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2.69 
:1.27 
3.79 
4. 73 
4.94 
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surface so as to be propagated downwards as a wave of heat 
is, on the average, much less than would be in a clear atmos- 
phere similar to that in which Langley worked. Consequently 
the overplus of energy supplied in the warmer months of the 
year is probably overestimated. Then. again, there is some 
doubt as to the surface values of temperature as deduced from 
the Calton Hill thermometers, for a complete account of which 
I refer to a paper shortly to be published in the Transactions 
of the Royal Society of Edinburgh by Mr. Heath. Had I been 
sooner aware of the fact that Mr. Heath was preparing an 
elaborate discussion of the Calton Hill rock thermometers I 
should not have taken the trouble to make an harmonic analy- 
sis of the eight years' observations already published by Piazzi 
Smyth. These I have used as they were given, without any 
regard to the probable corrections. As my object was, how- 
ever, to get an approximate estimate of the amount of heat 
stored in the rock a t  different times. and not to discuss the 
conductivity of the material, i t  was not necessary to pay  nuo oh 
attention to comparatively small errors of observation. The 
probable heterogeneity of the diderent layers and the surface 
irregularities of the rock itself will give rise to clihirbauces 
as important as any that might arise from neglect of slight 
and, as Mr. Heath has pointed out, not very certain corrections. 

It would be of great inberest to apply similar calculations 
to underground temperatures in other parts of the globe, 
especially in parts which are blessed with fairly steady sun- 
shine. 
TABLE 9.-Shoiuiiigthe tim i?i hours, ~eclioi~ecl frum culii~iiidmn, crf t r i k i r ~ l t ~ f m  
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[The ouiubers i u  the secood eoluiuo uf Tahlr 10 are 41oan io curve No. i. Thy) are 
calculated for the illeclinstions io  the first iwluiuu. x hich Idttei correupoud very nearl) to 
the ositious of the sti i i  on the 20th a~r 2lbt a b f  + w h  mouth. froin J i i i r t .  to I)evenilier, a* we 
go 8 m u  the coliiiiiu. sud froni 1)ecember to duue as we g" u p  tlir rolumu.] 

I n  regard to the general form of the curves of underground 
temperature, there is one feature which I do not remember to 
have Been commented upon. The feature is apparent to all. 
but  most evident in the curve for the therniometer nearest 
the surface. It is the sharpness of the crest as cnnipared 
with the trough. The reason of this is a t  once recognized 
when we observe that  exactly the same feature is distiuctly 
characteristic of the lower solar radiation curve, but not so of 
the higher curve. I n  other words, in the higher latitude the 
low altitude of the ~ i i n  and the shortness of the dag combine 
during the winter months to produce a marked edect upon 

the law of absorption of solar energy. I n  lower latitudes 
this effect is hardly appreciable, and a t  the equator a per- 
fectly symmetrical semiannual variation of comparatively small 
amplitude is to be expected. It i A  instructive to compare the 
annual variations of solar radiation already given for two dif- 
ferent latitudes with the corresponding variations a t  a place 
on the equator. The results, obtained in exactly the same 
way [as for Tables 1, 2, 7, and 81, are given in Table 9. 

Earth thermometers a t  the equator woulcl, of course, show 
no annual period, anti the semiannual period mould penetrate 
to a comparatively small depth. 

STUDIES ON THE CIRCULATION OF THE ATMOSPHERES 
OF THE SUN AND OF THE E A R T H .  

1.-THE CTRCULATION OF THE SUN'S ATMOSPHERE. 

HISTORIC'AL RETIER'. 

H j  Prof. FHaNh H. B I I ~ E I U \ \ ,  date81 Nuvrluber 10, 1903. 

That the solar atmosphere is circulating in accordance with 
the laws governing the convective and radiative action of a 
large mass of matter contracting by its own gravitation, is so 
evident that  numerous efforts have been made to determine 
what these laws are, or a t  least to discover some reliable clue 
to a beginning of scientific research in that direction. The 
application by R. Emden' of H. von Helmholtz's method of 
adapting the general equations of motion to a solar mass, ap- 
peared to be a step in the right direction; further attention 
was called to the possibilities of this solution in my Report on 
Eclipse Met,eorology,' pages 71-74. I n  June, 1902, Sir Nor- 
mau Lockyer and Dr. TV. J. S. Lockger' published their sug- 
gestive curve of the percentage frequency of the solar prom- 
inences derived from the Italian observations for each 10' of 
solar latitude north and south of the ecluator. This curve in- 
terested me because i t  appeared to identify the distinctly solar 
phenomena with the short period curves which I had worked out 
in the terrestrial magnetic field and in the meteorological field 
of the Unitecl States, and first published in Deceniber, 1894,' af- 
terwards republishing them in 18W5 A study of the dificult sub- 
ject of inversion of periodic effects in magnetic and meteorolo- 
gical iihenomena discovered a t  that  time has been actively pur- 
sued by the Weather Bureau for the past ten years, and evidence 
is being accuiuulated, not only here lint by others, of the esist- 
ence and importance of the fact of inversion in the magnetic 
phenomena, the pressures, a i d  the temperatures of the earth 
generally. The solar prominence curve suggehtell also the pos- 
sibility of obtaining more decisive evidence of solar and terres- 
trial synchronisms than that afiurded by the solar-spot fre- 
quency ciirve (which is apparently ouly a sluggish register of 
the true solar output of energy), because the terrestrial mag- 
netic field and the meteorological elements show minor varia- 
tions that are only feebly indicated in the solar-spot curve. 
The prominence frequency curves brought out clistinctly for 
the sun the minor fluctuations that had been already found in 
the earth's atmosphere. 

My first computations on the ainplitudes of the deflecting 
forces which disturb the noriiial terrestrial magnetic field were 
computed for the years 1x78-1898. using the records of several 
European magnetic stations. To have extencled the same com- 
putntion to the years 1841-1900, inclusive, would have re- 

1 Eine Beobachtung ubpr Luftwogen. R. Elnilen. Vied.  Ann. LXII, 
1'. 62, 1x97, and BstnJIihybical Juuriiiil. *January, 1YO2. 

2Eclipse Meteorologyancl Allieii Probleius. Frank H. Bigelow. Weather 
Bureau Bulletin I. 1902. 

