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hatching apparatus, only one showed straight radial 
pores in the base. Several had grown on a curve to 
a certain point, and then assumed a straight radial 
direction : but it is remarkable to note that the 
change was abrupt and not gradual. Part of one of 
these specimens (in which the centre was slightly 
damaged) is shown in Fig. lb. 

Finally a number of specimens of the typical form 
of this species from an outside pond were examined, 
and all had normal straight basal pores. 

There seems to be a definite correlation between 
this change of orientation and the situation of the 
animal in a current of water of constant direction of 
flow. The specimen shown in Fig. la seems from 
the orientation of the earliest visible part of its 
shell to have settled with its long axis along the 
tube, that is, in line with the current. This is con
sistent with the elongated shape of the larva. When 
examined it had swung through almost a right angle 
so as to lie across the current. 

The following table shows the mean angular devia
tion from the direction of flow of the current, in 
r·elation to size, for 192 specimens from the edges 
of boards in the hatching ponds which were subject 
to an intermittent current of constant direction. 

·-----· -· 

Length in mm. . . 0-l 

_No. of specimens 6 94 I 60 26 I 6 

I 

Mean 

__ fr?m . . 27° 49° I 60° 75°j_ 

Some of these specimens were removed, and most 
showed curved growth in the base. A sample from 
the flat side of the boards where there was no current, 
showed no change of orientation in the larger indi
viduals, and straight radial basal growth in all cases. 

From these considerations it would appear that 
if a barnacle larva settles in a steady stream of 
water, it tends to attach itself so as to lie along the 
current, but immediately after metamorphosis it 
commences to rotate, and continues to do so until 
it lies across the current, in which position it then 
remains. 
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Electromagnetic Mass 

BY tlw modifications of Maxwell's field equations 
recently proposed 1 it is possible to revive the old 
idea of the electromagnetic origin of inertia. The 
mass of the electron can then be calculated from its 
charge and the constants of the field equations (the 
velocity of light c, and the absolute field a-1 ). It 
can be shown that the Lorentz equations for the 
motion of an electron in an external field are approxi
mately true, and that the energy is given by me•. 
(The disagreement of these quantities stated in the 
Royal Society paper referred to above turned out 
to be a mistake.) The tensor S, the components of 
which are Maxwell's stresses, density of momentum 
and of energy, can be represented in two different 
forms, one using the Lagrangian, 

L = a-• {l - [l + a 2(B 1 - E 2 ) }t }, 

the other the Hamiltonian, 

H = a-• {[I + a 2(B 2 - E 2 ) J-1 - 1}, 

where E is the electric and B the magnetic field 
vector. For example, the 44-component of S, 
representing density of energy, is given by 

8 44 = L + DE = - (H + HB), 

where the vectors H, D are connected with B. E by 

'fiL 'fiL 'fiH 'fiH 
H = liB' D = 'fiE or B = 'fiH' E = 'fiD. 

For an electron at rest (H = B = 0) the mass m is 
related to the total energy by the eq nation 

me•= 1Tt/ HdV = ie'Jl(O) = 1·2361 

where r 0 = v'ae and 
00 !! 

dx =_e_j" - doc 
r 0 yl+x• r 0 yl-! sin2oc r 0 

• 0 

is the value of the potential at the centre of the 
electron. By integrating the conservation law for S, 
we obtain the Lorentz equations of motion for external 
fields which contain only those wave-lengths which 
are large compared with r 0 • 

From this it follows that Dirac's wave equation is 
the adequate expression for the quantum-mechanical 
laws of motion of the electron in external fields of 
this kind. Further, the mass appears here to be self
energy which justifies the suppression of the corre
sponding terms occurring in the quantum mechanical 
laws of interaction of several particles. 
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1 NATURE, 132, 282, Aug. 19, 1983. Proc. Roy. Soc., In the press. 

Raman Spectrum of Heavy Water 
(BY CABLE) 

THE Raman spectrum of heavy water has been 
obtained by 2536 excitation of 8 c.c. of 18 per cent 
heavy water in a quartz tube 35 em. in length in 
contact with a quartz mercury vacuum tube. Two 
Raman bands were obtained with an intensity ratio 
of one to four, the new one having a mean wave
length of 2713 A. due to water molecules containing 
one atom of heavy hydrogen. The frequency dif
ference was 2577, against 3420 for ordinary water. 
Cross and Van Vleck (J. Chem. Phys., June) have 
calculated a Raman frequency difference of 2720 for 
heavy water vapour, but a lower value is to be 
expected for the liquid, which Dieke has calculated 
as agreeing with my value within four per cent. 
There appeared to be slight indication of the band 
due to molecules containing two atoms of heavy 
hydrogen, but the faint continuous background made 
any certain measurements impossible. The heavy 
water was prepared by John \V. Murray, of the 
Department of Chemistry. 
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