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The first cbservations on which the resulis in this papsr depend were

made on Novembar 14, 1858, This does net include a few records found in some
old beoksy which had been made nany years previously, bui never apparently
used, No year from 1898 te¢ the present has passed without the addition of quite
a number of meteor cbservations until, up te the end of 1910, abeut §B‘2\00(t}2ad
be:n recorded. From lack of experience, both in meteor observing and other
lines of astronemioal work, the three Lecnid, one Perseid,and the Beilid rad-
iantes deduced from the 1898 and 1899 ohservations, can not be considered as
acscuratee

Even the pathe of meteor= plotted in 1800 are prebsbly not so good as thosc
since cbtained. Howavery from 1901 on, while naturally each year should improve
the methods and acouraay slightly, yet there is reasen to feel almost equal
cenfidence in the resulfe,

I an under deep obligabtion %0 Directer Spmend Sicne of the Leander leCop-
mick Cbservatory, for centinued encourggement snd adviee in this work from
its very beginning to the present,

In soarcely less dsgree am I under cbligation %o Director Cesmpbell of
the Liok Ohagrvatory, for encouragement in this work and allowing me time teo
carry mest of the computations to a esnelusion while I was a member of the
staff there during 1902 end 1910,

It mwust also be stated that sbout 1900 meteors, or nesrly one third ef
the total‘, were cbserved by me while at the Lick (bservatorye All of the remain-
der, except sbout 300, were observed at or nesr the Leander Mocbmiok {bserva~

tory, University of Virginiss

€Y So far as I have been able tc find from recerds Oerder, Derning, Heis, and
Zezioli are the onlv four absarvers vho have each cbserved over 5CC0 meatecrs.




I am further indebtsl to the following cbserverg,who at various times

have either zmssisted in recerding or made separate observations at other places
under the same general plane ° i l(}./’.sm;m
Messrse Te B. Lyonsy Ge F. Paddock, K, S. Patton, Je.Be Smith 4of the University
of Virginiae. Dro3s Albréshi, Evanden, Niss Ee Gianoy, Hessrs, PN¥.Merrill,

o

K. Lovs,/\ R. Younz ef the Liok Observatorye Occasional or remarkable metscrs

have bean reported by ethsrs,

The methods of observing have avolved with inoreasing experisnce, but
from 1900 on, they have not ohanged greatly. Af present s meteor is observed
as fsllews! Maps are prepured of the region of the sky that is to be especiaily
chsarved on 2 given night, care being taken $o cheoss that msp vwhoze projection
is best fer the region in questiong. In a large recording book a nurher of
columns are ruled, headed as foliows (1) Time (2) Number,(3) Glass (4) Celer,
{5)Magnitude (3) Length of Path (7) Duration in tenths of seconds (8) Duraticn
of Train in tenths of seconds (9) Remarks (10) Serial Mmber (11) Accuraey .
The designations are moetly amlf explanstory.(2) gives the number of the meteor
for the nipht, (10) the merial mumber for the yeer—~filled in later, {1.) the
accuracy, on a scale of 3, with whieh che meteor was ohserved. Beside the plott-
e@nath of the me$eor on the map is placed the number for the night and later
the serial nunber in ink. The serial numbers are se arranged that the firss
figure itself gives ths year during which the metecr was seen, Thus 1--117
shews that the meteer was ssen in 1901, 9-»-1}136 in 160¢ ete., The methods uded
to ebtain the most accurate plot of a metecr's path are as follows: The greatest
care vas tekem te ohtain the direction and any one point over which the meteor

passed. Often, of course, a meteocr’s: baginning and ending points fall sxaotly

at or very near a cenvenient =tar, or at such a distance between two near stars




that it is easy to sstinate the distence proeportionally and accurately. iIn such

a oase the direotien, determined rearly always by hclding up a straight red =so
iie

that it apveared te in parellel to the meteor's path in the skyy served mainly

d8 a cenvenient check,

But in mest cases a meteor neither begins nor ends at a peint whioh is
easy to determine, Then by glancing baekmrdggmd forwerds along the rod the
eye can alwvays piok up a sfar in the same great oirecle, Also there is scarcely
aver any difficulfy in findiﬁg soime ong peint astuaily in the path itzelf. As
the eye readily estinates the length ef nath of a meteor with fair accuracy,
the parts in front and behing the chosen point can be astimated instantly, and
by mean= ef the ojher referense veint entirely ouitside the path, the meteor's
position can be getien with great accurscy and speed, compared with other method;
By chcosing some peint behind tather than in front of the path we also in
this methed eliminate $o a great extent the effectis of poor prejeciicn, which
uay ke troublesome near the edges of almost any msp o However, I wish to stste
that meteors beginning at a greater distance than 30° from the radiant were
never given much weight, and whenever there\;iéas resson to suspect that a
vlofted path was distorédd by poor projestion the meteor wee éither given
extremely litile er ne weight st alle

For i(he strohg streams such as the Leenids and Perseids, the radiants
could frequently be determined by meteor within 10%

Other meieors further eut but well ebserved were always used, but the
remlting point weuld gemerally have been praciically the same, had they been
omittede

It is obvious that the short paths near the radiant are mest useful in its
detearmination, beih because af their nearness and also their low aprarent velocs

ity, which parmits of the most accuraie pletting. They nearly always have trains




If for any reason certain meteors could nok be at cnoe plotted their paths
weres dezeribed with suoh detail that afterwards when put upon meps the reasults
vwere quite comparable wich these pletied at the moments As far a2z pessible,
hewever, each mateer was nlofted wicre obaervedr The usual plan was te work
up the results partially the next day so that details could be added, when
nscessary, while the recellecticn was fresh. fhe ebse¥vations mnde by eothers,
wvhe have assismted er chserved elmewhere for we were made in the same general
wayy only Lhe resylie were left tc¢ re te work up complefely and the responsi-
biligy for the latiter resis upon me, As confirming the results of vreviocus ob-
sarvers the following peints may be noted ss of general interest with regerd
30 the werk and resulise Moat ¢f the meteors were ebeserved after midnisht and
to the aast of the meridiane I have ne reason te believe that the seuth-cast
or north=east guadrsnte differed appreciably in the murber of metecrs seen
within them, Those seen before midnight difrerea muchy 82 2 rule, in aprarent
velooity frem thess seen affer, heins much slower, Nearly always there was a
marged falling of" in wimbers hefore the least trace of twilight appearad,
Very slow metecrs leave trains, nearly without exception. deteors with curved
or sinueus paths are rare (ses tables)e In very many cases twe or even ihLraee
metoors travel ihe sams apparent paths within a few secends. In showers like
the Parssids, two,or more meteorgﬁgggkar at the szame instants, In uost cases
radisnte aover large areas only because of poor ebservation=, =iname the paths