3 On bollie Phenomena which suggest a short Period of Solar and Me- 
ilogical Changes. By Sir Noriuan Lurkyer, K. C. B., F. R. S., and 
ani .J. H. Lockyer, AI. A. ,  Ph. D.. F. R. A.  S. Received June 14. 

ReatlJuiie 19, 1911% Addendum. Dated .June 36. Proc. Roy. SOC. Vol. 70. 
4 Inversion o f  Temperatures in the 26.68 Day Solar Magnetic Period. 

Fraiik H.  Bigelow. Ani. dour. Sei. Vol. SLVIIT, December, 1894. 
5 Report ou Solar aud Terrestrial Magiietism in their Relations to Me- 

teorology. Frank H. Bigelom. Weather Bureau Bulletin No. 21. 1898. 

~~ - - ~~~ ~~ ~~ 
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quired a vast amount of labor; as an equivalent, the de- 
flections of the horizontal force alone, without the declin a t' 1011 
ani1 vertical components, were derived by the construction o f  
a series of graphical curves covering these sixty years, from 
which the mean ordiiiateA were computed. The result was 
shown in my paper on Cosmical Meteorology, July. 19(KL6 The 
same variation curve was found from the horizontal force for 
the years 1878-1893 as that previously given by the c ~ i n -  
p t e d  6 curve, ancl it was therefore proper to conclude that 
this extension of the original com1)utation in both clirectioiis 
was sufticiently correct for tlie purpose of the dihcussion. 
Furthermore, the prominence frequencies prehented the i i m  

terial for studying the solar activity by zones. itnd tlie result 
of my coinpilation to  determine the law of the moveiiieut o f  
the points of proniinence inaxiiua in latitude \vas read before 
the Bmericm AssociatiQn for the Atlvaiicement of Science 011 

December 28, 1902, and publislied in tlie RIVNTHLT WE4~rmH 
REVIEW, January. 1903.' I there showed that in ewli lieillis- 
phere the iuaxima of proiiiinence frequeucy :ire groupeil iii tv  o 
zones, and that in the zones new the equator, in latitudeb n lwut  
20". the maxima uf frequencg approach that plane in c'oiiiii~in 
with the sun spots and faculte during the 11-year l)eriod, 1% liile 
in the zones in latitudes 50°- ' iOo,  the masiiua simultnneuudy 
move toward the poles. This indicates R charac.teri<tic teu- 
clency of the snlar circulation to  s1)read from the iuiddlr h t i -  
tndes toward the equator ant1 toward tlie poles in two iiitle- 
pendent 1,ranclies. I n  a pal)erq publisliecl in RIitrcli, 1903. tlie 
Lockyers obtained a siinilar result for the same phenoiiie~i:t. 
They gave the life history of the sun in the separate 1l-ye:ir 
periocls between 1872-1901. whereas lily paper liad groupecl 
these three avnilable periods together for the sake ( ~ f  fiudiiig 
the average law. Dr. d. Riccc~ ~ : L S  1riil)lished siiuihr stiic1it.s 
of the movements of proniiiieiices in lntitucle for tlie )ears 
1SN-1902. The subject of the average distribution of the 
solar spots in longitude on the siiu lias Lee11 cliscussed 1)y Dr. 
L4. T\'olfer,io mid froiu i t  lie derix ed some cleterminatioiis of the 
solrtr rotation in dif-l'erent latitutles. I n  in$ paper of Jannary, 
1903, I Fjtatecl that  besides a htnclg of the v-nriable clistrilni- 
tion of the prominences in latitude, mi effort was being macle 
by me to tliscover home clue as to their clistrilmtion in longi- 
tude, in order to learn whether or not there wns 811 accniuuln- 
tion on certain iiiericliaiis, ancl it is the result of this \vorli 
that is roiitaiiiecl in the 1)reseut paper. We ha\ e discox erecl 
an unespecteclly clear insight into the solar circulatiun, am1 
this tends to streiigtlieu the line of ttrguiiient wliicli I have 
heen developing during tlie p w t  fifteen years to explain tlie 
mysterious synchronisin a t  the earth, of wliich ~iunirrous 
syniptoms have been noted, in inauy kiiicls of observations. 

C'OAIPILATION OF THE PROMINENCE OBSERV4TIUNS. 

Tlie prominences which11 appettr on the edge of tlie disk of 
the sun have been carefully delineated by the Italiaii ubseLv- 
ers Secchi ancl Tacchini with stations at  Roiiie and Pnleriiio, 
also Ricco ancl Mascari, a t  Cataiiia, working in cooperation, 
from March, lS71, till the present time in an unbroken series. 
Students of solar physics can not too gratefully acknowledge 
the value of the patient, laborions work which has been done 
by these observers, and the prac4ical study of these data is 
likely to open up  new and iinpurtant lines of research. Be- 

Rl~inthly Wratlirr Re\ if-w, 
*July, 1902, Vol. SSS, 1'. 347. 

Synclimnnus C'lianKps in the Solar and Terrr5trinl B1 iiio~.l~hrr~?. 
Montlily Weather Rexiel\, Jaiiiiaiy, 1!)U3. V d .  SSSI. 11. 9. 

Silar Proniiiiruw tinil Spot Circwlatim. lRS2-19c)l. By Sir Noriiinii 
Lockyer, li. C. B.,  F. E.  R., and \VVilli:uii d .  S. LOI. 
Solar Physics Oliherratory, RI. A4. (Cnmb. ). Pli. 
Received March 17. Read RIttrcli %, l!W:3. Prrw. 

Spett. Ital.,  Vol. S S S I I ,  1903. 8. Ricco. 

Wolfer. Bd. I,  11, 111, 1897, 1899, 1902. 

