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On Climatic Change in Cosmic Perspective. II 

Opik's Theory o] Solar Variatio~s 

Professor {)pik undoubtedly  merits  our ad- 
mirat ion for already having calculated a stellar 
evolut ionary sequence in 1938. However, his later  
work (1953a,b; 1965) on periodic variat ions in the 
solar radiat ion has certainly not  gained general 
acceptance. 

The short  periodic variat ions (10 ~ years) to 
which he a t t r ibutes  the ice ages, would occur only 
if the metal  content  of the outer convective man-  
tle of the Sun became less than tha t  of the outer 
parts of the radiat ive core (1953a, p. 58 IT). Such 
a decrease he a t t r ibutes  ei ther to stratification in 
the presolar cloud, or to the accretion of light 
interstellar gases by the Sun. However, the first 
argument  does not  hold, since any star, before 
arriving on the main sequence passes through a 
completely convective stage (Hayashi,  1961); the 
second argument  is in contradiction with the 
gradual increase of the metal  content  in the inter- 
stellar gas, and with the existence of the solar 
wind, preventing accretion. 

Long periodic variat ions (107 years) are needed 
in order to explain how the temperature  between 
the Miocene and the Pleistocene periods dropped 
till glaciation could occur (Emiliani  and Geiss, 
1957), which enhanced the effects of the short 
periodic fluctuations. These long periodic varia- 
tions Professor Opik a t t r ibutes  to unstabili t ies in 
a stratified metal-rich shell around the core. 
However, according to him, this  would re lu i re  
tha t  the init ial  hydrogen content  of the Stm did 
not  exceed about  X = 30% (Opik, 1953a. p. 57), 
which seems unacceptable. 

Moreover,  he recognizes tha t  convection in a 
stratified superadiabatic layer will only occur if 
the polytropic index drops below n~, a value lower 
than the adiabatic one - -a  condition which is met  
in none of Opik's evolut ionary models (Opik, 
1950, pp. 582, 585; and 1953a, pp. 47-55). In o:der 
to increase n~, he therefore suggests tha t  differ- 
ential  rotat ion might  provide mixing m that  
layer, followed by convection. But, if mixing by 
differential rotat ion is already effective in ten 
million years, say, how then will stratifi~'aiion 
have built, up in the previous 300 million years, 
:rod how ('ould a metastable  superadiabatic re- 
gion have been formed? 

Perhaps detailed computat ions might  new::rthe- 
less show tha t  a superadiabatie stratified layer is 
formed somewhere, and tha t  this layer may be- 
('ome unstable (which is not sure beforehand).  

But  then a knowledge of all parameters  involved 
would be necessary, including differential ro ta t ion 
of the core, etc. 

Observations 

In my opinion direct observations, even if they 
are no t  entirely conclusive, are of more im- 
portance than  very uncertain theories, for which 
no observat ional  check is available. 

(1) There is a definite correlation in t ime 
between the insolation curve of Milankovi tch 
(1941) and the isotopic temperatures  derived from 
deep sea cores (Emiliani,  1955). The 40 000 year  
period observed (Emiliani,  1955; Emiliani  and 
Geiss, 1957) is almost  exactly the oscillation 
period of the ecliptic, which is the main  perio- 
dicity in Milankovi tch 's  curve (Milankovitch,  
1941). The amplitudes of the temperature  fluctu- 
ations, however, which he derived from this in- 
solation curve, were, of course, obtained by an 
oversimplified theory of atmospheric heat  ex- 
change, and will have little value. 

(2) The observed global temperature  drop 
during the Miocene-Pliocene coincided--as sa id- -  
with highly increased orogenic activity, cont inental  
uplift, etc. (Emiliani and Geiss, 1957). The same 
occurred during the Carboniferous-Permian ice 
age. I t  s~ems therefore tha t  terrestrial causes may 
very well be at  work here. 