of well cbserved metecrs genarally intersect nearly in a poimy or within a

small ares. The most neteble excepsion to this rule was on Auge i0 and 11,1010,

* Cn an average a single meisor was pletted and a full pecerd mede in sbout 40
secends, Hewaver, abeut 60 per hour would be the most pessible to observe ful-
1y under usual cenditions. '




The physical appearance of meteors, such ss oslor, aprarent velecity, otic,
while all very useful in assigning a given meteor té ths proper radisnt, osn
soarcely sver be held as conclusive evidence that it dees belong tc any gleen
radiant. Many oasecoeuld be sighted, especially in August and Octcber, in which
aeteors have every physical characterisfic exactly like numbers of the main
stresm but ocome from disiant radiantise

Also numercus meteors of the princivéd sireame differ very much from the
the average membar of that siream. This point is to be especially noted in
view of the ststement often found that a meteor belongs ic a given stream
because it lookas like the averace merber of if, though i¢s direetion was fre-
auently very poorly determined or perhaps not ab alle

Radianis have been found by projecting the nlotted paths backwards. In
regard tc those for which parabolic elements have been ccupubed this rule was
followed, AY leasf 3 meteors naths on projection musté meet wikhin a eircle not
wore than 0495 in dianeier,

Any other wel! observed meteor whose projected peth comes within 1° of
the cenire is accepted and given dues weighi. Any other meteor whose »rojected
path comeg within 2° of the point may be used, but would be given little weight.
The radizni when finally aceepted lies aé the weighted center of gravity, as
it may be ecalled, of the area enclosed by the prejeotioq} The weight ziven eac it
projection depends on how near fhe meteor was and how well cbserved,

An absolute rule has been mads thet wnder no conditions have metecrs ob-
.. served on more than one night been used to determine any radiant.,

I¢ is my firm convicjion that not following this rule has led many pre-
vious ockbservers to catelogue hundreds of fiolitnons radiants whose presence

in our eatalogues only hampers {he future growth of meteorio astronomy




Only in the casc of a radieni known tc be siaticnary could the combination
of meteor naths cbserved on different nights be justifiable, and staticnary r
redianés must be ran phnnomsna: since the meteorie apex moves, on goccunt of
the orbital motion of the Earth, about 1° per day through the sky and each e
stream has also ite own mction in spacs,

Since such corbinations, in effect, preswppose the existence of staticnary
- radiants, they appear to prove thai on the assumption of which they largely
owe their own apparent exisitances Had I been willing tc oombine several nightaﬁ
work there is litile doubt that the number of my radiants ceoculd have easily
basn doubleds Owing to this precaution largely, I presume, my own work pgives
1it4le indication of stationary radiations

Most of the meteors observed came during July, August, October, and
Noverber, Quite a number have be<n rscorded in January, April and lay, and a
few in December, The ctl.zr four months have furnished no results, observations
naver having been made during them.

It should be stated that only = small fracetion of my tinme given fo ob=
aerving oould be deveted tc meteor observations, which faei explains why the
totel numher is not larger,

The formulae and methods for couwputing the parabolie orlits whioh follow
in the tebles were taken from *Die Bahwbestimmung der Himmelskorper! by Julius
Bauchinger, which has proved invalusble, In the thivty=fifth ochapter of thés
work the equations will be found ir full,

Believing that in some ¢ases the radianis were kmown more mimmmixx close-
ly than G whole degrees fhe measurements on the maps were made btec tenthe of

2
dezrese, The transformations from right asecenmsion and deelination t¢ latitude

# Refer to Mon. Not. Red.S., Vol. mvul,;?us,'
fstre Nach. Vol. X111, P209,
Bulletin Astre Vols X1 F,409—10,




and longétude and all the aebtual ecpputations for the elemente were made with
4—place logarithms, the angles being taken oul to the nearesi minute, However,
in the tables of resultes they were again reduced to the nearest ténth degres,
that being quite as accurate as the observatione could give,

Al: obtainable works on meteoric astronomy have been freely consulted and,
as will appear later, ocertain conelusicns on the question of stationary radi~
aticn have been partially reached by discussion of the work o;‘ other observers,

Finally it may be stated that it ies hoped at some future time to siugy
the data on which these resulies are bassd with a view to the solution of other

problems, not taken up or only mentionsd in this paper.




The Aquarid Meteors of kay.

Thes¢ meteors were never seen in sufficient numbers before 1810 to
deduée a radiant for them. Indead, oloudy weather or mconlight had never per=
mitted any of the former attempte to ‘e successful, However, in 1910 good
radiants were secured on lay 4 and May 1l. On May 4, at the Lick Observatorzl
numerous meteors were seen in the southweast by Dr. Cusiis and lster by my=-
aelf, Durins the half hour before dawn, at intervals when my assistance could
be dispenssed with, I was able tc oheserve 9 meteors, 8 coming from the Aquarid
radiant, This wes therefore well determined,as the observatiocns were good,
Turing abogt the same interval Dr, Curtis saw 4 more Aguarids., The hourly rate
must certainly have bean quite highe The dverazs lencth of path for the Agquerids
was 1005 and average duration Osdde

h
m
On Yay 5, my undivided attention was given to meteors from 13 22 to

) ol e Lhagn 2 cvrnled foag Sean d‘]}"“"“’% .
i[ﬁalﬂ mM_ 74/(»\7 /l/ gy s T 'L,’;’,{.-, T Lumet el
1479 | during whioh interval 13 meteors were/cbserveds Bgﬁer while in the
Crossley domey just before dewm, 8 meteors, of which 5 or possibly 8 wers
Aquerids, were observede & good radiant was obiained from them. The average
o 3
lengsth of path was 7.8, and the average duration 0.53,
h,lm h n .
Gn May 13, from 14 to 15 20", 14 meteors were s s Not more than two

conld have been Aquarids,

Cn May 14, information was given me that 14 meteors had been se n by one
nerson from 14h45mto 15h3om8 Whaether any Aquarids were among them was not
stateds

On Hay 138, one Aquarid was sgine

On May 19, during a contimious watoh of one hour before dawm, and an inter=-

mittant watch earlier, no Aquarids were so-ti.

