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Sporadic meteor of iiiagiiitude - 1 pliotograpllcd 011 August 24, 1990, at  20h59m07S IJT, by Ragiiar Bodefeld at  Lindenberg, 
Germany, with a 35 inin f/2.4 lens. Tlic pliotograpli ivas exposed from 201’3711’055 till 211’04”’40S UT.  
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Useful Information 
The June Issue (WGN 29:3) 
The June issue is expected to be mailed (luring the first weel; of JUII~ .  Contributions are 
duc May 3. They should be sent to Marc Gyssens or to any member of the editorial board 
(addresses: inside of back cover). 

The subscription rate for volunic 19 (1991) is 20 DELI for six issues. It is anticipated that 
volume 19 will contain over 240 pages. Sulmriptioiis should he paid to Ilia Rendtel, in DEM. 
However, read the note on p. 74 of this ivme. Pc~ople who can only pay from a lsank account 
must send an international badiclraft in VSD payable to Peter Brown. British subscribers 
may also contact Alastair McBeath a n d  Japaiiese subscribers may contact hlasahiro Koseki. 
a l l  addresses can be found on the inside of thc l ~ a c l ~  cover. Please make sure we retain the 
full amount due after deduction of 1)ank and/or exchange charges. Please refer to p. 3 of the 
February issue for further details. Addition;il gifts are of course welcome. 
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dit or-in- c 

r authors of 
Mare Gyssen,s 

IT-lien piocessing yoiir nrticlci, TW oftcn imcouiiter minor problems r h n t  nevertheless cost us a 
lot of valualile time to so lw  tlicm. hIcuiy of these prohleiiis can l x  avoiclcd if authors would 
abide l y  the simple griicleliiic~ outliiicd 1-,cloiv. We tliaiii; you in advance for your understanding 
and co op era t ion. 

m Some contriliiztors to  WGN \till wciii to 11.avc. difficulties as to whom they have to send 
thcir articles a n d  repoi t i. Manuscripts shou to: M a ~ c  Gyssens, Neerbaan 
7'4, B-2530 Boechoid ,  Be lg l i im .  Thii addiess figures 011 tile out5ide back cover of each 
issui: of WGN. 

B Please iinde~staii i i  tli<it illustrations meist be SBI camera-ready. This means 
t h J 7  lllust hc dran.ii ill ( J~ r1 ,  1)1(i( 1i ( l)rilf(:rdblJ' hlaek ink) alld of sharp COlltrast. SO, do 
not use a blue pen. a pcncil. (ololi c+c. Lascr piintrr figures are of course fine; if you use 
a dor piintcr. 111Rli(\ siiic~ t h t  i-oii u~ a ncir ribbon. Xlio, yo11 s!ioulcl pay attention to 
the lettering 011 ~ o u i  illii\tiatioii,: p l ~ a s e  avoid plainly handwritten text. If you really do 
not see any alternative. i-011 c m  a1w inclutle with your illusti~atious copies 011 m-hich you 
l ia~.e written tlie t cs t  r ~ i i t l  ~ y i i l ~ o l ~  to bc inserted; in thdt caie, we will take care of the 
let tci iiig . 
The size of the illx5tiatioiis ii of iiiiiior iinportance, iiiice n7e have tlie possibility to reduce 
or eiilarge theiii. depending on spac (1  and lay-out considrrations, Ho7ve17erj when selecting 
a size. you slioulcl ust' milie (*onixiioii wiisc. From thc 5taiidpoiiit of quality, enlargements 
a rc  to  lie a v o i c l ~ t l .  So j~oii  Lvttcr iiinlic your illii5trations a littlc too large than  a little too 
small. but do not exaggerate: w r y  l a ~ g e  icduction factor5 also result in quality loss. and, 
to  sonie extent. in coiitoitioiii of tlw picture. 

Finally, mcllie sure tliat thc  iizc of T - O U ~  figiui: and the size of yoiir lettcring are in a reasonable 
proportion. X large picture wit11 w i g -  siiiall S J ~ i l l ~ m ~ 5  may cause problems: if we have to reduce 
the figure, the  ~ y m b o i s  iiiaj- 1)ccoiiic. l ~ a i d  to rcad. 
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Kow it is iniportaiit to note t l i a t  only two eapies a re  avai 
urge you to  use the following p i o c ( d u r ( ~ :  

1. First contact JIr .  Danit.1 Occnns. His atlclress is: M .  Rcrzwn Street 5, CS-97400 Ban-  
Tell him which 

stolnary  yay from 0111- 
e short  i i ~ t e  on . 74! As soon as she 

skn Bystr ica,  Czechodo rJu/,'io m d  his phone nuiiiber k (3.42)88 54 2G4. 
pul)!ications yon vant.  ail; liiiii which aic: still availalile and have them reserved for you. 

2. Order the pulilications t h a t  hh. Occiias 
treasurer Ina Reiidtel, hu t  please rea 
received your payment ill(. will inst iuct  SIr. Qcenas to  send you the ordered volumes. 

w e d  for you in the 

Letters to N 
compiled Og Murc G7j.ssen.s 

T h e  first internatioiial Tuiiguska expe 
T h e  article "Repoi t  on t l ie  1st In 
1990, p p .  215-216 rr:entions: 

- _.. _ _  __-_ - _ _ ~ _ _  __ -- _- 

I not ional  Tungiiska Eqieditzon" zn WGN 18:6, December 

Lkhout 120  person^ took pCu t iii th is  ( y d i t i o n .  T h e  were 26 foieign memhers 
(Fiance 8, Yugoslavia 7. Biilg<>ii<i G ,  Swcclcii 2 )  and about 100 menihers were from 
the cssn. Let u 5  note t h d t  thi5 ~ a i  t h  32th expedition organized hy the ~ o m p l e x  In- 
depeiident Espeditioii of tlic To1iiili r3iancli of the Ali-Cnion I2st~oiiomical-Geodetical 
Society and it :vas oiic of t lit‘ liiggcit espeditions since 1938. 

Regarding thxs excerpt, w e  rcccl i i cd th( jolr'o wing c o m m e n t  f r o m  the  'C'entre d 'Orgnnxsation d e  
Recherches e t  d'Ezpci t i a P a  r ri Tpc f ino loq ic s  Aiinnce'es (CORETA) *' in Valence, France: 
\S'e must do away n.irli cmy possilil(. coilfusion: iiiy company organized an  inclependent French 
expedition in coopci atioii x i t  h tlic CCki ciiiiiciii A4cademy of Sckiicei in Kiev. Of the eight 
meinliers of tlic French tcaiii. tli<>ic w c i ~  four Gcicntists: 

- Daiiiel Haccaitl.  Ecolc d c i  Millei, ??xis, geologist; 
- Claude Pel 1011. hIiii6uin KCjtimial d '  Wistoiic Natuic.lle, Paris, cosmochemist; 
- Raymond Bcliic1o1iiii. SI i i ihi i i  nThon;~1 d' Histoire S a  tiuelle, Paris, botaiiist: 
- myielf. scicwtific iiiaiiagcr of CORETX. former director of research - Ecok des Mines, 

IVe were accoiiipaniccl 11:. 4 i i ~ m h c i ~  of a television team ~rg ;~ i i zec l  by ii'y coiiipai~y for co- 
producing, wit11 t!ie Ulirc1llliall tel~wiiioii, rl filiil :i.liich has  been soid to  the Frellch station 
FR3. 
BricAy, our m a i n  scientifir ic.siilts i i i ~  t h a t  110 tracks of cosmic iiinttcr wcie found in the samples 
taken h c l i  from Tungiislai. nncl t l i < i  t no Scological evidcnce of impact was found in the visited 
area. We think. ~ i t h  5pc(iriliit AIi i .  T - ~ i a  Sc~lii~~ne11lio from Kiev. tha t  a porous meteorite of 
low density is ;xeientl!* tlic. lwst  (q)l<iii<itiou to tlie 190s ra ta i t zophe  and its characteristics. 
ST'e were very llappy to ni 015 l'cissilic~s. aiici Pleklimov a n d  their co-workers in the field, 
and my  companv v d i  liclp t l ic~ii  111 c t ,?in tliicction.; of research and international processing, 
h i t  the Ficnch espcditioii of 1990 wds iiickpendent of Tonisk. aiid clepciideiit of the Kiev 
Lalioratory for Scientific h i i o ~ ~ i  tioil. 

Alam Chnba.ud, March 8,  1991 

Paris, Ceiitrc dc Ti.l&li.tc~ tioii c h t  ti',linal~-se deh 1iilieLts T\Tah:.eis. 
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Missing counts must he  detcrminecl with the appropriate vertical and horizontal scales. I have 
determiiied the  correct scales empirically from m y  mcteor count data by coinparing m y  data  to 
knolrrn meteor coiints from rcliahle viiual ohsciva tions published in WGN. In any geophysical 
or astrophysical survey, one 5hould aln-hys start  with the kraoivn and then cautiously proceed 
to  the uldi11o\Vn. Visual observations arc the hard core known facts tha t  we must use as a base 
to  further tlie development of iadio meteoi data .  

I have written t o  Jeroeii V a n  TT’, cnlio-w rcquesting tlie forinulae and flow sheets for the 
program FORTS’ARD. I a m  i-eij- i i i t c b i e i t c 4  to  5ee how my empirical graphical method compares 
with thi. more mathematically has rd  one in the program FOR!1r24RD. 

Thomas R. Manleu, February l l j  I991 

otes from 

When a year has  pa,ssecl: the r?,i.itliors of tlie WGN Report Seyies have t’lie task to compile their 
parts of t,he new report. Therefore it is necessary that all reports of observations arrive in time. 
The  reports of 1988 a n d  1989 werc pulilishcd only after tm7o yea,rs of chta co1lect)ing. Of course, 
this situation is unsatisfactory. Therefore, Paul Roggeiiiaris made a call in the previous issue 
of WGA‘ for the visual observa.tions. 

Xow? tlie same situat,lon occiirs with fireball reports! Therefore my urgent request: rummage 
your ohsermtion in 1990 if perhaps a fireiiall hh~s been forgotten. Remember: a firehall is a 
meteor of ma.g:iitude at’ least, -3. Time a,nd aga,in, i t  is surprising to find such bright meteors in 
some inagnitude distributions wliilc no rcl’ort ~vas  received hy the .FIDA C. Once more: please, 
check your ohservations of 1990 agaiii, uch in your local astrononiical journals: a i d  interview 
other non-meteor-amateurs 1ia.ving: seen firclialls. 

To avoid such campaigns undcr deaclliiie pr‘cssure in the future: I suggest the following proce- 
dure: if you see a fireball: fill out, t,lic fireball report form and send it together with your regular 
visual oliserva,tions to tlie pc,rsoii r:ctspoiisilile for collecting da ta  for the VMDB in your area. 
In this wa,y, you s a ~ - e  011 post,a,gc and,  hy comparing m7ith your magnitude distribution, you 
can ma.lie sure t h t ,  no fireball lias bccn forgotten. Your fireba,ll report arrives a t  the FIreball 
DAta Gen,ter sooner or lat,er wit11 t,lic rcgiilau correspondenc:e between directors and/or council 
members. 

e Solar Lo e 
Chris t i un8 St e y u, e r at 
A riietliod is clewribed to calcrdatc> sohi* loiigit~idc icitli respect to  the equinox of 3000.0. 

1. Introduction 

An often asked ciuestioii is the c s a c t  ciilciilation of the solar longitnclc. The switch to equinox 
2000.0 offers a good opportiiiiity to revise tlie calculations completeljr. rather than adding a 
correction to  the 1950.0 val~ic. 

-___ ___ - _- _. __ - _. . __ - __ 
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In meteor work, the solar loiigitiide is iii(w5iircd witli reference to a standard equinox, such as 
1950.0, or, for iiiany years to come, tlie stanclard ecliiinos 2000.0, i.e., the  start  of the Julian 
year 2000. Furtheiinore. the geoinetiical p s i t i o i l  of the Sun is used, excluding the aberration 
of the sun light. An accuiacjy of 00001 will lie olitained in applying all periodical terms in the 
iiitervdl 1000-3000 iZD. Often. a n  accuracy of 0001 i5 sufficient in meteor work. 
The method described l~elon. is 1)asc.d 111)oii T’SOPS7, tlie planetary theory of P. Bretagnon of 
the Bureau des  Longatudes in Paii5. 

2 .  Foriiiulae 
Universal Time (UT) vemus Dyri,n.rn.,icnl T i m e  (DT):  
Our clocks gi1.e Universal Time (UT).  There is ii siiia,ll difference between UT and the uniform 
Dyriamical Time (DT). The difference, called AT7  equals 33’ in 1991. It is supposed to  increase 
by about 0.S9 per year in the nest, clccade. 
TA’e assume t1ia.t the  calculation of tlie Jt/ , l io,n date  (JD)  from the given DT is known. 
Calculate the  cluant.ity T ,  the rium.ber of millennia since 2000.0: 

(1) 
J D  - 2451515 

3 G 5 2 5 0 
T =  

Please note tha t  T is negative lxfore the st,art of the year 2000. 
Mean solar longitude: 
The mean solar longitude Lo (in radians) is calculated by: 

Lo = 4.S950G27 + G2S3.075S500T - 0.000009!3T2 (2) 
Periodical teyms 
Calculate the  sums: 

28 

i=l  
3 

i= 1 
2 (3) 

with the coiistaiits from Tables 1-4. 
Solar longitude: 
Finally, the solar longitude for tlic staurlarcl cqiiinos of 2000.0 is given by:  

3 .  Practical aspects 
111 writing a compizter program, s e ~ ~ r a l  c.lcnicnts tha t  influence the accuracy should be consid- 
ered: 

at the  numljeer of meaningful digits slioiild be at least 11. “Single precision” (7 or 8 digits) is 
ins u fi ci en t . 
large aiigleci, such aq -AJi + B,,,T. might havc to  be  reduced to  tlie interval [0, 27~1 hefore 
taking the cosine function. L(1 (2) and L (4) are  converted t o  degrees and  reduced t o  the 
interval [O, 3603. 
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Table 1 - The constants / l o l >  BoL and Goz. 

I 

1 
2 
3 
4 

6 
7 
15 
9 

10 
11 
12 
13 
1 ‘I 
1 5 
16 
17 
18 
19 
2 0 
21 
22 
23 
24 
2 3 
26 
27 
28 

3 

334166 
3489 

3.50 
34’7 
314 
‘68 
23‘1 
132 
127 
1’70 

99 
90 
86 
78 
7 5 
31 
4 0 
:1 6 
;?I 3 
28 
27 
2 4 
21 
21  
20 
16 
1 3 
13 

4.669257 
4.6261 
2.744 
’7.839 
3.628 
4.418 
6.135 
0.742 
2.037 
1.110 
.5.233 
2.045 
3.508 
1.179 
2.533 
4.58 
4.21 
2.92 
5.85 
1.90 
0.31 
0.34 
4.81 
1.87 
“‘46 
0.83 
3.41 
1.08 

6 2 8 3.0 75 8 3 0 
12566.1317 
5753.383 

3.533 
7771 3.771 

7860.4 19 
3930.210 

529.691 
1577.344 
5 8 84.9 2 7 

26.298 
398.149 

5223.694 
5 5 0 7.5 5 3 

18849.33 
775.52 

0.07 
11700.63 

796.30 
10077.08 
5486.78 
2544.31 
5 5 7 3.14 
6069.78 

213.30 
2942.46 

20.78 

11506.77 

Table ’I! -- T h e  coiistaiit,s 41;, l3ii and Cli .  

4.30 “635 1256 6 .152 
43 i.59 3.52 

‘79 0.44 

33 
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Note also tha t  C,, = 611 = C‘21 = C:jl. Yet, ltw dccimals are given for the sums with higher 
raid;. This is merely done to alvid 1;e;vpuncliiiig extraneous digits which do not influence the 
result. 

4. Exaiiiple: longitude coilversion from 1950.0 
Calculate the solar longitudc. standard equiiios 2000.0 for January 4, 1992, at 3”00m UT. 
R e d  t s : 

Lo = -45.3229550 rad 
so = 1245. S, = -19243, S2 = 404, S3 = 27 
L = 2830193 

According to Poole et al. [I]. tlw solar lougituck of the (radar) niaxiinuin of the Quadrantid 
stream is 28205. However, this is tlic value for tlie equinox 1950.0. Solar longitudes for  equinox 
1950.0 can be  corrected t o  2000.0 b g  adding 0070 (with O”1 accurucy), Hence, the 2000.0 
longitude of the Quadrantid iiiasiniuiii is approximately 283?2. To avoid confusion, please 
always mention tlie equinos. It will 1 x 2  assunied tha t  older references have equinox 1950.0. 

