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ABSTRACT 

Of the 26 s t r e a m s  of me teo r s  c lass i f ied according to Ceplecha 's  d i sc re t e  

levels  of beginning height, 13  are  assoc ia ted  with known comets .  

Biela  produced in the Andromedids a double-peaked distribution (Classes  A 

and C1). Apparently no known comets  produce a stream of C las s  B. Con- 

s idera t ion  of Whipple and Stefanik's model  of a n  icy conglomerate nucleus with 

radioactive heating and redis t r ibut ion of ice  leads to associat ion of Ceplecha 's  

C las s  C with the res idue  of the ice- impregnated sur face  of a cometary  nucleus 

a f te r  sublimation of the ices, and the Ceplecha 's  C l a s s  A with the co re  of a 

cometary  nucleus. C las s  B meteoroids  a r e  then to be associated with l e s s  

dense  c o r e s  of s m a l l e r  cometary  nuclei  that have los t  their  su r f aces  and a r e  

too small to have been observed.  

meteoro ids  (1. 2 g ~ m - ~ )  is s o  c lose  to that of Type I carbonaceous chondrites 

(2 g ~ m - ~ )  as to suggest  that  the l a t t e r  come f r o m  old c o r e s  of v e r y  la rge  

nuclei  of cornets,  an  idea originally proposed by McCrosky and Ceplecha. 

Comet  

F u r t h e r m o r e ,  the density of C l a s s  A 

It is suggested that  two iner t  objects that look l ike as te ro ids  m a y  yet 

r ema in  f r o m  the two pieces observed at the last r e tu rn  of P / C o m e t  Biela. 

The recovery  of Comet  1930 VI, Schwassmann-Wachmann 3, a t  its r e tu rn  in  

1979 is urged s ince it is the only available comet  producing a shower 

( T  Herculids) of C l a s s  A. 

comet  in the o rb i t  of the Geminids is a l so  urged as the bes t  chance of finding 

a n  object that  produces meteoro ids  of C l a s s  B. 

bution of radiants  and velocit ies of me teo r s  in June and ea r ly  July in  Scorpius,  

Sagi t tar ius ,  Ophiuchus, and Serpens is required to s o r t  out the t r u e  s t ruc tu re  

there ,  i f  indeed one exists. 

A s e a r c h  f o r  a n  as te ro ida l  object o r  a v e r y  small 

F u r t h e r  study of the d i s t r i -  

iv 



P a r m i  l e s  2 6  e s s a i m s  d e  m g t 6 o r e s  c l a s s g s  s u i v a n t  l e s  n i v e a u x  

d i s c r e t s  d l a l t i t u d e  d ' a p p a r i t i o n  d e  C e p l e c h a ,  1 3  s o n t  a s s o c i g s  'a 
d e s  c o m i t e s  c o n n u e s .  L a  com'kte B i e l a  p r o d u i t  d a n s  l e s  A n d r o m 6 d i -  

d e s  u n e  d i s t r i b u t i o n  'e d e u x  p i c s  ( C l a s s e s  A e t  El). A p p a r e m m e n t ,  

a u c u n e  c ~ m k t e  c o n n u e  n e  p r o d u i t  u n  e s s a i m  d e  l a  C l a s s e  E .  Un e x a -  

m e n  d u  m o d k l e  d e  W h i p p l e  e t  S t e f a n i k  d ' u n  n o y a u  c o n g l o m 6 r e *  d e  g l a -  

c e  awec c h a u f f a g e  r a d i o a c t i f  e t  r e d i s t r i b u t i o n  d e  l a  g l a c e  c o n d u i t  

'a a s s o c i e r  l a  C l a s s e  C d e  C e p l e c h a  a v e c  l e  r e s t e  d e  l a  s u r f a c e  i m -  

p r e ' g n g e  d e  g l a c e  d ' u n  n o y a u  d ' u n e  c o m k t e  a p r ' k s  s u b l i m a t i o n  d e s  

g l a c e s ,  e t  l a  C l a s s e  A d e  C e p l e c h a  awec l e  c e n t r e  d u  n o y a u  d ' u n e  

c o m G t e .  L e s  m 6 t ; o r i t e s  d e  c l a s s e  B d o i v e n t  d o n c  G t r e  a s s o c i g e s  

a u x  c e n t r e s  m o i n s  d e n s e s  d e  n o y a u x  d e  c c m k t e s  p l u s  p e t i t s  q u i  o n t  

p e r d u  l e u r s  s u r f a c e s  e t  s o n t  t r o p  p e t i t s  p o u r  i t r e  o b s e r v g s .  D e  
- 3  p l u s ,  l a  d e n s i t ;  d e s  m & t ; o r i t e s  d e  C l a s s e  A (1,2 g cm ) e s t  s i  

p r o c h e  d e  c e l l e  d e s  c h o n d r i t e s  c a r b o n g s  d u  T y p e  I ( 2  g crn ) q u e  

c e l a  l a i s s e  s u p p o s e r  q u ' i l s  v i e n n e n t  d e s  v i e u x  c e n t r e s  d e s  n o y a u x  

d e  c o m g t e s  t r g s  l a r g e s ,  u n e  i d g e  p r o p o s g e  'a l l o r i g i n e  p a r  M c C r o s b y  

e t  C e p l e c h a .  

