
© 1937 Nature Publishing Group

MARCH 6, 1937 NATURE 409 

Letters to the Editor 
The Editor does not hold himself responsible for opinions expressed by his correspondents. 
He cannot undertake to return, or to correspond with the writers of, rejected manuscripts 
intended for this or any other part of NATURE, No notice is taken of anonymous communications. 

The Constant of Gravitation 
WITH regard to Prof. P. A. M. Dirac's recent 

letter to NATURE', I have shown, in various contexts• 
that the relation between y, the 'constant' of gravita
tion, and t, the epoch, is given by 

y = c3t/M0 , (1) 

where M 0 is the apparent mass of the fictitious 
homogeneous universe. (The actual mass must be 
infinite.) With t = 2 x 10' years, this gave 
M 0 = 2·4 x 1055 grams= mass of 1·5 x 1078 pro
tons. Two points of interest (amongst others) emerge 
from the treatments I have given. First, ( 1) is a 
purely macroscopic formula, having no connexion 
with atomicity. It is derived from purely kinematic 
considerations, involving no appeal to any empirical 
dynamical laws, still less to atomic laws. In papers 
already communicated for publication, I have ex
tended the application of (1) to all local gravitational 
situations and derived the inverse square law of 
gravitation in relativistic form in flat space, again 
without recourse to empirical appeals, by kinematic 
methods. 

Secondly, the actual meaning of M 0 is that it .is 
the mass which would occupy the sphere of radius ct 
with matter of density p0 , the density at the observer, 
and so 

(2) 

where B is a constant depending on the mode of 
counting of fundamental particles (for example, 
as spiral nebulro or smaller particles) and m 0 is the 
mass-number assigned to a fundamental particle. It 
has been shown• that the mass-number assigned to 
u.ny particle may be regarded as a constant of in
tegration. M 0 is therefore a constant. Thus there is 
no inference as to the creation of matter, inside stars 
or anywhere else. It is clear in fact that the con
siderations leading to ( 1) could never lead to any 
such inference, for the complete inverse square law 
oflocal gravitation (of which (l) is an intrinsic part) 
emerges from arguments depending on the use of 
Boltzmann's equation, which is a kinematic con
sequence of the conservation of particle numbers for 
any given system. We have thus y oct. 

When we transform the scale of time-measurement 
from kinematic time t to the dynamical time '\' 
corresponding to the present epoch t0 by the formula 

'\' = t0 log (t/t 0 ) + t0 , (3) 

and adjust the measures of all derived quantities 
accordingly', y reduces to a constant y 0 , and is given 
by y = Yo (t/t 0 ). The usually adopted constancy of 
Yo is thus connected with our habitual use of a 
dynamical scale of time. 

Relation (3) is not, of course, a transformation of 
co-ordinates but a re-graduation of the fundamental 
observers' clocks. The associated transformation of 
co-ordinates is readily found. It then appearss 
that this transformation leads to the relation 
d8 = e (T-t,)/t, da, where da 2 = d't' 2 - c-2dc: 2 and 
dc1 is the metric of the static, infinitely extending 
hyperbolic space into which the interior of r = ct 

transforms. The epoch co-ordinate -r of any event 
is an invariant, the same by whatever fundamental 
observer it is measured, and it enjoys all the pro
perties of a world-wide Newtonian time; and da may 
be taken as the interval between two events with the 
same justification as ds. These results confirm 
Dirac's remarks at the end of his letter. 

Note added in proof, Feb. 26. Complete agreement 
between Dirac's results and kinematic cosmology 
can be obtained, and his proportionalities M ext •, 
yoct- ',replaced by M =const. =M0 , yoc t, if we take 
the 'electrostatic' constant y' in the inverse square 
law to be proportional to t ; y' is, of course, usually 
taken as unity. This is formally the same as taking 
e 2 oc t. The t-dynamics then gives the radius of the 
Bohr atom as proportional to t, and a material rod 
is 'rigid' on the '!'-scale. Electrostatic forces then 
become to some extent analogous to gravitational 
forces, and might be discussed kinematically by 
examining the properties of an expanding sphere of 
mingled positive and negative particles. 

Oxford. 
Feb. 23. 

1 NATURE, 139, 323 (Feb. 20, 1937). 

E. A. MILNE. 

'"Relativity, Gravitation and World-Structure' (1935), pp. 103-4. 
See also pp, 130, 145, 187. These results depended on G(l) = - 1 
but the deeper result G(V E - 1 has since been obtained. See 
also Proc. Roy. Soc., A, 154, 43 ; 153, 75 (1936). 

'Proc. Roy, Soc., A, 154, 31 (1936). 
• Proc. Roy. Soc., A, 158, 333, 340 (1937). 
• Proc. Roy: Soc., in press. (The invariance of T was obtained 

independently by Leontowski.) 

Scotopic Luminosity Curve and the Absorption 
Spectrum of Visual Purple 

ALTHOUGH it is generally accepted that visual 
purple plays an essential part in the process of 
scotopic vision, attempts1 at relating the human 
scotopic luminosity curve (for equal energy spectrum) 
with the extinction (absorption) coefficient curve of 
amphibian or mammalian visual purple have shown 
a difference in the wave-length position of the 
maxima. Hecht and Williams•, using a 'constant 
stimulus' method, found that the maximum of this 
luminosity curve was at 510 m[J.. This was a mean 
value for forty-eight young observers, and there was 
little variation. Abney and Watson•, using a threshold 
intensity method, found that the maximum of the 
luminosity was at 505 m[J. for three monochromats. 

Most experimenters have found maxima for the 
extinction coefficient of visual purple solutions 
between 500 m[J. and 504 ID!J-. Konig 4 found a maxi
mum at 500 m[J. for human visual purple. Recently, 
Lythgoe•, using an improved technique• and care
fully purified specimens, has found the maximum for 
Rana esculenta to lie at 502 ID!J-. His measurements 
were made against a blank of the solvent, a solution 
of digitonin (colourless). 

Hecht and Williams explain the difference in the 
position of the maximum of luminosity and of ex
tinction by supposing that in the eye the visual 
purple is dissolved in a substance of high refractive 
index, when according to Kundt's rule, the absorption 
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