A ck 11 owl e dg in e 11 t 
?Slaiiy thanks go to Jean Jfeeus for tlic permission to  use his reference [2] as the base for this 
article. 

Re fe re ii c e s 

[I] 
[2] 

Poole et al., Mon. No t .  R. Astr. SOC. 15G, 1972, p. 223. 
hleeus, J., “Berekening ’iwi de zonnelengte 2000.0”, Heelal 36:1, 1991, pp. 8-9. 

1991 e Canids, an er razers 
Christ iun St e y u e rt 

Inforination is provided on possible iiiet,eor sliowcrs associaled with the recently discovered Earth-grazing as- 
teroids I991 BA, 1991 AQ and 1991 Bl3. 

There mas excitement vlieii the cliscol-ery of a iiew record-close Earth-grazing asteroid by the 
Spacevratch team a t  Kitt  Peal; was annoiu~iccd in IALT Circular 5172. B.G. Marsden obtained 

T = 1991.17 
c =O.G82 
q =0.713 AU 
CL =2.242138 AU 

1991 BA is iiitrinsically 

the following approsimate orhital cllemeiits, 1)asecl on seven position measurements of 1991 BA: 
r L j =  70058 
12 = 118034 
i = 1096 

’rj- fa in t ,  a n d  hcco~iics the cclestial object of s i d l e s t  known size, onl: 
5 to  10 meter across. “lie asteroid p a s x d  tlic Earth at  a record geocentric distance of 0.0011 
*4v. 
Our shortest clistaiice-l~et~veen-orl)i~s calciilatioii shows an  even closer approach of only 0.000 35 
AU. i.e., 53 000 lim. (It should lie notrd that the gravitational pull of the  Earth was not 
included). The corresponding loiigitudc i5 A,: = 297OGG, January 18.15. The associated radiant 
has n = log”,  6 = 18OG, 1% = 21.2 kin/s. In a message on Conipuserve Astroforum (via 
.\st~oiiiail), Crary IV. Iirodi indicates that  the. orbit of 1991 BA rnatclieq very well that  of the 
Cams  Venaticids (Canids), d i sconwd tliiring radio siirveys hy Z. Se1;anina in the 19GO’s. The  
orbit. hased on 18 radio meteors was: 
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a =2.113 AU ~ 3 =  7006 
e = 0.656 R = 12205 
q =0.727 AU i = 405 

with an average radiant a t  Q = 11304 aiid 6 = +12OG. 

1991 BA makes a second close approach to the Earth’s orbit on June 15.11 ( A 0  = 83065) of 
0.0197 AU. The  theoretical radiant has cv = 9207, 5 = $2502 and V .  = 21.2 km/s.  

There are two more other n e w  Earth-grazers. 1991 A Q  was discovered by E. Helin (L4U Circular 
3171). The  orbital elements by B.G. hfarsden are based on only five observations and hence 
are uncertain: 

T = 1991.2 
e =0.754700 
q =0.5048 AU 
a =2.057888 AU 

= 239074 
R = 341091. 
i = 3’114 

The  closest approaclies occur a t  A, = 304016 (January 24.54, 0.0331 AU) with an associated 
radiant at a = 13202 and b = $2209, 11, = 2G.5 lini/s and at A 0  = 141027 (August 14.42. 
0.0196 AU) with a radiant a t  a = 13S08 en 6 = 1305, V, = 2G.5 km/s. 

1991 BB was discovered by J. Miieller aiid has heen announced in IAU Circular 5173: 

T = 1991.44 
e =0.2762 
q =O.S8803 AU 
u = 1.226900 4U 

w = 3180447 
R = 2940784 
i = ~410213  

A closest approach occurs at  At? = 11G032 (July 7.37). shortest distance: 0.0751 AU, and 
radiant: a = 84”, 6 = -2007. 1l, = 23.7 k ~ n / s .  

Visual rvers’ Notes: 1 

The inonths of May and June  coiitrast grm,tly hetween the northern and the southern hemi- 
spheres. In the northern heniisplicw there are few showers active and hence overall meteor 
rates tend to  be  low. In the southern heniispliere tlierc are quite a few showers to he seen. This 
together with the ecliptic being high overliead ensures that good rates are seen. 

Table 1 lists some of the imteor ihotwrs to be seen in May and June 1991. Table 2 shows 
iiioonliglit and olxerving contlitioiis. TIic illuminated part  of the ~ o o n  is always given for oh 
U T  on the date  indicated. Tlie dates of tlie phases of the  Moon are also given in UT. Note 
that  the activity period data for tlic J i ine  Booticls and  the  o-Cetids are uncertain. 

The  Visual Cornmiscion of the I IdO although requiring da ta  on all streams realizes practical 
considerations like work, study, fcuiiily, 110011 aiid weather prevent people from observing regu- 
larly on a day hy day baiis throughout most of the year. IVith this in mind, it has been decided 
to encourage everyone who lias time to  observe to concentrate on a couple of showers per month 
rather than the whole lot. This nicwns w e  should be able to get a good set of data on these few 
rather than sparse da ta  on iiiaiiy sliowers. The showers chosen for special investigation for the 
inontlis of M a y  and June  are the Scorpio-Sagittarid showers, the o-Cetids and the June Lyrids. 
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Table 1 - A list of some of tlic nieteor showers t o  lie seen in May-June 1991 

Shower 

17- A qu as icl s 
,3-Coroiia Australids 
Southern Ophiuchids 
Yorthern Ophiuchids 
K -  Scor l i d s  
6'-Ophiucliids 
-/-Sagit tar ids 
A-Sagittarids 
Lyrids (June) 
Bootids (June) 
o-Cet ids 
a-Scorpids 

Activity 

nray or; 
1Zay 18 
N a y  20 
J l ay  13 
May 19 
Jun 13 
Jiin 06 
J L I ~  0 1  
J u i i  16 
J u n  2s 
May 15 
May 03 

Radiant 

-24' 

-250 50 
$350 5 O  
1496' 8' 

-04O 5 O  
-250 5 O  

Drift V, 

Acu 

$009 
$009 
$00 9 
$00 9 
$009 
$009 
$009 
$009 
6-008 

$009 

Friday May 03 
Friday Nay  10 
Friday 1Iay 17 
Friday May 24 
Friday Alay 31 

New hloon: 
First Quarter:  
Full ;\Ioon: 
East Quarlcr: 

A6 

$004 G6 
$001 45 
-001 30 
-001 30 

000 45 
000 27 
000 29 
000 23 
000 31 

14 
36 

-001 35 

hIay 14. Julie 12 ,  July 11 
April 21, May 20,  June  19 
A ] , l i l  28, May 28, June  27 
RIay 7 ,  J U l l C  5 ,  Ju ly  5 

r 

- 
2.7 
3.1 
2.9 
2.9 
2.8 
2.8 
2.9 
2.6 
3.0 
3.0 
3.0 
2.5 - 

1. Scorpio-Sagittarids 
The Scorpio-S agit t arids encompa a nuliihcr of streams that occur in the constellations of 
Scorpius and Sagittarius cluiinig tlic iiioiiths of K u c h ,  April. SIaJT, .June aiid July. Named by 
Dr.  C. Hoffmeister during the 19305, thew c.cliptic i treaim are thought to  have originated from 
comet Lexell (1770 11). The Scorpio-Sagittalid ~lioiii.crs are noted foi greatly varying rates. 
At times, they are virtually not activc while on other occasions, ZHRs of around 10 have 
been recorded. T h e  Scorpio-Sagittaiid ~ l i o ' i ~ ~ r s  sic' iioted for bright colored fireballs and the 
occasional meteor tha t  produces a per5istcnt tiain. 
As mentioned previously. the Scori~io-Sngittarcicls consists of a nunil2er of sub-streams. The  
major coniponents whose details a le  descrihcd iii Taiile 1 are the P-Corona Australids, South- 
ern and North ern 0 phi u ch i d s, /i - S c 0 rp i cl s. i9 - 0 p lii u cli i cl s ,  Q - S co r p i d s, y - S a g i t t arid s an d the 
A-Sagittarids. Since Scorpio-Sagittarid iiieteois have velocities similar to  those of the  majority 
of sporadic meteors, great care needs to be taliell in identifying them. Observers shoulld be  
facing the radiant area aiicl plot all iiieteois wen. 

2. o-Cetids 
This shonw was detectcd by radio astroIioiiiCr5 during the  1950s and belongs to  the family of 
daytime showers. For a long time, it n-as thought tha t  with the  radiant reaching culmination 
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during late morning it woulcl hc iiiipossiblc to rccord meteors visually. However, observations 
made during the late 1970s by W.A.M.S. mc~iibers d 
before twilight prevented T-icwiiig, tlic radiant rose s 
skies for rates of l)etwc.tw 1 aiid i t o  lac rccordcd, Indeed, not only were rates 
also several visual deteriiiiiiatioiii of tlic 1 adiaiit positions were made. These tog 
radio deteriiiiiiations forin the l,asi% for tlie crude ephemeris described in Table 3. below. 

l a b l e  3 - Ratliant positions of the o-Cetids (tilain . 5 ' )  

Southern Henlisplaere ohscivcis <lie encoiizagcd to give the o-Cetids particular attention in 
1991. IT'ith favorable moon coiiditioiis duiing and after maximum (May 16 to 25) together 
with, hopeful!y, good weather. a gica t deal of new l.:iiowlecIge ~ l i d d  be uncovered about this 
shower. Observers s h ~ i i l d  talic giecit c a w  in viewing this strewn. They should locate their 
center of field of viev no nioie tl iaii  40' from the radiant and  ensure all meteors are plotted. 

For the last years, only few ol>scrxTatious of this ininor shower are known. In most cases, weak 
or even no activity was reportid.  I\[ayl)e this shower oiily produces periodic activity or has 
been perturbed in such a v a y  that is clocs not eiico~iiiter the Ear th  any longer. 
But nevertheless, with f a ~ ~ o r a b l c  coiiditioiir moonwise, there n.ill be a chalice to monitor this 
shower ill 1991. Center y\'oiir field at  i i  di5tcilic(' of about 20" t o  40' froill the radiant. Plot all 
possible shower menibers ancl cnirv oiit sliowc~ association taliing into account path direction, 
angular velocity (cfr. [ I ] )  a id  pntli h g t l i .  

Tal>le 4 - T t r ~ ( l ~ r i l ~ t  l>(>qittlolls of the 3 ~ 1 l e  k;i.rids 

4. Theoretical Fa iant of comet 1983 
The  orbit of the long peiiotl toiiic't 1983 VIP appeoache.; the  Faith at a minimun~ &dance  of 
0.003 AU on May 12, jricldiiig a thcoic~tic,\l radiant a t  o = 289' and 0 = $44' with Ifm = 45.4 
lilm/s. This radiant is well iitiia ioi ohscm-ei s in the No1 thein Hemisphere. The geocentric 
velocity as well as tlic ~7cry closc. a1q)io~icli of the coi11et's oihit leave d chance that  there will 
be a detectahie sl iouw. 
The  actual radiant positioii niay c l i f f c b i  s o i n c ~ l i a  t from the prcciicted one. To determine it,  plot 
all meteors possibly racliatiiig fioiii (111 circci of a h i t  15' i a d i u i  aiouaid the predicted radiant, 
fill out a list as  for the X c p i i i d  1) iojm t [a] cii id send it to  the Visual Coii1n1issio~l. Using P Q S D U ~  
and a radiant analj7zi1:g progiciiii i t  will l)c iiir~<tig,itcd wlicthei there is a radiant and where. 
For plotting. tlie Gnomonic Atln,\ i37710 2000.0 is recoinmended. The field of view should be 
centered a t  a distance of allout 10' to 30' fioiii the predicted radiant. For observations the 
time from arouiid Mag, 5 uiitil U c i j -  20 is iecoiiiiiiexZed. 

Re fe re 11 c e s 
[l] R. Koschack, '.Estiiii,iting a h l  or5 Xiigular Velocity'" ~ GN 1$:4. 1990, pp. 103-104. 
[2] R. Koschack. J .  Reiicltel, "Aquarid Pioject 1989'', WGN 17:3, 1989. pp. 90-92. 
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despite its low altitude. This is a 1, r showing than visually. The  visual maximum is not 
affected by moonlight in 1991. The centers for the Scorpius-Sagittarius complex will also be 
satisfactory for these shon.crs. 
The  7 - H e w  d i d  shon.er wCis prcdictcd folloiving the discovery of its parent comet, Schwassmann- 
Wachmann, in 1030. Japaiicsc obwrs.(~rs recorded weak activity from May 25 until June 9 and 
10, when a rate  of ahout one pcr minute was observed [3]. In the following four decades 
there were no positive vi5ual o1isers.a tioiis of the a-Herculids, though subsequent analysis of 
photographic da t a  rewaled rc.sidua1 activity. Visual watches during the last two decades have 
only yielded rates around 1 per lioiir. Peisonally, I doubt tha t  naked-eye observations can 
detect such low activity. Chance aligiimcnt of sporadic meteors can give comparable rates [4]. 
Telescopic monitoring ought to sliow wlietlier this shower is still active, and if so, from where. 
Another “lost” shower is the June L)-rids. Discoveied in 19GG and well studied in 1969 by tlie 
BAA, where the peak ZHR was 9. i t  is dcbatable whether or not the shower has been observed 
during the last decade. Ceitaiiiljr i<ites l i aw been less than 2. Its r = 3.0 would suggest that  
it is a candidate for telescopic watclics. 
What  I have been leading up to iii the. last two paragraphs are some interesting watches made 
by Riarli Vints on 1990. A L I J -  28-29 v i t h  a 10 x 50 binocular. RIarl; noticed tha t  six of the 
fourteen meteors seen enianatcd fioiii ‘3 008-cliameter radiant at  u = % G o ,  S = $36’. They 
all had speed 2 on a scale of 1-5. It is not inconceival>le that  Marl; witnessed .r-Herculid or 
June  Lyrid a~tivity-~u~ililicl~-. h i t  not inconccivable. Kronl; [3] lists the 7-Kerciilids as active 
from Rlay 19-June 19 with a m~tsiniiuii on June 9 from Q = 23G0, 5 = $41’. Interestingly, 
the meteors seen in 1930 w ~ i c  rno5tl~. cliiii meteors. inagnitude 4 and fainter, so the stream is a 
good candidate for telescopic cict ivity. Fos’s [ S ]  analysis of orbital perturbations indicates that  
the radiant of this sliower is moviiig ral)itlly, e.g., about 7’ south in declination per century. If 
we allow for this motion duiing tlic. i is ty  y a r s  since the original observations, Rfark’s radiant is 
some 25’ distant, though tlie orlitill elements arc not well known. Thus RIark’s shower appears 
unlikely to be the  -r-Merculids. If wc cstrapolate the  position of the June Lyrid radiant, on 
RIny 2s it would lse a t  c1 = 2G4’, 5 = +33°--very close to  the observed radiant. Of course, I 
have becn speculating wildly; tlic 5hOiVcr ha5 yct to lie confirmed, but it is fun. We need more 
da t a  to  determine the estcnr ant1 ni;isimiim of this shower. to  ascertain wliether it is transient 
or a linowii racliaiit. 11-a tc1ic.i from niorc-southerly latitudes, wliere twilight is less interfering, 
would be particularly ivelconic. 
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Some 1991 fireballs: 
These are some fireballs reported t o  FIDAC carly this year: 

Jan 10 171’20m155 U T  -4 Geiit (Belgiiini) R. Scurlseccl 
Jan  18 221118n’ UT -4 Frtilllien11iarlit (Austria) A. Scholsesberger 
Jan  27 19“48”’ UT -4 Saiilit Jo l imn (Austria) A. Sudy 
Fell 02 19”43” UT -4 14;cij3liirchen (Austria) E. Freuenlserger 
Do not forget t o  send in yo?/r rclm.ts to FIDAC! 
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Thc  following t,opics are considered: ( i )  A possii)ir gi'eat iiiet,eor shower in coniiect,ion wit,li the returning of 
the dense part of the Leoiiid strcaiii to pt~ril~elioii in 1098-20000. Ai,teiitioii is paid to  t8he elaboration of the 
program of observations. The  iiiaiii tasks of t,lie slioive? investigation are post,uIated. The  solar longitudes for 
the inoilleiits of t,l-ie iiiasiiiiuiii act,ivit,y of llic T,eoiiitl slioivcr in 1097-3000 are given. ( i i )  Meteor bodies in the 
Eari.h's orhit (the system of the Cyclic1 nictcor 1)otiic~s). On the  basis of invesi.#igation of long approaches of the  
Cyclid orbits to t.lie Earth's orbit and c~plieiiieiis talc ulat h i s  of geocentric radiants it, is s l i o i ~ i ~  that t,he Gyclids 
caii be observed during a long time---i'roi~-~ s ~ v e r a l  i n o i i t  11s tmo the  whole year. ( i i i )  hIeteor bodies inside the 
Earth's orbit (tlie system of the Ecccntricl I i i c k ~ r .  hotlies). I t  is showi that, one of t,he reasons for the  formation 
of such extrerxely siiiall orbits of i i i ekoi  Imtlic?; o f  a motlorat8e or high eccentricity are close encounters of minor 
imdies with tlie Earth and Veilus. Aiiioiig the given population of' meteor boc?ies the streams related to the 
Aten group asteroids are rewalcd. As an csaiiipl(>. tmhe meteor stream as.iociated with the At'eu-type asteroid 
2340 I-Iathor is given. 