(3) Variations of the solar radiat ion would 
cause a general cooling all over the Earth.  To 
produce the observed ice sheets ~3pik (1953a, p. 
36) needs a 13% decrease of solar emission, which 
would lower the surface ocean temperature  at  the 
equator  to 8°C. Such an enormous temperature  
drop is contradicted by the survival of tropical 
flora and fauna (Emiliani and Geiss, 1957). More- 
over, paleotemperature measurements  (Emiliani,  
1955, 1964) show tha t  the surface ocean tempera-  
tures a t  the equator  never  dropped below 22°C. 

These observations are in perfect agreement 
with Milankovi teh 's  theory which predicts abnost 
no temperature  drop in equatorial  regions during 
an ice age. 

I am grateful to the Editor  of Icarus, who gave 
me the opportuni ty  to discuss briefly Professor 
{Spik's interesting letter. 
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Concerning the Ionization and Dissociation in Comets 

In a paper published several years ago the 
writer (Wurm,  1961) expressed the view tha t  the 
process of ionization in comets does not  depend 
directly on any outer influence, as, in particular, 
on the electromagnetic or corpuscular radiat ion of 
the Sun, and tha t  the ionization has to be con- 
sidered as an intrinsic property of the cometary 
atmospheres themselves. Chemical reactions were 
also excluded. I t  was found tha t  the atmospheric 
par t  in which ionization happens is a relatively 
small volume around the nucleus with a radius p 
of less than 6000 kin. The conclusions ment ioned 
had been drawn (a) from the structures of the ion 
emission near the nucleus, and (b) from the t ime 
scale of the full development  of such structures. 
The lat ter  was found to be equal or smaller than  
10 "~ sec. I t  was argued t ha t  a volume for ioniza- 
t ion of the ment ioned small dimension and the 
small t ime scale exclude a dependence on any of 
the so far suggested ionization mechanisms. 

In  collaboration with two other authors (J. 
Rahc and A. Mammano)  i t  has recently been 
found tha t  the  earlier a rgumenta t ion  can much be 
strengthened on the basis of already available 
observations of which there had  been no notice 
taken earlier. The observations in ques t ion--  
which furnish particularly high geometrical  and 
t ime resolution--al low lowering of the upper  
limits of the active zone radius p and the t ime 
scale T, bo th  by  a whole order of magnitude.  

The results concerning p and r are also valid 
for the dissociation of the parent  molecules of the 
coma radicals CN, C~, etc. As a mat te r  of fact we 
had star ted our research with a determinat ion of 

the p and r values for the dissociation processes in 
mind. In  this connection we directed our a t ten t ion  
in particular to  the formation of individual  ex- 
panding halos in the coma near the nucleus. I t  
soon became clear to us t ha t  ionization and dis- 
sociation are coupled. A separation of a halo from 
the nuclear region is always accompanied by  an 
outburs t  of tail  ions--provided the nucleus has 
furnished a supply of the parent  particles of the 
ions. 

We have studied in particular the observational 
material  from comets which passed closely to the 
Earth ,  obtained during the t imes of the passages. 
Rahe (1966) studied carefully all known reports  
dealing with the visual observations of the bright  
comets of the past  century. He found very 
valuable information concerning the type I tail 
structures and the neutral  particle structures 
(expanding envelopes) close to the nucleus. To 
ment ion  only one impor tan t  observation of these, 
J. Schmidt,  Athens, when watching the well known 
Comet  Dona t i  1858, observed directly the separa- 
t ion of a spherical halo from the nucleus which 
took place within 10 to 20 minutes. The velocity 
of expansion of such halos the author  determined 
to 600 m/see,  in close accord with the average 
(500m) which Bobrovnikoff (1931) ment ions  in 
his well known work on Halley's  Comet.  The lat-  
ter  figure was derived from photographic material .  
The  highest  geometrical resolution with respect to 
expanding halos close to the nucleus we found in 
Bobrovnikoff 's article just  cited. Referring to two 
Lick Crossley plates of May  22, 1910 (C2254 and 
C2255) the  au thor  says: "The  nucleus on this  