- 3  

I 1  e s t  s u g g 6 r e '  q u e  d e u x  o b j e t s  i n e r t e s  q u i  r e s s e m b l e n t  d e s  

a s t e ' r o i d e s  p e u v e n t  c e p e n d a n t  6 t r e  l e s  r e s t e s  d e s  d e u x  m o r c e a u x  

o b s e r v e ' s  l o r s  d u  d e r n i e r  r e t o u r  d e  l a  P / C o m & t e  B i e l a ,  L a  r e d & -  

c e u w e r t e  d e  l a  C o m k t e  1 9 3 0  V I ,  S c h w a s s m a n n - W a c h m a n n  3 ,  a u  m o m e n t  

d e  s o n  r e t o u r  e n  1 9 7 9  e s t  d 6 s i r 6 e  p u i s q u e  c r e s t  l a  s e u l e  c o m \ e t e  

d i s p o n i b l e  q u i  p r o d u i s e  u n e  p l u i e  d e  l a  C l a s s e  A ( T  H e r c u l i d e s ) .  

L a  r e c h e r c h e  d ' u n  p e t i t  a s t g r o i ' d e  o u  d t u n e  c o m G t e  t rks  p e t i t e  

d a r s  l ' o r b i t e  d e s  G e ' m i n i d e s  e s t  a u s s i  d G s i r i e ,  e n  t a n t  q u ' g t a n t  

l a  m e i l l e u r e  c h a n c e  d e  t r o u v e r  u n  o t j e t  q u i  p r o d u i s e  d e s  m i t e ' o -  

r i t e s  d e  l a  C l a s s e  E .  Une ; t u d e  p l u s  p o u s s g e  d e  l a  d i s t r i b u t i o n  

d e s  r a d i a n t s  e t  d e s  v i t e s s e s  d e s  mg te ' o re s  e n  J u i n  e t  d e ' b u t  J u i l l e t  

d a n s  S c o r p i o n ,  S a g i t t a i r e ,  O p h i u c h u s  e t  S e r p e n t  e s t  r e q u i s e  p o u r  

g t a b l i r  l a  v r a i e  s t r u c t u r e  q u i  e x i s t e  l;, s i  t o u t e f o i s  il e n  e x i s -  

t e  u n e .  
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DISCRETE LEVELS OF BEGINNING HEIGHT 

O F  METEORS IN STREAMS 

A. F. Cook 

1. INTRODUCTION 

Ceplecha (1 968) plotted the photographed m e t e o r s  reduced by McCrosky 

and Posen  (1961) and not identified a s  m e m b e r s  of streams, with beginning 

height as ordinate  and velocity outside the a tmosphere  as absc issa .  

F igu re  1 exhibits the bas ic  resu l t .  

of points. 

C la s s  C, and a n  intermediate  maximum apparent  only f r o m  27. 5 to 43.7 

k m  s e c  a s  C l a s s  B. His C las s  C showed two peaks,  one below 41 .8  k m  s e c  

and the other  above it,  and he designated these  regions a s  C las ses  C and C2,  

respectively.  

His 

He found th ree  r idges of maximum density 

The lowest of these  he designated as C las s  A, the highest  as 

-1 -1 

1 

Ceplecha favored the interpretat ion that  the differences in beginning height 

were  due solely to var ia t ions in  density of the meteoroid.  

by McCrosky and Ceplecha (1970) and by the author (in preparation) provide 

plots of log ( l /Km)  v e r s u s  log V 

tion equation f o r  m e t e o r s  and V 

a tmosphere .  The th ree  c l a s s e s  appear  in these plots too. However, the 

separa t ion  i s  not enough to explain fully the separat ions of Ceplecha’s d i sc re t e  

levels .  

Subsequent studies 

where  K is a coefficient in  the dece le ra -  co’ m 
i s  the velocity of the meteoroid outside the 

03 

He a l so  found that m e t e o r s  of C l a s s  A had t r a j ec to r i e s  s h o r t e r  than 

This  work was supported in pa r t  by grants  NGR 09-015-033 and NGR 09-015-004 
f r o m  the National Aeronaut ics  and Space Administration. 

1 



those of C l a s s  C, which implies  that  they have l a r g e r  values of Jacchia ' s  

(1955) f ragmentat ion index x. 
of the separa t ion  of beginning heights. 

