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Epicurus, 342 BCE - 270 BCE thoughts preserved
in fragments, except

Lucretius, 94 BCE - 51 BCE, De Rerum Natura,
lost c. 400 CE to 1420 CE (%)

Wrote that there is nothing but atoms & void.
Atoms solid, tiny, indestructable, no new ones
being created. Different: sizes & shapes,

come together to make thlngs, ‘which
eventually decay, fall apart, etec. But
universe of things made from atoms moving in
the void goes on forever

We are made of the same stuff that everything
else is made of and also decay, fall apart
Es d(s) probably exist but .-have zero interest
or interaction with us.

See Stephen Greenblatt, The Swerve, 2011
also very interesting on Bruno

(*#) a surviving manuscript found by Poggio,
1417 in S. German abbey, Fulda
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Prout's hypothesis (more shortly;‘nvprythlng H
Dalton's hypothesis (everything is atoms)

Loschmidt's number (or Avogadro, but L first
& had in hand all the information needed to
get a number, e. g |

‘rms speed; know R & mass of mole, measure
‘heat capacity & thermal conduct1v1ty, get
mfp in units of size of molecule. Compare
‘gas & condensed phases to get ratio of mfp
to molecule size, thus number of molecules
in mole of condensed phase
(from D.V. Schroeder; Wiki pretty good)

c. 1850
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elements as earth e

AJ APgSLTO“B sun has hydrogen; 50 elements by
1899, favoring left side of periodic table
(which is electron properties, not nuclear)

K glaan mostly H & He, CH Payne (Gaposchkin
1925), Russell, McCrea etc later
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f‘ﬁumiérc..-;.... I

Calori'qnt.. Veeweo

Oxygéneoloob.o-

Azote.......-..{

‘Hydfogéﬂeo sse0n e

rSoufre.-.-.......'

Carbone toocvees
Radical muriatique .
Radica] fluorique. ., ,
Radical boracique. ,
Antimoine vevoee
A:gent ssescsso e
Arfenic._........ r
Bifmuth caeseans
Cobalt’“.......
Cuivrc....-.u.c
Etain cvotc.-"ol
7

Mercure e covevee
Molybdéne s s s 4 0
Nickcl....l....l

Plomb........- }
Tuﬂgﬁéne...‘....
20w s o s b
}Chaux.........-
Magnéfie co s sunis
Baryte........-
| Aluming oo samas
| Silice 5o viiaivaie

" Fer,

Lumiére.
Chaleur.
Principe de- Iz chaleur,
Fluide igné,
Feu,
Matiére du-feu & de 1a chaleur,
Alr déphlogittiqué,
Air empiréal.
Alr vital.
Bafe de I'air vital,
Gaz phlogiftiqué. ' |
Mofete. '
Bafe de-la mofite. H
Gaz inflammable.
Bafe du gaz inflammable.
Soufre.
Phofphore.

harbon pur.
Incennu, -
Inconnu,
Inconnu.
Annmome.
Argent.
Arfenic. ]
Bifmuith. |
Cobalt.
Cuivre,
Etain,

Manganéfe.

Mercure.

Molybdéres

Nickel.

Or.

Platine.

Plomb.

Tungfiéne,

Linc.

Terre calcaire, chaux.
Magnéfie , bafe du fel d’epfom.
Barote , terre pefante.

Argile sterre de I'alun, bafe de 1ralun,
Terre filiceufe, terre vitrifiable.

LAvVoISIER’S TABLE OF THE ELEMENTS
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ON THE GENESIS OF ELEMENTS.
By H. M. VERNON,

gINCE the time

g

when Prout first formulated his hypothesis

of the genesis of the elements from the primordial atom,

there has always

that /
yerified experlmcntally,

at least to a certain degree.

been a feeling in the minds of chemists
this hypothesis may possibly

in some future time be

This

feeling has been strengthened during the last few years

by the discoveries

of Crookes and other chemists, of what
Lave been termed the meta-elements,

Crookes, starting

{rom a specimen of mineral supposed to contain only one
oy two rare earths, has succeeded by a laborious process
of fra&ionation i1l resolving one of these earths, supposed

¢o be the oxide of a Bing

earths, all of w
and only capable of

‘ le element, into several other
hich have propert

ies almost exadtly similar,

being distinguished in some cases by

the difference in their colours or by the difference of a

single line in their specétra.

These earths are the oxides

of elemenis of scarcely perceptibly different atomic

weights,

provide a place

in the ta

for all of which it would not seem possible to
ble of elements arranged

‘according to Mendeleeff’s Periodic Law.