The vieinity of the radiant of possible meteors in the tail of Halley's




‘;mat was examined several times for shori periods with the 12-inech refractor
No

and low power giving a large field of view. 2%5 moteors were seen with this

insirurent, "he followine teble gives the elements for Comet Halley ond the

parabdlio elements deducad from the cbservations on the tlree dates35¥
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The ocornection mkkhxthe meteors with the comet is quite cbviouse The pro~
bable connecticn of these meteors with Comet Halley was nointed out long ago
poe

by Professor A. Herachel {HON. NOTi R.a.S., KXXVIII P, 3'199, but the dats on

e et P st

vhich his eonclusions were hased was nct extensive,
However, in 1910 the most interesting poini is the enormous ecize indicate

ed for this meteoris ourrent, Om May 4:i2? Halley was abouﬁés million miles
from the _Eafih, vhich was at the same time aboub-8 mili-ion miles from Halley's
‘ofbit. On May 11.99 these figures had changsd tc 34 miliion and 13 million mils!
razpactivelye In other words the spaee at least rartially f;llgd by mstecrs
connasted with this comet was presunably, a oylinder of 13;§$%;:1es radius, i
Nothing could illustrste betfer the exirerme complemity of eome ¢f the princiéic ;
meteor curmsibis than th&sexample of their pos:zikle size, T4 i3 {0 be noted

also that some of these meteors rreceded the comet by 63 million miles and
therefore it is probables greater humbers followed it, but of course no data

oz bYe gotten on this pointe Ié is of interest toc note the castward movement

of the radiant between the b&@'dates given anl furiher that May € =seems the
lateat that theae msteors have previously been seen,

* Computed from data given in Populsr Astronomy, Novs,K 1910, p.588. Obeervsd at
Vieques P.R., by George Hurdneli. I projeoted the msteors on the rrinted chart

aa~ompanying the article and foundy Aquarii at the radient, Yhe computation was
made on this as:umpyion whieh muat be nearly true,




There is a eurious ooincidence between some of the elemants of the Aquaridé

4 and the main Orionid stream. The mean slemenis ars tsbulated here for ccu~
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( One ezn see how slosely the inolinations agree, and alsc that the . do not

differ very zrsatly. The longitudes of perihelia differ about 10°,

% Jec also Popular Astronomy Aug.~Sept., 1910, P. 422, for another mention

of these metecrs,




The July and August Meteors,

Both July and August are months during whioh meteors are very numerous
and, besides, the great Perseid stresm offers exceptional opporturities.

My first cbservations of the Ferseids werse made in 189¢, and every year
gsince had added oonsiderable dutue The radiants deduced show unmistakably
the regsular shift of the radiant from day to day in the direetion of incress-
ing right ascension, and, %c & smaller Rfegree, also in declinhution.

But as ellptical orbits havs several i{ines be:n oomsuted for the Perseids
it was thought useless tc ociupute either a single new slliptical one or para=-
bolio orbite for the separate datese However, in the tezble the residuals frow

Denring'a ephemeris §see hisg G,aneral Catalogue of Meteor Padiants, P. 210.}
I
ere given,
.
in this teble are given in order named(l) G.M.T. of the middle observa=

tionli},(g) L ,(3) «,(4) § ,(5) nurtber of metsors used to find radiant pcint,
( 'o')#!?phemeris-ﬂbser?ad velues in « (7) Ephemeris~-Cbserved valuesz in § »
A atationary meteor is considered to give a ssparate radiant, and the two oa;es
of this kind are so tsbulated. Altogether 27 radiante ate given. The next table

gives: (1)date (2)time of beginning (3)iime of ending (4 Ybime actuslly. ocoupied

in cheerving and’ r'ecur‘dim;}fﬁ)’toxaliﬁmber of meteors,(8)rate per “cur,(? Macter
of ratet(s joorrested rate,@ mumber of Perseids,(10)rate of Perseids,(11)cerrect-
ed rate of Perseids.ipproximately 3100 metsors were observed during July and Augw:

and resulte from these form the basis for these tables and results,
This factor is taken as l.U when Lhe night 18 oléaF and [re TN,

when observing oconditions are good and shen the horizon is unobsirucied. If
any unfavorable ocnditions arise, the faotor is lowersd in the proportion that
it isbelieved the number of meteors sesn was diminished,

b« Denning's positions are assumed as being at Gresnwich Mean Midnight. However

" as his are given by dates and not by L therefore the positions are not strietly
conparsasble .
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Thile these takles give the prineipal resulits some remarks may be addsd, The

richness of the streamn varied greatly from year to year, not only in numbers
but in the brightness of the meieors, esvecially near maximum,

So far as numbers go, 1909 August 11 furmnished the fineet shewer, 338 metec
beinz seen of which 272 were Pwrseids. The radiant areas were larger than usual
in 1909, (For a fuller desoription of my cbservation of this return see the |
Lick Obssrvatery Bulletin No. 186.)