________________ ~~~~~ _____ ____ - 
SA Contrihutinn to C'obiiiicnl RIeteoioIo~y. 

'Le protulieraiize solnri nello'iiltiiiiv 1ieiioclo rindec*rnnalr. RIe111. 

loPublikationen der Steriiwai-te des Eiclg. Pol) tech. Iiist., Zriric-11. A.  

ginning with March 1, 1871, the images of the solar disk have 
been publiRhec1 in the Memorie della Societb degli Spettro- 
scopisti Italiani, ancl they cover the time to tlie end of the 
century, except for a long gap from September, 1S77, to Jan- 
uary, 18x4. I am iiiforined by Dr. Ricco that the drawings 
for these inissing years are in the archires of the C'atania Ob- 
servatory, and it is obvious that steps should be taken as soon 
as practicable to complete tlie published record, because the 
demand for the tlntn is siire to increase, as can lie inferred 
froin the resnlts inclicated in this paper. C h  those graphical 
tables certain lilies were drawn shvwing tlie pobition of the 
north and SUllth l J O k S  aiicl the equator of t,he suii, so that 
tlie clisk o o u l ~ l  be readily clivicled into zones, passing first 
d u n g  the easteru linil) froin north to  south, and then along 
the western limb from south to  north. 

N 

S 
FII;. I . -Retar~la t i (~n  o f  rot:itit>n in iliftrre7ilt ZIII IV~ t d  the hiin RC. rlrrirr(1 

friiiii tlir 1iriiiiiiurnt.e ftri l i i i 'uq i l l  11 ~ i ~ g i t u ~ l r .  

Tlie c1i:igr:tios c m  fig. 1 s e n e  to illustrate the general situa- 

Changes in tlir Solar and Terrestrial ht8niosplieres, it is noted 
tlint tlir 1)rcmineiice maximum activity i5 central in the zones 
10' to 30" niicl 50' to i o o  vf each heiuisphere. and on this ac- 
count it WRS deciclecl to suldivicle t>he solar clisli into 20-degree 
zolles. ns follo\rs: + !)OD to + TO",  + $OD to + W", . . . . . . 
- 50' to - SOo, ancl - $0" t u  - 90'- as iiiilicatecl. A scale 
n :is preiiared liicli when laid ul)nn the ~)ul)lislied drawing of 
:c gi\en clnte would reaclily su1)cliiicle i t  into these zones c)n 
encli side of the s i i i i ' h  liiiih. 

For tlie sake of recording the relati\-e energy of the solar 
output : i ~ j  regihterecl in the prominences, a scale of estimation 
was adol)tetl, :ih follows: 

tion. Referring t 0  fig. 4 uf Illy formel' l)"Jel','' Syllchr~J~ullS 

( 1  = an uii&sturlwl liiiib for tlie zoiie. 
1 = a minor ;listurl)ance. 
9 = tt hoiiiewh:tt extenhi\ e disturlmnce. 
:3 = n clistiulJnucr pronounwcl in altitucle o r  nloiig a coil- 

4 = :t x c q  large. einpliatic agitation of the liiul). 
5 = tlir lnrgekt proiuineuceh, occurring lnit rarely. 
The st:ite uf the liiiilJ x i s  t8hw exlwessecl in iiiiiiibers of 

relati1 e euergy 1 , ~  estimation, care being exercised to iuake a 
similar relatixe number clo duty whenever the style of the 

l1 RLonthlj- Weather Review, January, 19U3, Vol. S S S I ,  p. 17. 

4tlrralile esteut r)f the zone. 
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TABLE 1.- The pominence energy in zones a8 collected on the ?I:.&%day period, nhouriltg retnrthtiock in di&Wnt kttihLdt%. 

Period26 GZ9&;p; Epoch June 13.72,/887. 
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drawing changed from one draftsman to another. The com- 
putation sheets were arranged to allow the data for each of 
the nine zones to  be collected together by years for the first 
compilation. For  the second compilation the data belonging 
to the same zone for the successive years were brought to- 
gether. Hence, the work of tabulating the data was repeated 
twice throughout the series. For  an ephemeris I used the 
one already constructed from my computation on the variations 
of the terrestrial magnetic field, having the period 26.679 days 
and epoch June 13.72, 1887, as given on page 120, Bulletin 
No. 21, Solar and Terrestrial Magnetism. This is known to 
coincide very closely with the period of the solat* rotn/ioti at thz  
eyuatol; and 8s i t  was one purpose of this research to  test prac- 
tically the working of this period, it was laid a t  the basis of 
the compilation. It makes no diEerence what ephemeris aiid 
period are adopted, since any periodic phenomenon not falling 
upon that period will show a gradual departure froiii it, by 
the trailing of the numliers on the sheet from left to right, if 
the period is too short, or from right to left, if it, is too long. 

An example of the use of the ephemeris aiid the result is given 
in Table 1. One point should be especially noted in this cwii- 
nection, and that is as follows: T ~ P  scotit' ttw~*idi~7tt (!f f l r r .  sioi i s  
seen twice a n  a sit& rotdifJl1, j m f  ns the rasterti l i t d ~ ,  ntirl swotirl, 
thirteen days later, as flir wrsLrrt* 1 i t ) i h .  Whatever may be the 
intrinsic activity of the sun a t  a given zone and on a given 
meridian, that display becomes visible twice, first to the east 
and second to the west. During the passage of that  i~lericlian 
across the sun's disk the record is wanting so far as this series 
is concerned, though i t  could of course be studied otherwise 
by means of the spectro-heliographic photographs. Tlius, a h  

the successive meridians come to the edge of the disk. their 
output is recorded on the respectire drawings. When these 
are collated with the equatorial period. whatever char:wteris- 
tics they may have which woulcl imply special centers of solar 
activity will gradually emerge u p n  the numerical tables. L4s 
it is not possible to  reproduce these extensive tables in this 
connection, two specimens of tlie second collection are shown 
on Table 1 for the years 1891 ancl 1892 in succession, and for 
the zones +50" to + T O "  ani1 + l O o  to +30°. Imagine that 
similar tables for zones +50" to  + Y O o  extend from 1871 to  
1900, inclusive, except for the gap from 187H- 1883, arranged 
continuously so that the prominence concentration and deple- 
tion flows without break on the sheet from year to year. This 
process is extended to  the 9 zones, each SO" in width. I u  tlie 
first collection of the data the highest number was 5, and this 
was very rarely entered. Since €he same area on the siin is 
seen twice, there may be two entries within the same tnlmlar 
area on the Jimt srt qf siirrfs. I n  t,he srvotid w t  (!f xiiwfs these 
numbers are added together ancl entered as one, so that  occa- 
sionally the figures 6, 7, 8 occur, as in Table 1. They repre- 
sent the largest disturbance occurring in one small area of 
the sun, as defined by the latitude and longitude thus pre- 
scribed. If now the niaiiiua show a tendency to trail a c r o ~ s  
the sheet as indicated by the continuous lines drawn athwart 
the table, instead of being scattered a t  random, then this is 
evidence that the center of eruption itself rotmates about the 
sun a t  a different rate from that laid down in the assumed 
ephemeris. From such trails the angular retardation in dif- 
ferent zones can be computed with considerable exactness. 
The reader will not receive a satisfactory impression of the 
distinctness with which this trailing at  diEerent rates in the 
several zones occurs, without an inspection of the entire series 
of tables, and i t  is hoped that they will be pulJlishec1 in a 
special report, as the subject matter is evidently very iiii- 
portant and suggestive for the solution of the funtlaiuental 
problem of the mocle of the internal solar circulation. 

