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A realistic model of the solar 
nebula must handle transfers of ener- 
gy, momentum, and solids. Most models 
make severe simplifications and ap- 
proximations while trying to treat 
this non-linear and non-local problem. 
It is non-local because the ability to 
shed heat at a point depends on how 
solids are distributed from the point 
to infinity. It is non-linear, for 
example, in temperature fluctuations 
because components may change phase 
and markedly change the optical or 
physical properties of the solids. The 
growth of agglomerates of solids is 
non-linear, proportional to the square 
of solid concentrations. Realistic 
models must follow the time-dependence 
of the condition of the solids in 
response to the most important move- 
ment of gases, their orbit around the 
growing Sun. Models must include 
growth of gravity-stabilized rings of 
sediments in the central plane. 

The distribution of solids controls 
the energy transport because both 
light and heat are strongly absorbed 
by the solids. Agglomeration of dust 
into low density fractal assemblages 
is rapid but a) it does little to 
change the opacity from solids and b) 
it does not speed overall sedimenta- 
tion rates. Both follow because the 
area to mass ratio for the assemblage 
does not change much ( 1, sect. 3). 
However, if the agglomerates melt, a) 
their contribution to the opacity 
tends to drop by a large factor; much 
of the mass is then shielded from any 
radiation. In addition, b) the ability 
to sediment the solids to a central 
plane of the nebula improves, particu- 
larly if the formation of melted 
solids is correlated with vertical 
oscillations (perpendicular to the 
disk) of the gas. 

I have shown ( 2 )  that after appre- 
ciable infall of the solar nebula, the 
time interval to grow sub-micron dust 
and smoke into sizable agglomerates is 
well under a local year anywhere in 
the solar system. Recovery from a 
heating event is rapid, but slow 
enough so that appreciable heat will 
leak from the thin photosphere above 
and below the nebula wherever such an 
event happens; see Figure 1. Suppose, 

then, that infall (Fig la) triggers a 
gas temperature rise in the photo- 
sphere able to melt solids (notably 
water ice, sulfides, or silicates). 
Buoyancy lifts the hot gas but half a 
local year later the cooled gas hits 
the nebula again. If the motion grows 
to supersonic speeds, the dissipation 
will be large and mass will be trans- 
ferred toward the Sun, making energy 
available for more bounces. The oscil- 
lation becomes stable and self- 
limiting. Melt product falls in each 
bounce because it follows the gas 
motion imperfectly; the effect is like 
a salt shaker. In some heating events 
the increase in the ratio of solid 
mass to total mass per unit volume 
reached 50% and the solids became more 
important dynamically than the gas. 
All the solids in some "largen (Earth- 
sized?) volume descended collectively 
from the photosphere (Fig lb) toward 
the central plane (Fig Id) in a Ray- 
leigh-Taylor instability (Fig lc). The 
concentration of the solids increased 
300 (100) times in the inner (outer) 
solar system. Significantly, Ringwood 
(3) found that he needed increases of 
this amount in both oxygen and sulfur 
to understand the abundances in 
Earth's mantle and core. 

The descent of melt product to the 
central plane needs special attention. 
Gas, through its pressure interaction, 
is in a potential well less deep than 
are the solids. Objects larger than 1 
m or so (1, sect. 4-5) are large 
enough to move without much drag 
through the gas. Thus orbiting solids 
travel faster than the gas and tend to 
spiral inward wherever the gas pres- 
sure falls off outward from the Sun. 
However, between the photospheres the 
increased mass of solids strongly 
perturbs the gas motion, an effect 
recognized in (1) as difficult to 
calculate. Notably, a spectrum of 
solid sizes between the chondrules and 
aggregations of them a few meters in 
size will be under gas control by the 
larger eddies in any turbulence near 
the central plane. 

An effect so far not studied is the 
stabilizing effect of self-gravity on 
ringlets forming in the central plane 
(Fig Id). Two masses M and m of dia- 
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meters D and d grazing each other in 
circular orbits differing in speed by 
v experience an impulse of about 
(D+d)/v in duration and of magnitude 
4 ~ ~ m /  ( ~ + d ) ~ .  It induces a radial speed 
vr = 4GM/((D+d)v) for the smaller mass 
m. Its deflection after a time of 1/R 
= T/2n will be less than (D+d)/2 
provided vr/R < (D+d)/2 or vr < 2vk, 
where 2vk/Vk = (D+d)/2r, Vk is the 
local Keplerian speed, and r is the 
distance from the Sun. Thus vk is the 
change in Keplerian speed or a change 
in r by (D+d)/2, about lO-'(D+d)lZ in 
cgs units at 1 AU. Setting v = Nvk, 
the condition for small de lection 
becomes N > 32 OM (D+d)-3R-', which can 
be viewed as a gravitational instabil- 
ity. For small d, Nv > 4 /3 Ccgs S units, density = 1 gm/cm 3 .  At D = 1 
m, Nv is just 2 orders of magnitude 
smaller than the headwind of 10' cm/s 
estimated for such an object in (I), 
where they assumed the amount of gas 
needed for a minimum-mass nebula. If 
the relative speed of a central-plane 
ringlet and the solid-loaded gas was 
about Nv or less, then the ringlet 
tended to be stabilized by mutual 
gravitation and gentle collisions. The 
presence of a ringlet will induce 
pressure gradients in the gas which 
should help to transfer solids to the 
ringlet radially. When the drain of 
gas along the photospheres to a bipo- 
lar outflow (Fig le) and to the Sun 
(4) decreased the gas amount, the 
headwind declined as well. Large 
gravity-induced deflections and plan- 
etesimal growth from transfers between 
ringlets became more common. 

A number of evidences are combining 
to require that the CAIs were formed 
early but that the chondrules (and 
planet bodies to hold them both) form- 
ed more gently millions of years la- 
ter. For example, good 26~1-~g corre- 
lations which are commonly taken as 
evidence for live 26~1 in compact CAIs 
are poor in chondrites ( 5 ) .  Ref (6) 
gives evidence that a compact CAI was 
nearly remelted in a heating event; 
only the more Al-rich melilite, which 
crystallized from the rim inward ori- 
ginally, survived without resetting 
its A1 siting; less refractory phases 
were ruined. The finding requires that 
26~1 decayed between the two heating 
events. Similarly in (7), two compact 
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CAIs close to each other in the shock- 
deformed meteorite Leoville seem to be 
different: one landed cold and stiff, 
the other hot enough to deform on im- 
pact; most of its A1 was stirred be- 
tween its phases, resetting the 26~1- 
Mg correlations - which could happen 
only if the 2 6 ~ 1  had decayed before 
the second event. The required storage 
of CAIs at modest temperatures for 
millions of years could have been in 
central plane ringlets from which a 
few sediments would be continuously 
stripped. 

One aspect of meteorites and plan- 
ets supported by this model is that 
volatiles can be lost due to the 
spectrum of high temperature events 
(4). An element apt to be in vapor 
during a heating event or in coagulat- 
ing smoke between the events tends to 
be separated from the sediments. 
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Figure 1. Cross-section through solar 
nebula. a) infalling gas and dust. b) 
photosphere with vertical oscillations 
concentrating solids. c) Rayleigh-Tay- 
lor instability dumps RlargeR volumes 
of sediments into a quieter volume. d) 
central plane with ringlets of orbit- 
ing sediments. e) bipolar outflow fed 
by the photospheres, removing nebular 
volatiles and angular momentum. 
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