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Solar wind interaction with 
Uranus' atmosphere 
SIR-The failure of Voyager 2 to detect 
radio emission from Uranus even from 
within 1 astronomical unit may be ex
plained along the lines suggested by Ax
ford and Vasyliunas (preceding letter) by 
supposing that the surface magnetic field 
is approximately 0.01 to 0.1 gauss , but it is 
also possible that Uranus simply has no 
intrinsic magnetic field. In that case, the 
solar wind may impinge directly on the 
neutral upper atmosphere, as it does on 
Venus . I shall explore briefly the consequ
ences of this assumption for the forthcom
ing encounter between Voyager 2 and 
Uranus. 

Figure 1 shows the circumstances likely 
to be encountered by Voyager 2. The 
scavenging effect of the solar wind should 
produce a wake of exospheric ions (H, • , 
He, H; , CH; and so on) converging be
hind the planet''. As well as this trail of 
atmospheric ions, Voyager 2 must be ex
pected to measure a flux of heavy ions 
sputtered from the particles of which the 
rings are made. There is thus a chance that 
some information on the surface composi
tion of these narrow rings may be 
obtained, while the total area of the opti
cally opaque ring system (approximately 4 
x 1017 em', or more than three times the 
projected area of Uranus itself) may con-
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stitute a detectable obstacle to the flow of 
the solar wind. 

Even if Uranus itself has no magnetic 
field, it is to be expected that there will be 
a certain degree of amplification of the 
interplanetary field in the neighbourhood 
of the planet, as there is in the neighbour
hood of Venus; we estimate' " that a peak 
field of 4 nanotesla in the sub-solar regions 
may be induced in this way. Moreover, the 
interplanetary field lines will be expected 
to be draped around Uranus, forming a 
downstream magnetotail , as at Venus and 
as observed by Voyager 1 during its close 
encounter with the Saturn satellite Titan. 

The intense ultraviolet emission from 
Uranus must be explained within the same 
framework. The total energy flux of the 
solar wind at the projected cross section of 
Uranus is of the order of 5 x 1 0" W, which 
is several orders of magnitude less than 
the flux required if the observed 
Lyman-ex emission is to be excited direct
ly by charged particle impact. This is the 
argument by which Hill and Dessler con
cluded that a mechanism based on auroral 
excitation would require a sizeable mag
netosphere with a surface magnetic field 
of a few gauss, but if the function of the 
charged particle impact is to fragment H, 
molecules, which then give rise to ultra
violet emission by the resonant scattering 
of solar radiation, the energy require
ments are less critical. Even so, the upper 
limit of 5 x 10" W in the case of a Venus
like interaction is a stringent condition on 
the energy deliverable to the atmosphere 
of Uranus by the solar wind. 

Support for the view that the Lyman-ex 
flux may arise from processes other than 
the direct impact of magnetospheric elec
trons has been provided by the earlier en
counters of Voyager spacecraft with Titan 
and by investigations of the surroundings 
of Venus, chiefly by means of Soviet 
spacecraft. One idea is that the effect of 
the enhanced curvature of the magnetic 

Fig. 1 A schematic view of possible direct solar wind interaction with the neutral atmosphere of 
Uranus. Points of interest are the upstream ionization interaction with the (putative) extended 
corona of H atoms; the plasma mantle formed by pickup of the exospheric ions; and the cylindrical 
sheath of sputtered ions from the rings. 

field lines around Titan is to increase the 
flux of suprathermal magnetospheric elec
trons on the atmosphere of the satellite, 
which is apparent both in the increased 
flux of ultraviolet radiation from N, mole
cules and in the depletion of the flux of 
magnetospheric electrons above 700 eV. 

It is important that atmospheric pre
cipitation of charged particles may not be 
a sufficient explanation. N, emission has 
been observed on the days ide disc of Titan 
and attributed to the effect of solar radia
tion on the interaction between the mag
netospheric plasma and the atmosphere' ". 
Another possibility is that the circum
stances around Titan may resemble those 
around Venus , and also Uranus, in allow
ing the enhanced ionization of atmos
pheric constituents (see refs 7-11). 
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Archae bacterial 
terminator 
SIR-In his News and Views article on 
"The uniqueness of archaebacteria" (Na
ture 318, 234; 1985) Roger A. Garrett 
quotes me as having suggested "that five 
consecutive thymidines might be suffi
cient for ending the methyl-CoM
reductase gene of Methanococcus voltae". 
That is, in fact, not true. Our findings on 
the terminator structure in Methanococ
cus have since been published (Nucleic 
Acids Res. 13, 6439-6445; 1985). The ter
minator strongly resembles a eubacterial 
terminator . 
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R .A. GARRETr REPLIEs-This archae
bacterial terminator was selected from 
several reported that appeared non
eubacterial in character. Other putative 
terminators, including those for the ribo
somal RNA genes of the extreme 
halophile Halococcus morrhuae and the 
thermoproteale Desulfurococcus mobilis, 
remain exceptional. 0 
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