An examination of these sheets indicates that  there is a 
marked tendency for the numbers to  bunch themselves to- 
gether in a very special manner. Between the successive years 

there is generally a depletion corresponding with the winter 
months, while the summer months are relatively full and com- 
plete. As pointed out in my paper on Synchronous Changes, 
this is evidently due to the fact that  the relatively cloudy 
weather in Italy during the winter months made i t  impossible 
to secure so many days of observation as during the summer, 
ancl I conclude that the apparent concentration of the tables 
in the summer season is a meteorological efiect, ?nd should be 
treated as such in interpreting the results. At the same time 
there is a very similar concentration of the numbers along the 
days of the period, corresponding with a solar rotation, which 
can not be explaiiiecl in that  way, since it occurs as prominently 
in summer as in winter. It must apparently be referred back 
to some solar activity producing prominences on 'the two op- 
posite sideh of the sun. The ttiuriuiiou t*umbrr.q not only trail 
clownwarcls and to the right on the tables, bu t  the lilies of inact- 

t o t i  also drift across the tables to the left, thus indicating 
retardation in the higher lntitudes relative to the adopted 
equatorid periocl. 

I t  may be mentioned in passing that this increase of activity 
of tlie sun nil two opposite hides of its mass, as if a certain 
diameter had greater energy than the one a t  right angles to 
it, lias alrently been detected by me in the meteorological field 
of the earth's atmosphere, and also in the terrestrial magnetic 
field, a s  shown on pages 91 ani1 92 of my Eclipse Meteorology 
and A1lie.d Problems, and elsewhere. This persistent excess 
of outflon ing energy on two opposite sides of the sun suggests 
the possibility that f h r .  s ) o i  shoiild br rcynrtl+d a s  uti iwipirnf 
hitiat*!/ &7r," where tlie dumbbell figure of revolution prevails 
iiisteittl of the spheroidal. If this is r t d l y  the case, and the 
eliclence suggests it, then there moulil be a reason for the 
existence of the two primary centers of activity in the sun, 
instead of its having a single center. Some double acting 
system appears to impress itself generally upon the solar cos- 
iuicd relations. Fro111 this we shoulcl expect to find that the 
siin has two magnetic and two iiieteorological systems, inter- 
acting so as to form the configuration of the external field as 
measured a t  the enrth. There would then be suflicient 'ground 
for a differential action in the terrestrial pressures and temper- 
atures, as detected in the discussion of such data by many 
students. 

This view is quite in harmony with the well known fact of 
the existence of numerous binary systems of suns more or less 
widely separated. aiid i t  c ~ i i  not be regarded as unlikely that 
the sun is actnally developing in this way. The enormous 
mtss of the sun would seem to entice its constituents to group 
theiiiselves preferably about two centers for the physical pro- 
cesses involved in circulation and radiation, rather than about 
one, aiid I suspect that this is the correct explanation of sev- 
eral well known phenoiuena. 

DIhCUWIUN IJF THE OBXERVATII )NS. 

On Table 1 are given some examples of the slope of the line 
of masiiiiuiii frequency nuiiibers in successive years. These 
were drawn originally l ~ y  a careful examination of the entire 
set of figures, and an eEort was made to locate the line along 
the innxiilium numbers so as to balance as nearly as possible 
the entire system on either side of it. Some regard was paid 
to the average trend of the lines in the other portions of the 
same zone, whereby one's judgment was guided in cases of 
doubt. Eiitire impartiality was esercisecl as far as practicable, 
and the results now about to be described were entirely un- 
expected. It wonld perhaps be preferable to utilize least 
square methods, if one coulcl afiorcl SO great labor. The lines 
are all numbered, as 16, 17 in the zone + 50" to + 70° ,  
which are complete; those in zone + 10" to + 3O0, namely 

Compare Figures  of Equilibrium of Rotating hIawea of Fluids. By 
G. H. Darwin* Proc. Roy. Yoc. Tliomson and 
Tait ,  Nat. Phil. 

Vul. SLII. 1887, 11. 359. 
Vul. I, part 2, pp. 33G336. 
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27.1) 
27.5 
27 .7  
2 7 . 0  
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27.0 
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26. 5 

of periods, in order to find the average rate of retardation per 
rotation of 26.68 days. Thus, for the line 16, zone + 50' 
to + 70°, about 1 2  periods elapsed, beginning with period 2 
and ending with period 14, while the line was trailing, or the 
period was retarded, 26.7 days. Hence, 26.7 + 1 2  = 2.225 
days retardation per period of 26.68 days, so that the rotation 
period in that  zone is 28.905 days. Similarly, line 17 gives a 
retardationof 26.2 daysin 11 periods. Hence, 26.8 + 11 = 2.382. 
These two values are entered in the proper place on Table 2. 
The results have been grouped by years where the solar energy 
is passing from maximum to minimum, 1S71-1877, 1884-1888, 
18941900, and again where it is passing from minimum to 
maximum (1878-lSS3, lacking), 1889-1893, so as to study the 
effect of this variation in the retardation: but  the unfortunate 

Tears. 

1871-1877 

1. 125 1t; 
1.146 17 
1. 1 U 8  1x 
1. 03s 
1.1115 1:) 
1.113s 20 
0.90l) 21 
0. 786 a2 

20.6 
26.6 
27.0 
27.0 
27.1 
26.8 
19.0 

26.0 
26.2 

1.873 
1.773 
2.077 
2.250 
1.827 
1.787 
2.111 

2.600 
2.620 

. . . . . . . . . . . .  

