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In the case of perfectly matched horizontal velocities, 
the apparent vertical drift is cancelled, and the horizontal 
drift is enhanced. It seems clear, therefore, that this 
horizontal drift, when included, would move the maxima 
outward to latitudes of 15°, as in the actual anomaly. 
Although we have not considered the dynamics of such 
horizontal circulation, other workers15 h~:we discussed the 
principal operative forces. 

In view of this, it seems a reasonable conjecture that the 
complete description of the equatorial F2 layer may lie 
somewhere between these extremes. Account may have to 
be taken of production16, loss17 , diffusion18 ·1 9 , electro­
dynamic drift2°, horizontal air motions12 and temperature 
variations21 (see also ref. 22) in assessing quantitatively the 
grosser features of the F2 layer at low latitudes. 

Other possibilities include electric currents along the 
magnetic field lines between conjugate points of the 
dynamo region 23 , and electric field effects associated with 
the necessity for the electric field to be irrotational24 • 

However, the possible importance of these· further effects 
has not yet been investigated. 

This work was supported by U.S. Air Force Cambridge 
Research Center, contract EOAR 64-74. 

P. c. KENDALL* 
National Aeronautics and Space Administration, 

Goddard Space Flight Center, 
Planetary Ionospheres Branch. 

D. w. WINDLE 
Department of Applied Mathematics, 

University of Sheffield. 

*NASA-National Academy of Sciences senior research associate. 
1 Bramley, E. N., and Peart, M., Nature,206, 1245 (1965). 
2 Moffett, R. J., and Hanson, W. B., Nature, 206, 705 (1965). 
• Kendall, P. C., and Windle, D. W., Nature, 203, 287 (1964). 
4 Maeda, H., J. Geomag. Geoelect., Kyoto, 7, 121 (1955). 
• DeWitt, R. N., and Akasofu, S.-I., Planet. Space &i., 12, 1147 (1964). 
'Goldberg, R. A., Kendall, P. C., and Schmerling, E. R., J. Geophys. Res., 

69, 417 (1964). 
'Goldberg, R. A., J. Geophys. Res., 70, 655 (1965). 
'Baxter, R. G., and Kendall, P. C., J. Atmos. Terr. Phys., 27, 129 (1964). 
'Baxter, R. G., J. Atmos. Terr. Phys., 26, 711 (1964). 

10 Baxter, R. G., Kendall, P. C., and Windle, D. W., J. Atmos. Ten. Phys. 
(in the press). 

11 Hirano, M., and Kitamura, T., J. Geomag. Geoelect., Kyoto, 8, 9 (1956). 
12 Dougherty, J.P., J. Atmos. Terr. Phys.,20, 167 (1961). 
13 Kohl, H., Proc. Intern. Conf. Ionos. (Inst. Phys. and Phys. Soc. Land.), 

198 (1963). 
11 Kendall, P. C., and Windle, D. W., J. Atmos. Terr. Phys. (in the press). 
15 King, J. W., and Kohl, H., Nature, 206, 699 (1965). 
"Chapman, S., Proc. Phys. Soc., 43, 26 (1931). 
"Ratcliffe, J. A., Schmerling, E. R., Setty, C. S., and Thomas, J. 0., Phil. 

Trans. Roy. Soc., A, 248, 621 (1956). 
"Ferraro, V. C. A., Terr. Mag., 50, 215 (1945). 
"Kendall, P. C., J. Atmos. Terr. Phys.,24, 805 (1962). 
20 Martyn, D. F., Proc. Roy. Soc., A, 189,241 (1947). 
21 Norton, R. B., and VanZandt, T. E., J. Atmos. Terr. Phys.,26, 1047 (1964). 
22 Rishbeth, H., J. Atmos. Terr. Phys., 26, 657 (1964). 
23 Dougherty, J.P., J. Geophys. Res., 68,2383 (1963). 
"Gliddon, J. E. C., Plan. Space Sci. (in the press). 