In 1801 om Aug.9, meteors were numerocus but d¢n former dates scarce, 1902 gave
a good display at maximume In 1903 Perseids were numerous late in July but
moonlight spoiled the first half of August.1904 gave a good display. The mwaxi-
mun of 1906, as observed at Naroca, Spain, was not e conezpioious one though
weather oonditione were goode During 1908 and 1808 the maximum came in bad ¥4
weather, while that of 1907 was not a rich one, On an average a Perssid reteor
zeen before midnizht remains visible 0 525 and after midnizht 0.389. Lhasa
figures are deduced from 393 Perseids cbserved 15031909 inclusive’SE which

the durations were tabulated, They usually leave good trains if the metecr is

as bright as the ;* magnitude, Their prevailing color is red or yelloy, fow
blue or green ones being seene Ciher radiants in the neighborhocd often fur~
rish meteors precisely like the Parseids themselves, and great care has tc be |
used tc keep from misidentofication, especially in the ¢=9= of meteors from
near'-Pers&i, viich oome in some numbers about August 10, This trouble is mors
serious eorlier when the Perseids themsslves are no more nlentiful than some

of the cther radiants in contemporaneous asctivity. Cn any elear night efter

July 20, one can ke falrly cartain of secing snough meteors to vell repay observ~;

ing, and often enough Perseids to obbain a good radiant for thems




The Cotober lMeiteor Streams,

During this month many rich streams, whose radiants are situated in and
r.ear Urion, are in activitye This group was obsarved with great care because
ceveral of the hest meteor observers have referred tc it as the iypical case
in whioh a radiant remains in a vyranotically constant vosition for quite a long
period,

The paper dealing most at lengih with observaticns of the Orionids,so
fer as I have heen able to find, is that by ¥,F. Dennin%gn the Yonihly lNoticas
TeduoVole 56,?1{4-—‘79. He alsc treaps briefly of them in Yol. 50 of the same
publication and In his *Genseral Catalogue of lateor Radiantia®.

In all these papers it is steted that the radiant is stationsry. Laler
Lhese papers will be referred tc at lengzth.

My observations of this most impertent group of radiants began in 1900
and, during every Ootcber sinces, some data has been collected bearins upcn
them, The followings tablez gives the number of meteors observed in Octcber
for the ?ear 1500 50 1902 inolusive, on nights when regular observations were
mades The columns give from left to right (1Xate (2) time of beginring (3)iime
of ending (4)muber of minutes sotualiy spent in observing, (5 mumber of metecrs,
(8 rate (7 )Yactor ¢depanding on aky, ete., {8) corrected rate, The rates ore

for one observer.
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Seven other chesrvers have assisted in this worxk, Their assistancs was

ervecinlly valuable in 1904, when J.B.a\Smith and J.P.Smith on October 18
okaarved 115 meteors at a staticn 7 milas S.¥W. from the Clhurlotiesville, Va.
station.

Tha other observers only asaiated, as a rule, in counting and recording
metoora, 0f the . meteors seen in this month Y per=onally cbserved 1075 £ .
Basides these--given in the table -thereare resords of 28 metears..ssern-en other .
nighte 47 OWieber, TherefSre 1870 maieors form- sha basis of -this discussiorn.,
on workjng over the maps, on whiech nre the paths of sueh neteors as were well
enoush chbserved tc be worih plotsing, 84 radianis were obtained, whicl: were
conwiderdd suffisciently aocurately determined to have paralolic orbite caleula-
ted for them. The elements will be found in the gensral teble of orbits,

In the table of poorly determined or uncertain racients will be found 7 more.

0f the zood ™mdiant=, the 55 which fall within the resion of the asky
shewn are plotted in Fig.l., This figure is parposely drawn con a very large
scale sc that the radianis oould he ascurately plotiea tc tenths of a degree,
The 11 raM that balonz to the main atreem and a1l of which ware ohserved
on either Oct. 18 or Got. i& (wienlL was betwesn 115¢7 and 117°.4) fall within
a quadrilateral bmmd@dgaa = 90°,0 and & - 52°.1, and & -+13°.6 and § - +16°,5,
If Nos 112 and No. 113 which were observed by J.,B.Smith and J.P.%misth are
omitted, leaving the § observed hy myself, the limits reduce to « = $0°1 end

x =920,1, § -13°6and § = «18°.9,

Ir other words the greatest possible deviation frow the mean whena all

s_rgponaidered isd« =%1°2,05,A5 = +1°,5 %hen the 9 observed by myself are

oonsidered this falls toAx =~ + 1°,0,A§ =~ + 1°,15, The=e greatest possible

o
—-—

residunls give evidence of the prebable wrror of any single radiant determired

and how nearly the positions can be relied on,




No, 121 should have heen acmbined at one third weight with Neo, 122 befure
the orbits were caloulated, but, sinece that wes not done, the positions of the

two are so combined and plotied on the map as one point. Nu,. i23 and No. 124

were weighted equelly and treated in the same manmere In both of these caxzs l

they are undoubtedly idsntical, having been observed on the ssme night, however)

as two maps were used, two positions were cbiainsd; and toc be on the safe

sids orbits were cajoulated for sceh vosition.

The followingz teble growps these ¥ mositicns with regerd to

the year andi.

X and 9%

Ye AR, L o § 2 n - 0 7

1901 1162 | 9% | w2 | 1605 | 130%% | 1047 | 255 | 05758

903 113877 924 /3.6 1599 1230 110.9 24.§ o0- b1y
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1921 172, 90.7 13-4 | 1894 | 1327 | 116 262 | 0. 54l ||

190 3 1166 | 91.8 1 | asEr | ases | HE) ) 2877 oM T2
iy 97-2 + 146 1603 | 1337 | 1738 206/ 2320

/
As the extreme rangs in L is only 1°,7, and as the difference of the mean «¢

fall within the possible errors , it mey be permitied to ccrbine '

the above, in ratio 2 $o 1, %o determine the besi parabolic elerents for the |

mean}.‘. ¥hence we obtzin:
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However, theea still remain within the area bomdsd by « = 756¢ tq}GO°,.
§ = +5° o +25° 13 radiants which apparently do not have any near oconnect:
ion with eny zroupe No less than 8 of these fall within the area bounded Ty
x = 85? to 95°, § - +10° to + 20° These 8 were observed on Cebtcber 13,
15, 18, 19, and 25 of vardous years,