27.8 
26.4 
26.5 
26.0 

2.317 
2.031 
2.409 
2.364 

0. 711 

u. 61;:) 
0.723 
0. 808 
0. 684 
0.6t;ti 
I). 737 
0.765 
(I. 743 
0.714 
IJ. 7%) 
0. 901) 
0.8C? 
I). 845 
0. 896 
IO. 797 

0. 794 

(I. G W  

o. 722 

n.783 

1 

3 
4 
5 
6 
7 
8 
9 

1u 
11 
12 
1.3 
14 
15 
16 
17 

19 

a 

18 

20 

27.0 
a(;. 4 
27.5 

2.455 
2. 4llo 
2.292 

5 1 25 20.2  
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

26 
7 9  

19 
34 
35 
35 
IC) 

1 18 31 
31 
23 
33 

2 6 . 0  
27.0 
27.6 
27.1) 
26.4 
27.6 
27.7 

2. On0 
2.455 
2.750 
2.455 
1.760 
1.533 
1.629 

2. 74lJ 
3.76IJ 1 
2. 6UU 
2. 251) I 

11 ii 15 
24 1x 
25 ~ 17 

Slnpe. 

~~~~ 

Mas. -3Iin. 

Mas .-&Tin. 

Min.-Mas. 

BIas.-&Iin. 

hIas.-Min. 

Mas.--Min. 

h1in.-Max. 

Kix.  -1Iin. 

- 50°. 
~ 

19.8 
27.0 
26. 4 
27.3 
26.7 
27.7 
24. 6 

9. 9 
14.5 
26.0 
23. 6 
27. 2 
27.2 

9 7 . 0  
27. 8 
27. 2 
27.2 
26. 0 

27.8 
27.2 
26.0 
27.0 
28.1) 
27.0 

. . . .  

. . .  

. . . . .  

~ 

18 
26 
27 
25 
24 
27 
24 
10 
15 
28 
27 
32 
29 

38 
29 
32 
27 
96 

30 
2 n 
23 
25 
39 
30 

. .  

. .  

1 
2 
3 
4 
5 

n 

R 
9 

10 
11 
12 
13 
14 
15 
1 (; 
17 
18 
19 
21) 
21 
22 
23 
24 
25 
2G 

15 
30 
20 
19 
1s 
18 
24 
21 
20 
21 
22 
23 
31 
19 
22 
93 
24 
24 
25 
Sli 
27 
21; 
31) 
35 
28 
27 

1.100 
1.038 
0.978 

1.112 

1.0'25 
0.990 
0.967 
0.929 
0.874 
0.850 
0.938 

0.964 
0.958 
0. 850 
1.007 
1.000 

0.9'27 
0.938 
1.130 
1.080 
0.965 
0. 900 

1. osa 
I. oa6 

. . . . . .  

. . . . . .  

~~ 

0.989 

1 
2 
3 
4 

1.522 

gap 1878-1883 prevents a satisfactory comparison between 1884-lfi88 
these two groups. The several zones are given separately for 
each hemisphere, and the successive trails can be rea , c 1.1. 1 y sc'ru- 
tinized. 

The first column of Table 2 contains the gears of the groups; 
the second the slope of the 11-gear curve, roughly; the t,hircl 
thehumber of the line in the zone; the fourth the number of 
periods elapsed; the fifth the number of days of retardation 

1849-1A;'n 

24.2 1.210 9 
2 7 . 0  I 1.h86 II 10 

1.23ti 11 ;;:; ~ 1.196 1 1  12 
27.5 1.309 13 

TABLE 2.-Retarclaiion of the sun in different latitude8 ((R derived from flip 
prominence .freqiceiicy in loiigitctdr. 

lS94- 1:lI I I )  

Pears. Nope. 

Mas.-Min. 

Mas. - M n .  

Min.-Max. 

Mas.-Min. 

~- 

Mean. .  . . . . . . .  1.192 Mean. 1 Zoue + 10" to - loo. 
I l l  

1871-1877 

1884-1888 

1889-1893 

18941900 

. . . . . .  

. . . . .  

. . . . . .  

. . . . . .  

. . . . . .  1471-1857 

Zone + 500 to + 70". Zone - 50° t.n - 7U0. !I . . .  . . . .  . . . . .  

5.2 . 0.077 

. . .  

. . . .  . . . .  . . . . .  

-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1G 
17 
18 

1 :I 
21 ) 
2 1  
22 
2 3  
54 
55 

. . .  

~. 

- 

1 3 
1 3  
14 
11 
13 
15 
1 9 

8 
18 
18 
21 
19 
14 
14 
15 
12 
11 
13 

15 
13 
9 

10 
10 
11 
12 

. .  

- 

27. 7 
27. I) 
27. u 
27. 3 
27. 5 
27. n 
27.3 
14. CI 
27.7 
28. IJ 
27.6 
27.3 
27.7 
27.7  
27. 4 
26. 7 
26. 2 
2u. 0 

27. IJ 
27. (J 
26.0 
27.4 
27.5 
47.5 
27.0 

. . . .  

. . . . . .  

. . . . . .  

Mean . .  . . . . .  
I l l  1. 750 I . . . .  I . 

. . . . .  

~ 1884-188s 
- 309. Zone + 10O to  + 30". 11 Zoue - 10" t c  

-~ 

12.5 
22.1 
2G. 5 
27 0 
27. 0 
19. 0 
7 . 3  

14.0 
27. I) 
26. 7 
26.5 
14 .0  
13.6 
26.8 
26. 7 
22.1) 
26. 4 
2 7 . 0  
26. 6 
28. 0 
2fL A 
24. I) 

9 s 

~~ 

15 
28 
38 
39 
37 
3 r; 
11) 
1G 
3 1 
33 
35 
17 
16 
34 
3-4 
27 
33 
35 
34 
36 
35 
:? 4 
13 
- 

1871-1877 

188g-1888 

1889-1893 

1894-1900 

Mas. -Min. 

Mas.-Min. 

Min.-Max. 

Mas.-Min. 

26. 6 I 2. 217 
27.8 2.527 

17. 
6. 

14. 
2G. 
26. 
25. 
7. 

16. 
26. 
26. 
1 Y .  
26. 
26. 
27. 
26. 
2IJ. 

X I) 

0 I) 

I1 
u 
2 
3 
7 
d 
U 
3 

8 
6 
7 

- 

. .  

0. 731 
0. 7:3u 

u. x73 
0. 8l)9 
(I. A03 
u. *24 
IJ. 85U 
U. 78h 
I).  735 
0.1115 
0. X M  
(I. 722 

() 875 lX94-19lKJ 

. . . . .  2.180 
~- u. 7s3 

0.778 
I). 761; the 2G.GS-dlng period. 
1). 71'1; 
11. 75:? 

in these periods; the sisth the average retardation in days on 
The mean retardation for each zone in 

both hemispheres is given, and has been collected in Table 3. 
It mas necessary to assume that the mean latitude of the oc- 
currence of the prominences is in the middle of each zone, 
though this can not be strictly correct. It mould require 
very extensive computation to determine the mean latitude of 

~ 

1 ) . 7 ~ 2  Mean. . . . . .  
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occurrence of the several zones more accurately. The aspect 
of the path of maximum frequency as given on fig. 4 of my 
previous article entitled Synchronous ChangeR, is favorn- 
ble'to this simple assumption. 

TABLE 3.-Menn retnrdntion by zones. 

The mean retardation, with an approximate maximum and 
minimum retardation, is there indicated. From the mean line 
I hare scaled off the corresponding synodic periods for every 
fire degrees of latitude, as given in Table 4, and hare computed 