This provides the explanation fo r  the remainder  

I t  appears ,  therefore ,  that we may  be able to use  Ceplecha 's  c l a s s e s  to 

sepa ra t e  s t r e a m s  of m e t e o r s  according to the density of the meteoroids .  

Ceplecha (1968) has  a l ready  done this f o r  some s t r e a m s .  

subsequently analyzed the me teo r s  of McCrosky and Posen  (1961) s ta t is t ical ly  

to identify s e v e r a l  new s t r e a m s .  

res t r ic ted  groups of m e t e o r s  had previously been made  by Whipple (1954), 

Jacchia  and Whipple (1961), Southworth and Hawkins (1963), and Lindblad 

(1970a). 

as did Lindblad (1970b). 

as well as the be t te r  known ones classi f ied by Ceplecha. 

Lindblad (1970b) 

Identifications of s t r e a m s  f r o m  m o r e  

McCrosky and Posen  (1959) identified s t r e a m s  f r o m  the same sample  

The present  paper  cons iders  these additional s t r e a m s  

2 



2. CRITERIA FOR REALITY OF STREAMS 

We accept  as r e a l  only those s t r e a m s  that show four me teo r s ,  o r  th ree  

me teo r s  and an  associated comet,  in McCrosky and Posen ' s  (1961) l i s t  o r  

those that a r e  a l ready  well known. 

by Lindblad (1970b). 

and Posen  were  obtained f r o m  1952 to 1954, t he re  is l i t t le a s su rance  that a l l  

these s t r e a m s  r e c u r  annually. Incidentally, f o r  the purposes of this paper,  

the Cyclids (Southworth and Hawkins, 1963) a r e  regarded  as the product of 

observational selection, caused by the e a r t h ' s  enhanced coll isional c r o s s  

section, fo r  meteoroids  in  orb i t s  near ly  the s a m e  a s  that of the ea r th ;  they 

a r e  not counted a s  a s t r e a m .  

s t r e a m s .  Of these,  1 does not appear  in  the observat ions,  12 do not show 

enough m e t e o r s  to permi t  c lass i f icat ion (this point will be d iscussed  fur ther  

below), and 11 exhibit such  ex t reme c h a r a c t e r  that some r e m a r k  about the i r  

densi t ies  can  be made  in spi te  of the small number of me teo r s  involved. We 

a r e  left with 15  s t r e a m s  that a r e  sufficiently abundant to be unambiguously 

classi f ied.  

This is a lmost  the c r i t e r ion  recommended 

Inasmuch as mos t  of the observat ions used by McCrosky 

Application of these c r i t e r i a  yields 39 optical  

3 



3 .  CLASSIFICATION OF STREAMS 

The logical method of c lass i f icat ion is to begin with the mos t  abundant 

s t r e a m  and continue with decreas ing  numbers  until it is evident that  we a r e  

approaching uncertain ground. 

1 )  ' The m o s t  abundant s t r e a m  is the extended one of the Taurids ,  which 

are 105 in  number and are usually divided into a nor thern  and a southern 

component. 

divides the s t r e a m  into th ree  overlapping pa r t s  according to the sun ' s  longitude 

Lg. increases ,  while R and 0 
T progres s  steadily f r o m  pa r t  io pa r t  of the s t r e a m  (here  q i s  the dis tance a t  

perihelion, a the semimajo r  axis, i the inclination, w the argument  of 

perihelion, R the longitude of the ascending node, and IT the longitude of 

perihelion).  

dominance of the nor thern  branch  to that of the southern branch. Table 1 

presents  the detai ls  of the Taur id  s t r e a m s  found by Lindblad. 

that  the total  activity extends over  a lmos t  4 months, growing s teadi ly  until 

the maximum a t  about 1 November given by McKinley (1961). 

the dis t r ibut ion of beginning heights of this stream. 

Lindblad's s e a r c h  does not make  this division but instead sub-  

The elements  q, a, i, w r ema in  constant as L 

There  is a r e v e r s a l  of nodes as Lindblad switches f r o m  p r e -  

It  is apparent  

F i g u r e  1 exhibits 

The heights f o r  Ceplecha 's  C l a s s e s  C 

The coincidence of the maximum with C l a s s  C 

r a t h e r  abrupt  decline in  numbers  a t  g r e a t e r  beginning heights and the s t r a g -  

gling ta i l  to lower beginning heights. 

we might hope that as few as 3 

The process  that cause6 skewing toward the lower heights implies ,  however, 

that  9 m e t e o r s  will be insufficient. 

these Taur ids  as Pisc ids ,  we can  examine the i r  distribution as shown in 

F i g u r e  2. 

maver icks  a t  lower beginning heights could account f o r  this appearance,  we 

conclude that  m o r e  than 9 m e t e o r s  are requi red  to c lass i fy  a s t r e a m  unam- 

biguously. 

