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The first observations on which the results in this paper depend were

made on November 14, 1898., This doee not include a for records found in some

old books, which had been made many years previously, but never apparently

used. No year from 1898 to the present has passed without the addition of quite

a number of meteor observation: until, up to the end of 1910, about géoo‘tfiad

been recorded. From lack of experience, both in meteor observing and other

lines of astronomical work, the three Leonid, one Perocid,and the Boil id rad-

iento deduced from the 1898 and 1899 observations, can not be considered as

accurate.

Even the paths of meteors plotted in 1900 are probably not so good a3 those

since obtained. However, from 1901 on, ofiile naturally each year should improve

the methods and accuracy slightly, yet there is reason to feel almost equal

confidence in the results.

I am under deep obligation to Director Bmond Stone of the Leander McCor-

mick Observatory, for continued encourggmnent and advice in this work from

its very beginning to the present.

In scarcely lees deyee am I under obligation to Director Campbell of

the Lick Observatory, for encmmgcment in this work and allowing me time to

carry most of the computations to a conclusion while I was a member of the

staff there during 1909 and 1910.

It must also be stated that about 13900 meteors, or nearly one third of

the total, were observed by me while at the Lick Observatory. All of the romain~

der, except about 300, were observed at or near the Leander McCormick Observa-

tory, University of Virginia.

 

M) So far as I have been able to find from records Carder, Banning, Heie, and

Zezioli are the onlv four observers who have each observed over 5000 meteors.   
 



 

 

I am further indebted to the following obeerver;,vho at various times

have either noeisted in recording: or made separate observations at other places

under the same general plan. .‘ M [9%st

Messrs. T. B. Lyons, G. F. Paddock, K. S. Patton, J.B. SmithAof the University

of Virginia, Bros. Albrecht, Evanden, Miss E. Glanoy, Messrs. PéflLMerrill,

OWL '

K. Lovehfi. Younger the Lick Observatory. Occasional or remarkable meteors

have been reported by others.

The no thode of observing have evolved with increasing experience, but

from 1900 on, they have not changed greatly. At present a meteor is observed

as follows: flaps are prepared. of the region of the sky that is to be especially

observed on a given night, care being taken to choose that map whose projection

is heat for the region in question,. In a large recording book a mambo:- of

columns are ruled, headed as follows (1) Timo,(2) Number,(3) Clase,(4) Color}

.(5)Maai1 nude 7(6) length of Pathfi?) Duration in tenths of seconde,(3) Duration

of train in tenths of secondefl‘fi) Remarks ,(10) Serial Number ,(11) Accuracy .

The designations are mostly eelf explanttary.(2} give: the number of the meteor

for the night, (10) the serial number for the year—filled in later, (1;) the

accuracy, on a scale of 3, with .whioh the meteor was observed. Beside the plott~

evfinath of the meteor on the map is placed the number for the night and later

the serial number in ink. The serial numbers are so arranhed that the first

figure itself given the year during which the meteor was seen. Thus 1-——-11'.’

shoes that the meteor was seen in 1901, Bod/136 in 1909 eto., The methods 11106.

to obtain the moat aomato plot of a moteor'e path are as follows: The greatest

care was taken to obtain the direction and any one point over which the meteor

passed. Often, of course, a meteoris; beginning and ending points tell exactly

at or very near a convenient star, or at such a distance between two near stars  



 

 

that it is easy to estimate the distance proportionally and accurately. In such

a case the direction, determined nearly almys by holding up a straight rod so

l‘e

that it appeared to in parellel to the meteor'e path in the sky, served mirly

do a convenient check.

But in most cases a meteor neither begins not and: at a point which is

easy to determine. Then by glancing. backwardggmd. forwards along the rod the

eye can always pick up a star in the same great circle. Also there is scarcely

ever any difficulty in findizig some one point actually in the path itself. As

the eye readily estimates the length of path of a meteor with fair accuracy,

the parts in front and behimg the chosen point can be estimated. instantly, and

by means of the other reference point entirely outside the path, the meteorhs

position can be gotten wi th great accuracy and speed, compared with other method.

By choosing some point behind tether than in front of the path we also in

this method eliminate to 9. great extent the effects of poor projection, which

may be troubleeome near the edges of almost any map 9 However, I wish to state

that meteors begixming at a greater distance than 30° from the radiaht were

never given much weight, and whenever thereto” reason to suspect that a

plotted path we dietoradd by poor projection the meteor 919.3 tithe? given

extremely little or no weight at all.

For the strong streams such as the Leonide and Perseide, the radiant:

ceum frequently be determined by meteoriwithin 10°.

Other meteors further out but well observed were always used, but the

resulting point would morally have been practically the same, had they been

omitted.

It in obvious that the short paths near the radiant are met useful in its

determination, both became. of their noarnese and also their low apparent value-Av '

ity, which permit: of the most accurate plotting. They nearly almys have trains .  
 



 

 

If for any reason certain meteors could not be at once plotted their paths‘

were described with such detail that afterwards when put upon maps the results

were quite comparable with these plotted at the moment. As far as possible,

however, each meteor one plotted where observed: The usual plan was to work

up the resulte partially the next day so that details could be added, when

necessary, while the recollection was fresh. the obsefvations made by others)

who have assisted or observed elsewhere for mo)were made in the same general

way, only the results were left to me to work cg completely and the responsi-

bility for the latter reats upon me. As confirming the results of previous dbu

servers the following points may be noted as of general interest with regard

to the work and results. Most of the meteors were observed after midnight and

to the east of the meridian. I have no reason to believe that the couth—cast

or northweast quadrants differed appreciably in the number of meteors seen

within them. Those seen before midnight differed much, as a rule, in apparent

velocity from those seen after, being much slower. Nearly always there was a

marhed falling off'hxzummers before the least trace of twilight appearodo

Very slow meteors leave trains, nearly without exception. Meteors with curved

or sinuous paths are rare (see tables). In very many cases two or even three

meteora travel tho same apparent paths within a few seconds. In showers like

the Perseids, two,or more meteorgfgggear at the same instant. in most cases

radiantc cover large areas only because of poor observations, since the paths

of will dboerved meteors generally intersect nearly in a pain; or within a

small area. The most noteble exception to this rule was on Aug} 10 and 11,1910.