G.W. Sloiiey and A.h;I.TV. Downing gave thc name ~ ~ ~ ~ ~ , ~ - ~ ~ ~ ~ ~ ~ , ~ ~ ~  t'o R most conipa.ct and  dense 
part of the stream tha t  produced t'lic grcn.t, iuvteor s1i.on.w of 6 hours dilrationi in I § G G .  The 
Ortho-Leonid stream is extended along i t s  orl)it lioivcver. so it passes perihelion during nearly 
three years. The rema,inclcr of tlic strc?i111. anniiallg- producing a, ~clh~ ' i~er ,  is called t,he Clino- 
Leonids. The Clino-Leoiiid orhits sliglitly tliff'cr from the main Leoiiid orbit', c!efiii.ed as that of 
the Ortho-Leanids. 

Since the process of t'he clevelopnient of' t1i.c strcai-n 1-1a.s procee&xl far; it, ha s  exbeiided along its 
orbit and the  traiisitJioii from thc cciltrnl c-onclcmation i o  the remainder the s t r e a m  is smooth. 
Therefore, the obserimiions shoizlrl 1 1 ~  s t n r t c c l  n.el1 in advance: in 1995 at the !a.test; and  carried 
out) probably during 8 ymrs so as  t o  oljt,nin a picture a,s complete as possible of the stream on 
the Ortho-Leonid 1;orclers. 
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I would lilie t o  dralr the IMO's att,ciution to  the fact that it is iiec 
the project of the  IMO's prograin 011 t lie Leoiiicl observations cluri 
as early as next year. This prograin should cnvisage a solution of the following prolilems: 

1. Deterllliliatioir of r a c h i t s  and  j.ctlocit,ics of the shower lvith a n  a~ccuracy a,s high as possible 
in order to obt,aiii precise clmient,s of particle orbits of the Ortho-Leonids (photographic: 
television and radiolocat ion ohsen-atioiis); 

2. Determination Ti-it,li up t o  a x v ~ c r a l  iiiinutes9 accura,cy of t'lie moment of maxiinurn activity 
of the slio~ver in order t'o ol)taiii a most precise longitude of tlie orbit node subject to 
noticeable planetary pcirturliatioiis (visual and ra,diolocatioii observations) ; 

3. Investigation of the illass tlist,rilJut,ioii of meteor particles, space densit'y of the stream 
(visual anid ra.cliolocation olxcrvatioiis); 

4. By means of longitudinal glolml statioiis network of the visuad ohsersat'ions it is necessary 
to investigate: 

a)  The spatial s t ructurc  of t h e  st,rea,m (revealing heterogeniries, cluinpiiiess of the struc- 
ture: the presence of ni 'or L61~und:Ps", lacunae., etc.). 

13) The  struc:ure of the sh c'r rad ian t  area and its time variations. 

At the 1989 IMW I spo1;e almiit t,lic. I,ossibilitj- of studying the structiire of the meteor stream by 
means of simultaneous niet,cor coiiiit,iiig along an  estended arc of several thousand kilometers. 
IMO could realize su.cli a prograiii ( a t ,  1 t along the arc f m i ~  France t80 Japan over a distance of 
12 000 kin) during tlie fortlicoiiiiiig apl)iarit,ion of the Leonicls and it would lie a great, experiment 
which has never lieen carried out iwforc. 

Taliing into a,ccouiit t,lie possil,ilit,y of a great nietcor storm, a, complex investiga,tion method 1~7ill 
lie applied t o  the  Leonicls. plll linolvn iiict,liods ~r-ill lie used here: photogra,phic, radiolocation, 
television, spectral, -sisua,l aiid ma,yl,x a, direct, metliocl, for example by la,uiiching a proling space 
rocket from the  Earth,  proposcd l q  us i d o r e  tlic last Eeonid a,pparition, lmt uafort.ilna.t~ely not 
realized. 

2.  Meteor bodies in  the  Earth's orbit 

As liiio~vii, hy photogiapliic ol>sciiT-ciltions, R~B* Southwortll and G,S .  EiaRyXii:is [ 3 ]  detected 
meteor Ilodies inoviiig aloiig oihit i  n ~ i w  tlic Ea i  tlz's oibif.. Tliey iiamed tlais complex of meteor 
bodies Cyclds .  La i on. tliil 1;lion.lcclgc~ of tllc Cyclids :"icli lxo,i$encd. T h e  peiturlxd motion 
of tlie Cyclids. ti1 otioii of tlicir radiaiits, etc. .tilere iilvestigdtett /4,5,G]. The Cyclids are not 
helieved to  lie a s y i t ~ i i i  i n  wliicli iiictcor bodies are initerconnccted i y  their r o ~ i i i o n  origin. 
ma)' t h i d i  of tliem as  a i y s t m i  111 wlii( li boc1ic.i a le  hrought in and talcen out by pas-itational 
a ii d ;ion - g r a1.i t at  io 11 a 1 cff ( 
The Cyclicls 1ia.c.e uiiicliic propcli t i v i ?  iion-licw c b l w  found in meteor a itronomy. u r i~ ig  i t F  orbital 
motion, the Earth i5 conrtantlj- witliiii t l i i i  syteiii and  encouiitercl its i-ileteor iiodies. 
does this have on tlie pictuic of iatliants? 

Let us  consider tlie orbit of tli(1 C'j-clicl inc.teoi l ~ o d y  KO. 4084 [5,7,8]: 1922 &/lay 19.215, c r ~  = 
57'75. SR = +2702 (corrected gcocrwtiic iiic1iant), 11, = 11.5 liin/s. a = 1.03 .4U, e = 0.131, 
q = 0.8% AU, LC) = 9006. Q = 3 0 1 .  I = 008. 5; = 1.1807 (equinox 1950.0). 
Theoretical radiants fo; tlic p m i t  of tlic close-.st approach jappdse)  of the Earth's orbit with 
the orbit of tlie Cyclicli aiicl tlitbii fioiii i t  iii lmth direction.; (a t  cvery clegite of the Earth's 
longitude) were cakrilatcd [j]. Tlic [ dciilatioiis were carried oiit up to a given limit which was 
d e t e r n h e d  b y  the vciluc of tlic. slioi t i i s t  tliitaliciC p between the o r l ~ l t ~  Iiei~ig equal to 0.100 AU. 
Thus, the epiiciiierii oi thc gcoccntiic radiant of t he  Cj-clicls (not s ~ i / i j e c ~  to tlic influence of 
zenith attraction m d  diuiiial c i l ~ c r r ~ ~  tioil) was obtained. 

Figure 1 piesents the  path of tliis l r i d i i i u ( .  in tlic celestial qpherc iii the equatorial coordinate 
system (equinox 1950.0) f o ~  the hewn Cyclitl orbit. 

~ tlioich\- conser\-ing dynamical ccjuililx-iuiii. 
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Figure 1 - Ephemeris curve of the geocc’litric ~ ~ a d i a ~ ~ :  of tlie Cyclids. 

Since the Cyclic1 orbit has  two appu lw5  JTritii t l i ~  Earth’s orbit, tlie ephemeris of the radiant is 
reprcsented ljy two curves. During four  iiioiitlis, fiom r u q r  18, the radiant 
is iiioving along the curve u. loccitc\d t o  tliv south ’> and corresponding 
to the approach in the rcgioii of tlic ascciidirig irode of‘ the orbit; hiit tlicn---within twenty- 
four hours-the radiant ~*jiimps’’ to the icgioii 1ioit1-i of the ecliptic ( the tylienieris curve gets 
lxolxm) and during the nest 4.5 iiiontlis. fioiii Fchua iy  I.$) to July 6,  it moves along the curve 
6, corresponding to the appioacli in thc ic.gioii of thc dcsceiiding node of the orbit- The Earth 
was in the fir5t appulse on Dcccinlm 3 ( p  = 61.00296 AU> and in the second one on hfay 
20 ( p  = 0.000113 AU). In tlic pointi oi tlle niieiitioiied 14xeaL of the ephcnaeris curves a and 
b are iocated the “~acliaats-aiitipoclcs“ I tliic ~ V C Y P C I  carilea by the zutlzor froiu the analysis of 
photographic observations [9]. Tlic mg111~1i cli<tancc of tlie ra~iail ts-i lntjpodes from each other 
is here about 90’. But this is tlic. t o p i c  i’ol i tyx~rate paper. 



This Cyclid orbit does not ~iio-vc r t w c i ~  floiii the t d a ’ s  orbit farther than p = 0.1548 AU. To 
derive a clear idea of the motion of t l ic Cyclic1 ra nts during a whole year. theoretical radiants 
for all the values p 5 0.1548 ALT ~ w i e  calculated (though it  is clear that  the larger is p,  the 
more approximate becOIilP5 tlie iolution to this tdik) .  T l i s  ephemeris in the form of two curves 
is shown in Figure 2, also in tlics ecluatoiid cooidinate system. 

The  analysis of appioachcs of tlic Cj.clic1 orbits with the Eaith’s orhit (up to  the distance 
p = 0.10-0.15 AU) leads to tlic. coii(1’isioii that  t Cyclicls can he ohserved during a long 
interval-from sevcral months t o  tlic wliolc j’car. ling this time, their geocentric radiants 
will describe various extenclccl aics 111 the wlcstial spliere depmding on the character of the 
orbits arid the appioacli conditions. So a laige iegioii of t he  celestial sphere actually heconies 
a radiant area for the Cyclic15 d s  a whole. 

3. Meteor bodies inside the Earth’s orbit  

These are the most csotic icpicmitat ivci  of minor hoclies of the Solar System, having the 
siiiallest orhits ( a  5 1 XV) of <I iuodcratc or high ecccritricitj, ( e  > 0.14) and completely 
located i n 4 e  the Earth’s oihit (C) < 1.12 AU). 
As a system of meteor lsocliei. t h q -  WTCW 1cvc&~l by the czuthor fiom photographic observations 
and named Eccentyzdu [lo]. Latv i  011. froiii all catzlogues of p1iotogra;hic meteor and fireball 
observations available, we f o i u ~ l  50 Ec ccntrids [la:. esides, we attri’i2utcd tlirce asteroids of 
the Aten group to  tlie Ecceiltlicli: 2340 Hatiiol. 2100 Ra-Sidoni  and 1934 XA. 

Figure 3 - Orbit,s of t,lic E:ccciil i<itls jsiipcqmsed iri t lr  t,lie ecliptic plane). The hatched region 
corresponds to tlic incan tlistaiice between t h e  Sun ai1d Rfercury. 
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Figure 4 - Distiil)utioii of' t l i o  J h  eiil i ids 111 the tliiee-dimensional a-e-i-space. 

Figure 3 presents orhits of thc Eccciitiitls. In Figurc 4, tlie Eccentrids a e  presmted in the three- 
diineiisioiial space a-e- i .  Special a t  tciitioii slioiild lie paid to the group of estremely eccentric 
orbits in the upper part of the uiiliatclicrl rcgioii (Figure 4). 

t o  AU 

Figure 4 - Distril)ut ioii of' t I i o  Jlxei i l  i ~ t l s  ill the three-dimensional a-e-i-space. 

Figure 3 presents orhits of the Eccciitritls. In Figurc 4, tlie Eccentrids a e  presented in the three- 
diineiisioiial space a-e- i .  Special a t  tciitioii slioiild lie paid to the group of estremely eccentric 
orbits in the upper part of the uiiliatclicrl rcgioii (Figure 4). 

0 5  
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Figure 5 - The region ofniiiiov 1)otlic.s' or!>its t,liat, can be transformed into Eccent,rids. 
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To study the foriiia,tion of sliort,-p(:riot:l orbits in the inner Solar System in general and the 
Eccentrids in particular. we inr-estigated rransforiiiation of orbits a,s a result of close encounters 
of minor hodies with inner plaiiet,s ( AIercury-A'lars) [I21 ~ It' was shon711 that cdose encounters 
with these planets are reall!, a mcx-liaiiisin Icading, in particular, to  the formation of such unique 
orbits as these of the Eccent'ricls. Figurc 5 in  the ts~7o-dimensional q- pace shows a region 
from which orbits of niet>eor liodics (or asteroids) ca.n be tra,nsforme as a result, of single 
encounters, ma,iiily with t,he Earth and l%iius-into orbit,s of Eccentrids. 
The  analysis of a siiiall p o p i h  tion of meteor bodies of the Eccentricls allowed revealing some 
of their peculiarities. Most, unespc.cted was t'1ie existence of b o d y  streams in extremely small 
orhits. One explanation for t'heir origin might be the fragmentation of bodies already in such 
orbits. It is unclear liow long t,li st,remis can survive, h i t  if they are forrxled and these 
objects are small in nunibm, just  lxcause of this, it is easier to find t>herii. 

Figure G - The 0rbit.s of tlie asteroids l l a t l l o ~  and I954 XA (superposed with the cclipt'ic plane). The numbers 
ATJ) at which lhe orbit ascends above the ecliptic plane along the orbjt,s denote t h e  d i s t ~ i i c e  ( in  

(+) or descends Ixlow i t  ( - ) .  Tlie  scale is sliown at  t h e  I)ottoiii-left corner. 

Let me  give you an  rsample of a most iiiipr ive stream ill tile orbit of tlic Aten-type asteroid 
2340 Hathor. T h e  similarity of tlw oillits of tlie asteroicli Watiior and 1934 XA seems already 
surprising in itself (Figuie 6) .  0 1 1  iiiost l )hccs ,  thcir orbits drv la te fiom c a d i  other leis than 0.1 
AU. The  maximum d l s t m c c  lwtn 111 1)otll olllits is only 0.16 AU. In the  region preceding the 
ascending nodes. thc oihits arc i i c ~ a i l j ~  1,lcucliiig together, arid their distance does not exceed 
0.03 AU for a long time. It i i  of iiltcicst to  note tha t ,  it is tlirougli this region that 'Venus 
passes a t  the distancc of 0.04 a i d  0.06 XU ahm-e the asteroid orhits. If this is not an accidental 
phenomenon, hut a lesult of tlic frcignivntation of a larger body, one may expect that  there 
also exists other fragments in tlic \mi(' oi l i t s .  Indeed, among Ecccntrids. there proved to be 
six more objects in o r l i t i  siniilm t o  tlie Hatlior orbit (Figure 7. Table 1). 
Aiiiong them, tliere is a large1 I N  01 11c)tly (No. 1) tllat plocluccd a finehall of magnitude -14 
(registered 1317 the  Fireball Networl; ill the LTSX), of typc h according to  Cepleclia's classification, 
with a pre-atmoipheric l i l r x i b  of 4.3 tons. A iiietcoiite fall  was expected for i t .  Another fireball 
of -4 (No. 49) also 'i~clongs to t y p  I m t l  'ivas registered by  the same netwoik. Two other objects 
(Nos. 35 and 36) are siiialler i i i c  01 j)o(lics that  proclucecl orcliliary p11otographic meteors. All 
mentioned ahove suppoi t tlic as~iuul) t ion that in the Hathor orbit there exists a stream of solid 
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bodies of asteioid origin that a i c  gcAiic.tit ally iiitercoi:necred. Asteroid 1954 XA with a diameter 
of GOO m is the largest. and thr-. 5 f ~ C O I l d  onp in .;ire is Hathor vith a cliainetcr of 200 111. 

Figure 7 - The IIabhor inekor  stream ( t l i ~  orl>it,s ar'e su1,ciyosed with the  eclipt,ic p lamj .  T h e  dots indicate the 
positions of the pcrilicllia m t l  tlie ascellding nodes. Near  tlie lat ter,  the immlxr of tlie object aid 
the orbit inclinat.ioii are iritIicat~tt1 (accordiiig to [I  I]). The distaiice ( in  A U )  from the ecliptic 
of the most distant point of every orbit is shown. 

