
three samples no hemoglobin was de- 
tected in the zone corresponding to the 
adult fractions A and A2 (Fig. 1). 
Traces of hemoglobin A could be de- 
tected by agar-gel electrophoresis in a 
fetus of approximately 4 months gesta- 
tion and 150-mm crown-rump length. 

Obviously, the component which 
moves on starch gel like hemoglobin A 
is due to a different hemoglobin. At 
this moment we can offer no further 
data on the nature of this fraction. 
Starch-gel electrophoresis may be insuf- 
ficient to distinguish clearly hemoglobin 
A from certain other hemoglobins, 
especially some fetal components. As 
in the present instance, agar-gel elec- 
trophoresis may then be of particular 
value. 

Furthermore, the methods of alkali 
denaturation or hemoglobin elution are 
relatively insensitive for identifying 
small amounts of nonfetal hemoglobin; 
thus the question of the exact time 
at which synthesis of p-chains begins 
remains open. It appears, however, that 
no /f-chains are formed in small em- 

bryos whose crown-rump length is less 
than. 100 mm (6). 
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14 July 1966 

Hot Shadows on Jupiter 

R. L. Wildey has reported a series of 

intriguing observations in which shad- 
ows cast on Jupiter by its satellites 
have been found hotter at times than 
their surroundings (1). The enigma has 
been attributed to complicated processes 
resulting in greater atmospheric trans- 

parency, to chemical reactions, and 
even to magnetohydrodynamics. I feel 
that there is a much simpler explana- 
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tion based on a familiar phenomenon. 
A clean liquid may be cooled, with 

care, considerably below its normal 
freezing temperature. When the liquid 
finally solidifies the temperature rises 
abruptly, and it may reach the melting 
point. The clouds on Jupiter are be- 
lieved to consist of ammonia, for their 
infrared-reflection spectra do not match 
ice clouds. The normal freezing tem- 
perature of ammonia is 195.5?K. 

The usual temperature of the Jovian 
clouds is about 128?K. Wildey reports 
that the hot shadows of Ganymede 
and Europa reached 184.5?K and 
191?K, about what would be expected 
if the sudden passage of the shadows 
caused enough momentary cooling to 
trigger the freezing of supercooled am- 
monia cloud droplets. 

The effect would not always be pres- 
ent. For it to occur, there must be an 

adequate number of supercooled liquid 
droplets carried to the tops of the 
Jovian clouds by convection. Presum- 
ably each of the cloud bands visible on 
Jupiter has a convectively ascending 
edge and a convectively descending 
edge, and supercooled droplets should 
be more abundant near the ascending 
edges. The convective motions might 
be studied by monitoring the shadow 
temperatures. 

Supercooled water droplets account 
for another puzzle, the observed equali- 
ty of the light and dark hemisphere 
cloud temperatures on Venus (2). On 
the dark side, the heat radiated is sup- 
plied by the gradual release of latent 
heat as cloud water freezes. If Venus 
had a moon we would no doubt ob- 
serve that its shadow upon the clouds 
was also hotter than the surrounding 
clouds, perhaps more consistently than 
Wildey has observed the effect on 

Jupiter. 
WILLIAM T. PLUMMER 
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University, Baltimore, Maryland 

References 

1. B. C. Murray, R. L. Wildey, J. A. Westphal, 
Astrophys. J. 139, 986 (1964); R. L. Wildey, 
Icarus 3, 332 (1964); Science 147, 1035 (1965); 
Astrophys. J. 144, 1241 (1966). 

2. M. Bottema, W. Plunmer, J. Strong, R. 
Zander, J. Geophys. Res. 70, 4401 (1965); 
W. T. Plummer and J. Strong, Astronaut. Acta 
11, 375 (1965). 

21 June 1966 

W. T. Plummer has offered an in- 

tion based on a familiar phenomenon. 
A clean liquid may be cooled, with 

care, considerably below its normal 
freezing temperature. When the liquid 
finally solidifies the temperature rises 
abruptly, and it may reach the melting 
point. The clouds on Jupiter are be- 
lieved to consist of ammonia, for their 
infrared-reflection spectra do not match 
ice clouds. The normal freezing tem- 
perature of ammonia is 195.5?K. 

The usual temperature of the Jovian 
clouds is about 128?K. Wildey reports 
that the hot shadows of Ganymede 
and Europa reached 184.5?K and 
191?K, about what would be expected 
if the sudden passage of the shadows 
caused enough momentary cooling to 
trigger the freezing of supercooled am- 
monia cloud droplets. 

The effect would not always be pres- 
ent. For it to occur, there must be an 

adequate number of supercooled liquid 
droplets carried to the tops of the 
Jovian clouds by convection. Presum- 
ably each of the cloud bands visible on 
Jupiter has a convectively ascending 
edge and a convectively descending 
edge, and supercooled droplets should 
be more abundant near the ascending 
edges. The convective motions might 
be studied by monitoring the shadow 
temperatures. 

