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nuclear distance re. With CO, N 2, SiO and P 2, the 
band systems under discussion have been observed in 
absorption as well as in emission, and the lower 
states are therefore stable ground states. The same 
is expected, though not yet observed, to be true of 
CS and PN; that is to say, each of these should be 

sociation. It is thus somewhat less than that of N 2 

(recently given as about 7 ·9 volts' rather than the 
hitherto accepted value of about 9·0 volts 2 ) and 
greater than that of P 2 (5·0 volts•). Similarly the 
heats of dissociation of CS and SiO (each roughly 8 
volts) are less than that of CO (about 10 volts). 

lfl-+ 1£ Upper State, 1II Lower State, 1;!; 

The molecules discussed here are 
all composed of nitrogen, phos
phorus and their immediate neigh
bours in the periodic table. From 
the atoms preceding and following 
these we have other 22-electron 
molecules about which, however, 
nothing can yet be stated, namely 
BCl (bands observed in the same 
spectral region but not system
atised6) and AlF (expected band 
system not yet recorded). 

Molecule v, (0, 0) 
we XeWe B, r, We Xewe B, re 

cm.- 1 cm.-1 cm.- 1 cm.-1 A.U. cm.-1 cm.-1 cm.-1 A.U. 

(14) co 64765 1516·7 17·24 1·600 1·232 2167·4 12·70 1·85 (1·15) 
(14) N, 68962·7 1692·28 13·318 (1·52) (1·26) 2359·60 14·445 1·992 1·094 

(22) SiO 42690·0 851·51 6·143 0·6270 1·62 1242·03 
(22) cs 38796·3 1072·2 10·05 0·74 1·61 1282·5 
(22) PN 39688·5 1103·09 7·222 0·7274 1·542 1337·24 

(30) P, 780·43 

capable of existence as gaseous substances in the 
absence of an electric discharge ; J. Curry and L. and 
G. Herzberg are further investigating the PN system 
from this point of view. 

The heat of dissociation of the state of PN is 
estimated as 7 ·8 volts from a Birge-Sponer linear 
extrapolation of vibrational energies, and as 6 ·3 volts 
from a consideration of probable products of dis-

6·047 0·7238 1·51 
6·00 0·79 1·56 
6·983 0. 7834 1 ·487 

2·812 0·3133 1·856 

W. JEVONS. 
1 J. Ohem. Phys., 1, 749; 1933 (preliminary report). Z. Phys., 

86, 348 ; 1933. 
' Particulars of these band-systems and of the notation used in 

the PN paper and in the present article are given in the writer's 
"Report on Band Spectra of Diatomic Molecules" (Phys. Soc., 1932). 
The more recent analysis of SiO bands is by Saper (Phys. Rev., 42, 
498 ; 1932) and that of CS bands is by Crawford and Shurcliff (Phys. 
Rev., 43, 766 ; 1933). 

• G. Herzberg, Ann. Phys., 15, 677 ; 1932. 
• Lozier, Phys. Rev., 44, 575 ; 1933. 
' Lochte-Holtgreven and van der Vleugel, Z. Phys., 70, 188; 1931. 

Biology of Heavy Water 

I N Science of February 16, 1934, Prof. Gilbert N. 
Lewis summarises the results of certain sporadic 

attempts to observe the effect of water containing 
heavy hydrogen, H 2, upon living organisms. Experi
ments have necessarily been confined to small 
organisms, though some preliminary observations on 
mice are included. The first experiments were upon 
tobacco seeds, the germination of which was com
pletely retarded by pure and slowed up some 
50 per cent by water containing 50 per cent 
Seeds transferred to normal water after three weeks 
in pure H:o sprouted in about half the cases but 
gave unhealthy seedlings. Yeast cultures in an 
appropriate nutrient medium dissolved in pure heavy 
water failed to grow, and Pacsu has also shown that 
the evolution of carbon dioxide by yeast from sugar 
solution made up with heavy water is much 
diminished. 