Tablc 2 - The Ilathor meteor strcain 

01bital elerncnL6, (19311.0) 
___- 

If tlie width of this itream is a l ~ o u t  0.2 XU. tllc s-i\ibility of tbe sho.ivcr lasts from the end of 
October to  the iiiiddle of January. 111 this  ( ids('. the iiclioccntiic rakriant desc r i l~s  an arc of about 
120'. while the geocentric iacliaiit I I ~ ~ ~ I C C S  o i ~ p l i ~  a:ed o~ciilations iicai tlie point X = 165' and 
/5' = 0'. The shower is mainly 01)sc i~~i l~ lc  tl;uiug tlic dark ~ Q U I S  lxfore dawn. More detailed 
iiiforiiiatioii about the condition.; of \-i\ihiIitT of tlie s h o w c ~ ~  etc. can b e  founcl ill [11.13]. 
Thus. the analysis of the oixcrvcitioiicil t L ~ t ; t  4ion-s t h a t  in t h c a  inncr Solar System there can 
exist streams coiiiiected not oiilj- with Apollo asteroids (c.g.. [14]), but also with Aten asteroids, 
whatever may lie the natiue of tlie a5 tc io id5  tlicmsclws. 
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he ower o ove 
Roberto Goretli 

The  discovery is discussed of‘ a m e i t i o i i i i i ~  in tile lit,erature of’ it meteor shom.er oil November 19, 1630. An 
attempt is made towarc!s idcntif~ii ig t iiis s l i ~ i n ~ r  wi 111 a currently 1;noivii meteor st,ream. 

The  most ancient reports of iiie r slion-ers d a t e  from before G O O  BC and meteoritme falls have 
been recorded even earlier, since Iort,s 1in1-e heen found cIat,ing back from 2000 BC. Sometimes, 
the directlion from which niet,cwrs originated n4th respect to tjhe horkoii has been reported; and, 
less frequently, also the trajectorics of firel.)a,lls. Hence, ra.dia,nts have to be calculated based 011 

tesbinioiiies which are most, often difficult to int,erpret. 

The  author consulted in tlie lilIra,ry in Rome of the the book Dinrio del le  cose piu’ 
illustri seguite n e l  rnondo TIT : ‘+Diary of tile most, exceptiona,l phenomena, of this 
~ o r l d ”  , editmi in Kt\i)lc>s 11y Rol lo in 1653. On pa,ges 146-147; point 22 of November 
19 the t,liis 1>00li coata.iiis follon. 

Nel 1630, s i  ecclisso’ ho er 3. hoye la 1.iLn.n essendo il cielo sereno 
u s c i ~ i n o  dalln testa di O?“i:orix o,lrm.e scintillc biancke, clix ,in fbrma di flagello si  
voltnrono dn rn.ezzo g i o ~ n o  ‘ I )  2 0  s e t t e r h i o n e .  Pu ’ poi  stirnmto, che que l  prodigo s ig-  
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shower mitli one of the iiiaiiy i a < l i ~ ~ n t s  cuiieiitly knonm Befoie trying t0  make such an  iden- 
tification, one has  to take into account t l i a  360 years 1ia.c.e passed and, in the meanwhile, the 
time of niasirnuin as well a i  the radiaiit position may have clmiged. ue to the precession 
of the eciuinoses, the solar longitude of tlic maximum incieases over time, the exact rate of 
the  increase also depending of tlie es.olutioii of the  streams' orbit. A w r y  strong perturbation, 
such as a close encouiiter 1,ctwecn .Tupitci azid the stream's pareiit bo(ly may of couise cause 
more drastic shifts in the slion-er's iliaxiininn a5 a :veil as in the radiant poiition. and may even 
prevent the Earth from meeting tlic sticiliii ~ v e r  again in t h e  future. So, w e  expect that  
the  maximum obseived in 1630 lioppens a f ~ w  days later now. say between NQVYXI~X~ 20 and 
30, provided that Ko~ei i ihci  19 was indccd the masim.rmi of the observed s h o ~ ~ e r .  Also, at 
masimum, the radiant sliould he 110 iiiorc tlraii say 5' from its 1630 position mentioned earlier. 
assuming no drastic pertuihatioiis tool?; pI.iccc. At this poi1 of tlie exammation w c  do not have 
da ta  to  calculate the oiliits of the metcots observed on ovember 19* 1630 and we have to 
esamine all possible slioweis wliic-ll can be ol~ser.i-ed in the temporal and spatial iiiteival which 
we have deduced. 
Between the principal strcriiiis. tliclic ciic only three candidates: the ! f o v e d x ~  hlonocerotids, 
the December JIonoceiotitls m d  tlic \-Orioiiicl5 Soutli. The  No~cmber  l lonoceot ids  have their 
radiant situated lietween a = 112' and a = 123' on a, line 15' to 16' south of the radiant in 
consideration and aic actis.<. fioiii Koi.ei~il)ei 15 to  Theii maximum is on Tiovemtier 20, 
with tlie radiant a t  a = 117' niitl A = - G o  [I], Th ecemhei Alonocem otncls hare  a radiant 
between n = $3' and Q = 107' 011 a liiic 3' iiortli of ed iariiaiit and ale  active fiom 
Noiwnlier 27 to Decembei 1'7. Thcir mnsiiiiuiii is o 10 wit11 a radiant a t  Q = 100' 
and A = S 1 - 1 - O  [a]. The cictiT.ity pcriod of the x-Orionids Sor?,th i z  from c ~ ~ i i i > e r  7 to 14 and 
their radiant moves on a lliir. fioiii CI = SOo to i z  = 89', 5' t o  6" :ionih of e conslde~ eel radiant. 
At masirnuin. which i5 Deccni1jc.i 10, tlic iacliant is at Q = 85' and S == +IGG 12:. 
If we coiiipare the da ta ,  wc scc t h a t  the a i m  of displaceriient of :Lie radjaut of the 
hIonocerotids is compatiljlc witli tlic ici(liciiit of the showrr. ti.,l;ing inlo a c c o ~ ~ i t  a 
error zo:ae. Also. tlie j-Oiioiiitls SoirtLs arc-. compatible if one siLpposes a displacement in 
declination. lmt tlic li'ovenil~er hloiioceiotids sliou!c! he exclud~~cl. As t o  the activity period, 
the Novemlier hIsnorcnotitl5 h a w  a  lug^ o17c11ap with tile -popow6 ",me intc.rs.al, while the 

lated radiant. The ~ - Q r i o n i d i  South liz,se iio oveilap at d i .  Conseqwntlv, only tlie 
Monoceiotid radialit aica o ~ ~ ~ l a p s  with tlie cz,lc.ialated racliniit a i < ~ ?  a t  the propase 
more in paiticular lietwccn Ko~*cmhci  27 m d  i Y o - i ~ m i , e ~  30. The  parent body af  the 
hfonocerotids is tlic coiiict P/lic\!li~li (1917 I) 133. Comet AIcKih (191: I) was discowred in 
1917 and has  a peiiotl of 145 ~ - o < ~ i \ .  T l i ~  coiiict could have passed its perilielioii in 1626 or 
1G27, some yeais liefoic tlie shon-c.1 a c t i ~ i t v .  l Io~cove r ,  since the period of a comet can change 
fiom one perihelion pasicigc. t o  <riiotlic\i it might lie the comet i iaswd ihrougli its perihelion in 
1630. 
We have to coiicludc tha t  witli tlic l n w ~ i t  da t a ,  tlie interpretation of the test a n d  the analysis 
i i  not sufficient to associate tlic ihowci of 1630 to  one of the actually kno~7.731 strenrns. IIoreover, 
one should coiiricler the p o s 4 i l i t y  t h a t  the meteor stream of 1.630 hat1 i ts  orhit radically changed 
by planetary pertuilJatioiis,. A11 tlic icaclcrr, a i e  invitcd to  collaborate on the research of this 
scientific problcni. by  aiialyiiig t he original woik from which examined pasiage was taken, 
and which contains maj~l ie  0 t h  iiifoimatioii on the ihower. e c a n  search for other reports 
on the  same shower oi foi icports on shoivcrs iii the yeais p i r c ~ d i n g  or fo14owiizg 1630. Also 
the years of the othcr passagcs of tlic conir~t LIellish should be exaniinecl: tile passage in 1771 
or 1772, which wa5 not o l i s c i i ~ d ,  m c l  tlic pa5scige in 1917, when die  comet was clrscovered. 

I ain grateful to  S .  De AIeis and hI. i\Ienic.lielli for h a ~ i l i g  calculated the time a d  the conditions 
of the eclipse of Noveiiil,er 19, 1G3U. 
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The  search for possible radiants in catalogues [1-4] allowed us to  conclude that  the observed 
fireballs possibly belonged to the Taurid family ( a  = 8O0, 6 = $23'). This radiant is observed 
since the eiid of the 19th ccntury, and pioduced lsright meteors with geocentric velocities of 44 
km/s [1,2]. Apart from this one. tlicrc two other candidates in the family of ecliptic radiants 
with coordinates Q = 50°, 5 = $21' ( t  h i .  no. 44 in [ 3 ] ) ,  respectively A = 60°,  S = $20' ( E  

Tau,  110. 33 in id]), lmt nieteors of t h e  stieaiiis are slow. 

The  stream of (f Tau ( a  = SO', h = $23') produced fireballs time a i d  again. For example 
in 1951, during Qctolicr and So~-ci i i l~cr ,  26 f i r e l d s  and bright meteors were noticed over the 
Netherlalids [5], [GI .  Also tlic famous Tunguslca phenomenon probably lielongecl to the Taurid 
family. Tlie geoinetiical coiiditions of iiiccting with the Earth admit situating the radiant in the 
Taurid family, explaining short tra jectorim of meteors that  werc ohserved near tlie anti-radiant, 
when the radiant was near the eastward horizon. 

Observations after 15"3O"' UT on Kovcnilxi 22, 1990 did not show anything unusual, possibly 
liecause of the low iadiant clcvation. or liecause the Earth pieviously just happened to meet 
5- 6 1s o die s t h <it in0 ~ e d  o 11 a ln 10 5 t i dcii t i c l t r a j cc t or i e s . 
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hlr .  Kojiro I(omaki. who contributed the early Japanese aiiihteur meteor ~ o r k ,  had begun to 
compile a list of radiants which liad lsccii detected lsy Japanese observers. Afterwards, h4r. 
Iioseki continued his work and coiiiplctcti tlic rxl iant  list. This list consists of 2924 radiants 
mainly obseived with na1;ed eycs during 1928 to 1969. This period includes the earliest days of 
Japane.;e meteor n-orli. Con iliiig Inctcor s!io\cers iii this list, Air. I(ose1;i has already covered 
[l-31. The author l iai  put  tlic list on a floppy disk as a datalsase of radiants. 

Figures I and 2 shon. tlic locritioii of all tlic radiants ol~servecl in Japan which are listed in 
the catalog. It should 1 ) ~  iioticcd t h a t  ionic poorly cleteriiiined radiants are involved. Some 
groups of crosses coiiesponc1 to tlic rac l imts  of major ShOTTw,, e.g., the Perseids, the Taurids, 
the Orionids. the Leonid5, tlic Qiiacl~~~iiticls, tlie Lyrids, and the Xcluarids. Some radiants of 
ininor showers may alio l ~ c  noticed. 

Furthermore, tlie author will coinplctch the i ad ian t  imp  lsy adding the radiant list after 1969, 
in cooperation wit11 Mr. T:\lielna H~iihiiiioto. 
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Figure 1 - Radiant RIap 1928-1969 
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T h e  activity and strrict,ure of tlic I’ersc*itI meteor st,ream are invest,igated, based upon visual observations made 
in the period from 1980 t,o 1990 i n  t h e  TiSSR. 

1. Illtroductioll 
For many years: the olisen-ations of t’he Pcrseicls have been investigated sorted out v-ith the 
purpose of getting inforiimtion almut tlae activity: radiant location a i d  absolute characteristics 
of the shower. JVe think the t,otal aiiiount of data we possess shoul 
same met’liod so that’ we can ol,t,ain the sliower characteristics, for 
observations conduct’ed in the USSR iii the period from 19SO tlo 1996. and  collected in the file of 
the Crimean Za,teishchil;ov Meteor St at  ion of tlie All-Union Astroiioiiiica,l-47eo$etical Society, 
a i d  the Sout,h Astroiioinical OliscrJ.ator!; were investigat,ed, using the method descrihed in [I]. 
As the result of the investigation of more than 15 000 meteors of magnitede up to $3, which 
have been recorded during 4200 hours, ahout 620 hourly rates were obtained. These hourly 
rates were corrected for pmccpt,ioi-i a,iitl thc ra.diant elevat,lon and position for the solar longitude 
range from As = 13305 to 14205 (cy.  1950.0). 

Tahle 1 - Overview of t,lic 1980-1990 USSR da ta  on the Perseids 

1 Tot j 

Nunibei~ of 
sites 

4167!“36 

Nuinher  of 
meteors 

6995 
7807 

113280 
9124 
7391 

22421 
2li70 

2567 
12.503 
8381 
5144 

130786 

i’i;umher of 
Perseids 

3324 
3,520 
8553 
4711 
2753 
9342 

10879 
1373 
5626 
5668 
3093 

60344 

al structure of tlae stream 
-4 inetliod of averaged Irouiljr rd n4tli n 30 iiiiautc step (12 hours interval) along tlie s o h  
longitude (eq. 1950.0) has  heen i iwtl  for getting information on the stream’s glohal structure. 
The  hourly rates t h t  dcviatctl i i i o r ~  tliaii f30% from tlie aswage weie escluded as erroneous. 
(This was the case foi ahout 1UV, of tlie ratcs iuidcr consideration. The iesults of the averaging 
are slioivii in Figure 1. X hist ninsi i i iui i i  (30 mcteois per houi) is appaient  a t  Am = 13405. 
This level i i  reacliecl aftr-1. 2 cicgic~s.  Xftc.1 a slight fall of activity, the activity rise? again from 
A, = 137’. The masimuni ZHR u c ~ i ~ r s  at the A 0  = 13005, amounting to  1-11 i 8 meteors 
per hour. Uoreover. wc can distingui~li  the *-plCiteau” a t  tlie d~scendiiig branch of the activity 
(A, = 14005, A‘, = SO iiictvor\ pcr lioili ).  a ~ i d  a %light secondary iiiasimiim at A, = 14103. The 
analysis of tlie activity profilc of tlic iiicbtcors of -1 anid Iirigliter slioivs tha t  tlie occurrences of 
the  higgest cjuantitics of bright p i  tic lei are sliifted relati\-e to  the  s v e a h  ones, and  in both 
diiections: the iiiitid i i iasii i imi i5 sliiftcd a degree later wheieas the main one is shifted O ? , j  
earlier. It shoukl lie iiieiitioiictl that  tlie pllotographic meteor mass of -1 is al3out 0.05 gram, 
n-hereas +3 ~ o r r ~ ~ p o n c l ~  t o  a lmut  0.001 gram [2]. 
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Figure 1 - The global act ivi ty  profil(. ol' the I'erseitls. 

The mass paramet,er S, which lias also l)ec~i a,wragecl for all observations, lias a. step of 005 in 
solar longitude, and two peaks (A, = 13505 a n d  A 0  = 13805). Those pealis coincide with the 
peak3 in the profile of t.he bright particlcs. Tlie values of S are in tlic range hetmeeii 1.45 and 
1.63 ( 1 . G  to 2.0 for coefficiciit 2.5 in tlic fo~mii l ;~,  S = 1 + 2.3 log K ) .  It' is in good agreement 
Tvith earlier results [2,3]. 

3 .  The small-scale structure of the stream 
The liest process of "a.vcrnging" w a s  concluc cl n.it11 a 12 minlclt,es s tq]  in sola,r loligitucle 
(interm1 of 3 hours) to reveal thc pcculiaritie f tile profile. 0111y 1iour ra,tes, obtained after 
23" local time n-ere sorted out ,  w~ieii  tile racliant was rather hag11 ii; the sliy. The same da,ta 
selection niet,liod was used. The c h t a  for high positions of the  ;adiant were coilsidered to be 
more reliable. 
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Figure 2 - Small-scale struct811re of the! Perscitls 
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We were eipecially interested in the longitudc range from 138' to 14105. The maximum and 
the secondary maximum a l e  cleaily s ~ e n  011 tlie profile (A, = 13905 to 13907) as well as an 
increase from 20 meteors pcr lioiir on solar longitude A 3  = 14101 to  45 meteors per hour for 
Xa = 14103. 