B, and A a r e  marked  in F igu re  1. 

is evident, a s  a r e  a l so  the 1 

1' 

If the distribution were  symmetr ica l ,  
2 = 9 m e t e o r s  would suffice to c lass i fy  a s t r e a m .  

Inasmuch as Lindblad has segregated 9 of 

They appear  to suggest  C las s  B, but s ince i t  i s  evident that  t h ree  

4 



h
 

- I u 
>

 *: E 
3
 

v
 p: 

Lo p: 
d k 

G
 3 

-
3
 

a, 

rd 

CT 

c 0
 

rd 
k
 
5 
a
 

.
-
I
 

U
 

m 
- a rd 
P
 

a
 E: 

4
 

.
r
(
 

4
 ; 

M
 

4
 

m
 

H
 

+ 
0
 
v
 

Ln 
M

 

0
 
4
 

0
 

- 0
 
4
 

9
 

- 0
 
0
 

0
 

M
 

0
 

Tr 
0

.
 

M
 

co 
0
 

0
 

0
 

N
 

M
 

M
 

0
 

U
 
a
 

a, 
cn 
0
 

N
 I M
 

< U
 

N
 

rn k
 

rd 
5

 

2
 

:
 

2
 

2
 

m
 

0
.
 

N
 

v
 

+ 4
 

9
 

N
 

0
 

M
 

4
 

m
 

m
 

.-.I 

- m
 

N
 

v
 

M
 

0
 

co 
0
 

9
 

0
 

N
 

0
 

Tr 

0
 

U
 

0" m
 

4
 

I U
 
a
 

a, 
cn 
Ln 
N

 

10 

u m 
2 a .
r
(
 

k
 
0
 

rr 
rn 

2l 
S

3S
S

V
l3 S

lV
H

331d33 
.r
l 

1" 
2 N

 
a, 

W
Y

 'S
lH

913H
 9NINN1938 

S
3S

S
V

l3 
S

lV
H

331d33 

M
U

 ld
 

U
JY 'S

lH
913H

 9N
IN

N
1938 

4
 

a, 
k
 

3
 

M
 

cr 
0

 

.r
l 

5 



2) The Geminids are 77 in number and a re  displayed in F igu re  3 .  This 

Again we s e e  the skew tai l  to lower beginning shower is plainly of C las s  B. 

heights. 

3 )  The Orionids,  displayed in F igu re  4, a r e  49 in number.  They are  

plainly of C l a s s  C 2  and do not show the skew distribution. 

4) The P e r s e i d s  with 45 me teo r s  are shown in  F igu re  5. Again these 

a r e  c lear ly  of C las s  C 2  and the distribution is symmetr ic .  

5) The Andromedids (which f r o m  the c u r r e n t  direct ion of the radiant 

The distribution appears  have been called E Pisc ids)  number 33  meteor s .  

in F igu re  6 
These  peaks a r e  delineated well enough f o r  us to conclude that 16  me teo r s  

are m o r e  than sufficient to c lassi fy  a s t r e a m  with one peak, whereas  we have 

already seen  that 9 m e t e o r s  a r e  apparently insufficient. 

and is c lear ly  bimodal with peaks at C l a s s e s  C and A o r  lower.  1 

E 
x 
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I 
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2 

v) 
108 r 

V 

r 
V 
W 
-I a 
W 
V 

c3 

Z 90 

(3 
W 

z 
z 
m 

82 
0 IO 20 30 

NUMBER OF METEORS 

E 
-Y 1 2 2 r  

E 1061 I I 
m O  5 IO 

NUMBER OF METEORS 

v) 

15 

A AT 100 
TO 102 km 

Figure  3 .  Distributiolr of beginning F igu re  4 .  Distribution of beginning 
heights f o r  the Brionids. heights fo r  the Geminids.  
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Figure  5. Distribution of beginning F igu re  6 .  Distribution of beginning 
heights fo r  the Pe r se ids .  heights f o r  the Andromedids.  

6) The b Leonids, newly discovered by Lindblad (1970b), contribute 

24 me teo r s  to our  sample.  

a t  C la s ses  C and A. 1 
1 2  me teo r s  a re  sufficient to c lassi fy  a stream with one peak. 

appear  to be insufficient, we adopt 1 0  me teo r s  as a working lower l imit  f o r  

well-defined classification unless we see what appears  to be a bimodal d i s t r i -  

bution; in  such  a c a s e  the working leas t  number of m e t e o r s  will be 20. 

F igu re  7 exhibits a bimodal distribution with peaks 

The peaks a r e  well  defined s o  that we conclude that 

Since 9 me teo r s  

7) The b Aquarids number 22  me teo r s .  F igu re  8 exhibits the distribution 

of beginning heights. 

clear that the stream is of C l a s s  B. 