In an experiment that was expensive if preparatory 
in nature, a mouse was supplied in three doses with 
some 0·66 gm. of pure The mouse survived, 
though during the experiment it showed "marked 
signs of intoxication". The symptoms of distress 
seemed more marked after each dose but not cumu
lative, which led Prof. Lewis to conclude that the 
heavy water was being voided, but no preparation 
had been made to test this point. Prof. Lewis con
cludes that H 2 is not toxic in any high degree but 

that its complete substitution for H 1 leads probably to 
a complete inhibition of growth, an effect which is to 
be traced to "the greatly reduced rate of all physico
chemical processes when H 2 is substituted for H 1." 

Mr. S. L. Meyer of the Vanderbilt University 
Biology Department describes in Science of March 2 
culture experiments with a blue mould, in which 
those grown on media made up with one out of every 
214 hydrogen atoms H 2 gave sixteen times the yield 
of fungus as those grown on control solutions free 
from H 2 • 

The late Dr. Edward W. Washburn and Dr. 
Edgar R. Smith have been carrying on experiments 
at the Bureau of Standards at Washington in which 
they have studied the proportion of H 2 atoms 
present in the tissues after plants have grown in 
normal soil solutions. So far as could be judged, 
rooted willow cuttings absorbed H 1 and H• in the 
proportions in which they were present in the original 
water supply, but apparently the heavy hydrogen 
was selectively accumulated in the tissues as the 
expressed sap contained water 2 ·8 parts per million 
heavier than normal water, whilst the water obtained 
from the destructive distillation of the willows was 
5·4 parts per million heavier than the normal supply. 
Dr. Washburn died suddenly on February 6; his 
report with Dr. Smith has been published since, in 
Science of February 23. 

Universe and Atom 

T HE issue of Die Naturwissenschajten of March 9 
contains the address on this subject which 

Prof. Wehl of Gottingen gave at the opening of the 
holiday course on mathematical sciences given at 
Gottingen in July 1933. His object was to put before 
his audience only such conclusions as are at the 
present time reasonably certain and to avoid any 
fantastic speculations. 

By representing space in the space time continuum 
as the abscissa and time as the ordinate of a point 
on a curved surface, Prof. W ehl shows how the 
Einstein continuum with its mass distribution is 
represented by a cylindrical surface with its axis 
vertical and its radius determined by the density of 
distribution of mass. Stars at rest are· represented 
by generating lines and the movement of light 
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through the universe by spirals the pitch of which is 
equal to the time the light takes to go round the 
nniverse. The stars are thus represented at different 
epochs separated by mons. 

De Sitter's massless continuum is, on the other 
hand, represented by a hyperboloid of one sheet 
with its time axis vertical, and lines of shortest length 
now represent the stars while the movement of light 
through the universe is represented by a straight line 
generator in which a tangent plane to the asymptotic 
cone cuts the surface. As this cannot intersect a 
geodesic a second time, there is no repetition of the 
representation, and as the geodesics themselves change 
their distances apart as they travel over the surface, 
the universe must be either expanding or contracting. 

Neither the gravitational universe of Einstein nor 
the non-gravitational one of De Sitter corresponds 
sufficiently closely with the facts, but the later one 
of Friedman and Lemaitre, according to which space 
is spherically bounded and the boundary expands 
with time, is much more satisfactory. The radius of 
space is about 10 27 em. and the total mass it contains 
is about 1027 that of the earth, possibly due to 1080 

particles. 
In the atom the electrical forces between its con

stituents are about 10'0 times the gravitational, a 
ratio which may have some connexion with the 
square root of the number of particles in the universe. 
The wave-length associated in wave mechanics with 
the electron, when multiplied by the constant known 
as the fine structure constant ( 1/137), gives the radius 
of the electron and when divided by it the radius of 
the atom. The product of the wave-length of the 
electron wave by the square root of the number of 
particles gives the radius of the universe and when 
divided by it the gravitational radius of the electron. 

Although in this theory the appearance of the 
square root of the number of particles in the universe 
can be understood, there still remains considerable 
obscurity with regard to the wave-length of the 
electron wave and the fine structure constant. 

