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PHYSICS 

Proposed Re-definition of the Litre, and the 
Effect on Oceanographic Data 

AT the next Conference Generale des Poids et Mesures 
in October 1964 a reRolution will be presented that the 
litre be re-defined as the volume of a cubic decimetre1 •2 

rather than as the volume of l kg of pure water at 4° C. 
This communication is not intended to question the 
general propriety of this decision, but to point out the 
effect it would have on oceanographic data. 

Probably alone among scientists, oceanographers 
habitually report 'densities' (of sea-water) to I part in 
105

, and commonly in recent years to 1 in 10•. These are 
computed from measurements of temperature and 
chlorinity, electrical conductivity or refractive index; in 
general it is small variations in density which are impor
tant, rather than the absolute value. However, as pointed 
out by Pollack•, these values as computed by oceano· 
graphic tables are not true densities, but are specific 
gravities referred to an arbitrary and unknown 'pure 
water'. Specific gravity is a ratio, and thus is a pure 
number without dimensions or units; however, because of 
the present definition of the litre, and if we assume that 
the reference water for the oceanographic tables has the 
same densit.y as that used for defining the litre, a specific 
gravity is numerically equal to a density expressed as 
g/ml., and sea-water densities have frequently been 
expressed in this way. If the new definition of the litre 
is adopted, this practice will be incorrect. This will not 
do any harm if oceanographers understand the significance 
of the figures they report, and do not quote units for the 
specific gravity measurements. 

At this laboratory we are making measurements of the 
specific gravity of sea-water, from which new oceano
graphic tables will be computed. One reason for this work 
is that the measurements for the earlier tables were made 
before the discovery of isotopes, and no precautions were 
taken against altering the isotopic ratios by distillation. 
In the new measurements we are proposing to use as 
reference water distilled (under carefully controlled 
conditions) from sea-water collected at 2,000 m down in 
the Western Mediterranean Basin. This reference water 
will also be analysed for isotopic ratios. However, we 
cannot convert these measurements to absolute units, as 
we do not know the density of our reference water. The 
internationally accepted value of the absolute density of 
water is 1·000028 gfcm3 • This figure is again based on 
determinations before the discovery of isotopes•; it could 
easily be in error by as much as 5 parts in 106 , and possibly 
more, from isotopic variations alone. and this tmcertainty 
is much greater than the reproducibility of our measure
ments. 

Assuming the Conference Generale adopts the proposed 
resolution, and re-defines the litre, it will presumably 
prefer that oceanographers should accept their proposals 
and report sea-water density in gfcm3 (with which gfml. 
will then be synonymous). Before this can be done, the 
absolute density of our reference water must be determ
ined. This determination is beyond the resources of our 
laboratory; we understand, however, that the National 
Physical Laboratory would like to undertake this work 
with our collaboration, if the n ecessary staff and financial 
support can be found. We think it is important that this 
work should be done, so that it may be a practical possi
bility to use the recommended units. 
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Cathodic Sputtering of Iron Oxides 
IN this communication, results obtained by cathodic 

sputtering of iron oxide cathodes, when the sputtering 
atmosphere is residual air, are presented. Preston 1 pre
pared oxide films of metals by reactive sputtering in an 
atmosphere of oxygen, but this is the first time that 
results on the sputtering, directly, of magnetite (Fe30 4 ) 

and hrematite (a:-Fe20 3 ) have been reported. 
Very pure polycrystalline magnetite and hrematite ores 

were cut and ground into disks 1 in. in diameter and 
about 1/16 in. thick. They were placed 1 em above the 
substrate-stand, the latter made of aluminium, which 
is sputtered with difficulty in air or oxygen. The sub
strate was (100) sodium chloride and was held at room 
temperature or heated to various temperatures up to 
300° C. The glow discharge at a pressure of 10-•-to-• 
torr was produced with an electric field of 2 k V between 
the shielded cathode disk and the base plate of the 
vacuum system. The discharge was contained between 
the cathode and the substrate, using a special geometry, 
the details of which will be found elsewhere•. The ion 
current during sputtering could be varied from 100 to 
500 [Lamp/em• by varying the pressure. At a current 
density of 100 [Lamp/em•, the rate of deposition was 
33 A/min. At all temperatures of the substrate during 
the experiment, sputtered deposits accurately correspond 
to the cathode composition, as found by electron dif
fraction. The films are polycrystalline and the grain size 
ranges from a few tens of A to 1000 A, though the aver
age grain-size is about 200 A. There was very little 
epitaxy as seen by the absence of any major preferred 
orientation in the films. 

It has been suspected before• that cathodic sputtering 
may remove material in molecular or larger than molecu
lar pieces, but this view could not be confirmed because 
of the amorphous nature of the films, as deposited. The 
present case shows this suspicion to be correct and also 
supports the view• that sputtering is a transfer of momen
tum process rather than local point heating. Further 
experiments with synthetic single crystal and poly
crystalline hrematite cathodes are in progress to confirm 
the intriguing possibility of sputtering in larger than 
atomic units, and will be reported soon. 
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