Supercooled water droplets account 
for another puzzle, the observed equali- 
ty of the light and dark hemisphere 
cloud temperatures on Venus (2). On 
the dark side, the heat radiated is sup- 
plied by the gradual release of latent 
heat as cloud water freezes. If Venus 
had a moon we would no doubt ob- 
serve that its shadow upon the clouds 
was also hotter than the surrounding 
clouds, perhaps more consistently than 
Wildey has observed the effect on 

Jupiter. 
WILLIAM T. PLUMMER 

Laboratory of Astrophysics and 
Physical Meteorology, Johns Hopkiuns 
University, Baltimore, Maryland 

References 

1. B. C. Murray, R. L. Wildey, J. A. Westphal, 
Astrophys. J. 139, 986 (1964); R. L. Wildey, 
Icarus 3, 332 (1964); Science 147, 1035 (1965); 
Astrophys. J. 144, 1241 (1966). 

2. M. Bottema, W. Plunmer, J. Strong, R. 
Zander, J. Geophys. Res. 70, 4401 (1965); 
W. T. Plummer and J. Strong, Astronaut. Acta 
11, 375 (1965). 

21 June 1966 

W. T. Plummer has offered an in- 

teresting physical interpretation of my 
observation that eclipsed regions of 

Jupiter's atmosphere radiate more at 
thermal wavelengths than do their sur- 

teresting physical interpretation of my 
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Jupiter's atmosphere radiate more at 
thermal wavelengths than do their sur- 

roundings, and do so by a mechanism 
dependent on some parameter which 
varies with time (1). In defense of his 
hypothesis put in familiar terms, it 
must be noted that the mechanism he 
offers is physically explicit and not ad 
hoc as have been most of my own 
(2). Nevertheless, what is offered is by 
no means a panacea, for the following 
reasons. 

1) The usual temperature of the Jo- 
vian clouds is not 128?K, but more 
nearly 170?K, as determinations of ro- 
tational excitation temperature in the 
visible indicate (3, 4). The low bright- 
ness temperature observed at 10 /u re- 
quires that matter exists above the 
clouds whose optical thickness in the 
visible is negligible, yet of sufficient 
opacity at 10 / that our "vision" at 
that wavelength only penetrates this 
outer atmosphere deep enough to re- 
cord a brightness temperature of 128?K. 
If we do not succeed in producing a 
transparency in this upper layer, it 
makes no difference what transient tem- 
perature effects occur in the cloud layer 
because the radiation transients thus 
produced will not penetrate this outer 
layer, whose own thermal response to 
the transient can only be on a very 
long time scale. Trafton (4) has found 
that hydrogen, known to be above the 
cloud layer, has the necessary opacity 
in the form of rotational and free-free 
transitions in the field interactions of 
the pressure-induced dipole of H., mole- 
cules and the intermolecular potential 
in H,-He and H,-H, mixtures. Over- 
lying hydrogen will obscure rises in 
cloud temperature regardless of dif- 
ferences between kinetic temperature 
and rotational temperature. 

2) I have, in fact, monitored the in- 
frared radiation from the satellite shad- 
ows, and the published results (5) show 
that when the phenomenon is absent, 
it is absent regardless of the position of 
the shadow on the disk, thus in no 

way depending on the eclipse taking 
place on a convectively descending 
cloud edge, as opposed to an ascending 
edge. 

3) Although ammonia has an ab- 
sorption band completely enveloping the 
8- to 14-u band, its discrete components 
are extremely sharp, even in the solid 
state (6), so that a "Rosseland" mean 
opacity over this band would be very 
low. In the visible, of course, the am- 
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opacity over this band would be very 
low. In the visible, of course, the am- 
monia opacity is due to pure scattering, 
which would probably be negligible at 
10 p/. It thus appears that even if am- 
monia were all we could see at 10 /x, 
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very little of the radiation would be 
coming from the uppermost part of the 
cloud in which the vast majority of 
the solar radiation is absorbed. Thus 
very little of the emergent infrared 
would be representative of a source 
function which was at all effected by 
temperature changes due to a change- 
of-state. 

4) If {freezing were to be locally trig- 
gered at the passage into shadow, the 
entropy would increase and the sys- 
tem would not return to its original 
state on the return of sunlight. The am- 
monia ice would remain ice and would 
merely cool down to a reasonable 
equilibrium temperature. There is no 
elongated trail of enhanced infrared 
radiation, observed to follow the shad- 
ow as it passes across the Jovian at- 
mosphere, on those occasions when the 
phenomenon is observed to take place. 
Yet the entire shadow passes in about 
15 minutes. A highly improbable cool- 
ing curve is thus required of the am- 
monia ice. 

ROBERT L. WILDEY* 
Mount Wilson and Palomar 
Observatories, Pasadena, California 
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11 July 1966 

"Dust" on the Moon 

In 1955 Gold (1) discussed many 
features of the moon's surface, sug- 
gesting that the maria are not com- 
posed of lava flows (pumice or basalt) 
but are filled with dust produced by 
erosion processes and transported from 
mountainous areas over the surface of 
the moon by a "fluidization" process. 
Gold's suggestion has been discussed 
by many scientists and in the press, 
and in many instances his ideas have 
been misrepresented. (I am not entirely 
without sin in this respect.) In particu- 
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seas. In fairness to an eminent and 
very intelligent colleague, critics of 
Gold should read his paper. Briefly, 
three points are important in this con- 
nection: (i) the origin of the dust, (ii) 
the method of transport, and (iii) the 
physical strength of the pool of dust. 