Science News a Century Ago 
John Phillips at King's College 

When Lyell in 1833 resigned the chair of geology 
at King's College, London, he was succeeded by 
John Phillips (1800-74), the nephew of William 
Smith. Phillips began his courses of lectures on 
April 21, 1834. The science of geology, he said, was 
of but recent growth and it was necessary that 
students should be cautious as to the reception of 
theories ; many of the theories which had been 
introduced were the results of imagination rather 
than the deduction of actual observation. Nothing 
was to be received as truth but what was warranted 
by actual observation and diligent research. If the 
science were pursued with strict attention to these 
preliminary principles, the benefits which would 
arise to those who pursued it would be commensurate 
with their desire of truth. In the course of his re
marks, he described the primary, secondary and 
tertiary deposits and explained the position of the 
various strata of rock. He directed attention to the 
incontFOvertible fact that in the various strata fossils 
had been discovered including many thousands of 
species of animals and vegetables which were no 
longer fotmd in the animal and vegetable kingdoms 
by which the surface of the earth was covered, and 

deduced from this fact that it was obvious that the 
system of Nature had in the revolution of ages under
gone many changes. He reminded the students of 
the high eminence to which their fellow countrymen 
had exalted the science and begged them to remember 
that the philosophers of the Continent had their 
eyes upon their proceedings and success. 

Honours for Men of Science 
Shortly after the first meeting of the British 

Association, William IV conferred the Guelphic order 
of knighthood upon David Brewster, Charles Bell, 
John Leslie, John Herschel and other men of 
science. In the spring of 1834, the subject of 
honorary distinctions for eminent scientific persons 
was discussed in the House of Commons, the dis
cussion leading "Vindex" on April 22, 1834, to 
address a letter to the editor of the Times mentioning 
one or two points which he considered had been over
looked. In the first place, he said, the Guelphic order 
of Hanover, the only one conferred so far, was one of 
the lowest on the Continent. The title of knight 
could not be assumed until the recipient had been to 
court, and as this could not be done under an expense 
of nearly £200, several persons whom it had been 
intended should be honoured had been unable to 
stand this expenditure. Secondly, the order was a 
'foreign' one and after the death of King William it 
could not again be granted and the knighthoods 
already conferred would lapse. "It surely," said 
Vindex, "would be more becoming in the Sovereign 
and more worthy of the nation either to make a 
new order or enlarge one of the present ones so as 
to embrace such persons as are distinguished in art 
or science." 

Progress in Lighthouse Illumination 
In the Mechanics Magazine of April 26, 1834, a 

correspondent described a visit he had made to the 
National Gallery in Adelaide Street, London, where 
an exhibition was being held illustrating the various 
methods of illumination in use for lighthouses and 
for geodetical operations. So late as 1811, the writer 
said, the Eddystone lighthouse was illuminated by 
wax candles, while in 1812 a coal fire was still in use 
at the Lizard. By 1834 the general method adopted 
in British lighthouses included the use of oil-burning 
Argand lamps in conjunction with parabolic mirrors 
of silvered-copper. This type of illumination was 
stated to be due to Mr. Ezekial Walker of Lynn, who 
had fitted up the Hunston light on the Norfolk coast 
in 1778. Many kinds of vegetable and animal oils 
had been tried with Argand lamps, but spermaceti 
had been found to be the most suitable. Coal gas 
had been tried in some foreign lighthouses, that at 
Dantzig having been lit by gas in 1819. 

After referring to the introduction by Arago and 
Fresnel of the plano-convex lens in French light
houses and to the Cordovan lighthouse at the mouth 
of the Garonne, then the finest in the world, the 
writer said that, as lenses of more than 15 inches 
diameter were not easily made, the lens system 
would not have found the favour it had but for "the 
discovery of our distinguished countryman Sir David 
Brewster that by surrounding any lens with a series 
of glass rings of a particular curve, it might have its 
effect magnified to any given extent". Other methods 
of illumination shown included a primitive form of 
arc light and the hydro-oxygen limelight of Lieut. 
Drummond, which gave a light "only inferior to the 
sun itself". 
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