the sidereal period and the daily angular velocity, S, in minutes 
( i f  arc belonging to them. These transformations can readily 
be inade by interpolations from Table 5. 

The latitude at8 which the maximum of spots is commonly 
olmervecl, and also the latitude of the maxima I a i d  I1 of 
proininence frequency, are indicated in Table 4 and fig. 2 by 
tlie terms r' Spots," '' I PI-.,'' '' I1 Pr." 
TARLE 5.-  Trtr?ixforniccfioii8 of the d d g  m p k w  rdocity into sidereal and 

Ry1lOd;C periods. 

Retartlation. 
Mean 

latitude. 
MPau 

period. 
Nort 11. South . 

~~ ~ 

0. ono 
n. io1 
0. 753 
I I. :Is9 
2. l r j lJ  

Mean. 
~ 

0. O O I ~  
0. 1111 
11. 771) 
1. 1191 
2. 121; 

0 

0 
5 

20 
40 
60 

26.68 
26.7s 
'37.45 
27.77 
ax .  81 

0. OI in 
I ) .  101 
0.757 
1.192 
2.072 

~~ ~~ - 

on of the incliviclual cleterminat,ious of  A careful exaniina 
Daily S T 

24. 1 1 0  
24.13 
24.27 
24.41 
24.55 
24. 6!1 
24 .33  
21.97 
25.12 
25.26 
25.41 
25.5r; 
2.5.71 
')r A" 
26. Ill2 
36. 16 
31;. 34 
26. 5n 
31;. 67 
2c;. $3 
27. I!U 
'37.17 
27.34 
'37.513 

d,J. ~ I 

.. .~ 

the retardations in the several zones shows that, there is :I 
wide fluctuation which increases in magnitnde from the eclm- 
tor toward the poles. 111 order to obtain a clear iclea of tlie 
law of the retardations these results h r e  been plotte(1 on 
fig. 2. 

R 

25.69 
25.84 
26.1.10 
21;. 16 
26. 32 
?I<. 48 
36.64 
'36.80 
26. 97 
27.14 
27.32 
27.49 
27.66 
27. 84 
28.01 
28. a1 
28.30 
28.56 
28.77 
28.96 
29.15 
29.35 
29.56 
29.76 

I 

n l  11 I 
SI15 
h!lO 
HS5 
SSl I 
S75 
S7IJ 
sc;5 
41;1 I 
565 
h5I I 
s45 
S4I) 
h35 
431 ) 
8'35 
S2I) 
til5 
H l l l  
805 
bllll 
1 3 . 3  

7Xl 
7% 

- <  2- 

It  shoultl be noted that the inem retarclation does not fol- 
low :I regular slope, or a simple curre that can be reduced to an 
analytic function. From latitude 20' to  40' there is a smaller 
ia~~l innt ioa than on t,he slopes between 0' and %lo, or on those 
lietween 40' a i d  (31". I n  fig. 3 the line has been extended 
to ! )Oo,  that is to  the pole, bu t  it is unknown beyond TOo, since 
t,lie polar zones were too irregular to permit any use of this 
niethocl. I t  is proliable that a continuous line, as indicated, is 
nearly correct. 

In  order to coiupare my result with some well known rota- 
tion periods, (taken conveniently from Miss Clerke's Problems 
in Astrophysics, 11. l46), the following compilation i H  intro- 
duced : 

FIG. 2.-Ptriods of rotation o f  the solar photnsIiliere lleri\ ril froii i  the 
prominence frequenry in different zones. 

-Bigelow's ~otatioih periods. 
~ ~ ~~~ ~ 

I 

TABLE 

Daily 
angular 
velocity. 

Sidereal 
perioil. Latitncle. 

D q s .  Da!ys. 
27. 4n 29. c3 

0 

Pole 91, 
85 
8lJ 
75 
70 
f; 5 
60 

I1 Pr. 55 
50 
45 
41 I 
3 5 
30 

27.32 29.54 
27. '33 2:). 43 
27.15 29.  33 
27. I 13 2!). 14 

29. CUJ 
'34. hl 
as. 68 
3R. 33 
27. 93 
r,- -- 
A i .  I I  
27. I;G 

Facwlie. Prominences. 
 bige el on^). 

25 
I Pr. 20 

From this i t  :Llyears that  my prouixieiice rotations lie mid- 
way between those of tlie s p t s  ani1 the facnlw. Dimer's ro- 
tations for the reversing layer, as quoted by Miss Clerke, are 
apparent81y impossi1,le. The determinations of the rotation 
period as  given by the well-known formuke of Carrington, 

25.15 
24. 95 
24. $1; 

27. 1111 
21;. 7s 
21;. 1;s 

1*Montlily Weather  Review, .January, 19U3, Vol. SSSI, p. 17. 
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Spoerer, Faye, and Tisserand are found in Table 6. These 
periods begin to depart from the rotations as found from the 
prominences after leaving the latitude of 20'. 
TABLE ti.--Ser1ercrl driiominntiona of the rotation periods of tlw aolar q i o t ~  

ill tl{ferent latittcdea. 

but  they synchronize closely with the variations in the fre- 
quency of the prominences. The value of this last inference 
is very great, in view of the other facts brought out in various 
portions of my research. Using this prominence curve as the 
stanclard of reference we have already proved the following 
facts: (1) The elements of the earth's magnetic field fluctuate 

Carrington Spoere1 
- 

tl 
- 

0 

0 
5 

10 
15 
20 
25 
30 
35 
4I I 

- - 

- 

tl 
~ 

0 

0 
5 

III 
15 
24 I 
25 
31 I 
3 5 
41 I 

s s T S 

877 
864 
853 
84'2 
833 
825 
8l!i 
814 
r j  10 

~ ~ 

865 
863 
857 
849 
840 
828 
816 
803 
789 

24.97 
25.03 
25. 20 
25.44 
25 .71  
2f j .OX 
46.47 

2fi. 42 
46.83 
27 .41  
27.59 
27,'Jl 
2s. 21 
28.  43 
2s. G2 
2s. 77 

~ 

~ 

24. 65 
25. OIJ 
45. :32 
25. ti5 
25.93 
2G. 18 
46. 37 
21;. 53 
26. ti7 

~~ 

26.80 
26. !)IJ 
27.07 
27.35 
27. (;G 
28.09 
28.54 
29. 0-l 
29. c:o 
-~ 

~ .~ 

26.93 
27.38 

Faye. 

T 

Tiswrand. 

s 6 

21;. !IO 
21;. 9 3  
27.11 
27.32 
2 7 . N  
2s. Ilr, 
28.58 
29.11 
29. 71; 

s T 

862 
XI; 1 
856 
850 
841) 
829 
815 
801 
785 

858 
857 
8 53 
847 
841) 
S3I I 
