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SCIENTIFIC CORRESPONDENCE 

jacent views. Similarly, the horizontal resol
ution along the line of sight of a satellite sen
sor can be improved by observing along the 
satellite track, and oversampling. Some of 
these improvements are included in the sat
ellite radiometer HIRDLS (ref. 4). 

Vertical resolution could also be improved 
by adding filters which select radiation from 
parts of the spectrum with weak lines, by 
choosing longer wavelengths where possible, 
and by measuring source gases. As the spec
tral bands of N 20 and CH4 interfere in the 
mid-infrared, a radiometer that could 
measure a linear combination of N20 and 
CH4 would be simpler than one that 
measured either constituent separately, but 
would still be suitable for identifying ex
vortex air. A radiometer observing a chloro
fluorocarbon at 11-12 f!m would have the 
advantages of longer wavelength and weaker 
lines, but with less signal. 

A balloon-borne emission sensor could 
achieve much better resolution by using the 
viewing geometry shown in the figure, not 
possible from satellites. By taking the dif
ference between signals 0.6' below and 0.6' 
above the horizontal, with a field of view of 
less than 0.2', the resolution would be better 
than 0.5 by 150 km. The required pointing 
accuracy of 0.05' is easily achieved by mod
ern angle encoders and gyroscopes. At the 
expense of signal, the resolution could be im
proved further by reducing the elevation and 
depression of the viewing angles, provided 
that the field of view and pointing error were 
reduced accordingly. The measurement 
assumes that the atmosphere is horizontally 
uniform for 150 km - provided the signal
to-noise ratio were sufficiently high, this 
assumption could be tested by allowing the 
instrument to rotate freely and by comparing 
observations in each quadrant. 

Modern limb-sounders have programm
able viewing, so that the geometry of the 
figure could be used during ascent and a 
valved descent, while retaining the conven
tional limb scan and floating at constant 
altitude. Not only would this enhance the 
capability of general balloon-borne remote 
sensing, but the geometry of the figure could 
also be used by high-altitude aircraft pro
vided the viewing system were interfaced to 
the aircraft's inertial platform. 

Unfortunately, there seem to be no plans 
to implement the simple balloon-borne geo
metry of the figure, which could make obser
vations at improved resolution and at low 
cost. 
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No capillary rise? 
SIR - The rise of liquid menisci in capillary 
tubes is always assumed to be described by 
the Kelvin equation 1• But I have found that 
the menisci in test-tubes a few millimetres in 
diameter, immersed halfway into a sealed 
reservoir of water with the open end at the 
top, do not rise to the Kelvin level even after 
several years. Whereas the menisci in neigh
bouring open tubes do display the expected 
capillary rise, those for the half-closed tubes 
attain the same level as that of the reservoir, 
irrespective of tube diameter, initial level or 
temperature (for 30 'C < T< 55 'C). This 
behaviour is as though the surface tension of 
the water were zero, even though the menisci 

Time lyrl 

Meniscus levels in the half-closed 4-mm 
diameter tubes at room temperature. 

in the half-closed tubes were as hemispheri
cal as those in the open tubes. 

Six 9-cm-long pyrex tubes, three of 4-mm 
internal diameter and three of 1-mm 
diameter, were mounted, in parallel, using 
pyrex spacers, inside a pyrex vessel 5 em in 
diameter. One tube of each size was open at 
both ends, and the others were closed at one 
end. The system was cleaned with hydro
fluoric acid, detergent solution, alcohol and 
distilled water. The vessel was half filled with 
triply distilled water, pumped to the freezing 
point and sealed off. By manipulating the 
orientation it was possible to fill one of the 
larger tubes and have the other nearly empty, 
leaving both smaller tubes approximately 
half full. This initial manipulation also had 
the effect of coating all walls in the system 
with the original sample of water. The vessel 
was placed in a room-temperature enclosure 
and the levels were monitored with an accu
racy of ±0.01 mm. 

After two years, the levels in all four closed 
tubes came to lie about 5 mm below the bulk 
reservoir level. The figure shows the results 
for the two 4-mm tubes. The vessel was then 
mounted in a thermostat set to 30 'C. The 
levels changed at once, those in the 1-mm 
tubes rising four times faster than those in the 
4-mm tubes; but all four levels rose only to 
the reservoir level. 

Over the next 18 months, the temperature 
was raised in 8 'C steps, held at each step for 
several months to a maximum of 55 'C, and 
then stepped back again to 30 ·c, at which 
temperature it was held for a final eight 
months. The levels in the four closed tubes 
did not move by more than 0.05 mm, 
remaining at the bulk meniscus level. 

At the end of the experiment, mass spec
trography showed only modest contamina
tion of the water: boron and sodium were 
present at a few parts per million, as expected 
after the long exposure to pyrex2• I found no 
systematic variation of impurity levels in 
samples from the reservoir or from the two 
sizes of half-closed tube. The following facts 
also argue against contamination effects; the 
internal consistency of the response to tem
perature changes (all four levels changed in 
the same way), the full hemispherical form of 
the menisci and the full capillary rise dis
played in the open tubes, and the independ
ence of the final menisci levels on the initial 
amount of water in the tubes. The last point 
was checked by observing initially full and 
nearly empty tubes of the same radius. When 
these had come to the same final level, the 
former would have concentrated its original 
contaminants threefold, whereas the latter 
would have diluted them by half. Thus a dif
ference of a factor of six in contaminant con
centrations made no observable difference 
in meniscus level. This is the strongest argu
ment against such subtle effects as the migra
tion of minute amounts of hydrophobic im
purities to the menisci. Volume-distributed 
contamination would anyway be expected to 
raise the levels in half-closed tubes above 
the Kelvin level, rather than the reverse, 
because of osmotic pressure. This is also the 
expected effect of fluctuations ofthe ambient 
temperature acting through the nonlinear 
response of the vapour pressure. 

Classically, the meniscus approaches the 
equilibrium level exponentially, driven by an 
evaporation-condensation imbalance with 
a relaxation time of the order of one month. 
However, this depends on the near equality 
of two very large effects which may be modi
fied differently by the presence of nearby 
walls. Recently, direct observation of a meta
stable dry state on walls only a few milli
metres above a normal meniscus has been re
ported3. I suggest that metastable drying on 
the walls might be responsible for depression 
of the levels in the half-closed tubes in this 
experiment. (These experiments were per
formed at the University of Toronto.) 
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