 

* On an average a single meteor one plotted and a full record made in about 40

seconds. However, dbout 60 yer hour would,he the most possible to observe ful-

ly under usual conditions. ’  



 

 

 

The physical appearance of meteors, such as color, apparent velocity, etc,

while all very useful in assigning a given meteor to the proper radiant, can

scarcely ever be held as conclusive evidence that it does belong to any given

radiant. Many casggcculd be sighted, especially in August and October, in which

meteors have every physical characteristic exactly like numbers of the main

stream but come from distant radiants.

Also numerous meteors of the nrincipéi streams differ very much from the

the average member of that stream. This point is to be especially noted in

vice of the statement often found that a meteor belongs to a given stream

because it looks like the average member of it, though itc direction was fre»

quently very poorly determined or perhaps not at all.

Radiants have been found by projecting the plotted paths backwards. In

regard to those for which parabolic elements have been computed this rule was

followed. At least 3 meteors paths on projection must meet wihhin a circle not

more than 0.05 in diameter.

Any other well observed meteor whose projected path comes within 1° of

the centre is accepted and given due weight. Any other meteor whose projected

path comes within 2° of the point may be used, but would be given little weights

The radiantimhen finally accepted lice at the weighted center of gravity, as

it may be called, of the area enclosed by the projection? The weight given one h

projection depends on how near the meteor was and how well observed.

An absolute rule has been made that under no conditions have meteors ob-

x served on more than one night been used to determine any radiant.

It is my firm conviction that not following this rule has led many pre-

vious observers to catalogue hundreds of ficthmnnna radiants whose presence

in our catalogues only hampers the future growth of meteoric astronomy  
 



 

 

Only in the case of a radiant known to be stationary could the combination

of meteor paths observed on different nights be justifiable, and stationary r

rediante must he ran phenomena: since the meteoric apex movee)on account of

the orbital motion of the Earth, about 1° per day through the sky and each a

stream has aleo its own motion in space.

Since such combinations, in effect, presuppose the existence of stationary

‘ radiant3}they appear to prove that on the assumption of which they largely

owe their own apparent existence. Had I been willing to combine several nightef

work there is little doubt that the nueber of my radiants could have easily

been doubled. Owing to this precaution largely, I presume, my own work gives

little indication of stationary radiation.

Most of the meteors observed came during July, August, October, and

November. Quite a number have been recorded in January, April and may, and a

for in December. The other four months have furnished no results, observations

never having'been made during then.

It should be stated that only a small fraction of my time given to db-

eerving ocula be devoted to meteor observations, which fact explains why the

total hawker is not largert

The formulae and methods for computing the parabolic orbito which follow

in the tables were taken from 'Die Bahnbeetimmvng der Himmelekorper“by Julius

Beuchinger, which has proved invaluable. In the thltty-fifth chapter of thee

work the equations will be found in fullo

Believing that in some cases the radiants were known more niaaxlgx close-

ly than to whole degrees the measurements on the maps were made to tenthe or

1’

degrees. The transformations from right ascension and declination to latitude

 

«e Refer to Mon. Not. R.A.S., vol. Wilkfillfi,’
sstr. Nach. Vol. Irony-race; '
Bulletin Astr. Vol. x1 “pace-.10.  

 



 

 

and longétude and all the no bual computations for the elements were made with

4—plaee logarithms, the angles being taken out: to the nearest minute. However.

in the tables of results they were amin reduced. to the nearest tenth degree,

that being qui be as accurate as the observations could give.

A11- obtainable works on meteoric astronomy have been freely consulted and,

as will appear later, certain conclusions on the question of stationary radiv

azicn have been partially reached by discussion of the work 05‘ other observerm

Finally it'may be stated that it is hoped at some future time to study

the dsta on which these results are based with a View to the solution of other

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

 



 
 

 

The Aquarid Meteors of May.

These meteors were never seen in sufficient numbers before 1910 to

deduoe a radiant for them. Indeed, cloudy weather or moonlight had never per-

mitted any of the former attempts to be successful. However, in 1910 good

radiants were secured on May 4 and May 11. On May 4, at the Lick Observatorz/

numerous meteors were seen in the sounhweast by Dr. Curtis and later by my—

self. During the half hour before darn, at intervals when my assistance could

be dispensed with, I was able to observe 9 meteors, 6 coming from the Aquarid

radiant. This was therefore well determined,as the observations were good.

During aboot the same interval Dr. Curtis saw 4 more Aquarido. The hourly rate

must certainly have been quite high. The average length of path for the Aquaride

was 1035 and average duration (£64.

h
m

On May 5, my undivided attention was given to meteors from 13 23 t0 _

. 7/794 you/1.: 14.44,. 2 emits! 5%“ 5mg 4‘]ng .

1158121
Cam, W7 I], 9A7 :1“ ,,,I "341.”? r 1* ,y;:o'-. ,, .

14 * , during which interval 13 meteors were observed. hater while in the

Grossley dome, just before dawn, 8 meteors, of which 5 or possibly 6 were

Aquarids, were observed. A good radiant was obtained from them. The average

0 5‘

length of path was 7.3, and the average duration 0.55.

117111 h m _

On May 13, from 14 to 15 20 , 14 meteoro were eo.n. Not more than two

could have been Aqyaridag

On May 14, information was given me that 14 meteors had been seun by one

haoms Shether any Aquarids were among them was notperson from 14h45mto 15

stated.