Noise in the distribution is noticeable, but it s e e m s  
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8) 
C las s  i s  C 1 
tion to lower heights. 

The a. Capricornids  with 21 me teo r s  a re  shown in F igu re  9.  The 

(although B cannot be excluded), with a skew tai l  on the dis t r ibu-  

9 )  The IT Leonids with 19 me teo r s  a r e  exhibited in F igu re  10. This 

stream was discovered by Southworth and Hawkins (1963). 

Class  B (although C las s  A cannot be ent i re ly  ruled out). 

low heights observed, which suggest skewness  to lower heights in this case .  

It appears  to be 

We note two ve ry  

10)  The  Quadrantids with 17 m e t e o r s  are  shown in F igu re  11. This  

stream i s  c l ea r ly  C l a s s  B. 

11) The  T Herculids number 15 me teo r s .  F igu re  12 shows the i r  d i s t r i -  

bution; the stream is plainly of C las s  A o r  lower with a suggestion of a skew- 

ness  to g r e a t e r  heights. 

Hawkins (1963). 

The stream was discovered by Southworth and 
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12) The 6 Ariet ids  with 14 m e t e o r s  were  discovered by McCrosky and 

Posen  (1959). 

(o r  possibly B), with considerable  noise in the distribution. 

F igu re  1 3  exhibits the distribution. The s t r e a m  i s  of C las s  A 

1 3 )  The Southern I, Aquarids with 1 3  meteor s  a r e  exhibited in F igu re  14. 

It should be noted that the orb i t  of the Southern They a r e  plainly of Class  A. 

I, Aquarids is ve ry  different (a much  l a r g e r  s emimajo r  axis and a somewhat 

smaller dis tance at perihelion) f r o m  the Taurid-like orbi t  of the Nor thern  

L Aquarids;  it a l so  produces a geocentr ic  velocity some 5 t o  1 0  km sec - l  

higher  f o r  the Southern L Aquarids  than fo r  the Nor thern  L Aquarids.  

14) The  x Orionids with 12 m e t e o r s  are shown in F igu re  15. 

of C las s  C1. 

not rea l ly  comparable  t o  the o thers .  

Whipple (1 954). 

They a r e  

The two v e r y  low m e t e o r s  have abrupt  beginnings and thus are 

The x Orionids were  first reported by 

15) The  x Scorpi ids  with 11 m e t e o r s  are newly discovered by Lindblad 

(1 970b). 

t o  f i t  Class  B with a broad distribution. 

m a y  be a badly reduced inter loper .  

F igu re  16 exhibits the distribution of beginning heights.  It appears  

The isolated me teo r  at grea t  height 
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16) The K Cygnids number 10 me teo r s  and the distribution of heights i s  

While we might c lass i fy  this stream as C there is a shown in F i g u r e  17. 

suggestion of a double peak, i. e . ,  C1 and A. 
delineate a bimodal distribution, s o  that we must treat this stream as unclas- 

s if iable. 

1’ 
The  me teo r s  a r e  too few to 
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One stream, the p Sagittarids with four me teo r s ,  i s  s o  ex t r eme  in 

beginning heights that we can classify i t  as C las s  A o r  lower. 

i s  newly discovered by Lindblad (1970b). 

This  s t r e a m  

Two other  s t r e a m s ,  the October 

Draconids with two m e t e o r s  and the Monocerotids with three, are  s o  extreme 

that we can classify them as higher than Class  C 

first repor ted  by Whipple (1954). 

so  extreme that they can  be classified as higher than C 

The latter strearn was 1 '  
Finally,  the Leonids with five me teo r s  are 

2 '  

Seven streams are sufficiently extreme that Class  A can be ruled out: 

L y r i d s  with five me teo r s ,  q Aquarids with seven, o Serpentids with four,  

K Aquarids with five, E Geminids with seven, L e o  Minorids with three, and 

cr Hydrids with six.  Of these streams, the o Serpentids are  newly discovered 

by Lindblad (1970b), the K Aquarids  by Lindblad (197Oa); the E Geminids and 

L e o  Minorids  were  discovered by McCrosky and Posen  (1959), and the cr 

Hydr ids by Jacchia  and Whipple (1 96 1 ). 

The 11 s t r e a m s  that r ema in  a r e  too poorly represented in ou r  sample  to 

be classi f ied:  b Cancr ids  (7 me teo r s ) ,  Coma Berenicids  (7 me teo r s ) ,  

Northern Virginids (including Nor thern  X Virginids) (6 me teo r s ) ,  K Serpentids 

(4 me teo r s ) ,  p Virginids (7 me teo r s ) ,  a Scorpiids (5 meteors ) ,  a Boztids 

(8 me teo r s ) ,  + BoEtids (6 me teo r s ) ,  8 Ophiuchids (4 meteors ) ,  a Triangulids 

(4 me teo r s ) ,  and Pegas ids  (5 me teo r s ) .  Of these streams, the b Cancr ids ,  

p Virginids, a Scorpiids,  and a Triangulids are  newly discovered by Lindblad 

(1970b); the a Boatids,  + Bobtids, and 8 Ophiuchids were  discovered by 

Southworth and Hawkins (1963), and the Coma Berenicids ,  K Serpentids,  and 

Pegasids  by McCrosky and Posen  (1959). 