The  ge:ieral graph does not show tlic two inaxima, which have been observed since 19%. That 
is why we analyzed the data for 19SG-19S9 separately. Those data show two real peaks at  
X = 13902 (160 meteors pci hour)  aiid X = 13906 (175 meteors per hour). The  intermediate 
miiiimuiii falls at X, = 13904 (112 iiieteois per hour) (Figure 2) .  

4. The spatial density 

The  central (masimuni) part of tlie glolial activity profile can lie presented hy a pair of straight 
lines between Ap = 13700 and A;, = 14100, so one can expect the saiiie representation for 
graphs on an annual hasis. Indcetl. the a\-crage ZMRs per night are presented of the graphs as 
the straight descending a n d  ascending liraiiclies. Using that, n-e can approximate both moment 
of masimuiii and iiiasiiiiuni ZHR, cven if tlie inasiiiiuin itself could not have been observed 
(Figure 3).  

Using tile ZHR, deterniiiicd 1iy Figlire 3 with a certain step along the solar longitude for 
the clifferelit years, one can calculcitc \ d u e s  of the shower's density (F), and  reveal the F- 
clistribution in the shower for differc.nt years. All we need for this is to  linow the area of the sky 
(cross section) througli wliich tlic iiietcms pass an observer sees. The probability of a meteor 
being recorded, depending i ~ p o n  zciiitli distalice. was investigated 13~- us dining the investigation 
of the 1980 Perseid outljurst [4]. Thc area radius we sought for turned out to be between 40' 
and 50'. Comparing the s l i o ~ ~ c r . \  dciisity valiie. obtained earlier [5] with the ones from this 
investigation. we deteiiiiiiied tlic iadius mole correctly (47'). The results are presented in 
Table 2 and Figure 4. 

(1950.0) log .Y2 

1330 5 1.33 
1 3 3  0 1. I. 
13405 1.58 
13500 1.47 
1350 5 1.19 
1360 0 l.?l9 
13605 1 .'16 
13700 1.32 
13705 1.48 
1380 0 1 ..58 
1380 5 1.79 
1390 0 1.97 
1390 5 2.15 
1400 0 1.99 
14005 l .9o 
14100 1.58 
14105 1.63 
14200 1.40: 

I.' x 10-7 

I .o 1 
2.02 
2.9. 
2.62 
1.19 
1-88 
2.20 
1 . Ci 0 
2.32 
2.92 
-1.74 
i . i 7  

'7.5 1 
7.01 
9 32 
3.28 

10.8 

I.. 

7 .)-) 
_._I 

0.56 

0.73 
0.77 
0.f; d 
0.67 
0.61 
0.Gl 
0.69 
0.77 
1.16 
1.2'4 
1.'12 
1.30 
1 .X 
0.89 
1.09 
0.76 

F x 

2.79 

4.13 
4.53 
2.66 
3.59 
3.13 
3.13 
3.76 
4.53 

11.11 
13.36 
'20.2 
15.3 
13.99 
5.97 
9.46 
4.42 

log *vz 

-0.22 
0.04 
0.16 

-0.3 
-0.12 

0.0 
0.22 

0.4 
0.84 
0.56 
0 .5 6 
0.38 

0.26 
-0.14 

- > -1 

F x 10-8 

0.46 
0.843 
1.16 
0.38 
0.58 
0.77 
1.37 

1.93 
6.32 
1.3 
1.3 
1.84 

1.39 
0.56 

5 

1.57 
1.44 
1.55 
1.6.5 

1.69 
1.61 
1.5.5 
1.58 
1.64 
1.65 
1.68 
1.65 
1.60 
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Figure 3 - Deterilliliatioil of tlic Pcrseid i i iaxi inui11 
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,id stieam 111 differelit years 

5 .  C O l l C l U S ~ O l l S  

1. Durilig 1980-1990, tllc PC id niasiiiiuaii wa5 obseived at A 0  = 139?2-139077; in 1980 
and 1981, the values wer = 
13905-13907. In icceiit j-eais, two peCil;5 in the rang A @  = 13903 to 13906 have been 
observed, which liavc not lieeii fouiitl foi 1980-1985. esides the main maximum, there 
have lieen two other 011~1 ( A c )  = 13.105 and ,43 = 14105). The time of iliaximum activity of 
the bright metcois is sliif ~c to tlic coiiiiiioii niasimum: for the initial maximum, 
one degiee delay is s e m .  foi tlic iiiaiii one, the biight meteors are 005-007 ahead. 
The behavior of tlic mass r S accurately corielates with the  activity profile. 

2. The activity a t  iiiasiiiiui inig from year to year since the  1980 outhurst. 
3. B. Levin’s concluiioii (ahoiit tlic prcicaicc of a iiarrow coadcniation of high density in the 

stream) is confiimc~l. 
4. It. is possible tliat tlic i n i t i d  i l l i \~1lll l l l l i  (A6, = 131105) is not due t o  the  Perseids, but rather 

to radiant activity locatcd iiecis tlic cvrly Perseids’ radiant ( a  = 37’ & 5’’ S = $55’ f 2’). 
In order to reach a coiisciisiis OTW this prolilcm, sirnultanieous pliotographic observations 
from Xuguqt 1 to I O a i v  in n c w l .  

= 139?2-139?3, and in 1982-1989, the values were 
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David Suiunn 

The au thor ,  using his own o h e r v a t  ioris of t hc i/-Aquarids and the  Orioiiids. discusses the similarities and 
differences of the tjw70 streams 014giiiat.iiig from the  same comet. 

The  7- Aquarid auc! the Orionicl nic,tcor s t  ieains are debris from Halley’s comet which the 
Earth encounters twicc a 3-ear. T l i ~ y  auc iiiacle i u i i c p  among relatcd meteor showers in that 
lioth streams produce k i a j o r ”  activity aiitl 110th can be observed visually. Table 1 below is a 
comparison of key cliaracteri5tics. 

The  7-Xquarids aie .\-isihlc hc’tn-wn April 21 iInd hiay 12  with. a vi511al inaxiiiiurn occurring 
between May  4 aiicl 7. X s ~ o i i c h s .  iiicxiiiiuiii O C C U ~ S  h t c r  txtween 1Iay  8 and 11. A decrease 
in rates occurs lietwccn tlie two iiiasiiiia. The ionids a l e  viiibl Ixtn-eeii October 2 and 
Kovemlm 7. Visual iiiasiniuiii oc ( iirs clririiig Oct er 28 to 21. Tile iioxiids consist of several 
primary a i d  secondary masinin a d  g i w  thc appearance of a stationary radiant. Both streams 
are comples and consist of hlnriicmts oi lxlt5 of particles t h a t  liave 1,een shed away by Halley’s 
comet 

This coniparison i1lCllide5 all of tlie r~-Xciuaiicl and  Orionid iiieteois ohser.c.ed. b y  the author, 
during ioutiiie observing sessioils. TIicsc o l ~ ~ ~ m g  sessions were coiiducted during 1966-1990. 
The  samples used iii this analysis consisted of 234 n-.4cliiauids and 233 Orionicts. The author 
wanted to lillo\$r if his data showed niiy iig1dcdiit diffeieiice l>etis.een the two streams. The 
remainder of this ai t i ck   ill ~ s p l o b e  tlie siinilxities and differences as shown b y  the author’s 
data .  

2. Period of activity 

Observations of t<he r7-Acluaritls contliictc>(l i n  1988 in.dicat,ed t’hat the period of this strea.111 
lasted longer tlian h’Ia#y 12. Visi.ia1 ohscrvations made on May 13 and 14 showed high rates of 
four per hour on both dates. Oliscrvatioris i~iacle in 19% indicated t h t  7- Aquarid were still 
present 011 May 1s with a high rate of t v o  per liouu. These olxmva,tioiis were all conducted 
from the dark skies of Ft, Davis. Texas. Cj”l8. also t h e  longer act iv i t y  per iod  given for this shower 
in this issue’s Viswnl O b s e ? ~ ~ , i ;  Not(:,% on, p .  S G  ( e d . ) .  

3 .  Trains 

Train durations vaiied from i i  f i n (  tioii of a second up to 20 5eCoIids for one very bright Ori- 
onid. The author iiiadc no attcnipt to clistiqguish hetween wakes and persistent trains. 71 
q-Aquarids left trains, or 3 0 . 3 V .  Tlicb pciceiitage for the rio:ii& ~ v a s  Tyry silnilar a t  29.6%. 
This represented 69 i i i e t c ~ s .  Tlic aiitlior does iiot feel tha t  0.7 of 1% difference between the 
two streams is significant. 
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4. Average ~ i i a ~ ~ ~ ~ ~ L ~ d e  
This category showed a significaiit difference between the two sireanis. The  average magnitude 
of the V-Aquarid sample (233) was 4-2.99 while tlie Orionid sample (231) sho~ved an average 
inagnitude of 12 .36 .  The Orionids twre 0.63 iiiagiiitudes lxighter. See Table 2 below. 

Table 2 - IIagiiitiitlc dist1 i11ut 1011 of  the v-Aquarids and Orionids ohserved between 
10 66- 1 90 0 

3.5 x.:i 12  29 ($4 G3.5 39 11.5 0 

The  author deciclcd that  this tliffwwcc 1 ~ 7 . 3 ~  prolmbly due to tlie rl-Aquaricls being observed 
under darker skies tlien tlic Orioiiicls. Iu 1986, 10s q-Acluarids laad heen observed under darli 
skies near F t .  Davis, Tcsals. The aiitlior renicnibcred other occasions where 7- Aquarids bad also 
been observed under darlicr 5i;ics. The‘ tleci4on sva5 made to 1001.; a t  the data again and only use 
those meteors where tlic liiiiithig niagiiitiiclc had heeE i G . 0  or fainter. This liiiiting magnitude 
should preclude any obbermtions iiiaclc iicar a large city or town. See Table 3 lwlow. 

Table 3 - AIagnitiitlc distribution of the 11-Aquarids and Orionids observed n7ith 1im:ting 
niagiiitudc at  lcast +G. 

Sl’hen the analysis was finishcd the sain1)les consisted of 140 ri- quarlcls and 138 Orionids. 
Again, the samples T;iwe dmost  cclnal. The ilvcrage magnitude showed very little change! The 
aT.erage magnitude of the ~ ~ - X c ~ i i a i i c 1 s  was $3.10 whih  the Orionid sample showed a n  average 
niagnitiide of 2.42. This timc, thc Oiionids were 0.6s inngnitudcs bnigliter. There did seem to 
l>e a real difference between the two streams in average hrlglltccss. 

Another indication of tliii  differc.ncc w a s  in tlrc- xiunlxr of negative niagiiit-itcle meteors in the two 
samples. The  v-  Aquarid siuiipk~ of 233 irictcors liad just one negative magnitude meteor. This 
meteor was of magnitiitle -1. Tlic. Chioilid samplc of 231 nietrors had 16 negative magnitude 
meteors -with the biiglitcst 1 )~ i i ig  uiagiiitutle -2. 

5 .  Color 
Color is subjectisre and call \TrlrJ- fioiii o w  oljserver to  a:iotlier. The author was interested in 
seeing if there were any siiiii1aiitic.s in color groups between the two streanis. He would not 
have to  consider the biases t l ia t  occiir bc tnwn  the observations of difkrent observers. If a 
meteor showed more tliaii oiic color i t  rvc15 ppiiped by the doiiiiiiaiit color. The majority of 
the meteors appearcc! white. Tlic riiit2ior tlicl iiot consider white to  be a color in this analysis. 
Many of’ the meteors ~ ~ c i c  siiiip1:- too fniiit to register ally distinct color a t  all. 

Color was observed in  22.6% of thc ?/-Aquarid sample. This compared with 26.6% of the 
Orionid sample. The only color grotip that  5ho\VCd a good correlation was yellow. 19.2% 
of the q-Ac~uarids and IS.d% of ill(. Orionids were in this category. tiler color groups tliat 
were present ivere oraiigr and h l i i ~ ,  The q-.4cluarids ~ v c ~ e  fain-cer, on the average, than the 
Orionids. Considering tlie large nunilier of !)-Aquarids of magnitude 1 3 . 0  or fainter (144 versus 
94) it would seem tha t  the pcrc.cntagc of ~~-Acjuarids  showing color sliouid he lower than the 
percentage of Orionids showing color, 



This analysis was started l>y asking the following question: ‘‘Will ~ W Q  meteor streams from the 
same parent comet. have the same cliaracterist,ics?“ It was t8hoiigl-it that they would. Using this 
data the following conclusions have 11ecii clra,~vn: ( i )  This a.nalysis showed a rea,l difference in the 
asrerage imignitude of the two streams. Tliis was at t r ibuted to  a difference in aver 
particles. The q-Acjuaricls consist of siiia.ller pa,rt,icles, 011 the average: t h m  the 
The percentage of trailis lvas aliiiost idcntical. Since the velocicy sf the two streams is almost 
identical, this indicates that, the \-elocit,j- is mucli more iinporta,nt t,liarl the mass in producing 
this phenomenon. (iii) Tlie ~pAq~iar i (1  clata of 1985 and 1988 iriilica,te t h t  this stream lasts 
longer than May 12. ( i z i )  Tlierc. did s e ~ i i i  to l i c k  some correlation 13etn:een the two streams 
regarding color. The fainter stream (71- Aciuarids) had a lower 1)escetitage of mzteors showing 
color. 
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2. Qbservational results 
During 1 G nights, o w r  G9 in~li~-icl1ial ZHR valiies were obtained. Theie ZHR values were grouped 
in 4-hour inter\-als. Thc results nica visudimcl in Figme 1 

60 

40 

20 

* . 

. b 

s . 

m 

37 38 39 40 41 42 43 44 45 46 47 48 49 50  51 52 53 A, 

e 

. 

The regularity of the stream lwtn-em N a y  5 a i d  RIay 9 is very eviclent a i d  no great masiinuiii 
can be found. The  activitJr a t  thc iiinsiiniiin in the night of hlay 05-06 is smaller than in 
previous years. Another su1)iimsii~iiiiii W;LS seen in the night of hIay 06-07, a t  A 3  = 45005. 
The  population index .i;aluc is 2.52 f 0 . 2 3  for 425 meteors. At A 0  = 45003. a value of 2 . 0 8 i 0 . 3 2  
was obtained for the population i n c h .  The  inagnitude distribution of the 1989 7-Aquarids is 
shown in Talile 1. Tlie average inagiiituclc is 1.95 (or 3.00, corrected for the limiting magni- 
tude).  

The a-Capricornids and 6-A 
Jose' M .  Trig0 

-. -. _ _  .. . .. ~ ..~ 

The present study iuteiids to be an  aiial of t,lie tv-Capricornid and  the S-Aquarid South activity during July 
and August 1989. T h e  s tudy  is a coil-ipnrison I,ct,\veen l~o t~ l i  streaiiis and was carried out) by t,he number density 
method. All the ol,servat.ions were c,;-liric~l out by soiiie members of the Spanish hlIet.eor Society, as well as by 
IilfO meiiibers . 

1. Q b s e r va t i o 11 al re s u 1 t s 

The  foll01~7ing dat8a is l~a,sed 011 373 sout,liern S-Aquarids and 160 a-Cqx-icornids regist'ered by 
a, t o t d  of 22 people participating in tlic st)udy. Their names were as follows: 

Javier Alonso, L U ~ S  R. Bcllot., lliglicl Camarasa, JosC A .  CGceres, Angel Carrera, Cariiien Darias, 
JoSe V. Diaz, Antonio Fco. M a r i n ,  T3lanca Garcia, Fabiola GonzliIez: Oswaldo Gonzlilez, Victor 
Goiizhlez, Natalie C:uillfin, Antonio Ciuticrrez, David IIern5iidez, A1al.k IGdger, Roberto IIolowny, 
Aiitoiiio J .  Montcsinos, Paul lioggcinaris. Javier  Siiiichez, Jose YI. Trigo. 
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The  es.olution of the population indm is s1ion.n ill Figure 1. 

0 S 6 a q u .  
* a .  cap. 

1 
26 27 28 29 30 31 01 02 0 3  04 05 06 07 da 09 io ii 12 

Figure 1 - Population iiides oi t l ic a-(lapricoriiids and the &Aquarids South i n  July and 
August 1989. 

As ZHR-values we took into account tlic a ~ ~ ~ a g e  of the ZHR-vd~ies  of the individual observers 
and calculated the s tandard des-intioii. Duriiig the olxervations different methods. such as 
plotting and counting, were used, depciitliiig 011 tlie niiiiiber of obscrvable meteors. Tables 1 
and 2 show tlie results of our o13~crs-~1 tions. Over 71 incliviclual ZHR-values KWX obtained from 
the 22 observers. 