On May 15, one Aquarid was soon.

On may 19, during a continuous watch of one hour before dawn, and an intern

mittant watch earlier, no Aquarids were seen.

The vicinity of the radiant of possible meteors in the tail of Bailey's  
 



 

 

‘Bmet was examined several times for short periods with the 12-inch refractor

inn

and low power giving a large field of View. 2?! meteors were seen with this

 

 

 

 

 

 

  

instrument. The following table gives the elements for Comet Halley and the

parabolic elements deduced from the observations on the three datessfix
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The connection xtthxthe meteors with the comet is quite obvious. The pro~

bable connection of these meteors with Comet Halley was pointed out long ago
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which his conclusions were based was not extensive.

by Professor A. Herschel 0N: tort s.A.s.Dxxxv11r P. 379i), but the data on

however, in 1910 the most interesting point is the enormous size indicat-
1

ed for this meteoric current. On May 4f’ov Halley was abouoes million miles
-..‘/’

from the_Earth,:Which was at the same time aboutre million miles from Halley's

orbit. On May 11.99 these iigures had changed to 34 million and 13 million mile

"espectivelyg In other words the space at least partially filled by meteors
.2.

connected 11th this comet Was presumably, a cylinder of lsnébxmiles radius.

A

Nothing could illustrate better the extreme complexity of some of the principle ;

meteor currents than thesexsmple of their possible size. It is to be noted

also that some of these meteors preceded hhe comet by 63 million miles and

therefore it is probable greater numbers followed it, but of course no data

can be gotten on this point. It is of interest to note the eastward movement

of the radiant between the ti§'dates given and further that May 6 seems the

latest that these meteors have previously been seen. # Computed from data given in Popular Astronomy,Novo91910, p.538. Observed at

VisquegP.R., by George H all. I projected the meteors on the printed chart

accompanying the article and toundn.Aquerii at the radiant, rho computation was

made on this assumpyion which must be nearly true.  
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There is a. curious coincidence between some of the elements of the Aquaridé

and the main Orionid stream. The mean elements are tabulated here for com-
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One can see hat closely the inclinations agree, and. also that the A do not

differ vary greatly. The longitudes of perihelia differ about 40°.

W See also Popular Astronomy Aug.-Sopt., 1919, P. 422, for anmher mention

of these meteors.
 

 



 

 

The July and August Meteors.

Both July and migust are months during which meteors are very numerous

and, besides, the great Perseid stream offers exceptional opportunities.

My first observations of the Perseids were made in 1899, and. every year

since had added considerable data. The radiants deduced show mistakably

the regular shift of the radiant from day to day in the direction of increas—

ing; right ascension, and, to a smaller degree, also in declimtion.

But as ell'optical orbits have several times been computed for the Perseids

it was thought useless to compute either a single new elliptical one or para-

bolic orbits for the separate dates. However, in the table the residuals from

Denaing'u ephemeris see his General Catalogue of Meteor Radimts. P. 210:2)

e"

are given.

I,

In this table are given in order named“) G.M.'L‘. of the middleAobserva-

tionsfiz) L4 )(3) cl , (4) S ,(5) number of meteors used to find radii-amt point,

”3* .

(’o‘) i E‘phemerisuObsernd values in at (7) Ephemeriswcbserved values in S r

A stationary meteor is considered to give a separate radiant, and the two cojes

of this kind are so tabulated. Altogether 3'7 radiants ate given. The next table

gives: (ljdata ,(aflzime of beginning ,(3ltime of ending ,(4 Mine actually: charmed

.in-obeenfing and recordingfiitotalinmber of meteors,( 6 )ratc per hour,” )fac tor

of ratcffiborrcctod rater? )numbcr of Pcrseids,(10)mte of Perseids,(11)oorrect -1

ed rate of Perseids..ipproximately 3’100 meteors were observed during July and Augu:

and results from these tom the basis for these tables and results.

This factor is taken as 1.0 vixen the night is clear on re . f. ,

when observing conditions are good and when the horizon is unobstructed. if

any unfavorable conditions arise, the factor is lovercd in the proportion that

it is‘pelieved the number of meteors seen was diminished.

“- Denning's positions are assumed as being at Greenwich Mean Midnight. However

’ as his are given by dates and not by I. therefore the positions are not strictly

comparable .

m
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lhile these tables give the principal results some remarks may be added. The

richness of the stream varied greatly from year to year, not only in numbers

but in the brightness of the meteors, especially near maximum.

So far as numbers go, 1909 August 11 furnished the finest shower, 333 mete:

being seen at which 223 were Purseids. The radiant areas were larger than usual

in 1909. (For a fuller description of my observation of this return see the ‘

Lick Observatory Bulletin No. 166.)

In 1901 on Aug.9, meteors were numerous but an former dates scarce. 1902 gave

a good display at maximum. In 1903 Perseide were numerous late in July but

moonlight spoiled the first half of August.1904 gave a good display. The maxi~

mum of 1905, as observed at Daroca, Spain, was not a oonspictous one though

weather conditions were goodo During 1906 and 1908 the maximum came in bad as

weather, while that of 1907 was not a rich one. On an average a Perseid meteor

seen before midnight remains visible 0.525 and after midnight 0:385. These

figures are deduced from 393 Fireside observed loos-.1909 inclusive£315? which

the durations were tebulsted. They usually leave good trains if the meteor is

as bright as the ;‘ magnitude. Their prevailing color is red or yelloo, few

blue or green ones being seen; Other radiants in the neighborhood often fur~

nish meteors precisely like the Perseids themselves, and great care has to be

used to keep from misidentofication, especially in the ceée of meteors from

usury-Pereei, which come in some nunbers about August 10. This trouble is more

serious earlier when the Perseids themselves are no more plentiful than some

of the other rediants in contemporaneous activity. On any clear night after

July 20, one can be fairly certain of seeing enough meteorsto sell repay obserVn

ing, and often enough Perseids to obtain a good radiant for them.