Final ly ,  one optical s t r e a m  i s  well known and has  not been observed in 

the list of McCrosky and Posen  (1961): 

Southern Hemisphere shower,  

the Corona Austral ids .  It i s  a 

Table 2 summar izes  the foregoing resu l t s  of classification. 
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4. ASSOCIATED COMETS 

Table  2 includes in its last column the cur ren t ly  p re fe r r ed  identity of the 

parent  comet  of each  stream. 

access ib le  t o  observation, we find two s t r e a m s  above C one above C two 

C1, two C P / C o m e t  Halley contributes two s t r e a m s  

s o  that the classi f icat ion of the q Aquarids  as not A is redundant and should 

be preempted by the classification of the Orionids as C2.  

one comet known to  have disappeared (P /Comet  Biela),  we find its s t r e a m  

exhibits C l a s s e s  A and C1 together.  If we consider the one comet no  longer 

in  an orbi t  access ib le  to  observat ion (1770 I, Lexell) ,  we find its s t r e a m  to  

be of Class  A o r  lower.  One comet’s  s t r e a m  cannot be classified (1819 IV, 

Blanplain) . 

If we confine our  attention to  comets  now 

1’ 2’ 
one not A, and one A. 2’ 

If we consider the 
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5. DISCUSSION 

F o u r  sal ient  points command attention: 

1 )  Meteoroids  of Ceplecha 's  C las s  A have a density of about 1 .  2 g ~ m - ~ ,  

approaching that of Type I carbonaceous chondrite me teo r i t e s  (2 g 

(McCrosky and Ceplecha, 1970; Cook, in preparat ion) .  

2 )  Whipple and Stefanik's  (1966) model  f o r  the redis t r ibut ion of ices  
within the  nuclei  of comets  by radioact ive heating might lead natural ly  to  

gravitational compaction of the l e s s  volati le m a t e r i a l  in the in te r ior ,  a 

na tura l  explanation of Ceplecha 's  C las s  A and of carbonaceous chondrites of 

Type I (although r a t h e r  l a rge  nuclei  would be requi red  in  the la t te r  case) .  

Meteoroids  of C las ses  C 

f r amework  left after evaporation of the volatile ices  f r o m  the outer shell .  

a n d  C 1 2 would then be the low-density res idua l  

3 )  P. M. Millman, A. F. Cook, and C. L. Hemenway ( in  preparat ion)  

f i n d  that faint P e r s e i d  m e t e o r s  exhibit s p e c t r a  ranging f r o m  the t radi t ional  

a tomic- l ine spec t r a  of vaporized meteoro ids  t o  a lmos t  ent i re ly  a tmospher ic  

radiat ions o r  an  extended continuum o r  both followed by an  interval  of radia-  

t ion f r o m  atomic lines of me teo r i c  e lements  lower along the  t r a j ec to ry .  

type of behavior seems the m o s t  probable cause fo r  the skew distribution 

toward lower heights because the Super-Schmidt c a m e r a s  with X- ray  film 

do not photograph the nonblue pa r t  of the a tmospher ic  radiations o r  the con- 

tinuum, but do respond t o  those in blue t o  ul t raviolet  f r o m  the m e t e o r i c  

vapors .  

This  

4) Whipple and Stefanik pointed out that  many  s m a l l e r  comets  that 
sepa ra t e  f r o m  l a rge  comets  are shor t  lived, as would be expected if only 

a piece of the ice- impregnated sur face  peeled off. 

way through, then soxne co re  is left  t o  hold the ice- impregnated su r faces  

together ,  which ma tches  the behavior of P /Comet  Biela.  To  complete the 

p ic ture  f o r  that comet,  we need only conjecture that the icy sur face  l a y e r s  

e i the r  peeled o r  were  exhausted at the last observed return.  

If a comet  c r a c k s  all the 
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These  considerations lead natural ly  to  s e v e r a l  ideas. Two iner t  pieces 

disguised as small as te ro ids  m a y  yet remain.  The exposure of both co re  

and impregnated sur face  l aye r s  would explain the observed bimodal A and 

C1 distribution. 

although no comet has e v e r  been observed in that orbit .  

A similar explanation would follow for  the 6 Leonids, 

F u r t h e r m o r e ,  the presence  of some  ice in an old cometary co re  is t o  be 

expected because,  of the ice sublimed by the sun, some  would evaporate 

away but some  would diffuse inward and redeposi t  as f r o s t  on the cold in te r ior .  