Arguing from these
it may not be
tion to separate m

called elements in

exadly similar in propertie

thus to obtain an almo

they pass through the cycles of

discoveries, Crookes asks whether
possible by suita
any, if not all, of the rest of the so-
to a number of other
¢ and in atomic weights,and

ble methods of fractiona-

elements almost

st infinite series of elements, the
properties of which gradually change in regular order as

the series.of elements

arranged according to the periodic law.

Many almost insurmounta

be unnecessary to enurnerate,

this chain of reasoning by v

hypothesis,
sidered unacceptable,

whether

end in view which is capable of b

that may appeal ! > '
1t is with this objedt In View

for the present,
we come

being

ble difficulties, which it will
have been brought against

arious chemists. This
at least, therefore con-
to the questjon as to

there is no other hypothesis that has the same

more readily to

been brought forward. )
At the beginning of the univ

which, as in

the course of ages,

eing formulated, guch

the minds of chemists.

that these few ideas have

erse we may consider it

| yery probable that there existed only the primordial atom,
became gradually cooled

dewn, united amongst itself to form the complete eycle of

elements
ments most sta

as this

process

ag known to us at the present
ble as regards heat would first be formed
of cooling went on, while thcse least

day. Those ele-

stable with regard to heat would be formed last, all ele-

o Luet £Va Aret

heine formed by the addition of other

enough, at least to d
stable as regards héiﬁng
to heat than themselyeg,
The reason for this re
means we have for obtair
are (1) utilising the heat
bodies with each other g
It is obvious that only
can be obtained by the
furmed bg the Combin
existing above this tem;
bination would take plac
between the bodies,
. In the case of ele@rici
it is only poesible to ol
ture. Wemaytherefore
any other means than
whether so.called eleme
bodies simpler than ther
By means of the gpecy
to ascertain the presenc
sun, and to a certain &3
stars.
The temperature of t

| it not possible that it ig

of our least stable elex
into more simple bodies
Of the elements know
present been shown by
exist with more or le
proofs of the presence ¢
upon the coincidence o
spedtrum with those ¢
their presence may, ho
If these elements be
weights according to
places of the elements
been proved being lelt
table ;— .

Groups, I. 2 3.
T B
2. Li DBe
3. Na Mg Al
4 K Ca -—
g. Cu Zn
6, Rb (831;1 ;f
- > n

,%. O% Ba Ce
9 — B

10,

1%, e —— e

From this table we
elements are proseh
‘more and more pegR
of existing d& the sm
eight of the elemen
seven of those inthe
present. When, ey

rohicrh the elementt
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‘

large number of atomic weight determinations during this period. Very
many other chemists, among them Gmelin, Erdmann, and Marchand,
were also numbered among Prout’s supporters. On the other hand, Stas,
who in the beginning tried to aid Dumas in the revival of Prout’s hypoth-
esis, afterward designated it as a pure fiction, and Berzelius at all times
adhered to the view that the exact atomic weights could not be deter-
mined except by experiment. :

The prejudice which existed a few years ago against Prout’s pmmm. is -
well shown by a quotation from von gm%maw History of Orﬁdn%s.%_
ﬁﬁsﬁmﬂ in 1906. .

“During the period in which UEQ. and Gay-Lussac were carrying on their brilliant
work, and before the star of Berzelius had attained to its full luster, a literary chemical
event occurred which made a profound impression upon nearly all the chemists
of that day, »iz., the advancement of Prout’s hypothesis. This was one of ‘the
factors which materially depreciated the atomic doctrine in the eyes of many
eminent investigators. On account -of its influence upon the further development
of the atomic theory this hypothesis must be discussed here, although it but seldom -
happens that an idea from which important theoretical noﬂnmwﬁoﬂm mﬁnmmm. originated’
in so faulty a manner as it did.”