  



 

 

The October Meteor Streams.

During this month many rich streams, whose radiants are situated in and

near Orion, are in activity. This group was observed with great care because

several of the best meteor observers have referred to it as the typical case

in which a radiant remains in a practically constant position for quite a long

period.

The payer dealing most at length with observations of the Orionids,so

far as I have been able to find, is that by th. Banninggn the Monthly flotioss

R.A.So]f01. 56,?1449. He also treats briefly of them in vol. 50 or the same

publioation and En his I“General Catalogue of Meteor Radiants“.

In all these papers it is stated that the radiant is stationary. Later

these papers will be referred to at length.

My observations of this most important group of radiants began in 1900

and, during every October since, some data has been collected bearing upon

them. The following table: gives the number of meteors observed in October

for the §ear 1900 to 1909 inclusive, on nights when regular observations were

made. The columns give from left to riaht1(1thte,(2) time of beginning,(3)tfime

of ending,(4)mumber of minutes actually spent in observing, (Sinumber of meteors,

(6)rate,(?)£aotoroaefieunmng on sky,etc., (8) corrected rate. The rates are

for one observero
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Seven other observers have assisted in this work. Their assistance Was

especially valuable in 1904, when J.B.$\Smith and J.P.Smith on October 18

observed 115 meteors at a station '1 miles 8.3. from the Clzvrlottesvilleg Va.

station-

I'Ize other observers only easinted, as a rule, in counting and recording

meteore. 0f the I meteors seen in this month I personally observed 107st .

Beaideer W-giym-win' thetabie Were- mordeflggflza newnwsaonmon ethane.

night!“ m~=mzmew Tfieret'a’re 1M9 meteors-form: the min ef-ethierdimssi-m.

On verging over the maps, on which are the paths of such meteors as were well

enough observed to be worth plotting, 64 radianta were obtained, which were

considered sufficiently accurately determined to have parabolic orbits calcula-

ted for them. The elements will be found in the general table of orbits.

In the table of poorly determined or uncertain radiant: will be found ? more.

Of the good mdiante, the 55 which {all Hi thin the region of the sky

shown are plotted in Fig.1. This figure is pimpesely draw: on a very large

scale so that the radianta oculfl be accurately plotted to tenth: of a degree.

The 11 MM that belong: to the main stream and all of which were observed.

on. either Oct. 18 or Got. it? (when/L was between 115?? and 1170.4) fall wi thin

23 quadrilateral bondage 1 900.0 and a ; 920.1, and S ;+13°.6 and 5‘ ; + 160.5.

If No. 112 and No. 113 which were observed by J.B.Smith and J61). Smith are

omitted, leaving the 9 observed by myself, the limits reduce to at : 90%). and

a :- 92°.1, 5 5130.6 and S ; 435.9.

In other words the greatest possible deviation from the mean whom all

argooneidered 164d 3110.05,AS : i—1°.5 When the 9 observed by myself are

considered this fall: tOAnL 4.— 10.0,A5 ; i 10.15. These greatest possiblea-

_,

residzmla give evidence of the probable error of any single radiant detemined

and how nearly the positions can be relied on.  
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No, 121 ahould have been combined at one third weight wi uh No. 132 before

the orbits were calculated, but, since that was not done, the positions of tho

two are so combined and plotted on the map as one point. 2:0,. 123 and 110. 124

were weighted. equally and treated in the same manner. In both of these cases !

may are undoubtedly identical, having been observed on the some night, however}

as two maps were used, two positions were obtained, and to be on the safe

side orbits are cataulated. for each position.

The following table grams these 9 positions with regard to the year and}?
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However, there still remain within the area bounded by x : 75° t9100°,.

S ; +’5° to +-25°, 13 rudiants which apparently do not have any near connect

ion with any group. No loss than 8 of these fall within the area bounded by

a.: 85° to 95°, 8 Z + 10° to + 20°. These 8 were observed on October 13,

15, 18. 19, and 25 of varoous years»

he stated before the radiante of the main stream which appears on Oct. 18

and 19, all fall within an area bounded by d : 90°.0 to 92°.1, X : <+13°.6 ;

to + 16°.6. 0f the 8 radiants spoken of dbove only the two seem 1910, October

15, are heat enough to the principal radiant for errors of observation to throw

them within this area. For the other 6 this possibility hardly exists. Indeed,

3 of these 6 were observed on October 18 and 19, and of the last 3, No. 79,

was uncertain, having been gotten from only 3 meteors. To show that the distri-

bution is not entirely without order,oven for these isolated cases, it should

be noted that no radiant observed after October 19 lice south of 1-150, except

§

No. 134 and No. 13?. no. 13? id too far to the west to enter into the disoueefi

and 134 is evidently connected with No. 103, 104, and 98 in a email system,

separate from the main current. I feel quite satisfied that the positions of

the raéiants given in the tables, represent their real plaoee within about 10,

sometimes less.

Two curious example: of the recurrence of radiante in the some places

are given by No. 108 at o(: 79°.2, 5‘: + 28°.6 on 1904, Oct. 18.81,and No.

232 at <i : ?9°.0, S ; + 280.5 on 1906, Oct. 25.84; also by No. 77 at at: 87°.

3 : +—14.6 on 1909, Oct. 13.94 and KO. 110 atci = 87°.5, S = 140.4 on 1904

Oct. 18.81.