In  th i s  context, we m a y  understand the A classification of the m e t e o r s  f r o m  

the v e r y  faint Comet 1930 VI, Schwassmann-Wachmann 3 .  Recovery of this  

comet  is desirable .  B. G. Marsden  (pr ivate  communication) indicates that 

the next opportunity will come in 1979. 

s t r e a m s  compared with that of Class  A may  be due t o  comets  so small that 

their  c o r e s  were  gravitationally compacted to a density of only about 0 . 6  g 

c m  

been completely removed. Again, the c o r e s  would have accumulated some  

f r o s t  f r o m  ice that sublimed and diffused inward. These  comets  would now 

be ve ry  faint  o r  would be disguised as as te ro ids .  

that  no comets  have been detected in associat ion with s t r e a m s  of Class  B. 

Finally, the lower density of Class  B 

- 3  . We then a s sume  that the i r  ice- impregnated low-density sur faces  have 

It is perhaps not surpr i s ing  

In this  context, it is difficult t o  believe that a s t r e a m  as r i ch  as the 

Geminids does not still have a parent  body. 

of period of the orb i t  make it  the only reasonable candidate fo r  a s e a r c h  f o r  

such a body among the s t r e a m s  of C las s  B. 

The configuration and shor tness  

In conclusion, it is des i rab le  t o  review the classifications f o r  reliabil i ty 

and the individual streams f o r  cer ta inty of the i r  existence.  

c lass i f icat ions appear  t o  the author to  be unassai lable  for  1 0  streams (Taurids ,  

Geminids, Or ionids , Per seids ,  Andr ome did s, 6 Le onid s, Quadrant ids, 

T Hercul ids ,  Southern L Aquarids,  and x Orionids). These  a r e  distributed 

two each  over  the possible c lassi f icat ions - A (including A or lower),  B, C1, 

and C2. T h e r e  is room f o r  the possibil i ty that the  A t C1 distributions m a y  

The adopted 
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be uniform and broad without a minimum a t  B. 

men t s  made  above can be put forward  on the bas i s  of these s t r e a m s  alone. 

Nevertheless ,  all the argu-  

It is therefore  des i rab le  to c lassi fy  a s  many other streams as possible. 

Another s t r e a m  (6 Aquarids) is a lmost  as secure ly  classified a s  the 10 .  

T h r e e  m o r e  streams have somewhat uncertain classifications (a Capricornids ,  

cr Leonids, and 6 Ar ie t ids ) .  It might be tempting but not very  good pract ice  

t o  take note of Ceplecha 's  fa i lure  t o  find the ridge a t  Class  B down to  lower 

velocit ies among the sporadic  m e t e o r s  and move the c Leonids t o  Class  A. 

Similar ly ,  the possibil i ty of Class  B would then be ruled out for  the 6 Ariet ids .  

One s t r e a m  is of very  uncertain classification (x Scorpiids).  

A t C 

x Scorpi ids  would become unclassifiable.  

If the C las s  

has  in fac t  a broad uniform distribution without a minimum at B, the 1 

It does  not s e e m  important to comment in this  vein on the classification 

of the ex t r eme  c a s e s  among the l e s s  numerous  s t r e a m s  except t o  draw 

attention t o  the th ree  streams whose existence is mos t  open to  doubt: the 

8 Ophiuchids, o Serpentids,  and p Sagit tar i ids .  All  these radiants  come f r o m  

a diffuse region of genera l  activity in June and ea r ly  July in sco rp ius ,  

Sagi t tar ius ,  Ophiuchus, and  Serpens.  While m o r e  than one s t r e a m  must  

contribute t o  this  activity, the computer p rograms  of Hawkins and Southworth 

and of Lindblad m a y  have a rb i t r a r i l y  grouped these m e t e o r s  to  yield the th ree  

l is ted s t r e a m s  of only four  m e t e o r s  each.  

Special  suspicion a t taches  t o  a stream assoc ia ted  with Comet 1770  I, 

Lexel l ,  because it only came close to  the sun twice (in 1770 and 1776), having 

passed  close t o  Jupi te r  in 1767 and 1779. 

s t r e a m  a lmost  2 cen tur ies  l a t e r  is rather dubious. 

The existence of a detectable 

It would be convenient to  be r id  of these  s t r e a m s  since the p Sagit tar i ids  

a r e  C las s  A o r  lower and Comet Lexel l  was a n  embar ra s s ing  5 magnitudes 

br ighter  than Comet 1930 VI (Schwassmann-Wachmann 3) and thus not a good 

candidate f o r  a nea r ly  exhausted comet.  

radiants  and veloci t ies  of m e t e o r s  in June and ea r ly  July in  Scorpius ,  

Sagi t tar ius ,  Ophiuchus, and  Serpens  is des i rab le .  