Prout’s work was not, as the above quotation infers, entirely ‘‘literary,”
for he made a large number of experimental determinations for-use in his
calculations of the specific gravity of the various elements, which he as-:
sumed to exist in the gaseous form. His experiments were, accotding to
his own statements, somewhat crude, but he also made use of the more.
accurate data obtained by Gay-Lussac, and his work was based upor the
volume relations of gases as discovered by the French E<mmﬁmmﬁ9. 4

Exactly the form in which the numerical part of Prout’ s Eﬁogmmwm
should be expressed in terms of modern atomic weights, it is difficult -to
say, but the principal point is that his atomic weights, which, ‘however,.
are not comparable with those now used, were expressed in whole HEE.
bers, as given below in two- columns taken from his table:

TaBLE 1.—ProOUT’S TABLE OF THE MORE ACCURATELY Umqmﬂﬁﬁmu .W.noan WEIGHTS.
- Atomic.weight, 2 vols.

i '

Element. . Sp. gr. . of hydrogen being 1.
L oo s sasens e i e e 0 2 ; : SR T
IV vt o B WL 8 S R . 14 14
B ot s oo ) 5, 5% S 14 N 14
Oicvmnm s e ananicamisyas s S8 SR 16 . - ! 8
Ssavien a UREEREEE B DA 6 16

’ - TSP B e 20 " 20

e - ORI SO R pand, R4 o 24

i B v il v e M AT ool = “,mm
LA 0o oy Semssasasm on s S . 3z ! : 2
Bl i e ssw 4 A 36 P
1 L s P 0 SO R 40
Ba: oo T e el o S AL 7 70

Taa T —

(415

- CHANGES OF MASS AND WEIGHT IN COMPLEX ATOMS..

The atomic weights thus given by Prout are within a few units of the
modern values in the case of the univalent atoms and for nitrogen; but
the values given for the atoms of higher valence, with the exception of
nitrogen, are approximately half the present values. This would mean
‘that according to Prout’s system, since the atomic weights he gives are
whole numbers, the atomic weights of the present system should be divisi-

~ble by two for the atoms of higher valence, which is equivalent to the use

of the hydrogen molecule instead of the atom as a unit. In this connec-
‘tion it may be noticed that his mﬁoﬁmo weights are »mwﬁw_ on the basis of
‘2 volumes of hydrogen being 1.’

Thus, from a numerical standpoint, Prout’s ﬁ%@ogmﬂm does not seem
to, mean what is usually supposed. Expressed in terms of the composi-

ﬁonoﬁﬂ&mdrmoonwmamamnaoUoooﬁ%pmwmﬁoam.Hﬂpmmﬁmﬂvﬂoépngm
own words: :

"“If the views we have endeavored to advance be correct, we may also consider the
_wpwrn vAy of the ancients to be realized in hydrogen, an opinion by the way, not
altogether new. If we actually consider this to be the case, and further consider the
specific gravities of bodies in their gaseous state to represent the number of volumes con-

. densed into one; ot, in other words, the number of the absolute weight of -a single volume

of the first matter which they contain, which is extremely probable, multiples in weight
must also indicate multiples in volume, and wice versa; and the specific gravities, or abso-

" lute weights of all bodies in the gaseous state, must be multiples of the specific gravity

or ahsolute weight of the first matter, because all bodies in a gaseous state which unite
sﬁ.& one another, unite with reference to their volume.”

While it is true that Prout had at the time when he Emwmb&& it, no
real foundation for his ideas, more accurate work, while it proved his sys-
ﬁoE to be invalid ffom a purely numerical standpoint, at the same time
established the fact that the atomic weights of the lighter elements, on
the E&_Hommb basis, are much closer to whole numbers than would be
likely to result from - any entirely accidental method of distribution.

~ Thus the deviations of the lighter elements are small, as will be seen

&% the - uﬂomoaﬁd.m ﬁmEm

; .P# wt. . Deviation from a
M_mnﬁnw . | i How= 1l whole number.
mmk ............ 3.97 , 0.03
i MR ; SO G e e 6.89 o.11
B, bt mnsn e wen 5w e e ... 9.03 0.03
s — R PR R ST 10.91 0.09
e LG, A B I1I.91 0.09
Dvefovsowncen o sremiepam o s 13.90 0.10
3 E el ST . 15,88 0.12
A Tizu R T e 18, mm 0.15

The average of these deviations is o. ow ‘unit, while the gmowmﬁom;
deviation on the basis that the values for the atomic weights are entirely
accidental, is 0.25 unit, If the first seventeen elements are used in the
calculation, the average deviation is found to be 0.15 unit, while the re-
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of atoms. The accompanying diagram (Fig. 1) repre-
sents the relative abundance of the different types of
atoms composing the first 39 elements. Although
these number less than half the elements known yet,
owing to the great preponderance of the lighter ele-
ments in terrestrial matter, they represent a surprisingly
large percentage, being more than 9g-8 by weight of all
such matter available for chemical analysis. '