{The general conclusions drawn from my October meteor observations are

as follows:

within an area bounded by a :790 to 103°, 5 : 4 4° to i“25°, from Octet  



 

 

12 to 2.6 inclusive, are found a great number of distinct radiate, which in

general furnish similar meteors-

bhst on Oot.lB or 19 the maxim occur, the principal radiant being always

within less than 2" of a: 91°, S 3 + 15°;

That minor branches or streams appear which give evidence of an eastward

movement in longitude wi ch i.crease of date.

That these m_inor streams sometimes amt-2a:- only during the same October

or may «appear in following yearso h

Well».

That many isolated radiants are given which do not seem to have anyAwith

others either in position or elements.

That since for these radisnts an error of as much as 2° in the given posi- '

tion seems unreasonable, from a study of the maps and records, they can not

belong- tc one radiant, considered stationary.

Lastly that the suggested. explination is that most of the meteor currents

had a common origin, but with the lapse of time have been separated into many

minor branches, besides the great central stream. 1

These minor streams come irregularly, in most cases, and it is by no meson: f

necessary to suppose that any given one should appear every yeero Indeed it may

well be that a small amber of meteors give a radiant one year which could

never again be observed, because without doubt in the immense extent of such

a general system or family of currents many small. isolated groups are present

which from their small size would never again out the Ear th’s orbit in future

returns t0 the Sun.

In Vol. 56 of the Monthly Hotioos ELM-Quin, 74—79,, there is an article

by 3.3!. Deming on the Qrionids, in which he gives his gromxds for concluding

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



 

 

that in the first table of 19 radiants, 6 are useless for this dismission. %ee

Benning's on words 9.?8, lines 7 to M. In the second table of 30, 1? are

also of no value, the reason being; that observations of different nights and

years wsms combined. The 11 available ones in the first table, all observed

by Banning himself, fall within an area 3° by 31°. The 13 in he second. fall

within 6° by 70,. Therefore what he then called a stationary radiant covered

at lent 8° by 7°, or were we to discuss all the 49 radiants given by him 8°

by 9°. Later in his "General catalogue" are found 5'? radiants assigned to this

Shower, scattered over an area of 8°43 8319,, B'hen the :35 radiants not observed

on a single night are thrown out, the rest lie within 80% 6°. Nos. 51 and 52

require mention. Reduced from the same observations of Zezioli by Sohiaparelli

and later Dmning)the results differ 2° in ILA. and. 3° in (1001. Further most

or all of the 19 radiants given as Group LZfllX appear to have as much right

to be included under the Orionids as many given as such. Group LXXV of 10

radiants, 8 gotten by combining two or more nightéu observations, also shows

the same coordinates as the Orionlds. Hero these :two groups combinod, the Orien-

nids coulfl be main to appear throughout the whole year. Indeed, radiants are

very numerous in this region of the sky and stationary radiants can be made

to appear by loose combinations of observations and mori-tioal solootion of

material. A close study of Denning's own “General Catalogue" from P. 244 to

250 inclusive will show that many other equally logical conclusions could be

reached by uni: merely regroupiag. Therefore it is very undafo to conclude

from this data that the Orionids really have a stationary radiant, as: stated

by him.

 
 



 

 

The Leonid Meteors.

Observations on the Leonids were first made on Nov. 14, 1898. Afterwards

they were continued in 1899, 1900, 1901, 1003. 1904, 1907 and 1909.

goody weather or moonlight prevented observations in 1902, 1905, and 1908.

However, in all the other years mentioned meteors were observed, the richness

at the showers varying very greatly.

Three tables aro given for the Leonids, two quite similar to those already

explained for the Pereeida. The third in one giving the extimated durations

for the Leonids in tenths of secondso These estimates of course cannot be veyy

accurate, but it is believod the means represent the tenth fairly well. Practi»

oally all these meteors were observed after midnight. The mean duration for

I the 25? given in the table is 0559»

Referring to the table of radiante it will be seen that no certain movement

from date to date 18 indicatedo But since L changes only a little over 2° for

the extreme dates, this is hardly to be wondered eta

Altogether about 1030+- meteors have been observed between Nov. 12-—16

of the years enumerated Above.

1901, Nov. 14 furnished the finest shower; 1898, Nov. 14, the second

best; while in 1903 and 1904 considerable numbers appeared, with many very

bright meteors, particularly in 1903.

many Leonid: givo exceptionally long apparent paths and leave splendid

trains which remain visible from léto 53, often longer. They also furnish bright

meteors of several airfarent oolore, which vougd seem to indicate the pre-

ponderance of different elements in individual meteors.   
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d1.

 

Existence of Stationery Radiants.

.2.

A: a typical case of a stationary radiant the grow No. XLlll in Denning'e

”General Catalogue of Radiant Points of Meteoric Showers" was chosen for study. I

So far as the theoritical impossibility of all the radiante put within this

group bewgeally connected is concerned, it: is most clearly proved by Th. Bro-

dichin in his gmoir "Sul- L'Origine Dee étoiles Filantee", Piss-n14. However,

further observational data will be quite useful...

Therefore 68 maps have been emuined which contain meteors recorded from ,

1900 to 1909 inclusive, and on which meteors coming tron; the remand—(5 Peron

would be plotted. These maps were used in January, April, July, August, Goteborg

and November, all being months during which this shower is euzipoeed to be

visible.

On 24 of the nape not a single meteor can be found whose projected. path

would come within 5° of the point & 24'523 , 3 :+4530. On 18 others: one meteor

might fall within these wide limits but is considered to belong to some other

radiantk for good reasons. 0! the remaining 26 maps, 12 have one meteor each

which wooed. satisfy conditions. 0n the last 14 several are found, but in

most cases these were used. about August 11, and these meteors clearly belonged

to the main Perseid strewn.

