
no longer say that its rotation is retro rade any more 

the other. 
After being re- 

duced to 90' the inclination of the &-xis nest becomes 89", 
and the direction of motion is now positive, i. e.. the rota- 
t-ion is direct. It continues to decrease steadily as the 
centuries pass, and will finally become Oo,  which is the 
stable inclination and beyond which no change can occur. 
I t  will then be rotating on an ltsis esactly perpendiciilar 
to the plane of its orbit, and with a direct motion. This 
i.: the tlieoretical result that must necessarily occur, and 
the shifting of tlie plane of rotation can readily be illus- 
trated practicnlly by means of a yroscope mounted 

ciiinstances a &ht pull to one side on the end of the axle. 

% this annual tide, w iI ich is shown by t u two bulging lines, 

or more strictly speaking, 
continuoudg, and is 

of the orbit [=plane of paperl. In- Plo.O.--Illustrsting rrra,,t 

than that it is direct. In fact it  is neit 7 ier the one nor 

But the process does not end here. 

within two rin s, or a ring and a for a . Under these cir- 

or any friction introduced on the vertical d e  of the fork, 
will correspond to the annual tide. 

In  the case of the tide itself the pull is relatively very 
minute a t  present, but this was not the case when the 
planets were huge gaseous masses. The inclinations of 
the outer ones are Neptune ]Go, Uranus !Bo, Saturn 2 7 O ,  
and Jupiter 3'. The tidal pull increases very rapidly 
as we approach the sun, which is tlie chief reason that the 
inclination of Jupiter has now nearl? reached its theoreti- 
cal limit of 0'. While the original thin flattened solar 
nebula must have extended far beyond the present orbit of 
Neptune, the great Fea t  swirl that ultimately developed 
into the planet Jupiter must. for a similar reason have 
been a t  lease thirty million miles in diameter, and its a e 
must be reckoned in thousands of millions of years. T f le 
inclinations of tbe two small terrestrial planets, the 
Earth and Mars, are bot8h 33' and, doubt.less owinv to 
their sniall mass and consequent rapid coolino, b e y  
reached their present solid form before the tiday forces 
were able to complete their work. The diminution in 
their inclinations is still going on. but a t  an almost 
infinitesimal rate. 

But have we any evidence other that. Saturn and Jupi- 
t,er formerly rot.o.ted in a retrograde direction? In 1901 
it  was shown that Saturn's ninth satellite revolved about 
the lanet in a direction op osite to the revolution of 

esplanation of this is clearly that when this outermost 
satellite was formed this was the actual direction of 
rotation of Saturn itself, and that, when by planetary 
inversion1 the planet later turned over, as above ex- 
plained, and assumed a direct rotation, the inner and 
j-ounger satellites were formed, and therefore revolve 
as we now see them. 1 An attempt has lately been made 
to explain this retro-grade revolution of the outer satellites 
of Saturn and Jupiter by accidental capture from out- 
side. This theory seems unnecessary since the case is 
entirely covered by the tidal theory. The latter is the 
only one, however, that has ever been offered, as far as 
the writer is aware, t.0 explain the high inclination of the 
equator of Uranus to its orbit, and the successively 
diminishing inclinat-ions of the equators of the four lar e 

explanation of the retrograde revolution of their outer 
satellites may he, it is very certain that at an early date 
the direction of rotation of the four great. planets them- 
selves was retrograde. 

' 

all t E e other satellites, in s e ort was retrograde. The 

outer planets of our system. Whatever, therefore, t % e 

_-_______. 
: Tnstrad 01 Ianetnry thls might perlnps more properlv be rdled Polar Inversion 

sirii-r Ihc siin s\ows its ihfluence as well '1s Ihn planets. The sun's eqimtor as is well 
knocii. is iilrlined 5.P to the invwiMr PI me of tho solnr system. For ti proposed 
oxpI:?nntion of this phenomenon see .\i i iv.ik I1:irmrd C:nllw? nbserwtory. Crrmhfldm, 
WNS., 61:3&.. Even the spiral nehul:e exhihit. the smne influence. \!'hen the 
rn:i:i nebula hss a companion. as is tho rnse with Ihr 1:rent h'ehula in .\iidronich 
IS. I.;. C. 22.1). the lane of the latter is newly : !\I : I ~ S  iivirkedlx in:lined td t11r.t or the 
former. (Flee also E. c.. C. .WS nnd t.i3fi.) 