Gold suggested that the finely divid- 
ed material was produced by the ac- 
tions of electromagnetic and particle 
radiation on the surface rocks and 
by collisions of micrometeorites; he pre- 
sented what appeared (and still appear 
to me) to be cogent arguments against 
lava flows. He assumed that this dust 
had flowed from mountainous regions 
to the lower areas by a fluidization of 
a thin surface layer by various physical 
processes, and that this process has 
filled the maria to great depths. He 
did not, however, suggest that the deep 
layers of dust have low physical 
strength. He stated: 

There appear to be some very steep 
slopes in the filler material. In particular 
there are the small rills which possess 
very steep sides. This is not contrary to 
the known behaviour of dust. At a depth 
of more than a few metres the compac- 
tion under the overlying weight would 
suffice to convert the material effectively 
into a solid; in the absence of an atmo- 
sphere grains stick together with inter- 
molecular forces with even less compac- 
tion than is necessary when atmospheric 
molecules intervene. If the material can 
be regarded as resistant to internal flow 
but possessing a thin fluidized surface lay- 
er, then the filling up of steep holes or 
gaps would proceed at a speed limited 
by the fluidization process, but the steep 
sides would persist until the filling up is 
complete. It is not a requirement that 
such rills should survive for a great length 
of time; Baldwin speaks of them as the 
youngest features on the Moon, yet has 
to add that some appear partly "filled with 
lava." These rills are to be thought of 
within the framework of the present inter- 
pretations as the small signs of the small 
isostatic adjustments that keep occurring 
as the maria fill up with dust and the 
highlands are denuded; and these rills are 
in turn comparatively quickly filled in. 
Their distribution mainly around the edges 
of the great maria is entirely in accord 
with this interpretation. 

My own ideas regarding the maria 
were greatly influenced by Gold's, even 
though I disagreed with certain fea- 
tures of his arguments (2). I did not 
and do not now believe that the maria 
were filled by erosion from moun- 
tainous areas, but rather that the great 
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thin surface layer has been effective to 
some degree, but it is that the great 
collisions were much more effective in 
distributing the fragmented material 
over the surface. 

In my criticism and extension of 
Gold's ideas I specifically mentioned 
evidence from the circular walled plain 
near Flamsteed, within which Surveyor 
1 landed; I pointed out that this nearly 
buried large crater is not distorted in a 
manner to be expected if a great lava 
flow had moved over Oceanus Procel- 
larum from some one direction. More- 
over, the crater Prinz is filled with what 
appears to be fragmented material cov- 
ering one wall and sloping smoothly 
down the interior and outer ramparts 
in a way that one hardly expects to 
result from liquid or dust flow-but 
that might be expected from unequal 
settling of fragmented material from a 
temporary atmosphere. Other craters 
suggest similar conclusions. 

One argument of Gold appears to be 
especially convincing: that the many 
partially filled craters in mountainous 
areas and the many smooth areas be- 
tween them could hardly result from 
separate lava pipes coming from deep 
in the lunar interior. But erosion from 
the surrounding mountains (as Gold 
suggests) or the falling of fragmented 
material from above (as I prefer to 
believe) constitute reasonable mecha- 
nisms for producing some of the 
smooth interiors of craters. There are 
some troublesome points: Wargentin is 
filled to the brim with smooth ma- 
terial that may possibly have fallen 
from above, or indeed it may have 
been filled by a lava flow; but the 
fill could hardly have been supplied 
by erosion of the rim material. More- 
over, the flow of dust to the maria 
should have left some indication of 
paths by which dust moved from 
mountains to maria. 

The idea that the lunar surface con- 
sists of fragmented material, the 
cosmic-ray ages of meteorites, the curi- 
ous types of mixtures of fragmented 
materials in these objects, and their so- 
called polymict character led to the 
suggestion that stone meteorites may 
come from the moon (3). This sug- 
gestion has not been generally accept- 
ed but recently has been discussed 
seriously by some. 

Another source of the mare material 
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from above, or indeed it may have 
been filled by a lava flow; but the 
fill could hardly have been supplied 
by erosion of the rim material. More- 
over, the flow of dust to the maria 
should have left some indication of 
paths by which dust moved from 
mountains to maria. 

The idea that the lunar surface con- 
sists of fragmented material, the 
cosmic-ray ages of meteorites, the curi- 
ous types of mixtures of fragmented 
materials in these objects, and their so- 
called polymict character led to the 
suggestion that stone meteorites may 
come from the moon (3). This sug- 
gestion has not been generally accept- 
ed but recently has been discussed 
seriously by some. 

Another source of the mare material 
was suggested in 1964 (4): the flow 
of finely divided gas-laden solids from 
the lunar interior, resulting from the 
great collisions that produced the maria. 
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