However, three. mdiants are actually found in this region. No. 33,u :4294,

s :+49‘32 Ho. 33;: m 4323, S :- +3926 and No. 54, a = 4390,; 94593. For com-

pleteness 30.35, cl .7 4491, S 35290 might be added. The dates on which these

tore observed are as fallen: 1901 Auggilfiooa Aug. // , 1904 Aug, // .

For gas-02.21.» No. mm. the 1mm given are at 5 42°co 51°,5 =+39° to+499

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

able to confirm the existence of a radiant within these limits.  



 

 

ed.

A little analysis of the data in the ”General Catalogue” will be helpful

in understanding how such results were gotten. No less than 59 positions are

there given. Of these only 15 were obtained from observations of a single

night, therefore the remaining 44 are nearly worthless for the discussion of

stationary radiation. For exemple(l) depends on 8 meteors seen within 24 days,

(13) on 3 meteors within 9 days, (22)on ll meteors in 8 days, (50) on 34

meteors during all October and November etc. Equally bad or worse oxamgles couli

be quoted, these being taken at randonu It should be plain to any observer of E

meteors or to any person familiar with their theory that such combinations are

unsafe and generally misleading. Fortunately out of the 15 positions properly

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

by Schiaparelli. His results follow:

 

 
 
 

 

 

 

 
 

 

1M ,T l. «x ' S a- I no I 7r, 7 __._7/

1) 2+5 ‘ : I

- 1 i n I o ‘ g ‘Y a a o ‘

(Q ~ (V) . %m»ll a 10/ ; 47 ;+70 : 9 v I 21/ HI ‘fl?7m

(I?) = (’37, I 1444.? 7 ‘l4 l} 7- 3 4, “so 5.3 K ’ [3.5~ 3L}! £0171!!!

i I . :

(20 z 0”” ‘ ‘ l‘” . ”7 "7 +u3 Q 93K . I37 ‘ 33y {xlvj

(4) r 05‘") ii Sufi/WIS“ J St; 6‘] F +37' ‘ L“ R [7‘0 ‘ 273 [1.56 7 '

i " L J

For purposes of comparison my own four orbits follow:

1E””WEE—w":V“M 7“ 7’ ’ ‘ f {I I [

i(3” ’fio‘ ‘ Aug.? 433 f #211 +493—9/143" /3¢% : 33¢0‘ 0773

i (3%) “’01 I, o 47.5 1 111-3 «<th. f I’I’L'é 3 ’34"! f 195”? 0'?“

%(50 1403 .. II at? ‘IMK 1“‘7 9/340 ‘ /yyq.§ g95#;“973

('55—) ’rlUlf u ’, 1 [(9-7 [14‘] +52 0 “ 121,6! [gai'z ! 33?, :flnq3'3 
._ lL

Referring to the four rediants of Zealoli above, we are forced to believe that

one of the best of meteor observers plotted 4 radiant: over limits of 90X 9?

when they should have been near the mean position, it we try to obtain a

stationary radiant here. But if doubt remains a mere glance at either of the

above table: of elements must banish it completely.

That the radianta(137) and (142) of 2.31011 are nerhans theafinis with  
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its position shifted in the Ldey interval is indeed probable. Also my orbits

(3?) end(65), and (33) and ‘§4) are probably the same, their positions being

alightly shifted between the dates. But that all 8 orbits can refer to the

same stream is an dbvioue and mathematical impossibility.

A: for the rest of the 15 radiante we had under discussion, (6)eeeme

(L fled- [Pull fwd.

saleaéidiy determined by Banning from seqnttsera,(7), (34), (38), £323 are

found by the name observer from 4 to 6 meteors eeoh. G839by=£eés=£2eezifiaastlnrs

(6)) (,3),

For(14)and(43) no numbers are given.A(20), (21), (23) are from duplicate dbaer»

vatione of one meteor, and , 30 '- are notvtryvaluable for the question under

considerauiein @))GVL

Therefore of the whole 15 reliable ones, thick included(20), (21), (23)

aleo, 7 fall in August. Pt theft follows that we find 8 radiante for all the

other months scattered over the area 9° 10° and it is on these mainly that

the claim for an observed atationary radiant here must rest. It in of further

interest to remark that these radiant: were observed all the way from 1867

to 1897 inclusive.
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Explanation of tables.

Table of Radiants:'Thie table contains the parabolic elements calculated

for the l?5 radiants, which were considered good enough to justify the compute»

tions, and which did not belong to the Perseids or Leonide. The columns give

from knit to ntabt;(l)eerial number of radiant, (2) Greenwich Mean Time of

observations, (3) longitude of the meteoric apex (4) right ascention of radiant

(5) declination, (6) apparent longitude,(?) apparent latitude, (8) true longi-

tude, (9) true latitude, (10) inclination to the ecliptdc of parabolic orbdt,

(ll) the angle between the true position of the radiant point and the Sun?

(13) perihelion distance in terms of Earth’s distance from Sun, (13)

longitude of perihelion, (14) longitude of ascending node, (15) number of

meteors from which radiant was deduced, (16) notes and references.

In (16), when the radiant was observed by anyone other than myself, the

observed's initials are enclosed in square brackets. Other references are as

Q

--«refere to ”Annalee as l'Observatoiro d'Athenes", Vol. 111, follows: AoP.

with page and number of the radiant on page.

D,~—~ —-zrefers to !.F.Denning's "General Catalogue of Meteor Radiante,"

gdving the group and number in group. An asterick following the number means

that several nights” observations were used by observers referred to.

x Z,-—- --— refers to Sahieparelli’e corrected orbits, deduced from Zezioli's

observations, giving the number of the orbit in his work.

uncertain Badiantst—This table gives 26 uncertain rediants. The columns

give from left to right (1) Greenwich mean Time, (2) longitude of meteoric

apex, (3) right aseention of radiant, (4) declination, (5) number of meteors

from which radiant was deduced, (6) notes and references.  
 



