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The partitioned solution of Ref. 2 uses smaller matrices
than the [Z~l] technique of Ref. 1. However, it becomes
necessary to choose in advance which of the a are to be
surplus and which can safely be put in (1, 1) correspondence
with the nodal deflections. This problem does not arise with
the [Z~l] technique.

Arithmetically it is not yet clear which is the better.
Methods of inversion are known which take full advantage of
symmetry, using just over J N* words of storage and ^ N3

multiplications to invert sm N X N matrix. A modified
Waugh and Dwyer technique achieves this, as does the
row-inversion technique discussed in Ref. 3. These tech-
niques are normally recommended only for positive definite
matrices. It is the authors7 feeling that such a technique is
applicable with a modified order of pivoting. If such a
technique is applicable, the partitioned solution will use only
slightly fewer operations than the [Z~rl] solution. Nothing
is yet known concerning the relative numerical accuracy.
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Comments on " Sputtering in the
Upper Atmosphere99

R. V. STUART*
Litton Industries, Minneapolis, Minn.

WEIGHT losses from a gold surface orbiting at 200 km
are found by McKeown et al.,1 the angle between the

surface and the direction of motion being 30°. The authors
ascribe these weight losses to sputtering of gold by N2, the
impact energy being 9 ev, and calculate an erosion rate of
0.1 A/day or about 5 X 108 Au atoms/sec-cm2. In view of
results of sputtering-yield studies at very low bombarding ion
energies,2 it seems doubtful that any detectable sputtering
would occur at 9 ev. It seems more likely that the weight
losses observed are caused by outgassing. For N2 outgassing,
the observed weight losses would correspond to an outgassing
rate of 10~10 torr-liters/sec-cm2, which is very low for an un-
baked surface.

Aside from this, since the authors indicate that they con-
sider their results to be an upper limit on sputtering from a
satellite surface, it is well to point out an apparent arithmeti-
cal error. The sputtering yield may be calculated from

Y = n/Nv sin0

where

n = 5 X 108 Au atoms/sec-cm2

N = 7.82 X 109 N2/cm3 (Ref. 3)
v = impact velocity = 8 X 105 cm/sec
e = 30°

These data give Y = 1.6 X 10~7 Au/N2, essentially an order
of magnitude lower than the value given by McKeown et al.
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STUART'S comment on outgassing has been previously
considered in the referenced papers1.2 in which it was

concluded that the measured weight loss was due to sputter-
ing. The weight loss was attributed to sputtering and not to
out-gassing for the following reasons. First, in making an
erosion measurement, not one but four gold surfaces were ex-
posed to the vacuum of space. The gold surfaces were plated
on two matched quartz oscillator crystals. Only one of the
plated surfaces was actually under molecular bombardment.
A photograph of the erosion gage is shown in one of the ref-
erenced articles.2 The output of the gage is the beat fre-
quency of the two crystals. Any outgassing should produce
equal mass losses from all four of the gold surfaces, and the
frequency of both crystals will increase. This frequency in-
crease is cancelled at the gage output since only the beat fre-
quency is telemetered. The mass change sensed by the gage
will be that produced by particles impacting on the surface
exposed to the molecular stream.

To check this assumption, a control gage with gold-plated
crystals as well as a test gage with gold-plated crystals were
flown on Discoverer 26.1 Mass measurements were not
taken until the satellite was in orbit for four days to permit
the crystals to outgas. The output of the two gages was
monitored closely for the following two days. The results
of the test were referenced.2 The maximum error in measur-
ing the thickness of surface eroded that could be attributed to
variation in the power supply voltage, temperature changes,
outgassing, and any other unknown cause was found to be
±0.05 A/day. The erosion rate reported in Ref. 4 was given
then as 0.1 ± 0.05 A/day, and it was reasonable to assume it
was caused by sputtering from the results of the previous
work.

In calculation of the sputtering yield an apparent error is
present if one considers that a satellite has a circular orbit.
Satellites do not. Since the atmospheric density drops off
rapidly with altitude (between 200 and 330 km, the at-
mospheric density decreases by an order of magnitude), an
average density must be used in calculating the yield. As a
result of this density variation, a satellite generates a molecu-
lar beam that is intensity modulated as it passes between
perigee and apogee.
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