819 
XI If;  
793 

25. of; 
25. 0:) 
25. ' 7 3  
25.41 
25.71 
26. 05 
21;. 51) 
21;. 97 
27. y?, 

It is proper to remark that the agreement iii low latitudes, 
between the periods obtained from the proininences, tlie hpots, 
and the fncu1:e is not unfavorable to  :c feeling of confidence in 
the results obtained by the prominence metliocl in higher lati- 
tudes. This is perhaps strengtlienecl by the further develop- 
ments which are indicated in the nest  section. 

THE DIFFERENTIAL ( 'IRCUL4TION WITHIX THE hllh'. 

I n  order to study more minutely the nieaiiiug of the fiuctun- 
tions in tlie relative retardations given for succeshive lines in 
Table 2, i t  is seen that we liave practicnlly obtained a value of 
the retarclntion for each year of the interval 1871-1W). except 
for the gap 1676-1683, and that  by plotting these as ordinateh 
on a diagram whose abscissas are the years, a curve of relative 
retardation in the several zones can be constrncteil. Fig. 3 
esliibits thebe data in a graphical form. Thus, in the nortlicwi 
hemisphere, for the zone + 50'' t o  + 70". the ordinates in Tablc~ 
2,beginningwitli that for 1671, read 2.13,2.0t;,1.93, . . . 3.35, 
tlncl these form the successive points of the retnrdatioii curve. 
In  the upper section of the cliagrani niarliecl <.Prominence fre- 
cluency " is reproduced the curve of average prominence fre- 
quency for tlie entire s i i ~ ~ ,  which is tlie mean curie o f  tlie zonal 
bjstem shown on fig. 2 of lug paper on Sy~icl i ronou~ C'haugrs,'+ 
and is also reproduced at, the head of fig. 2S of niy paper, A C'un- 
tribution to  Cosruical Meteor~logy. '~  An inspection of tlie 
curves of fig. 3, shows plainly three important facts of funclamen- 
tal significance: (1) the retardations relative to the equatorial 
period of rotation, 26.68 days, increase toward the poles; ( 2 )  
the irregularities in the observed retardations are very iuiich 
greater in the polar than in the equatorial zones; ( 3 )  these 
irregularities in the retardation do not appear to be accidental, 

~~ ~ ~ 

I4 Monthly Weather Hrvirw, .Jauuaiy. 1803, Vol. 
'5Ivl01ithly Weather Review, a u l j ,  l'JW2, Vol. SS 

63-3 

Frc-. R.--V:irial)le rrtnrdationh in  the periocls of rutntiou c d  the sular 
I ' h  Ito.phrrt.. 

with i t  aiinually in s) Iichroiiisiu; (2) the terrestrial tempera- 
tures and barometric pressures synchronize with it, as will be 
shown conclusively in my nest paper, in tlie RfoNTHLY WEATHER 
REVIEW for November, 1903 : ( 8 )  the internal circulations of 
the sun. as recorded in the rotational velocities of the photos- 
l~here,  also synchronize with the same curve. This exhibit 
binds the entire solar and terrestrial atmospheres in one syn- 
clironous circulation, and i t  therefore places the entire subject 
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of cosmical meteorology upon a satisfactory basis, entirely in 
harmony with the procedure marked out in previous papers. 

While it can not be supposed that this discussioii of the 
solar prominence frequency in longitude gives us final yuanti- 
tative results on the rotation phenomena of various zones, yet 
the line of argument is sufficiently sustained to warrant further 
extensions of tlie research. We have shown that t,he solar 
angular velocity diminishes from the equator to\vard the i d e s  
at  a certain rate, as on fig. 1 for esaniple, or as 011 fig A.  

N Pole. A 

Y S Pole. 

Frc;. 4.-Foriiitttiou o f  \-i)rtices in the sol:ci mnhb by rlilfc.ri~utia1 l i h -  

This is in harmony with the ron Helmholtz-Eniden e i l ~ > i -  
tions for n rotating mass hot a t  the center ancl cooling toward 
the surface.Ib I n  such a mass there are discontinuous conc‘ave 
cylinclrical surfaces coaxial with the axis of rotation. the equa- 
torial parts being nearer the axis than are the polar l’artx. 
This also implies that the polar regions of the sun are warmer 
than the equatorial by reason of the curreuts froin the center 
toward the poles. At a surface of discontinuity, on ewli  side 
of which the pressure is the same, h i t  tlie teniperature and 
angular niomentuin differerit, a s  where a r:il)idly moving cur- 
rent ~ ~ C J W S  over a more slowlq- nioviiig current in the earth’s 
atmosphere, the conditions are fax ~ r a l ~ l e  for foriuing vortex 
tulles, terminating on the surface. but  extencling througli tlie 
mass of the siiii. They are right-liantletl in the northern 
hemisphere and left-lian(lec1 in tlie southern hemisliliere. for 
convective actions from the equator toward the poles. If 1 ‘ I F  

tices are thus formed in the sun, so far as the state of  its ixi- 
terial perniits, then the solar inass is in fact in a polariied 
state, the internal matter tending to rotate throughout the 
globe around such lines as are the generators of the refluired 
discontinuous surfaces. The turbulent conditions of interii:il 
circulation tend to  a lawful tlisposition by the regulatix e actioii 