 

X

H

(ll).

 

I.

Table of Inolinations and Pegheliar—rhe first of these tables gives for

each 10° of inclinations three series of resultc. The first row contains the

inclinations of all l?5 orbits, just as taken from Table of Radiants. The neocnd

an»! M1 M“ twfmlw :(fl-A lgéa’wllvve—k [w 044% HLCM‘Q f"! ll»... Lavwk muffin .Lllua». ZM/Lfltaa..u7fixuj

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

Zezioli’s observations.

The second table gives the longitudes of perihelia, in three exactly

similar rows.

Table of magnitudes of Meteors; This table gives the number of meteors

of each magnitude observed in every year. Below are three combinations, first

all meteors seen from 1902 to 1908 inclusive, second all meteors seen in 1909

and 1910, third for all other years.

Percentage: This table gives the percentage of each magnitude in the firs t

and second combination just mentioned. Of course no account is taken of meteors

whose magnitudes are not given, in this rdble.

Table of Colors of meteors: This table is self-explanatory.

Table of Duration of Flight etc.,: Too table; are given under this head.

The first is divided into two periods, namely 19031308 inclusive, 1909qm11910.

In each portion the numbers of meteors of each color are divided up to show

how many of a given duration of visibility were seen.

The second table gives the mean visibility for each color dioided as

follower“) fall 1” acteorn 1902-4903, (2) No. of meteors, (3) all meteors 1909 +

1910,(4) he. of meteors, (5) meteors whose length of visibility was not over

. 6% in 1902——1908 (6) No. of these meteors, (9) same for 19091-1910 (8) No.

of these meteors, (9) all meteors 1902 to 1910 inclusive, (DO) their number;

5

(ll) meteors not over 1.0, (12) their number, (13) difference between (9) and

 
 



 

  

Tdhlo of Exceptional Meteors:wrhis gives the peculiar meteors seen in

each year under the following headinga:(l) Stationary meteors, (2) Meteors whose

magnitude varied, {3) Metaors with irregular paths,(4) Meteors with curved paths

(5) vary rematkable trains left, (8) Meteors which certainly had hasy nuclei,

(7) Hhmbers of brains rooordefi as being visible at least 2.0 seconds.

This table is only partially correct beeause undoubtedly not all peculiar

meteors seen were so recorded.

 



  

3021110010210 1311011 7013103.

$101123); 10011110110210 and perihella are 032111111011, they at once 03101.11 0011 1.321

413211.00 11300111210. Are to the 5.110111101310210 very many 11101121 3210 2105;005:1000 110.11 611000;.

1121311 a strong: maximum at 150°—~-170°. T1110 .13 110M113 0.? 115,011-51-.111 112111-111 we

110111001101- 1.111111. 12.00%; 01‘ the 01107.13: 110111011 002-10130 1130110 1111031 11121001; 11011011. 1101101102",

200101.1'0 011111.110 031101? more of 01.110115 1:11.122: rem-0531:1110 21035021. I 0:121, :11 1111012021.:

V

Iiffenwme in 01111 2113511130 by 3101111512113 011'... 513131; 1711:1111?
u

111.:,
10.1131: 619.113.0111 ‘0

cheer-1252110210 E11101“: 11116.0 $E1r111.1:g§10=.11’3 £310 01111110 year, 1100'; 01‘ 33000 were 120.110 ‘00-—

“:1-10-5111. MM :70 321-3 1101'. 20, :mr? 13101-103000 are not 1.1011 021011-331 51011111112106. to

be 051110113: comparable 1:1;11 110. (931050 1:01-11. 11.1110 301107-3113 11101-10 0.1”502- 1111111131111.

AP: 30 371.0 1101112101111 :30 12.113.71.111. art: 0.101111, one 1.1110111; 11001210 5210 02011 11.1 325.20.

This 103-3 21531131321 1‘11257'111: 1103.1 1:15:11. 1402:1011, ‘0111 .110 maximum r1011? the first “-1001—
"0

2:10.11 1'1 02101111 311:1 711:: 01.111110.

In 3310 P98111538 from 13310 32119100 01‘ 1'13431113111013 {2‘10 11011; 11111021111311. is 1111143

111111011 03101.10 31121.11 during 1900 to 91908 11110111811113, when 03.730102011110213 were nada

00051;! 121 Virginia, at the Leaander 13011011211027. 00301912350113 1161;80‘1‘5 03 1.213 5111216.

0103211 31.11.10 120210 11210 111001. 21112110110110 by for. 110117011011, during 3.909 and. 1910, 1:110:10

obsorvmlorm were made 111 Califom 10,, at. the L101; 01109110010011. 110111-0110 0:“? the

302111311. 110.5211 811.0110 were weakly in 3310 majority. This 111101200 ccnobwusively,

0121003310 111101110710 11210 011110 11021119112101.1101, that 211831171 is ever} reason '00 310110118

.110 would 271110. 11101100110 of 12110 fifth magnitude, and 00 021 11151031211101” 1:10:31;

numerous 00111-11 we got; a sky as 1311021 01001103? 15110151 1:210 1.102;, 30 the 5.101: is 0100:1-

011 15311111 5210 Virginia 03:31.

@110 00111013 31011110301131.1113 2.1010011 11.113511551121013 10 01111110? to that for 013210,

only the £3.0th 131001110. 1021134111311 2.5- 
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The questi‘n of $52 lun;:h of vinibillty of meteors, vlth regard to their

6230? anrM3"e a sufflellntly internsslng queation to inventigabe. Consequently

53w 1%.?) Villas of: 7:". ms»; .-.”-2:".5;r3-i 3.03 3-13.8 puny/arse.