Table 1 - Observatioiiul d,ita and  d c r i ~  c d  ciuaiitiiies for the 6-k i ia r ic l s  in 1989. " h t "  represents 
the  magnitude range c~iid I I  the  i i u i i i l m  of shoiver meteors used to calculate the 
population iiides I *  'I lic 5patia1 n i i i i i lx r  densities are espiessed as tlie iiuiiiher of 
particles per 1 0 ~  I;11i3 

Date 

Ju l  25-26 
26-27 
27-28 
28-29 
28-29 
29-30 
30-31 
31-32 

At1g 01-02 
02-03 
03--04 
04-05 
05-06 
06-07 
07-08 
08-09 
09-10 
10-11 
11-12 

122045 
123040 
1 240 3 ci 
1'.50'77 
1250:11 
126027 
1270 23 
1280 18 
1290 14 
1300 10 
131006 
132001 
132097 
1330 93 
1340 89 
135! 85 
136O8l 
1370 76 
1380 72 

I n t  

+1- + 5  

0 - + 5  
-1 $ 3  
-1- + .i 
-1-+ 5 
- 2 -  + 5 

0- + ?i 
0- + .j 
0- + 5 

+ 1- + .i 

I !  1' 

2.43 i 0.38 
2.22 i 0.313 
2.22 & 0.36 
2.22 i 0.37 
2.41 i 0.36 
2.73 i 0.38 
2.80 i 0.40 

3.41 i 0.37 

ZIIIL 

3.3 i 2.4 
5.9 i 3.2 

12.8 i 4.8 
23.2 i G . 9  
18.3 i s5.2 
14.9 i a5.3 
13.9 i 5.5 
8.1 i 3 . 3  
8.0 & 3.0 

7.9 i 3.3 
6 . 3  i 3.6 

4.3 & 2.1 
3.8 i 2.0 
1.3 i 0.9 
1.1 i 0.8 

0.7 i 0.3 

____D__ 

06.5 

20 
36 
49 
72 
57 
46 
5 3 
40 
43 

60 
4 8  

33 
29 
10 
8 

.i 

enr 

15 
2 7  
39 
5 8 
4 7  
37 
42 
31 
33 

4 4  
35 

24 
21 

7 
G 

4 
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Table 2 - As in Table 1 ,  for t h e  u-C-'apricornirls i n  1989. 

*-<..-: 

Date 

J u l  25-26 
26-27 
27-28 
28-29 
29-30 
30-31 
31-32 

Aug 01-02 
02-03 
03-04 
04-05 
05-06 
06-07 
07-08 
0 8-0 9 
09-10 
10-11 
11-12 

1220 115 
12 30 40 
124031; 
125031 
126027 
127023 
1280 18 
1290 1.4 
1300 10 
1 3 10 0 1; 
132001 
132097 
13 3 0  93 
1340S9 
135085 
13Cios1 
1 3  70 76 
136072 

Illt 

-'L-+j 

- 1 - + 5  

1 
1 

- 2 - + 5  

-"-+5 

~ 

- 
n 

2s 

37 

'I 4 

24.5 

r 

2.12 & 0.40 

2.89 Z!C 0.38 

2.16 i 0.38 

2.10 i 0.41 

ZHR 

3.0 i 1.3 
4.2 i 1.9 
2.8 i 1.7 
2.8 k 1.5 
2.3 i 1.4 
5.5 i 2.8 
3.5 d~ 1.9 
1.9 i 0.9 
2.5 i 1.4 
2.1 i 0.9 
4.0 i 2.0 

1.5 i 1.1 
1.5 & 1.1 
1.8 If 1.3 

1.0 & 0.7 

e G . 5  

14 
20 
13 
27 
22 
54 
18 
10 
13 
10 
19 

7 

8 

7 

5 
P 

G3 

e,cr 

63 
88 
59 

226 
186 
445 

85 
46 
61 
43 
82 

31 
31 
37 

21 

In the  a-Capricoriiid activity, a iiiaxiinuiii i.; apparent on the night of J d y  30-31, at A 0  = 12707. 
Another submaximimi was registered at  A, = 123088 according to  [1]. In the 6-Aquarid South 
activity, the maximum is 011 the night of July 28-29 a t  A 0  = 12502. During this maximum, 
the radiant elevation a5 viewctl froin Spain was low. Figure 2 shows the results for log ZHR, 
according to [2]. 
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2. Comparison between a-Capricoriiids and 6-Aquarids South 
The  importance of a coinplctc analysis of obscrs-ational rcsults coiicerniiig these showers is 
illustrated in [a]. To thii  ciid, TIT iisc obscis-ational data  fioin experienced olxervers in Spain. 
Meteor data obtained uiidcr almost iclcntical limiting magnitudes was talien together. Because 
of the uncertainties in the probahilitic~s o i  pcrceptioii for the  faintest meteors. only meteors of 
magnitude 5.0 or brightcr ~ r e r c  coiiridcrcd. 
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Figure 3 - Spatial number tleiisitics ~ ~ j . 5  i n  Ji.11~ and .4ugrist 1989, according to [’I. 
The calculation of the spatial nuinl~er deiisity pa 5 for the meteors of magnitude 6.5 and lxighter 
was done according to [2]. The rcsult, vis\li\liz(:tl in Figure 3, is remarkable. In the case of the 
S-Aquarids South, the activity is uiipronouiiccd by tlie fact that the maximum coincides with 
a decrease of tlie population index. Calculating p ~ l  according to [a] leads to Figure 4. This 
qiimtity allows to compare streams dirc-ctlj-. In the case of the showers. the iiuinber density of 
the a-Capricornids exceeds tliat o f  tlic Pcrscicls l)y a f,ictor betn.een 5 and 10. 
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Figure && - Spatial iiuiiiber tlciisiLies in J u l y  autl August I M B ,  accoidiiig to  [2]. 

3 .  Magnitude distributioii and trail1 percentage 
Of 267 &Aquarids South used for this purpose, 7% had a train; of 102 a-Capricornids, 2% 
showed a train. The  imgiiitudc distrilntion of tlie a-Capricornids and the S Ayuarids South 
is sl io~vn in Table 3 .  

Table 3 - lfagnitude distribution of t l ic  i 989 h-,iquarids South and a-Capricoriuds 
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Radio Observations of tlie 1989 and 1 90 Geminids 

eminids 
J e  roen Van Wuss e n  h, o 'u e 

Radio observations of the 19S9 Geniinitls yielcletl inore than  6000 meteor reflections. The maximum was found 
to be at solar longitude A, = 261?9 i 00 1 ,  

1. Introduction 
This analysis of the Geniiiiid meteor diower is based on more than GO00 meteor reflections. It 
was the first time that such a massive amount of Geminid data came in. The  Radio Commission 
received radio da t a  from three different countiies, namely Germany, Denmark and Belgium. 
SVe are very grateful to tlic followiiig olxcrvcrs who send in tlicir observations: 

Gernzang: Ingo Reiinann, Denmark:  Gotfred ?dobjerg Kristensen. Belgium: Maurice De 
RIeyere. Dirk Artoos, Cis \'cibeecl;, E i i ~  Crauwels, Albert De Clerck, 2411 Caers, Tl'erner 
Depooi ter 

Ingo Reiniann and Gotfrccl 11. Iiristeiiseii listened 011 the normal FlI  band (87.30-108 RIHz), 
while the other observers listcnccl on tlic thrcc-meter band (156-73 RIHz). 

2. Reduction of tlie radio da t a  
Before we started t o  reduce tlie radio data,, t'he da t a  was checked on errors ancl some basic 
criteria. Observat'ions lasting less then half u i  hour were omitted for statistical reasons. (By the 
wa.y, one hour is recoinmended.) Only complet,e series of observations were used in this ana'lysis. 
If during tlie observa.tion t,lie frequency or ccluipinent set-up was cha.nged. the olxervations were 
eliiniiiat ed. 
For each series of observa,tioii t,he sporadic lia c1;ground was determined, l ~ y  examining the data 
at, the extreme beginning and end of tlie observing period. This background rate  was then 
sulltract'ed. After this t'he Ohserva.hilitJy Function wa.s calculated and applied for each series of 
observatioiis. T h e  Observaliility Function uses the followiiig main parameters: radiant position, 
antenna, ra,cliation imttern a n d  gain, the azimuth ancl loca,tion of the transmitter, antenna 
azimuth aiid elevation, pon'cr of the transniit'ter (1;SY) and popula,t.ion index. It is similar to 
the visual Z,HR corrcction. Hereaft'cr, t h  observations were plotted on a solar longitude scale, 
equinox 2000.0. 
As some oliservers ca'rried out s e v ( - ~ a l  series of o13scrva,tions, they were plot on the  same figure 
(same ecluipinent , same condit~ions), which gave a lleautiful result ~ This shower analysis could 
not ha.ve heen perforined witlioiit tlic Rc~dio Meteor DataBase ~ which proved to lie of great help 
in reducing radio data. 

3. Results 
The results are presented in the coircspontling graphs. In the figures, the one stanclard deviation 
error bars weie indichtetl. Reniall;clljle i5 tlie fact that  liotli Dirk Artoos and LIaurice De Meyere 
had a significant decrease of metcor a iiTitj- ljllt 011 c]ifferent days. The  observations were not 
liaiiipered by inversion or ~por~lclic E. 
The graph5 of Gotfled 11. I<iiiteiisr.ii c i ~ i d  Iiigo Rcimaiin give a nice view of the profile of the 
1989 Geminid shon.cr. Both O~NYT listpllcd 1l1i11il11L1111 liouri a & , y .  
All the graphs show a steep dccroasc aftcr the inasimuiii, which i5 characteristic for the Geminid 
5 h o ~ e r  . 
Stre were able to calculate the iiiasiniuin of the 19S9 Geminids of each series of observations. 
The results of tlie calculationi wcic com1,inecl and this gives us the  filial date of December 13, 
1989 a t  18!5 i 1!3, which corie\ponds wit11 a solar longitude (2000.0) of = 2G1?9 f- 001. 
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Figure 1 - Radio oljservalioiis of tlic 1989 Gcminirls b y  I. liciinann at 105.60 RZIIz (1ej.t) a i d  by G . l I .  Kristensen 
a t  100..50 RIIIz ( ~ i g h t ) .  
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Figure 2 - Radio ol>servatioiis of the 1989 Ckmlinids b y  11. Artoos at G6 45 RlIIz between 3"45m-4h20m U T  
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(left) and by \I .  De Meyere at OG.17 M l I z  I)etwccn 211'301n-32110Q111 U T  (right). 

First Im ressioii of' the 1 er 
J e  ro e n Vu n Wus s e nh o v e 

Radio observations by G.M. I(ristenscn (Dcwmark) suggest, tha t  the 1990 Geminid display was very strong 
coinpared to preceding years. The observer suspcci s a gap of about 24 hours between the masiiiia of the weaker 
and the briglit,er Geminid r a d '  10 meteors. 

Some radio observers reported a, higher activity around December 10, some days before the 
maximum of the Geminids. Gotfrecl Molijerg Ibistensen (Denmark) wrote: 

On December 9, me teor  act iv i iy  inci-eased t o  234 m,eteor reflections per  h.our a t  22" 
UT. T h e  unusutal high, a *u%t;y con t~ l : i~ ; i~ed 0.11 ?i,ig}i,t an,d reached 342 meteors  p e r  hour, 
in, t he  morning at 5'' UT. In> 1990, t h e  Geminids showed a s imilar  picture as in 1989, 
b u t  thze act iv i ty  was very con,sidernbly hi~9hr:r. On, th.e morning o.f December 15' at  5" 
UT, 521 me teors  p e r  hour uiere cou.n.ted. Again,, the gmates t  number of brighi  ra,&io 
me teors  came the nex t  moming (G1'-7'' UT). It s eems  to  me that  t h e  Geminids are 
assoi-ted in ,weaker a n d  byigh.ter meteors  separated b y  a gap of aroun.d 24 h,ours. T h e  
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first Geminids n.ppeai-,cd o n  December 2; the last were heard o n  Decembey 16. The 
Gemfinids grea.test rates. .were 88 in 9185, 163 in 1986, 72 in 1987, 246 in 1989. It  
i s  without doubt that the 1990 Geminid shower was the mos t  active one of the last 
years. 

People who have observed during that period are invited to  send their results to the Radio 
C o mmi s s i o n . 
A graph verg nicely shouiing t11.e ;.i:gnificnnt increase in radio activity of the Geminids in 1990 
compared to  1989 accorn.panicd t1i.e 7ri,0;ri:iis~7.%l)t of this article. For tech.n.ica1 rensons, unfortu- 
nately, the graph. c o d d  n.ot b e  rzpi-nduced. Mu.y we p l e m e  ask ( ~ 1 1  nuthors to respect the sim.ple 
guidelines given o n  p .  27 o j  this issue? (cd.)  

Experience Effects in Telesco 
Mark Vin,ts 

__ - - - ___ 

The quantilati \e gain 111 telricopic iiicteoi ie5ults with iliaeasing expelleiice is demonstrated from sets of 
olxervatioiis obtained iii Sotitlie] 11 rialice Iwtwl‘ceii 1988 and 1990 

I. Introduction 
I started telescopic meteor oliscrvatioiis diiring tlie 1985 Perseids. Holding a pair of heavy 
10 x 50 linoculars in my lialids, wit11 nij’ elbows on the window, I nianaged to see 3 meteors 
in slightly more than 1 liour obscrviiig time dispersed over 5 watclies, each of them limited by 
how soon the cramps set in. Siiiiilar results were obtained during the three following nights. 
As difficult as  the actual ohsers7ing was, ing the right charts was no easy thing either. Some 
were traced from photograplis in niag<iz a few were enlarged from the Sky Atlas 2000, and 
others were hand-diaivn piior to the  oliserving run. 
TT’ork contiiiued under infeiior circ iiniStcincC~ iuntil the  spiing of 1988. b y  which time I had a 
total  of 59 meteors from 13 liouis of ol)5erving in 1 7  different nights. Observing comfort was 
still an abstmct ide,]; decent rates ~ c r c  sonicthing to he dreamt about.  and the milestone of 
my 1000th telescopic mctcoi iiiccl t l ( ~ ~ i t l e s  into the future. 

2. The 11988 Perseid campaign in Lardiers 
In the spring of 1988, I olitainotl ropy of tlic Uranomctria 2000.0 atlas. n-hich provides 
perfect charts for 50 nini hinoculai 5 .  m d  more importantly, I bought a tripod for mounting 
the instiument. I was now lead37 to tacklc the Peiseid campaign which was organized in 
Lardiers (Southern France) for r~ period of 2 wee1;s around the  maximum. In t h a t  period, I 
almost cluadruplcd m y  total  nuiii1)cr of incteors! The huge bulk of results, as seemed to me 
then, cert aiiily got me hoo1;ed oil tclcscopic meteor observing for good. The satisfying rate 
of G meteors per Iioiir was coiii1)aial~le to  hat I iead in some Czech papers. I remember 
writing to  ilfalcolm Curiie lntci tlia t year: You must have an  exceptional perception to see 11 
met /houi s .” 