of a hot mass gravitating to a center by its own internal forces 
and emitting heat through these processes of circulation ac- 
companied by polarization and rotating vortex tubes. The 
contents of a tube must be made up of molecules and atoius 
more or  less charged with electricity, ancl the necessary rota- 
tory motion produces Amperean electric currents which are a 
suscieut  cause for the generation of a true magnetic field. 
positive on the northern and negative on the southern lieiiiis- 
phere of the sun. This coliforms to the result reached years 
ago by niy analysis of the terrestrial iuagnetic fieltl, which 

tions. 

16See Eclipse Meteorology, pages 70 aud 71. 

showed that tlie earth appears to  be immersed in a iuagnetic 
field perpendicular to the plane of the ecliptic aucl positive to 
the north of it. Variable circulation within the solar inass 
would display itself in corresponding changes in the rotation 
of the discontinuous surfaces, in the vortices carrying electri- 
cal charges, in tlie external magnetic field. in the number of 
liroinineiices, faculae, ant1 spots. in the earth’s niagnetic and 
electric fields, ancl in the terrestrial teinperatures and pres- 
sures. Sync.hroiiisin having thus been established through- 
out this vast coiiiplex cosniical system and referred back to 
funclninental theriiimlynamic ant1 liydrodpaniic laws, it be- 
comes possible to mnke further advances in the problems of 
solar physics. Thus, the curvature of the internal lines can 
l)e studied in clifferelit p r t s  of the meridian section on pass- 
ing froin tlie surface of the siin to internal parts by means of 
tlie vortex law of contjttint angul:tr momenta. s? = OJ zu ’, under 
tlie assigned thermal conditions. We shall make an attempt 
to  do this in a report which will contain the tabular data in 
full upon mliicli thebe deductions are based. 

If it  is true tlint large cosmical cooling inasses in rotation 
contain :I polarizecl or Tortical internal structure which is tlie 
1)asis o f  a magnetic iielcl, then i t  follows that this is the es- 
plan:ctio~i o f  the earth’s iiiagnetism as well as of the inagiietisni 
of the siiii. Hence, a11 stars are magnetized spheres, and their 
relative niagnetisui would be a measure of the activity of their 
iiiternal circulations. Thus, the relntive intensity of  the earth’s 
rintl the sun’s niagnetization becoiiies a measure of the internal 
vortical circulzttion in polarizetl tubes, ancl the variations of 
tlie enrtli’s iiiagnetiv field have a cosmical significance, not 
oiily as to the direct action of the sun as a great rotating 
variable mag.net, but. ns a iiieasure of tlie forces which go to 
iiinke iip the solar output in sereral nianifestations of energy. 
Tlie sun~niary of this line of thought may be found in chap- 
ter 4 of my ‘. Eclipse Meteorology.” I t  is iiroper to renew iiiy 
objection to the results derired by other investigators for 
any .;olnr rotntion periotl which is shorter than 2fiGS days, 
because i t  does not seem to be possible in riew of tlie above 
analysih of solar conditions. Tli~is, we must reject Spoerer, 
26.38; Broun, 35.!)8, 25.S6, ancl 35.M; Hornstein, 26.39, 26.03, 
2G.24, and I5 .SS;  Liznar, 26.05 and 25.96; Plliiller, 25.66, 25.79, 
25.SG, 25.X‘i, n n c l  25.47: von Bezold, 25.S4; Hamberg, 25.84; 
Ekliolin and drrlienius. 25.!G; Schuster, 23.509 or 25.835. The 
nuinert )us computations, giving results so widely different from 
that npparen tly ruling in the sun as derirecl from obserrations 
u1ion its on 11 inaterial, seem to indicate that the aplilication of 
tliese s e ~  era1 methods of computation to terrestrial clata raises 
p a r e  cloulh as to their d u e .  There are nunierous difficul- 
ties in :tppl? ing least square Inethocls to solar-terrestrial (lata 
in the 1)reseent state of our science. The great fluctuations 
going on  within tlie solar miss tent1 to mask the fundamental 
1:iw until i t  has heen derived, at  least approximatelj-, by sim- 
pler iiiethocls. But the evidence is very i’ositive that, tlie eclua- 
torinl periotl of B(i.66 cia! s is the sliortebt one actually prevailing 
in an) Iwrtiuii of the ninss of the sun. 
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,\;J/PS 0 ) 2  / lrv ~ w n / l r w . - (  )n the P:tc*ific s l q e  the rainfall was 
generally less than the average. altliougli enough to cause 
nuiuerous slitles aluilg tlie few railways to tlie western coast. 
I n  San .Tost5 pres<ure and temperature were above tlie norinal 
aiid relative humidity slightly untler it. Rainfall alniost nor- 
m:tl and uii~cl11ally distrihiitecl throucli the month. Sunshine 
one liundretl and serenty-nine hourr; against one hundred and 
thirty-six. Tlie iuarkecl alternation of hot sun and violent 
showers caiisetl a good deal of dainage to tlie coffee crop, part 
of which litis thus been “ frozen ” (helado). On the Atlantic 