I; Tam no: mnbit 1002 that 231% particular datum wag ouservwd fixich

Iw:;.1;iN" 7L3 meaeorm sa+sn 2rt2viously are not inclqdad.

Tu anew-r tuzm bin rmnnlts SOHO Iamarka ara nemasqary. In the first plane

fen mahaorn whose Hflfiitude was below the :hird had onlar rewarded for am$ue

fellow :nf orange W8“d ufled lounoly, Fu"d cau‘d often have beun inaarehangtcfl..

film» nurfile anfi to a lunacy tx;;;ns greenuetn-grn are diffénafit to flirt in=fifeh

:nnm r 1&2 materrs, umleqw hr‘$fib or slow. Ind.ad veryfcw hluu or hurn5nnnetew
"' t

. ~‘ . V.

J, I?) 1.175'19.

The Virus 9%?5 of 1H9 tdble merely give. thw data for forninr the senoud.

Tn shin Lnfiiwr 313 mPav=ura are sfiufiiaé in throa elaeses, each with two subdifi

visions. fill those dbsarvefiH30«30 1908 inelusivs form one m1a.s, those 9333??»

mfl 1909 and 1910 at 3H6 Link mwswrvatcry formwe °”-fionf', anfi tfifiaa are weHiin-

1

ad to §orm thy thisd cigan and give 5km d$£in1bive results.

. . . .
flafih Giufifi in sufivaiuwQ tn TiVW 1.‘e ”nnwe Pg~ 31 eenglfi 3nd EHSK then;

Jeaflfi for hhone wv'"n viaii‘V"J r313 nut axeeeé 1.0 nGCflnd. Thin lufit in the

‘J'A001'“:1 3.51.110“ 2313-51191 he sturiiafl. 530 chmixz P53351133, 12130322959 any mrmor 25331038

........ icy 1% over 1.} SQGQJH is an HMHSflal one. The fiennlbm a?» r3146? nnrgvia-

int,chuuzh well markefl.

M]ow mafiaoro hava the ehorfiaat, ornng» anfl refl the max? and equal tinge

of visibilicy, finaily greafi and wh159 almosf eqn.1 and fiha longest.

Blue and purvle ara afiao visible a longer u.me, has she reanlts depend

out fine too few meteorn to have flunk weight. It is noteworthy that the other
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oolumm. in genarai, bear can :11»: 36:31le dean-39d from she law's. Takinr-t an a

first. mammalian that; wheat-3 of all oolors enter she atmonphare ‘31 the the same

mean veloefiy and beam-m Visiule :17; 5ka 9mm mean height, than we numb (zonaluda

him: yaliow maaeoz‘a are composed of materials; which are more: ini‘lzgmabla shun

 

2
*
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red and. orange meter: 9:, 5.4116 shame in Sum more so :Imrz r2121 :6 or gre~2:.

may he objanw-l the; the: error of Obsamation tbs so 52925 that the fliff'ezwmwtvr

1n the column refer-rad to man 15,3519 01° rowing. “mile .16 is 6mm enoufi:

shat: for any 3133,16 meteor she error i 3 large, yet when 37:0 zazazms of aaveral

firimdrc‘: are baktm. as in 92.13 ream. E :rfllic?ie :Ew umiderstrai 5:??03‘31 :21‘53 1’55".”1?“

l}; 93. 1:211:19. $86..
5

Finaliy Sm,- .l“:iz.'.l wide»; for 9'... Qua-are afloat-J (1010." was; amragorclerl in LASAOJ‘l-c-

5

MG? rm; given, amt-«7.7.3: for aways-.mozz. ‘23 mom,- of them: were: of .70 Farmer i

uum'limgalen Siam m»; Third“: is: quite obvious 5115': Hwy should in :gjener-al be

scan :2 4.623453 bizzva 51m: hri.;:'-1i;a;7 mascara, :13 inflame? the table wows.

133:9; a;>:u~3131;3.c2=z-1 mefimors ml". for m .mwnm amumiic here 33:17; to. say that

my cheerurmicanrs give :T'awr 3w 3110:123and 31m: in ummll" the case. As there we

‘.-‘!:‘!'C9 21‘“! aruizlvs a!" 2.0 139102er rim-ubion, 0:“ ~9ve2'-, fir/r. Hams ‘zrzt :bntz'; nae: :

. “(on nf‘ :11}. 37159.0 ‘3}:08'9t1mual _ 5
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6011116115011 3111121112.? 91‘ Regal”. _

This summary 13 inherified to 313145111 11 very few worde what 21936:? to be

the main manna defineed 111 5111.3 9313?:

72

1(1) 3etionary radiate 3mm"rare 1? may exist 83 all.

x (23-19-3610! the; Halley'la' Comet. and the ‘11 Mum-ids are 1111111111111: Fer-names.

(6) The change 111 1103111011 of the Perseidr3519.218. ..z'on 111;»: “.0 (13.31 1.13

13113.13 confirmed.

£4) 'l'he (2121011165 do not seem to have a 3111;112:211? rat-1:11: 1..

{13) $1113 realm"; of 5219 31110721233 1311-21: no appreeia‘ule clumsy-p 1:11“ 30518101:

from an? to £33.

:1 ~ (-6) 73h?) enietmlem 01‘ .311: so—eelled 11,15 1513115611151, exraept 111 11.11.13.181, 13 z;

110:; '3031353‘1'1851.

(7) By ebservinc 1:1 21-31mm: a2108“1am:21111110321 of eBae‘hur‘h 11133111311110,

are; 1‘1 the 171339121311, while formerly more of the thirfi 2111.311 min eve seen.

if“(3) Yellow 1291acre have the sherbeet time of? vieibil ..y, 2366. and orange

somewhat; longer time. while gem: and white are eeen lama ....

(17:) Penuliar meteors are not 130 ear-men as 111011133‘1t.

   
 


