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Dutch Pendulum Observations in Submarines. 
As Dr. Vening Meinesz is now back again in Holland 

I am able to make some additions and rectifications 
to my former letters, published in NATURE of Sep
tember I5 and December I, I923, and of March I, 
1924. 
. a_t)pears from the results that so long as the 
mclmatlon of the apparatus caused by the rolling 
and pitchmg does not exceed a rather wide limit, 
there is no question of any sliding of the pendulums 
on the support. The elimination of the disturbances 
caused by the movements of the vessel is, however, 
more efficient when these movements are small. 
Therefore it is advisable, when the sea is not per
fectly calm, to go down as deep as possible. During 
the passage across the Indian Ocean it was not 
possible to go deeper than 20 metres, because a small 
leak, otherwise of no importance, caused some trouble 
at a greater depth on account of the high pressure 
of the water. Nevertheless, the mean error of the 
results did not exceed o·oo5 em. sec. -•, the influence 
of the Eotvos effect so far as it is connected with the 
current, and partly that of the temperature, being left 

of consideration. It must, however, be borne in 
mmd that the pendulum observations were not the 
chief object during this voyage, which had to be per
formed together with the other vessels in a fixed time. 
Consequently, the observer could not always make 
use of the most favourable circumstances, although 
he enjoyed the most comprehensive assistance so far 
as the service allowed. 

The movements of the pendulums recorded on the 
films show very different types according to the 
circumstances in which they were made. In the 

where the ships lay side by side, the ampli
tudes were very vanable b ecause of the accelerations 
caused by bumping up against each other ; at some 
moments they were actually reduced to nothing. 
The best results were obtained in Tunis, where 
the ships lay anchored apart. In the submerged 
vessel the amplitudes were nearly constant, even when 
the movements of the vessel itself were rather con
siderable. 

The periods and amplitudes of the vertical accelera
tions change very slowly. Consequently, the effect 
on the movement of the pendulum, so far as it is 
associated with the phase, may be neglected, and 
each pair of pendulums may be considered to give an 
independent result. The small divergencies for each 
of both pairs run, however, distinctly parallel ; it is, 
therefore, obvious that these divergencies cannot be 
ascribed merely to inaccuracies in the measurement of 
the records, but are really also caused by the vertical 
accelerations. The influence of these is wholly elimi
nated, if the vertical velocity of the ship is nil at 
the beginning and at the end of the observations. 
This, however; cannot be ascertained with accuracy, 
and it must be considered as sufficient to take the 
mean of the fluctuations at the beginning and at the 
end of the observations. 

Of the anguiar variations in the position of the 
ship, only the inclination of the plane of oscillation 
is of interest. If the angle of inclination is a, the 
force is g cos a instead of g. The centrifugal forces 
caused by the movements of the plane of oscillation, 
and the vertical accelerations of the pendulums, in 
respect to each other, are of no importance. The 
calculations are, therefore, much easier than was first 
expect ed . 

The Eotvos effect must always be taken into 
account ; the course and the velocity of the ship 
during the observations must therefore be known. 
The influence of the sea current must also be taken 
into consideration, but it is utterly impossible to 
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determine the actual direction and velocity at an 
observation, and an average value must be taken 
instead. This is really an important source of 
error,. the influence of a current of one mile per 
hour m an E.-W. direction near the equator being 
7·5 x Io-• em. sec.-•. 

Another source of error is the uncertainty of the 
rate of the chronometer. As it is impossible to 
extend the duration of an observation to the whole 
time between two time signals, the fluctuation of 
the rate causes an error in the result. 

Great trouble is connected with the exact deter
mi_nation of the temperature of the pendulums, as 
this usually shows a considerable increase during the 
observations. Perhaps it will be possible in the future 
to place the whole apparatus in a box, where the 
temperature may be kept within certain limits. 

The accuracy of the observations mav also be 
increased by improving the arrangement for the 
making of photographic records. 
. Before the final computations can be carried out, 
It will be necessary to make a new determination of 
the temperature constants of the bronze pendulums. 
For the provisional computations the constants were 
used which Prof. Haasemann determined at Potsdam 
in 1905. It appears from the observations made at 
de before and after the voyage, and at Batavia, 
at widely different temperatures, that these quantities 
must have changed in the course of years ; since 
1915 the bronze pendulums had not been used. A 

determination will be made by Dr. Vening 
Memesz m the Geodetical Institute at Potsdam in 
the month of May, for which the Director, Dr. 
Kohlschutter, has already kindly given his consent. 

The sea-depth was determined on board by an 
acoustic method using the echo of the underwater 
clock-signals ; the time elapsing between the moment 
of the signal and that of the perception of the echo 
was determined with a stop-watch. 

In my last lette_r (NATURE, March r, 1924, p. 308) 
I mentwned that m the Ind1an Ocean the anomalies 

from west to east. This was computed by 
usmg Helmert's formula for a spheroidical figure of 
the earth. Helmert deduced still another formula 

a term which depends on longitude. By 
applymg the latter the negative anon:alies, increasing 
from west to east, contmue, but their value is much 
smaller, which should confirm the supposed flattening 
of the equator. 

In compliance with an invitation of Col. H. G. 
Lyons, Director of the Science Museum South Ken
sington, the Dutch Geodetical intends to 
exhibit this summer in the Museum a set of photo
graphs, . diagrams, etc., relating to the voyage of 
Dr. Vemng Memesz, together with some of the original 
films showing different types of records. 

J. J. A. MULLER. 
Zeist, April 7· 

Long-range Particles from Radium-active Deposit. 

IN a letter to NATURE under this heading (Sept. 22, 
1923, p. 435), Messrs. L .. F. Bates and J. S. Rogers 
announce that they have found a certain number of 
long-range a-particles and also of H-particles to be 
discharged from radium C. For every ten millions 
of the ordmary a-particles of 7 em. range they claim 
to have found the following numbers of long-range 
a-particles: 380 of 9'3 em., 126 of II·1 em., and 
65 of 13·2 em., besides 160 particles of still greater 
range, assumed to be H-particles. In a more detailed 
report of their experiments (Proc. Roy. Soc. A, 
VOl. 105 , p. 97, 1924) the latter number is stated to 
include also H-particles expelled from the air and 
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