As stated before the radiant= of the main stream whieh appears on Cot, 18
and 19, all fall within an srea bounded by « = §0°0 ioc 82°%1, § - +18°6 ;
te + 16°,8, 0f the 8 radiants spoken of abovs only the two me-n 1921C, Cetober
15, are hear enough tc the principal radiant for errors of cbservation to throw
them within this area, Tor the other 6 thie possibility hardly exists., Indeed,
3 of thes¢ 8 werc obeerved on October 18 and 19, and of the last 2, No. 79,
was uncertain, having been gotten from Anly 3 metecrs, To ghow that the distri-
hution is not entirely without corder,even for ihese isolaled cases, it should

be noted that no radiant observed after Ocitober 19 lies south of + 165°, exceypt

2

Fes 134 and No. 137, N&. 137 id tcc far to the west to enter into the disousfg
and 134 is evidently comnected with No., 103, 104, and 98 in a small systen,
sgparate from the main cwrents, I feel quite satisfied that the posifions of
the radients given in the tables, represent their real placea within shout 17,
sometimes leua,

Two ourious examples of the racurrance of radiants in the szame places
are given by No. 108 ai g = 79%2, § » + 28°.6 on 1804, Oot. 18,8i,and No.
a32 at ® = 799,90, § - 4+ 28°,5 on 1906, Oct, 25.84; also by No, 77 at 4 = 87°
§ = +14.6 on 1909, Gote 13,04 and Ko, 110 at « = 87°,5,8 = 14°,4 on 1904
Oct. 18,81,

‘The goneral  ronclusions drawm from my Osicber metssr ocbsevvabtions are
gz followa:

¥ithin an area bounded by « =7§° tc 103°, & - + 4° to + 259, from Octct




12 to 26 inclusive, are found a great number of distinet radiznts, whieh in
general furnish similar meieors,

ihat cn Go%.18 or 19 the maxima occur, the principal radiant kteins always
within less than 2° of a= $lo, § = + 15°,

That minor branches or streams appear which zive evidence of an eas®ward
movament in longitude with increase of date.

That these minor streams sometimas aprear only during the same Ocetober
or may gesppear in following years, ,_
covtedion

Tha! many isolated radianis are given which do not seem to have 9nyAwith
others either in vosition or slemsphts,

That sinos for these radianis dn error of as much az 2° in the given pesi-
tion seems unreasonable, from a study of the maps and records, they can not
belong to one radiani, oonszidered stationary.

Lastly that the suggested axplinotiom is that mos! cf the metecr currenis
had a common origing but with the lapse of tinme have been sevarated into many
minor branches, besides the great centval stream. i

These minor atrcems ecme irresularly, in mos=t cases, and i% is by no mear: |
necassgry tc suppose shat any given cne shpuld appear eveary yeer, Tndeed if nay
well be that a small nurber of meiecrs give a radiani one year which oculd
naver again be observed, hecause without dovbt in the immen=e extent of such
2 general system or family of currentis many small isclated groups are present
which from their small size would never again cut the Farths orbit in future
returns Lo the Sune

In VYols 58 of the Monthly Notices ReAe%e,P, 74—79, there is an artiole

by ¥ Denzning on thie Orionids, in which he gives his grouwids for coneluding

that their radiant remains stationary. However, in reviewing it, i t is found




that in the first table cf 19 radianta, 8 are useless for this diseu=sicn. %ee
Tenning's om words P,78y lines 7 to 1G8 In Lhe second teble of 30, 17 ars
also of no value, the reason beinz that observations of different nights and
years ws¥e sombined, The 11 available ones in the first tasble, all cobserved
by Denning himself, fall within an area 3° by 3"“’. The 13 in fthe second fall
within 6° by 79,. Therefore what he then callsdi a siationary radiant covered
at leaai 8% by 79 or were we to disouss all the 49 radients given by hinm 8°
by 9% later in his "General Catalogue® ares found 57 radients assigned to this
Qhover, scattered over zn area of 8°@ 8%20, Yhen the 5 radianés not observed
on & single night are thrown ouby the rest lis within 8°é 8°, Noa, 51 and 52
require mention, Peduced from the same cbservaticns of Zezioli by Sehiaparelli
and later Denning )the resulte differ 2° in R.A. and 28° in decl. Puriler moni
or 8ll of the 1P radianis given as Group LX{1X appear to heve as much right

to be inoluded under the Oricnics as many given as such. Croup LAXV of 10
radiantsy, 8 gotren by combining two or mere nightds ohservations, also chows
the aame cocrdinates as the Orionids. Were these $wc grcups corbined, the Orio~
nids could be made to appear throuzhout the whcle yeer. indesd, radian.s are
vary numercus in this region of the sky and ststionary radiants can ba made

té aprear by locse combinationg of observations and wneritical selection of
nateriale A olose study of Denning's own “General Jatslocue® Ifrom P. 244 to
28C inelusive will show fthat many other equally logical conclusions couvld be
reached by mameky merely regroupimg. Therefore it is very undaf‘o to eonclude
frox this data that the Oriocnids really have a stationary radianf; as siebed

by hime




The Lecnid Heteors,

Observations on the lLeonids were first made én Nov., 14, 1898. Afterwards
they were oontinued in 1899, 190C, 1901, 1903, 1904, 19C7 and 1909,

Q;udy weather or mocnlisht prevented observatiocns in 1902, 1905, and 1908,
However, in al! the other years mentioned meteors were observed, the rielneszs
of the showers varying very greatlye.