Evidently, fur ther  study of individual 

19 



6.  ACKNOWLEDGMENTS 

It is a p leasure  to acknowledge d iscuss ions  with Prof .  F r e d  L. Whipple, 

Dr .  Richard E. McCrosky,  and Prof .  Ber t i l -Anders  Lindblad of Lund 

Observatory,  who have r e a d  this paper .  

reading and extensive discussions are due Dr.  Br i an  G. Marsden .  

Pa r t i cu la r  thanks f o r  a v e r y  detailed 

2 0  



7. REFERENCES 

CEPLECHA, Z.  

1968. Discre te  leve ls  of me teo r  beginning height. Smithsonian 

Astrophys.  Obs. Spec. Rep. No. 279, 54 pp. 

JACCHIA, L. G. 

1955. The physical theory  of me teo r s .  VIII, Fragmentat ion as cause of 

the faint m e t e o r  anomaly. Astrophys.  Jou rn . ,  vol. 121, 

pp. 521-527. 

JACCHIA, L. G . ,  and WHIPPLE, F. L. 
196 1. P rec i s ion  orb i t s  of 413 photographic meteors .  Smithsonian 

Contr. As t rophys . ,  vol. 4, pp. 97-129. 

LINDBLAD, B. -A. 

1970a. A stream s e a r c h  among 865 p rec i se  photographic me teo r  orbi ts .  

Smithsonian Contr. As t rophys . ,  in p res s .  

1970b. A computer search among 2401 photographic me teo r  orbi ts .  

Smithsonian Contr. Astrophys.  , in p re s s .  

McCROSKY, R.  E . ,  and CEPLECHA, Z .  

1970. F i r eba l l s  and the physical theory of me teo r s .  Smithsonian 

Astrophys.  Obs. Spec. Rep. No. 305, 65 pp. 

McCROSKY, R. E . ,  and POSEN, A. 

1959. New photographic m e t e o r  showers .  Astron.  Jou rn . ,  vol. 64, 

pp. 25-27. 

196 1. Orbital  e lements  of photographic me teo r s .  Smithsonian Contr. 

As t rophys . ,  vol. 4, pp. 15-84. 

McKINLEY, D. W. R. 

1961. Meteor  Science and Engineering. McGraw-Hill Book Co. ,  

New York, p. 147. 

21 



SOUTHWORTH, R. B . ,  and HAWKINS, G, S. 

1963. S ta t i s t ics  of me teo r  streams. Smithsonian Contr. Astrophys. , 
vol. 7, pp. 261-285. 

WHIPPLE, F. L .  

1954. Photographic me teo r  orb i t s  and their distribution in space.  

Astron.  Journ.  , vol. 59, pp. 201-217. 

WHIPPLE, F. L . ,  andSTEFANIK, R. P .  

1966. On the physics and spli t t ing of cometary  nuclei. MBm. SOC. Roy. 

Sci. Likge, 5' &me  Skrie, tome XII, pp. 32-52. 

22  



BIOGRAPHICAL NOTE 

ALLAN F. COOK received the B. S. ,  M. A . ,  and Ph. D. deg rees  f r o m  

Princeton University in  1947, 1950, and 1952, respectively.  

Dr.  Cook joined the staff of the Smithsonian Astrophysical  Observatory 

as an as t rophys ic i s t  in  1958; he has  simultaneously been a l ec tu re r  in a s t ron -  

omy a t  Harvard  Universi ty  s ince 1960.  

Dr .  Cook's  principal r e s e a r c h  in t e re s t s  include the study of Sa turn ' s  r ings 

and as t ronomica l  spectroscopy and photometry. 



NO TIC E 

This s e r i e s  of Special  Reports was instituted under the supervis ion 
of D r .  F. L. Whipple, Director  of the Astrophysical Observatory of the 
Smithsonian Institution, short ly  a f te r  the launching of the first ar t i f ic ia l  
ear th  satel l i te  on October 4, 1957. Contributions come f r o m  the Staff 
of the Observatory.  

First issued to ensu re  the immediate dissemination of data f o r  satel-  
l i te tracking, the repor t s  have continued to provide a rapid distribution 
of catalogs of satel l i te  observations,  orbital  information, and pre l imi-  
nary  resu l t s  of data analyses p r i o r  to formal  publication in the appro- 
pr ia te  journals .  The Reports a r e  a lso used extensively for  the rapid 
publication of pre l iminary  o r  special  resu l t s  in  other fields of a s t r o -  
physics.  

The Reports a r e  regular ly  distributed to a l l  institutions par t ic i -  
pating in  the U. S. space r e s e a r c h  p r o g r a m  and to individual scient is ts  
who request  them f r o m  the Publications Division, Distribution Section, 
Smithsonian Astrophysical Observatory,  Cambridge, Massachuset ts  
021 38. 


