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Earth Tides and Ocean Tides. 

IN some respects notable progress has been made 
in the problem of the earth tides smce 1862, when 
Lord Kelvin directed attention to the difference 
between the observed amplitudes of the fortnightly 
oceanic tides and their theoretical amplitudes on a 
perfectly rigid earth and based on this fact an estimate 
of the earth's modulus of rigidity. On the instru
mental side, the interferometer apparatus of Michelson 
and Gale 1 represents a notable advance over the 
horizontal pendulum. On the theoretical side, the 
investigations of Herglotz, Schweydar, Love and 
Hoskins 2 have enabled us to deal with an earth which, 
so far as the physical properties of its interior are 
concerned, resembles the actual earth much more 
closely than does the homogeneous, incompressible 
sphere with uniform rigidity throughout treated by 
Lord Kelvin. 

In one part of the problem, however, almost no 
advance has been made. The observed tidal oscilla
tions of the earth are considerably affected by oceanic 
tidal oscillations of identical periods, but not, in the 
long run, by oscillations of different periods. When 
observations with horizontal pendulums made some 
years ago in various places near the Baltic Sea indi
cated a greater apparent rigidity in the prime vertical 
than in the meridian, and when various ingenious 
explanations of this peculiarity were found to be 
untenable, it came finally to be accepted that the true 
explanation lay in the effect of the oceanic tides. A 
little calculation shows that the effect of the varying 
load of tidal water may extend to distances that, at 
first thought, might seem surprising. 

The difficulty of correcting for the oceanic tide is 
twofold; first the complicated calculations necessary, 
and second the lack of observational data on the 
amplitudes and phases of the tides in the open sea. 
As to the first, however, the method of Boussinesq, 
which reduces the calculation of the yielding under a 
surface pressure to the calculation of a certain gravi
tational potential, is easily applied and has been used 
by Japanese investigators 3 in connexion with earth 
tides with fair success, in spite of the fact that the 
conditions postulated in Boussinesq's solution are 
somewhat remote from those of Nature. Doubtless 
more satisfactory methods of calculation would be 
d evised, if only the essential data of observation, 
namely the facts about the tides at sea, were available. 

For tidal oscillations (or, for short, simply tides) of 
long period, theory may, to a large extent, take the 
place of observation, since it seems very probable 
that these long-period tides conform rather closely to 
the equilibrium theory, a statement which cannot be 
made of the short-period tides, diurnal or semi-diurnal. 
The smaller amplitudes of the long-period earth tides 
in comparison with those of short period , and the 
consequent loss in relative accuracy with which the 
form er can be observed, may be more than compensated 
by the greater accuracy with which the long-period 
tides may be corrected for the effects of the corre
sponding oceanic tides. 

One purpose of this communication is therefore to 
urge that greater attention be paid to long-period 
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tides both of the solid earth and of the ocean. In 
spite of their scientific importance long-period tides 
have been rather neglected in comparison with short
period ones, which are larger and of more immediate 
concern to the navigator. A publication of the U.S. 
Coast and Geodetic Survey ' now in press lists 820 
tidal stations in all parts of the world at which har
monic tidal constants have been computed, but at orily 
139 of these were the constants for the fortnightly and 
monthly tides derived. For the observation of these 
tides European scientific workers are geographically 
better situated than those of the United States. The 
long-period oceanic tides vanish in latitude 35° a,nd 
reach maximum amplitudes at the equator and at the 
poles, the polar amplitude being twice the equatorial. 
In latitude 55° the amplitude is as great as at the 
equator. In this latitude, or in even higher latitudes, 
it would be practicable to make good tidal observa
tions in Europe, but scarcely practicable in North 
America. For the earth tides, the geographical ad
vantage of Europe over North America is somewhat 
less, since the long-period earth tides, being measured 
by the deflexion of the vertical, and not by the height 
of the disturbed level surface as compared with the 
undisturbed, attain their maximum amplitudes in 
latitude 45°. 

It is desirable in the study of long-period tides to 
obtain information not merely about the elastic pro
perties of the earth conceived as a perfectly elastic 
solid, but also about the departures of the earth from 
perfect elasticity, a matter of which very little is 
known. For this latter purpose the longer the period 
of the tide studied the better. Consequently a study 
of the tides connected with the eighteen-year revolu
tion of the moon's node would be very desirable. 

Another purpose of this communication is to ask 
for information about recent work on earth tides, 
whether experimental or theoretical, already accom
plished or projected. The writer has been designated 
rapporteur on earth tides to the section of Geodesy, 
International Geodetic .and Geophysical Union; it is 
therefore his duty to prepare a report on the subject 
for the coming meeting of the Union at Madrid. He 
has tried to reach directly persons likely to be inter
ested in earth tides, but in view of the present difficulty 
in getting scientific articles printed at all, and the 
apparently opposite but very real difficulty due to the 
multiplicity of organs of publication, it is very prob
able that he has failed to reach many who are in a 
position to give him valuable information. The 
writer would, therefore, be glad to receive information 
of this sort, reprints of memoirs, etc., and hopes that 
readers of this communication will not construe the 
words "earth tide" too narrowly, but will include in 
them all related matters pertaining to the yielding of 
the earth to applied forces. 

WALTER D. LAMBERT. 
U.S . Coast and Geodetic Survey, 

Department of Commerce, 
Washington, D.C., U.S.A., May 7. 

Relation between Pressure Shift, Temperature 
Class, and Spectral Terms of the Iron Lines. 

IT has been long recognised that the lines of the iron 
spectrum are displaced towards the red when the 
pressure about their source is increased, the magni
tude of the displacement being not the same for all 
the lines . On account of this fact Gale and Adams 
(A strophys. J ourn. 35, 1912, p . 10) have classified the 
lines in four groups, a, b, c, and d. Group a includes 
all the flame lines, which have small displacements. 
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