Thres tabler srs civen for the leonids, two quite similar $o those alrealy
explained for the Perseids, The third is one giving the extimaied durations
for the Leonids in tenths of ssoonds, These estimates of course cannot be veyy
accurate, but it is believed the means represent the tmush fairly well, Praeti-
oally all these meteors were observed afier midnighte The mean duraticn for
 the 257 given in the table is 0:%90
Raferring tc the tahle of radianis it will be seen that no cerizin novement
from date to date is indicated, But since L ohanges only a little over 2° for
the extreme dates, this is hardly %o be wondered ate

Altogether sbout 1030+ netecrs have been observed betwesn Nov, 12--18
of the years enumsrsted sbovee

1901, Nove 14 furnished the fineai showsr; 1808, Nov, 14, the sscond
best; while in 1802 and 1604 considershle numbers appeared, with many very
bright meteors, partioularly in 1903,

Meny Leonids give exceptionally lomg apparent paths and leave splandid
treins which remain vizible from lsto 53, often lomgar, They alsc furniash brighi
rneteors of ssveral gifferent cclors, which woubd sesm to indicate the pre-

nonderance of different elemants in individual meteorse
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dl,

Existence of Stationary Radante,

-t

As a typloal case of a stationary radiant the group Nos XL111 in Penning's
"General Catelogue of Radiant Points of leteorie Showers" was chosen for study.
S0 far as the theoritical impossibility of all the radiants put within this
grouy bewﬁeally connseted is concerned, 1% is most clearly proved by Th. Rre-
dickin in his pemoir "Sur L'Origine Des Ftoiles Filantes®, P.39--44, However,
fur ther observational data will he nuite useful,

Therefore 68 maps have been examined which contain metecrs recorded from
190C to 1909 inolusivey, and on whioch meteors aoning fron,x the resion«-f Perzti
would be ploited, These maps ware used in Jehuery, April, July, August, Cotobar,;
and November, all being monthe during which this shower is suprosed to be
visible,

On 24 of the maps not a single metecr omn be {ound whose projected path
would ecme within 5° of the voint X =4703 , § =+4500, On 18 others one meteor
might fall within these wide linits hut im ecnsidered $c belong te some other
radiantk for good reascns, 0f the remsining 26 mape=, 12 have one meteor =ach
whioh wouldd satisfy oconditionss On the ldst 14 several are found, but in
most oases these were used about Auzust 11, and these meteors clearly helonged
to the main Perseid siream,

However, three radiants are sctually found in this rezion. No. 83,x =4204,

§ =+49.2 No, 38 w 4308, § = +3906 and No, 54, « = 4630,§ = +4553, For com=
vleteness Hoe85, o = 4471, § -,5200 might be addede The dates on whioch these
were cbeerved ars as follows: 1901 Aug_i::%l,looa Aug // o, 1904 Aug. // .,

For gioup No, XL111 the limits given are « = 42°to0 51°,8 = +89° to+ 497

Therefore threec of the above fall within them. In no other month have I been

able to confirm the existanee of a radiant within these limits,
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A 1little analysis of (e data in the "General Catalogue® will be helpful

in understandins how such resulis were gottene No leas than 59 positions are

there given. 0f i(hese only 15 were obteined from observations of a single

night, therefore the remaining 44 are nearly worthles- for the discus=ion of

stationary radiation. For example(1l) depends on € meteors seen within 24 days,

(13) on 3.meteors within 9 days, (22)n 11 meteors in 8 days, (50) on 34

meteors during all October and November ete., Equally bad or worse sxamples could

'

be qucted, theme being taken at random, I§ should be plain tc any observer of

netecrs or te any person familiar with their theory that such combirations are

unsafe and generally misleading. Fortunately cut of the 15 positions nroperly

determined, 4 were observed by Zezioli and the resulting orbits caleulaied

by Sohiaparelli. His resnlte follow:

L

i

Referring tc the four radisnts of 2eziocli above, we are forced to believe thatl

vhen they shculd have heen near the mean position, if we #ry to obiain a

A [ « |5 | J T |
D 2+ 5 : r ‘
- i o ’ ‘ o " o o 4 !
) = (%) 1 }mh/, C201 . A7 +40° 1 9D ! 291 131¢ 2970
(1¢) = (.'37’ I /0—«.4,‘? 7 4y yz + 45° - 83K - 1338° Sur | . 545
| : ‘
{ @o = () Aug. 1l S M7 sus | W3R L J3F 33y | oav3
. (1‘) < (I‘G—D) i’ 5:(//1/7_,‘8/ } §6 6“[ ; 4‘3?4 : 4y R t76 ' 273 lj‘ﬁ‘(*» 7!
i l !
For purposss of comparison my own four orbite folivw:
1. Year, || T ‘I I
' (33) 104 ,4“7 g 1,,'[,.0,, ; qzoq +qf,_°7_ i‘ u[)%" /36-00 3370 | 0973
E (%) tao( . oq ¥1s L 4y 396 1yl 1269 | 29§89 | 0157
‘ (9 Lios v HE-q " poes 7 i‘ siwo . disw | 2I5H ; -
(&5) Leoy « )3 Dwg.y wy.f | ops20 1229 - 1392 3371 ’ 0.8 3

one of the hest of metaor ohservers rnlotisd 4 radiants over limi¢s of 9°x 9%

stationary radiant here., bBut if doubi remains a mere glance at either of the

That tha radianta(1387) and (142) of Zezioli are verhers the ghma -

sbova tables of elemente must hanish i4 completely.

with
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its vosition shiffed in the 4._day interval is indeed probable. Also my orbits

(27) and(65), and (38) and (54) are probably the same, their positicns being
slightly shifted between the dates. But that all 8 orbits can refer to the
same stresm is an obvious and mathematical impossibility.