-~ _ _ _ _ _ _  ___ - - .__ ____ ____ 

Table 1 - Cliaiacteris_tics of telec,copic 0 ~ ~ 5 P l \ ~ l l 0 i l i  by the au thor  



3 .  The fdlowhig years 
1989 saw me back in Earcliers, this time for a one-veek quarid acc! Caprisornid campaign. I 
n-as well prepared after a series of routine ol)ser\-at,iorrs in sp itions were very good. 
This resulted in twice the nunil~cr of meteors coil-ipared t o m  week, as you can 
see in the table above. Hourly rates doul~lcd, a s  well as the ion of a,ii observation 
run (the time in between 1xeal;s which is only interrupte ng down meteors). The  
average inagnitucle of the meteors was fainter too. 
The 1990 summer ca,mpaign was characterized ljy iess than p e x f ~ c t  coaditions (!ow limiting 
magnitude and frequent clouds) a,nd more important?y the faci: ihat  I was the only observer in 
the group. This mainly affected the total nnriilser of hours oh ved peer night, which was a lot 
less than could be hoped for from t'lie 1989 results. mi! ai-eraged magnitude were 
at least as good as  the previous year. 
Last December's Geminid campaign liegan very unfavoralsly -x i~I i  I G ~ S  of s n o ~  and cloud cover. 
This resulted in 5 lost nights and one in which 0.22 hours as logged. Six other 
ni g h t s di s p la,j.ed 11 ar s h con di t ions ( s I 111 - m ~ o  t8 cnip era t, xr es co strong mist'ral) and 
perfect sky. Hourly rates shot 1111 (aicletl liy good Gcmiiniii r s the duration of a n  
average obsers.ing run. ~ I J -  l i f~~- t , o t a l  of f'elcscopic inetcors ~ ' a  ? O O O  mark. The  t'otal 
now stands at, 1403, of v-hicli 1200 n-cw o l ~ s c w c ~ l  iii L'nrciIcs-s. Tlil arc rcpresentsed in the 
magnitude histlograin beion-. It, is clcar at, first, sight tha t ,  tlii; majorit;jT of iiicteors are fainter 
than the nal;ed-eye limit,, evexi in this sinall ixtstruxi 

2 

4. collclusioll 
Coiiiprtring results from c1iff'er:cnt years aiicl different S ~ ~ O J W T S  cai; s ~ ~ i ~ ~  nnibiguous, hut it is not 
a s  lmtl as it loolis. First, I am not lookirig a t  ;ictual figiires7 just, trend::. Also, conditions were to 
a good degree similar from o w  year to anothcr (limiting ii~agnit~iicie \ ~,v';\:ee~~ 6.0 alld 6.5). And 
as to shower ra,tes, they arc  aln-;iys il iiiiiiorit,y iii telescopic 01~)scrv 1:s. So it a,ppears tllat 
with growing experience, the t c1escol)ic o1,servcr cw jo - j~  liiglier t ~7el-a ge niaglli t tide, 
longcr observing runs aiicl more t>iiiic per night. 

minilm- of nights. Observe tha t  I have not, adc1r~:ssecl the question of h o ~ r  experience influences 
the plotting accuracy. This is l1eca)use it, is almost impossible to assess this question without 
experiments. If plotting coiifidence is a measure7 I a m  certainly 01-i the right track. 

. -  

For ixe the significant thing to learn yet, is Iteeping up a a .  nigh - effcxtiw time over a significant 
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erkin-Elmer 
er-Schmidt Meteor Carner 

Peter Brown 
~- __ . . . .. . .. __ __ -~ 

T h e  Super-Sclimidt meteor C R I I I C ~ A  has Ijeeii one of tlic most, eficient inst , ruments  ever used for tlie detection of 
meteors. The reason for the siicccss of t,lic cainera syskiii  resides in its revolut,ioiiary optical design. The basic 
optical principles goveriiiiig tlie caniera's perfolniance are outlined along wit81i the  specific optical characteristics 
of each Super-Scliinidtj. 

1. Illtroductioll 
The  modern science of astroxioiiiy relies very heavily on the telescope. Virtua.lly a.lX astronomical 
iiieasureinents are made with the klescope, usua.lly in the form of photographs. Most' conven- 
tional telescopes utilize a,spheric mirrors to collect and focus Iiglit from small faint sources. In 
this applicat'ion the asplieric mirror as found in a Ketvtoiiia,n or Cassegrainia,n telescope system 
is well suited t,o the task. 

T h e  study of met,eors, on the otlicr haiid? relies hea,vily on the collection of hrge  numbers 
of photographic meteor trails. Since inet,eors occur a t  random the only hope of building an 
efficient "meteor COileCtOP is to design a wide field optical sy-stem wliich collects large amounts 
of light ( to see the  fahit'er meteors). 

Hence for meteor astroiioiiij-, tlie asplieric mirror suffers oiie major drawba,ck: an extremely 
narrow field of view. Addi t,ioiially asplieric mirrors suffer from several optical aberrations 
which reduce image clarity and mal;e the mea.surenient of meteor trails a,linost impossible on 
p ho t ogr a,plis . 
Thus a strong motmivation esists in iiictcor a.stronomy to build a wide-field, fast, aberration free 
camera, This can lx accoriiplislied t,lirougli tlie use of a spherical objective mirror in an optical 
system with lens correctors in a, siiita1)le arrangement. The  optical system thus described for 
meteor astronomy was first desigiied iii tlie 1940s and resulted in a ca.inera called the Baker 
Perkin-Elmer Super-Schniidt of which G were ultiiiia,tely h i l t  for use in meteor astronomy. 

2. Basic principles of the  Schiiiidt optical system 
Before describing the Super-Scliiiiiclt in tlet,ail some background in the  geiiera.1 theory of the 
S chmi d t opt i ca.1 system is a 1) prop xi  ate . 
The  Schmidt, optical sjrst,eni iisccl in l.)otli tclescopes a.ncl cameras exploits the a'xial symmetry 
which is found in a spherical mirror sectioii. TVit81iout this symmetry iiiiiiierous image degrading 
aberrat'ions result. 

a s  an esample, when incoming ra not, pa,rallel to t,he optical a.xis of a,n aspheric mirror are 
reflected, tlie peripheral rays, clefi tl to be those rays distant from t,lie auxilary optical axis 
which itself is defined to lie the line tlirough the extra-axial object, center of curvature down 
t,o t,he mirror? liecoiiie fociisccl over it legion rather t,lian a point. This serious opt>ical flaw is 
ca,lled coma, a n d  iiiaiiifests itself in  tlist,ortccl images at  t.he edges of the  opt'ical field. By usiiig 
a spherical primary mirror every iiicoiiiiiig ra,)? direction is equivalent due to  symmetry and 
alierra,tions, such a.s coiiia, caii  1)c avoided, 
Along with the loss of all asphericnl ;181)erratioiis, howerer. conies one additional aherra.tion the 
spherica 1 mirror pro cluccs: splierical a11 crra,tion. 

Spherical aberration results iii ra  reflected far from the optical axis coining to a. focus closer 
to the olijective t h i  pa ra s id  r ' as s1ion:n ill Figure 1. This is a higher order aberration, 
iiieaiiing that  the para,sia,l approsimatjion sin 0 M 8 is no longer valid for peripheral regions and 
higher order terms in t'lie Ta.ylor cslmisioii of sin 6, must lie included. This results when the 
a'perture becomes large relat'ive t,o t>lie foca.1 length [l], Qua,ntita~tively the severity of spherical 



aberration can he characterized lig' tlic ccluation giving the dlstallce between which paraxial 
raj-s and the outermost rag's focus. Tliis is gisveri 113' [2]: 

where cl is the distance l~etween the paraxial and periplieial foci, is the diameter of the mirror, 
R is the radius of curvature of tlic mirror and k ic; a conytant ecliial to 1/8 for spherical mirrors. 
The larger cl the greater tlic loiigitucliiicil extent along the optical axis the light is spread and 
the fainter the image along aiiy giTwi plaiic tliiough the surfacc dcfined hg' the envelope of the 
reflected rays in Figure 1, cdlcd d cauitic 5uifacc. 

Incoming Light 

Mirror 

Figure 1 - Spherical al,criatioii of a mirror .  

Schiiiidt in 1930 first developed tlic tcchiiquc t,o cliiniiia,te spherical aberration [3] a His solution 
is simplicity incarnate: introduce 2111 equal yet, opposite alxrrat,ion -CQ the incoming light t,lirough 
a properly forined corrector plate. This co tor plate is placed a,t the point rays coming a t  
all angles to  the optica.1 axis miist pass through; the center of curvature. The nature of this 
placeinent lxcomes clear wlicn it, is coiisidercxl tliat every image point lies alorig an auxillary 
optical axis. The  mirror's syiiiiiict,rj- i n  this casc~  rcsi.ilts in a, focal point, d o n g  any optical axis 
lying at a fised distance from tlic oljjectiw (nail-iely R / 2  for a. spherical mirror). Thus as the 
i imge point' rotates about tlie ccntcr of curvat,iirr. a spherical focal surfa,ce is produced [4]. 

Mirror Corrector plate (shape not to scale) 

The figuring of the corrector is such as  to lllalie tlie splierical inirior appear t o  incoming rays as 
a centered paraholic mirror allowing all rays to  conic to a focus but avoiding coma associated 
with any physical paraboloid. Tlic origilial Schlilidt design is shown in Figure 2. IVhile Schmidt 
used plates of negligible thicliness to  achieve coriection, spherical meniscus lenses of considerable 
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thickness have become the otlier popular means used to eliminate spherical aberration. Both 
versions of correction are employed in tandein on the  Super-Schmidt and so a fuller description 
of each is warranted. 

3. The correcting plate 
The  heart of the Schmidt principle is tlic correcting surface. Correcting plates are generally 
employed since they introtluce vcry little chioniatic aberration into the system. Chromatic 
aberration results in separate wavelengtlis lJeing focused differentially since the index of refrac- 
tion for any lens is soniewliat wairclerigth dependent [5]. 
In this regard a thin correctiiig p h t e  is siapwior to a thick meniscus shell. 
The  forin of the coriectiiig plhtc i i  gcncrally one plane surface and a front surface whose shape 
can l x  espressed as  a devi<ition fioiii a plaiiar suifnce by the foiinula [3]: 

where X is the distaiicc fioin the optical asis, I{ a constant of curvature, r is the full radius of 
the correcting plate, ? i  is the indcs of iefiaction of the plate glass and Y the  thickness of the 
correcting plate a t  ..I-, This relation is a first term approsiination to the general power series for 
a two mirror aplantic dcrivecl 1 q  Sclirvaizschild [1]. The  design freedom arises from the choice 
of k, all other parameters l)c+ig fiscd for tlic system. 
Thus while the coriector plate clop5 not affcct magnification it does affect pa th  difference given 
by ( n  - 1)J'. Since this path difference cLppliec1 in the form (2)  can bring all the zonal foci 
together a t  any region m-itliin the longitutliiial cstent of the spherical aberration (see (1)) the 
value of b effectively cbtcriiiines whcie tlw focal surface will l ~ c  foimcl. 

Positive K 

~ 

\ 
\ I 

I 
i 
L 

r i g m e  3 C'or~ectoi plate f o l l l n  fionl positive to negatibe I< 
\~nlucs 

Figure 3 shows the shape of tlic corrcctol platc for various values of b.  The physically meaningful 
quantity in Figure 3 is actually Jr'(..Y) a s  tlic curvature of the plate at  each point determines 
liow rays there will he affcctcd. Thus foi negative Ii values the corrector acts as a negative 
lens and  peripheral rays arc licnt out.  coining to  a focus as though rays from a zone of larger 
diameter; hence the focal surface is nearer tlic objective where peripheral rays norinally focus. 
Hence as I< increases the focal siiiface moves slightly further from the objective as peripheral 
rays esperieiice more of a positiw coiiectiori from the plate [2]. Figure 3 shows the forin of the 
plate going from posit iw to negative Ii valiiei. Note that in applications the inasiinum value 
of IY - JiJl (deviation fioni a 1)lane) i.; of the order of 10 pin [I]. 

4. The ineiiiscus lens 
In place of corrector pla , spherical sliclls of considerable tliicliness may be  employed to 
respond in much the same waj- a5 corrector plates with relatively large positive or negative Ii' 
values. T h e  shell is normally pl.~ccd \uch  that its center of curvature is coincident with tliat of 
the priinary mirror's cent CY of curve\ t uie. 



The  shells ha,ve the a,dvsntage over plates of capt.Liring ra,ys over a wider field as their added 
thickness permits sigiiifica,iit liencling of ra,ys in peripheral regions. In adc1it)ion since the lenses 
are spherical the optical system maint,a,ins complete symmetry, while the corrector plat>e suffers 
from ininor higher order off-a,sis aberrations as i t  is designed to perfectly correct for spherical 
aberration along the primary optical axis only [GI. 
The  form of the lens has it,s principle design freedom in its thickness rather t h a , ~ ~  in its shape 
as is the case with the plate. 

5 .  General optical design of the Super-Schmi 
The Super-Scliinidt meteor ca,niera 1)orro~vs the essentia.1 pliilosopliy of clesiga found in the 
Schmidt, principle but refines the practical optical. systein to a greater sophistication level. 

A 

D 

Figure 4 - The Super-Scliiniilt optical sysieiii. 

* , . ,  The essentials of the optical systxm are given i r i  Figure 4:. oc h e  system 
first encounter the  meniscus lens at, -4. arc hciit and pass tl-rrouglri. the cnrreccirrg plate at B ,  
then eiit,er another meniscas iells at C wit,h tlie opposit8e radius of curvatu.re ;?s ,4 a d  are bent 
again. From liere the Light ra,ys refictct off tlie spherical ii;i~'mr at, pass t l iw~g; ' l : .  C again and 
coiiie to a focus a t  E ,  where a phot,ogrq)liic plate records the s p  

Thus in this Schmidt variation t'he splie,rical aberra,t,ioii is eliminatecl by  two concentric menis- 
cus sliells and a correcting plate. The correcting plate serves to elil?iailate r 
aberration and correct for chromatic alierra,t,ion introduced into the syst>e:ri. 
ration results in different nyavelengths l>cing focused differentially since the index of refraction 
for a lens is a soinewha,t depeiicient, 011 wa,r.elengtli. In this capacity tlie cmrector becomes a,n 
a,spheric liypercliroma,tiziiig eleiiicliit made from two correc tlng plates cemented together, one 
iiia,cle of Crown glass the otlier of Flint gla,sr; [7].  This ilieans that, the coxn.bl:i~tiora of the curva.- 
ture values of t'lie ceiiient,ed correct iiig p1.a t a,iicl the ratio of the iwo glass' .relative dispersion 
can he combined t'o perinit. differing i.i.n,vc.lcngths to  be refra.cted equally through the syst,em. 

The  meniscus lenses proi-itle the sjTsteni witli its wide field of view. This is nmde a,ppareiit 
by coilsidering tha t  rays iiicidentt at an  olilique angle to the front, meniscus a,ue helit towa,rd 
the spherical ineiisicus' iiorinal upon ent,cring t'lle shell and then awa,y from the 1:orlnal upon 
leaving. This process is repea,ted agail-1 a t, the inner meniscus liefore the ~lmrror is encountered 

as ic a,li :v' 1' RJ7S 5 27. i;: l:i 
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allowing rays from the periplieral legions to  lie captured. This wide-field capacity is critical for 
the Super-Schmidt's ability to record meteors. 

Of course the ability to  capture large areas of the  sky is only half the story. If too little light 
reaches the plate at E only the lirightest meteors will be  captured. 

In general the light gathering power of a n  optical system (or its speed) in photographic ap- 
plications is related to the liglit flux per unit area or irradiance ( I )  [4]. Clearly the large the 
aperature the more total light gatlicred since the  mirror area increases, hence I cx 
area over which light is spi(3.id 011 a plate is proportional to the focal length of the system [2] 
so I cx 1 / P .  Heiicc I !x (D/F)' or I cx f' where f is the relative aperture or speed of the 
system. Thus  OW f d u e s  coire5pond to high irradiance s ~ ~ s t e m s  or b'ligint buckets". This is 
accomplished in the  Super-Schmidt by iisiiig a large objective mirror and niakiiig the the radii 
of curvature of the shells h g e  enough to ensure tha t  the focal surface at  E hi Figure 4- is close 
to  the mirror. 

6. Specific optical parameters of the Super-Schmidt 
Ea,ch of the six Super-Schmidts iiltimat,cly built, were given the same optica'l characteristics. 

Each camera. had a 5s cm dianietcr spherica,l objective, while each meniscus lens was ground 
from a 45 ciii diameter spherical lens. The  focal length of the system was 20 cm giving a 
theoretical unobstructed f-ratio of 0.35. In practice only 31 ciii of t'he apert,ure was effective 
clue to aperture stops, with this fiirther reduced to  23 cm of clear aperture ~ i t h  the introduction 
of the photographic p h e .  Hencc tlic opcrating system had an f-ratio of 0.S0 corresponding to 
a field of view of 55' [i ']. 
From (1) the longitudinal spherical aberrat'ion the  58 cm unobstructed prinia.ry would suffer 
without the correcting system ainounts to more than 5 cni. In contrast, a mirror with the 
same final clear aperture of the  Super-Schmidt of 25 cin would suffer a longitucha.l spherica,l 
aherration value (cl in ( I ) )  of 1 cni. The la,rgc: value of d suffered by the unobstructed primary 
underscores the  need to stop do~vn the apert,ure to  31 cm to  ma,l;e the correcting surfaces 
practical t o  build. E~:eii with this coniproiiiise in aperture, however, the meniscus shells for the 
Super-Schmidts were tlie largest ever liuilt tip to  1950 and  no opttical company would undertake 
the joli, the US lmreau of stamndc?rtls lmviiig t,o ultimately manufacture the lenses. 

The  rac1ica.l iiiiprovemcnt in optical design atta,ined liy the Super-Schmidts is born out when 
their performance is c o i i i p a d  to old camcra,s of the day designed for siiiiila,r app1icat)ions. 