PHYSICS 
Lorenz Number of Plutonium Metal 

RECENT work on the thermal conductivity (k) and 
electrical conductivity (a) of pure cx-phase plutonium 
revives the ·question of the magnitude of the Lorenz 
number L( = klaT). 

The early work of Sandenaw and Gibneyl gave L at 
20° C between 3·96 and 4·41 X 10-8 V 2 deg.-2 , very 
much in excess of the theoretically expected value 
(2·45 X 10-8 V 2 deg.-2 at a temperature above the Debye 
temperature, the latter being 192° K for plutonium). It 
is unlikely that the difference could be wholly accounted 
for by a lattice contribution to the thermal conductivity. 
However, their thermal conductivity value (0·020 cal 
cm-1 sec-1 °C-1 ) was not confirmed by the later work of 
either Lee and Mardon2 (k between 0·008 and 0·010 cal 
cm-1 sec-1 °C-1 ) or myself" (k = 0·0098 cal cm-1 sec-1 

°C-1
). These lower values have now been confirmed by 

a measurement of the room-temperature thermal diffusiv­
ity• as 0·02 em sec-2 which, using the specific heat data of 
Kay and Loa-sby• (0·034 cal g-1 °C-1 ) and a density of 
19·6 g cm-3, gives a thermal conductivity of 0·013 cal 
cm-1 sec-1 °C-1 • The problem now arises that using 
these lower values of 0·01 for k and 142 x 10-• ohm-em 
as the room-temperature electrical resistivity3, Lis reduced 
to about 2·0 v• deg.-2 , nearly 20 per cent lower than the 
theoretical value and clearly not to be explained by the 
presence of any additional conduction mechanism. 

Linde" seems to have been the first to point out the low 
values of L given by a number of pure metals and suggested 
that an additional term should be included by splitting 
the total thermal resistance of a metal into two compon­
ents, one determined by impurities and lattice defects and 
hence independent of temperature, the other determined 
by lattice vibrations. This is an obvious thermal analogy 
to Matthiessen's rule for electrical resistivity. Linde's 
theory was extended by Backlund7, who removed Linde's 
restriction that the resistivity temperature curve had to 
be linear and suggested the amended form of the Weide­
mann-Franz law: 

k(p + Pol _ L 
T -

where p is the electrical resistivity and p0 the intercept 
obtained by extrapolating back th6 linear low temperature 
part of the resistivity-temperature curve to zero tempera­
ture. Applying this to the foregoing values of k and the 
recent resistivity data of Meaden8 , a value of 2·48 x 10-8 

v• deg.-2 is obtained for L. This close agreement with the 
theoretical Lorenz number would appear to be a vindica­
tion of the Backlund theory. However, recent papers by 
King et al. • and Wigley10 show that Matthiessen's rule 
fails completely for plutonium at low temperature due 
to the additional temperature-dependent resistivity caused 
by self-irradiation. It remains to be shown whether the 
thermal resistivity is similarly affected by self-irradiation. 
A theoretical justification for the applicability of an 
argument similar to Backlund's for the various electron 
scattering mechanisms awaits a fuller understanding of 
a peculiar behaviour of the electrical resistivity of 
plutonium". 

The value of ji 0 for uranium from Meaden's results• 
amounts to only 3 per cent of the room temperature 
resistivity, a variation insignificant compared with the 
range of values of L consequent on the various available 
experimental values of k. 
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Infra-red Evidence of the Grinding Effect on 
Hydrargillite Single Crystals 

SEVERAL investigations of the infra-red spectrum of 
hydrargillite powder have been reported1- 4 • However, no 
study of single crystals as yet seem::; to have been reported. 
In the present investigation, thin plates were cut from a 
single crystal of synthetic hydrargillite (product of 
Showa Denko Co.) about 3[-l thick, some parallel to the 
(001) plane and some nearly perpendicular to the (001) 
plane. The absorption spectra were recorded in the 
region of 4,000~450 cm-1 • The spectra so obtained were 
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