As for the rest of the 15 radiants we had wnder discussion, (8)seems

a Vlt"l—(“ /In(//“"p"
splandidly determined by Demning from Sé=metesrs,(?), (34), (38), &3] are

found by the same chserver from 4 to 6 meteors each, (B3Yoy-ileis frem—iS-watunr

(6)) (’3))
Por(1l4 )and(43) no numbars are given.A(zo), (213, (23) are from durlicate obzer-
vations of one meteor, 4nd = 3¢ : ure not vryvaluable for the quesiion under
consideratictie 3} (,3))

mherefore of the whole 15 reliable ones, whioh 1ncludeA( 20), (21), (23)
also, 7 fall in August. }v thevi foliows that we find 8 radiants for all the
other months scattered over the ares £°%4,10° and it is on these mainly bhat
the olaim for an obeerved atationary rediant here must rests It is of furiher
interest to remark that these radlanis were cbserved all the way from 1887

to 1897 inolusive,

4
b
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Explanation of febles,

Table of Radiantse This tekle contains the parabolic elemsentis calculated
for the 175 radiants, which were considered good enowgh to justify the corpute~
tions, and which did not belong to the Perseids or lLeonids, The solurne give
from Lt o wight. (1)serial nu-ber of radianty (2) Greenwich Nean Tims cf
observationsy (3) longitude of the meteoric apex (4) right ascension of radiant
(5) deelination, (8) apparent longituds,(7) apparanit iatitude, (8) true longi-
tude, (9) true latitude, (10) inelinstion tc the ecliptize of parabolic orbat,
(11) the angle bewween the true position of the radiant point and the fung

(12) perihelion distanee in teras of Barth's distanes from Sun, (13)
longitude of yperihelion, (i4) longitude of ascending node, (15) number of
meteors from which radiant was deduced, (16) notes and refarchose.

In (16), when the radiani was observed by anyons other than myself, the
observed!s initials are enclosed in square brackets. Other referericec are as

9%
-—pefers to *Annales de 1'Observatoire d'Athenes®, Vol, 111,

follows: AePe
with page and nurber of the radiant on paze.

Dy~— —=refers tc WeF.Denning's *General latelomue of keteor Radiantse,*
giving the group and nurber in group. An azierick following the number means
thg; several nizhta?! observations were used by observers referred to.

/ 2,—— -— refers to Schisparelli's correoted orbits, deducecd from Zezioli's

observatione, giving the number of the orbit im hie works

Uneerfain Radiants:—This table gives 26 unceriein radisnts, The columns
give from left to right: (1) OGresnwick Lean Tire, (2) longitude of meteoric

apex, (3) right ascention of radisnt, (4) declination, (5) murber of meteors

from whieh radiant was deduced, (6) notes and references,




X

b

- (1),

L
Table of Inclinations and Pegpolia:—?ha first of these tebles gives for

each 10° of inelinaticnas thre= ceries of results, The first row sentains the
inelinatione of all 175 orbits, just as taken from Table of Radiants. TLe sccond
how  wor UG LRl aflie allown e fows tered rticeede Fot o v pdion wlicac llﬁ/vl(taln.«7 e

row gives the distribution as taken from Sohiaparelli?s orbits, based on

Zezioll?’s observations,

The ssoond teble gives the longitudes of perihelia, in three exastly

3inilar rows,

Table of Magnitudes of Metecrss This table gives the number of metecrs
of each magnitude observed in every year. Below are three combinaticns, first
all meteors seen from 1897 to 1808 inolusikve, second all meteors seen in 1909
and 1910, third for all oiher years,

Percentasge: This ickle gives the percentage of eash magnitude in the fims ¢
and seocnd combination just mentionsd. Of aourse no ascount is teken of neteors
whose magnitudes ers not given, in this mble,

Table of Colors of Meteors: This table is selfeexplansziory.,

Table of Duration of Flight ate.,: Two imblem ars given under this head.
The firsi is divided intc two periods, namely 1802le08 inelueiva, 1909,m419010,
In each vortion the nimbers of meteors of eash eclor arae divided i to show
how many of a given duraticn of visibility were sesn,

The =second tazble givez the mean viaibility for each oclcr disided as
followds (1Y all ~ peteors 1902--1908, (2) Mo, of meteors, (3) all meteors 1909 +
1810,(4) Yo. ¢f mateors, (5) metears whose length of visibilifty was not over
. i% in 1902--1958 (6) No, of these matecfs, (%) =sams for 1909 + 19I0 (8) No.
of these meteors, ($) all metecors 1902 to 1910 inclusive, (00) their number;

5
(11) metecrs not over 1.0, (12) their mumber, (13) difference beiwesn (9) and




Takle of Exceptional Meteors:-This gives the reculiar meteors seen in

each year under the following headinga: (1) Stationary metecrs, (2) Meteors whose
magnisude varied, (3) Meteorsz with irregular naths,(4) Meteors with eurved patha
(5) Very rematkable trains left, (8) Metecrs which certainly had hazy nuelei,
(7) ¥urbers of trains recordsi as being visible at leasi 2.0 seconds.

This teble is only partially ccrrect besauss undoubtedly not all peculier

meleors sesn were 8o reccrdede




Dedustbions fro:i Tubles.

Fhen my inelinations and werlhella are exauinsd, they ab once show zeriain
Wwrhed Baxine. 48 $o 5he inelinations wory aany mors are resrigrade sthan direed
gish o giron: Basbnm at 150°9-~-170°, Thin is workliy ol asianiion vaa we
roaguber Lhat sosh ol the shers aricd aoness move with dirseel mobion. Howewor,
48zioLits orbives show mora of dirent shen petrogrode mosion. T aang al rresunt

.

his

-

only expialn shis differensa in o remlis by nointins oni thal while
obgervatiions wery nLude (hpeuhiond she antire vesr, aosst of Ueneé wer: nads ho-
Do Sy 20 and Nove 20, cnd Sierslers are not well anoush &lsiribugad 4o

be sirietly somparable with Lls, Mese woere clao generaliy mode alser nifinthi,
As So §hv peribelia swo maxilas are ghowlly one abont 110 and the osier »f 2209,
This luss agpesn fuirly well wish Zezicliy Yul no maximun naor Lhe firgs -ooi-

e

sion 1= ghowm Wy hile opblos.