For esaniple, the  hlenisciis Scliiiiiclt8 eniployiiig one meniscus shell a,nd a plate corrector was 
typically built as f a t  as f /1 .3  with ficltls 18' in  diaiiieter [2], while t,he largest classical Super- 
Schmidt cameras coulcl rcacli f / ~  .O and 20' field chmeters  [?]. The Super-Schmidt was more 
than 30% faster tha,n either camera and ~ 7 a s  alde t o  cover 6 times as much sky area. 

In fact tlie speed of tlie Super-Schmidt, was so great. tha t  iiornial plates can oiily lie exposed 
to  the sky for ten minutes. After this time, even a t  tlie darkest locations, the  background 
light gatliered is so intense a,s to fog tlie pla.te. This is in spite of the fact t1ia.t the correcting 
hemispheres made of borosilicatc glass a n d  tlie t,en air-glass surface interfaces in the Super- 
Schmidt a,lisorli roughly 40°C of the iiicoming light. 

7 .  The cameras' impact 011 meteor a ~ ~ 1 . Q ~ ~ ~ ~ ~ ~ ~  

Of the six Super-Scliiniclts iiiaiiufiictIuw1 four were placed in tlie USA and one each placed in 
AIealiooli and Newhrook. Xlliertii. E a d i  cnnicra weiglied 01-er 2 tons, was mounted equatorially 
and could capture roughly t h e e  111 arc, per liour, a11 i1iiproyeliie1lt of almost two orders of 
magnitude over previous sy5tenis [ S ] ,  

The  focal surface of tlie Super-Scliiiiidt beiiig a spherical surface cieates several unusual require- 
ments for other component s of the optical system. For example. all plates must lie similarly 
shaped and held firmly to  thc inner iiienisciis surface to  clearly record incoming light. This task 
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is accomplished through a vacuum lioltiiiig sg~steiii on the surface of the meniscus. Also, each 
plate being located inside tlie optical system requires that  the entire camera be t’alien apart 
to  change a plate, a, prolileni s o l ~ e d  l ~ y  allon.ing tlie entire front of tlie optical system to be 
opened. 
To determine tlie dura,tioii of each meteor a rotating shutter cuts each trail into temporally 
equal segment,s. Since tlie Super-Schmidt has a large aperture, esteriial mounting of such a 
chopper would h e  dangerous so E I  small iiitcrnal shutter directiy in front’ of tlie spherical plate 
holder allows short bursts of the nietcors‘ light to be recorded on the plate as the shutter’s 
blades rotate [$I. 
The Super-Scliiiiitlt camera formed t81ie core of t,lie Harvard Photographic hkteor  Program in the 
1930s and directly led to several a d ~ a i i c e s  in the field of meteor astronomj7 191 The  reduction of 
the photographed trails provided some of t,lie first, deceleration measures of iiiet’eors a n d  led to 
the first accurate estirnat’ions of meteor cleaisit,ies. Stations iii N e w  14esico proi4ded two station 
covera,ge permitting orbitni det,ermina t,ioii aiitl acci iuate velocity ~ e a s ~ r e s .  The information 
gathered in  the early 1950s signalcd the end of the interpla,netary meteor delxte as virtually 
a,ll photographed meteors had  17elocities below the IiyperLolic limit. 
As a result of thc  high precision rneasures possiljle with the S~per-Sclxnidt .  tlie orbital catalogue 
compiled from the Super-Scliniitlts has l>c-:t:ri a s ~ t l  iii many searcher; for meteor streams. The  
Super-Schmidts provide data, on particles too faint, t,o l)liot,ograph with x:idei: angle conventional 
cameras, in addition to  capt,uring ljrigliter inetcors due to t,lieir 1vid.e j!ields as compared to 
television techniques. 
Yo astronomical photographic syst,eiii mit,li a wider ficlcl of view and faster optics h a s  ever been 
constructed. The Super-Schmidt, 1c.d to  t,he dc.i~elopment, of the alier-Nunn satellite tracking 
caniera,s n-idely used by the US air force in the 1960s. nly modem elcctro-optical devices 
exceed (in raw numbers) tlie Super- Scliniidt ’S m e  tecr capturing capacity. 
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1 E 6  VALJES 3 1 3  155 v13e5 3 3 3  DAY ====== UT DAY zz===z UT 
TOTAL. WEIGHTED VALUES - P9.X WEIGHT X3.33 Q 23 5 HRS UT TOTAL WEIGHTED VALUES - FAX WEZSAT X? 33 0 2 3  5 H2S 37 
AVERAGE FOR 1 HOUR INTERVALS. SCALE MULTI?L:ER - 15 AVERAGE FOR 1 HOUR INTERVALS' SCALE EUL'?:PLIBR - 15 
AC'G 12-13 1987 - A?LANT>, GEORGI.4 A r j G  11-12 I985 - SEERINS F!.OP.IDA 

DAY = z ; z ~ :  UT 166 VALUES 333 
TOTAL WEIGHTED VALUES - MAX WEIGHT X? 33 Q 23 5 HFS tiT 
AVERAGE FOR 1 HOUR INTERVALS SCALE NILTIFLIER - 15 
AUG 12-13 1989 - SESRING FLCaI3A 

DAY ====:= UT 1 5 5  VALIIES 333 
TOTAL WEIGHTED VALUES - VL4X WEIGHT X3.33 Q 23.5 H R S  UT 
AVERAGE FOR 1 HCUR INTEKVALS: SCALE MULTIPLIER - .I5 
AUG i 2 - 1 3  1990 - SEBRING FLORIDA 

Figure 1 - Radio observations of tlic 19157 Pcibcicls froin Atlanta, Georgia (top lcft) slid of the  1988 ( t o p  right), 
1989 (Imttonl lert) and 1990 (liol tom right) Perseids from Sellring, Florida. 



0 bservational 

hii  overview is given of radio olxer\rations of tlic Perseitls iron1 Georgia and Fiorida het\reeii 1987 and 1990. 

Total radio counts can lie quite valua,l)le for d c  iiiiiig tlie solar longicxcle of the maximum 
of a meteor shower. A diurna,l correctmion is I ary in order to get reliatsle results. I use 
a multiplication factor of 1 for ll’L3Q111 VT (06”30’” EST) and 3.33 for 23”330”’ UT (1gh30” 
EST). 
The following four graphs sliow the t,ot,al radio couiit,s for the Perseids for 1987-1990. The 1987 
c h t a  came from the relial~le publisliccl data,  of 66’illiarn H. Black in issue 8 of the Bc:.dio Observer. 
The other observa,tions arc: by the autlior. Tlie cliiuxal correction, a.s ciescribed above, has lieen 
applied to  these four coiiiputer l)iint,oiit,s. Tlie two highest p d s  of the Perseids correspond 
to radio lon-s. Tlie first approsimatioii of a Foiirier t,ype interpolation is sliown as  a. sinusoidal 
curve on a,ll the  graphs. Iri tlie 1988 ai ic l  1990 graphs there is e~~ idence  of a clip Ixtween the 
two peaks. This clip is not present in the 1987 ant1 1989 radio datc?. Fience, tlie graphs showing 
the total radio counts of the 1987-.19!I~ Pcrseicls indica,te tlmt tlie dip lieti~eeri t h e  t,wo peaks 
1-iiay come and go. 

Postscript f r  ni t h e  Edit or- in- Chief 
Eega,rding this a,r-ticle, p l ense  nlso i m d  Dr. Mmley’s letter in this issue 5 letter section,, o n  
1111. 30-31. 

- _. - - __ - ___ - - - -- - ____ - - - - - - - 

-211 o ~ e r v i e w  is given of 1090 Yall o i m ~ i v a t i o i ~ 5  ciiiiiccl out 111 the tJSA by the A L P 0  nueleor tcam. 

Obsei~-ations diiiiilg the  fdll moiitlis w ~ i t ’  n ic~dc ljy 2‘1 diEmerit nrieiiihcrs of thc A L P 0  meteor 
team. JT’e oliserved 2168 metcois diiiiiig 140.07 Iiouii on 29 nights. A majority of thc activity 
1va5 5een on die night of D e c c i n l x ~  14 wlim VTYY~ ol>sci\-mi conihiiiecl for 1149 meteors, 1022 
beioiiging to the Geminid s1ioir.c~. Both ilicx Oiiviiidi diid the Leo~iicis were also well seen with 
2SO Orionids and 83 Leoiiids heiiig loggcd. 
Othei interesting data  includes the long stit3tcli of cictlvity for the Smithern Taiirids. AIembers 
of this stream were seen fioiii S c ~ p t c m l m  2s to Koveiiilser 10. The  ~ior thern blanch was seen 
from October 2 to Octobcr 31. Koile w a s  wm. nmr  tlic da tc  of maximum n-hich is November 
13. One lucky olxcrver cauglLt ai l  eliisiw i i ic~l i lxr  of tlic October Xndloiiicdicis on tlie 6th of 
tlic month. He was lucky to ljc out and  facing the right direction on a night with such an  
iiitrnse moonlight . 
The 6-Aurigids are not recognized ljy 1.h. IMO but this shower ha\  ~1io1r.n activity for several 

ivers during mid-Octolier. Most oliscrwr? are fcicil;g south toward Olio11 at  this time of 
tlic year. It is then h a i d  to  piiipoint actii-ity occuiiing ili the llortilcrll sli). oppo5ite to  the 
observer. Aiiotlicr 5ourcc of a( t ivity occiir5 near the Geminid niaximmii. Tlrere i5 c ~ ~ i  active 
radiaiit producing liriglit blue meteors froin Ursa Najor. These meteors are vcry swift and 
grcatly resemhle the Drccmlier Lcoiiitls irliir 11 r<idiatc some twenty dcgrees to  the south. Once 

~ _ _ _  ___ - _ _  - ___ __~____-__.--__--__ 
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again this radiant occurs an-ay from wlicre most people face this time of tlie year. Therefore 
110 precise radiant is knom~n for these meteors. Perhaps the IMO can make these and other 
reported radiants a special projcct in tlie coining years. 

Favorable conditions for tlie Ursids <ipparently were wiped out h y  overcast skies or observers 
apathy 11 at i oiiw i de . 

The Fall 1990 Showers fro anada 
Bill Kutz 
An overview is given of t h e  author‘s ol~scrvations in C’nnada of the 1990 Orionids, Leoiiids and Geminids. 

As Rich Taibi has  iecently poiiitcd out ,  clcar skies and Fall nights seldom mix in Northeast 
North-America. Even rarcr arc  clcar, iiioonless Fall nights. In the past I have driven as much 
as 500 miles (round t r ip)  in ail attempt to escape the clouds, only to catch a handful of gems 
between the clouds. This year, I aiii 1iq)py to report that  the meteors per liter of gas ratio 
was much better-we weie able t o  c a t c h  tlie Orionids, Leonids, and Geminids in our visual 
observing spot just no1 t h  of Toronto. ITTaving caught the S-A4cluarids. Perseids and Lyrids as 
well, 1990 was clearly a good y ~ a r  for showers in those parts. 

October 1990 was my first iiight out sinccx Augustus 13 after recovering from pneumonia. In 6.0 
skies. I caught 71 meteors, including 45 Oiioiiids in 3 hours, with Orionid rates of 17 meteors 
per hour in two of those houii .  Tlicre n w e  no very bright meteors. I noticed a number of 
meteors coming from Ursa Ma.joi, 

November 17-18 brouglit anotlic-r crystal (lcnr night. 1l-y wife, Eva, and I did another 3 hours, 
catching over a hundred meteors between us. hIy hest hour was tlie last (OG”-071’ UT) ,  when 
1 caught 19 Leonids aiid 8 sporaclics. I caught 14 Leoiiids the previous hour. 

December 12-13 began with s~iow. It stopped by S p.m. local time, hut it was still hazy, so I 
started the iiight in a. friend’s l>acliyalrl a t  the  iiortli eiicl of Toronto. As the haze lifted, the 
rates improved, from 19 t o  49 per liour in total. After three Iiours, it  was leautifully dark, so 
I jumped in the car a n d  tlrow to tlie ohseivatory, warming up and watching meteors along the 
way. (I caught 12 from the car on tlic liiglirvay). Under 6.0 skies, I coiitiiiued 4 more hours, 
with rates between G 1  aiicl 101 per hour (iiiaximnuiii between OG”-O7” UT) .  T h e  best meteor 
was a - 5  Geminid with a n  u n u s u ~ ~ l  ldue color. Two other meteors left trains lasting 3 and 5 
seconds. It was the first tiiiic ill a year I managed to  catch more than  an hour of clear sky for 
the  Geminids. The  show 1JlIOJ’Pd illy spiiits going into a cold winter. 

Table 1 - AIag~iit~title, tlisti.ihiitions of 1990 Fall showers as observed from 
Can a (1 a. 

id. wit11 trains 2 1 2 5 1  
1 4 6 8 1 0  

id. with trains 1 4 1 1 1  

id. wit 11 t.ra i 11 s 1 2 6 3  
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Radio obser atioiis of the 1 
Norihito Kuwumuru 

~ _ _  
~~ --. .. .. .. . ~ 

Japanese radio observations of the 1001 CJi iadrant  ids a r e  presented. 

I observe meteors with a forward scatter s!-st,cmi on FR4 (76-90 MKz) .  M y  observing equipment 
consists of a, 4 elements Yagi aiiteiiiia ciirc>cted to the zenith, a l’HF-FR1 receiver and a pen- 
recorder. Ex-ery day I observe meteors for 2-1 lioiirs, except when I check m y  equipment. 
you find one of iny latest results (Quadra,ntids 1991). 

~ _______. 

From the Meteor Library 
compiled by Puul RoyyenaunT,s 

e Jan Stohl and  V l a d i m i y  Por’.ii,bcnri~ “Stwi,ctuw: ofthe Tau,i-id Meteor Complex”, Proc. Aster- 
oids,  Comets, Meteors III; C.-I.  Lage o%s%, H. Rickm.an, B .A .  Lin.dblad and M.  Lindgren 
(eds.) ,  Uppsala, 1990; p .  571. 

Orbital characteristics of tlie Tauricl meteor coiiiples are derived in its preperihelion a.ctivity 
lia,sed on all precise meteor orliit,s whicli are at, the disposal from the IAU Meteor Data. Center 
in L~ii id .  Variations of t,he orbital cleiriciits n a d  radialits of the complex are derived and used 
for xr i fying potential associa,t’ioiis of iiiiiior slioirers wit’h t’lie complex. 
e John A .  R,isssell, m‘Dissim.ilaylties in, P c y s e i d  rn.eteoroids”, ldeteoritics 24) 1990, p p .  177- 

180. 
A sliutter-clioppecl, direct pliot,ogr:apli of a 1980 Pcrscicl meteor is discussed in ivhich no shutter 
bredis are apparent. Evidence is consitlemd t1i;i.t it is indeed a Perseicl and  that the phenomenon 
is tlie result of an  ext’raordiimry frngment a tion of the meteoroid. Teiita,t.ive evidence is presented 
for tjlie existence in 1980 of a second racliaiit from u-hicli the appa,ren t,ly unchopped meteor and 
a second meteor, also showing I l iar l id  fra.gnic.iitat,ion. emana,ted. The  fragmentation of these 
two meteors and tlie conccnt,ratioii of t,lieir r ad imt  a,re consonant n-ith the concept of their 
origin from recently released material froni tAie nearby parent comet,. 
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observational reports of the international 
meteor - 
organization 

edited b y  Marc Gyssens 
Volume 2 contains 187 pages with all I M Q  
visual and fireball observations of 1989! In 
total, you will find 88378 visual meteors 
seen during 5258 hours in 256 calendar dates 
by 410 observers from 21 different coun- 
tries, as well as 341 entries on fireballs! 

An iiivaluable work for meteor workers wish- 
ing to  carry out further analyses or for me- 
teor observers wanting to know how their 
contributions fit in on a global scale. 

Despite the increased number of pages coin- 
pared to volume 1, the price for the second 
issue of W G N ' s  Report Series has not been 
raised: 15 DEM post paid (surface inail de- 
livery). 

Internatjonal Meteo r  Qrganiza t ion  

IMO MONOGRAPH N O 1  

P ~ O T O ~ ~ A P ~ I C  ASTROMETRY 
ChdsOan Slepmi 

ic 

b y  Christian Steyaert 
This first volume in a new IMO Monograph 
Series deals with theory and practice of 
pliot ographic as trornet ry. 

Together with the companion diskette, it 
allows the photographer to  measure him- 
self his prints and do the necessary calcu- 
lations. The diskette also contains the nec- 
essary software to supply the information 
to tlie IMO in the PMDB format! 

The monograph costs 10 DEM post paid, 
plus 3 DEM for the companion diskette in 
(please specify) 5;'' or 3 i'' (surface mail 
delivery). 