In the rasulss froa $he Sables of masmisulsa the noab Lworians ig thad
¥hioh ghows shab dupins 1900 to 1908 dnolusive, vhen ohservations were made
aomsly in Yipsinia, as the Leander HoCGopnisk Obserwvabory, nebzors of Lhe shird
aasnibude wers ihe most nunopous hy far. However, during 1860 and 1010, whepe
observations gers made in Jalifornis, at the Liek Ohaervajory, mehcors of the
Poursh masnisude wera ?gﬁeatly in sha majority. Thip mroves concusively,
6inse the mmbars are mitse aomonpablie, shat Shere is every reason (o helicwve
wa would find melaora of the £ifth magnitude, and so on indefinisely, nost
nuerous could we gat & sky as mueh clearer fhan the Lisk, as the Lisk is slesr-
ar than She Vipginia sky,

Tho series reprezeniliy meiene magniiudes is pinilar tp thas for shoers,

onilv the fmaotar mesma lasp than 2.5,
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acigr anmaared g sufTialently interosiing quention Lo
the v thlys on P ware Tornss oo dlis maruosge

Ty = s cubil 19402 shat ils porsionlar datws was
arolaing 7Ly nesqurs seen oreviously oo nob tnobulade

To mcersian e rasalis song I'gEaPke ars nensseary.

helow the

ohpervad

shird had color recorded for

o lansth of visibilisy of acetqors, with

recard Lo thaeip

invenbirate. Congamensly

whiich

In the firss nlane

58 e

Saw e hecss whoge marni hde s

Yellow «nd oranse wers swaed looealy, and could often have ben insarshongeds
Blag, mursle ond b2 a lesser 2x.snb gresl neteors ora dilfffondt in ddetinmigh
Ppom o ibe mabeors, aaless brelcl or slowe lndesd wery fow hlue or rmrnie heleor

ag o ™ila wag not anberad thy abaarvine beol, shieh will axnloin vy there
arg 30 Sy owhise nessors in 5ha lisha,

Ty Pirat nars o e fable nerely clven She dodia Jor fopnlas Sha seednd,
Ta suia Letser he messers are studied in jhros nlasses, each wigh Swoe subdie

vigiong, AlL Shoase observasd 1202-5p 1005 Lisluasive form

el L83 rnd 1016 A% g Lok Shaeprvaiory form o

!

i 5o Pora tho dhird s2laza and sive She definiltive resniis,

0

e aesond, and §he

-,
AR NBETI-

alase, Lhooe

. .
g are aohine

Fash aluas ig suhdiziced 4n <ivs bhe means Pop all welzors wod shan 1
Aenms for thone whosae visihillyy d42 not exeaest 1.0 paornds Thie laos she
aobian whieh ahoald he ssadied 40 chiatn pesuliss, haconss any tas00r vhose
vigihilioy in aver 1,0 seaord 1o an cesisml onae. The femtlsn ap pabhor miprgrige

tiorg stientzh wall mepkes,
@l iow nejaore havs the shorsast, apranes and raf
bvy Linallv

of visinili speent and whilte slment amal and

Blue and mirvie are adso visihle a longer $ine, hus

ont 8@ oo fow meiteorns 5o have much welshi. I3

the naxh and eaunld

she reasalis

is rnioteworshy Lhal

She loneent.

depend

she obher

i
B
i




soluring, in general, wear ous 3hw remilis deduced Irom Jhie lesie Takine on
Pirss asswipbtion thai aebeors of all oolors enjer the sbtmosdlisrs withe ihe sane
aean veloBiLy and bename visiule ai 516 pame Nes Melshih, shen ve mush conclude

bhans vailow mencora aere compased of meserizls which wre more inflmrieble than

-t

red and oranse meiac u, and $hass In barn more go shan rhie or sre-r.

32y he objantel thab the arror of ohsasvation 4s se oreas shsd the lflorances

in the aolum referred 5o mesn 11u.le or rashinr, Yhile 1§ i3 treue encuch

shat for any saipngle pebeor she error 1 s larsg, vaob =hen e nems of agveral
ﬁamdr s oare bekon, «2 In Sils ease, 1 belieg¥e (hw ornldental wrrors nrs loproe

1y elinipaised,

Finaliy tne oew) valaes for s ueors 53ese oolopr ses anrasorded in 1900--
1308 aru siven, aeledyd Jol Jo.ipatilson. &3 1Woss o Fhese werse of Jle Jainser

dagmizudsn slan ohiq 3HIPG, L5 de aniia opwiogs shas Lhuy shonld in censral be

seon oodanrs flie slan brichben astoers, sap ndesd bl bablz vrovos.
The @xowniicnel nescors sail for no Methor aosnens hers fhan so sary Swod
& L4
w \ - T “d SV ame ey N agte IR o PR Y Ky 63 - e
ay ohaervabliong oive Tguer ser Shomsend Shan is usnally She cases A3 thero mae

§ Ve s § . - ) L3 N [ . ., oy b oy 1. o N
wepg 207 predng of 2.0 secondr Aunaiion, or over, Wb means irtas ohoud one

wilaenn 2f all shese cxoentional

i oo - PN I STy wer o
Livhar fnoannsiar Tenagl,

210 % Stk e et s e




L

Oondensed Swanary of Resulis. |

Thin summapy d.a 1n5midad ta give 'i,ix a very few words vhai appea~ 5o he

the main rusulta dadueeé in *hia pan%r:
%

,Cl) 8% a*i.onarv raﬁim*n ap»eeA rare Af sher axist al all,

(2) Prool that Halley's Somet and the 4 Amerids are injinately connecsed,

(5) The changd in position of the Papseid »vadian§, fron day Lo day, is

Dily aonflirrieds,

{4) The Criomids do nob seen to hawe a siasivzsry radiant,

{5) The radiant o2 5he Laonids show no aprrssiable ehange of posléion

fron dur £9 day,

{(5) ™e existanes of

she sg-nalled c-('(@ Perselds, axseps in Aususs, is i
aoy sonfirned,

(7) By obmarving in a olearer atzosphore :mi;vo:"a of $he fourih nnni tmae,

are in the nalowisy, while J.'orxucarly nops af the shird magnisade wers asen.

it

(38) Yellow mefeors have the shortest tine of vmibi- ifyy red and orangd

soReshat lopger §fines, whils green and vhits sare peen lonzsss,

{¢) Pamllar wmeteors wrs nob so coAnon as thoughile