The mass-number of each species of atom, that is to
say its whole number atomic weight or the number of
protons in its nucleus, is plotted against the logarithm
to base 1o of the total number of gram-atoms on the

earth. The latter figure is arrived at in the following

manner. The earth is assumed for the purposes of this
calculation to consist of a lithosphere of mass 5-98 x 102"
gm. having the average composition of the igneous
rocks, a hydrosphere of mass 1-45 x 10% gm. of water,

are considering 1-73 x 10% gram-atoms containing v
nearly 10°0 of type O in all. Of the next most abin
dant type, Si%, there are about one-third that numbé
‘The types belonging to odd and even atomic num
are distinguished from each other and a continuopg
connecting line is drawn. In the case of isobaric pajy
this line is duplicated, making the diagram somewhie
complicated in the region of krypton. It is of interis
to note that the contribution of hydrogen atoms fr
the'sea is barely distinguishable on this diagram, w]
that of oxygen atoms from the sea and air combined
entirely insignificant. '

The preponderance of elements of even atom
number is well shown by the peaks 8 018 14 Si28 20 C
22 Ti%, 26 Fe%, 38 Sr®, which have a1l ENOTMOUS sig
ficance on ‘4 log scale of this kind. ' The outstan
importance of atomic weights of type 8n is also bros
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@ Odd atomic. number

and an atmosphere of mass 529 x 1021 gm. of ordinary
air. That the unknown interior of the earth has the
- same chemical composition as_the deeper parts of its
outer crust is, of course, flagrantly improbable, but to
.leave it out of the calculation altogether might give the
hydrosphere and atmosphere undue prominence. The
average chemical composition of the ignecus rocks is
calculatéd in gram-atoms from the percentage com-
position given in the admirable report on the subject
by Clarke and Washington (No. 462 Geophysical
Laboratory, Washington ; May 1922). Ramsay’s and
Claude’s figures are taken for the atmosphere. In the
case of a complex element, the proportion of its various
isotopes, when not otherwise ascertainable, is estimated
from the intensity of their lines on its mass-spectrum.
This rough method is sufficient for the diagram, for
which no great accuracy is claimed. Only the roughest
estimates are available for the percentages of the rarer

- ——— s-r\f\]f(:

F1G. 1.—Relative abundance of atomic species of the first 39 elements,
O ILven atomic number 41

% Missing or doubtful mass numbers.

o8 } Total, 69 species.

out clearly. The appearance of ‘more uniform’
bution among the odd atomic numbers than ameong
even ones is probably largely fictitious, and due ;
method of calculating the abundance of the inert Fast
Attention may be directed to the scarcity of thos-e':gfi.; -
which contain an odd number of electrons in the ni
These only number 7 out of a fotal of 69, and 4 0f
including all those of even atomic number, occut belb
atomic number 8. C o

The curve was originally drawn in the hope ‘tha
might afford some evidence as to the relative stabili
of nuclei during the evolution of the atoms. Tneih
respect its irregularity is rather disappointing, k
sideration of it raises many points of interest.
one with which this article 1s particularly conce
perhaps the most obvious of all ; that is , the £
contrast between .the range of abundance €x
among the different isotopes of one element ¢
shown among the elements themselves ; gt

T 7% #hena 185 atams to one C137 and abb

o
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wihnlichen Hamiltonschen. partiellen Differentialgleichun g wurde von |

Zur Wellentheorie. der Materie.

Von G. Gamow und D. Iwanenko in Leningrad. /2@ ),

-Mit 1 Abbildung. (Eingegange_nr am 19. September 1926.) V& )

Es sind einige, das Materieproblem betreffende Folgerungen der fﬁnfdimensic;ﬁal‘é.n
' ' Geometrie gegeben. '

Die Tendeziz, die Materie als einen komplizierten W ellenvorgang
‘aufzufassen, ist in den Arbeiten von de Broglie!) zu einem klaren
Programm ausgebildet. Die dazu notigen mathematischen Methoden .
wurden bekanntlich von Schrodinger?) ausgearbeitet. 'Statt der ge-

ihm eine spezielle Wellengleichung eingefiihrt: ‘Wie 0. Klein3) uynd

V.F ock?*) zeigten, kann die Schrsdin gersche W ellengleichung bei

a4

ung,

- Einftihrung der #inften Koordinate in dje einfache Form

g e 0% =0y | M
gebracht werden. ' S '
" Man kann vei"s'uchen, aus den Losungen dieser Gleichung materiell-
punktihnliche Gebilde zu konstruieren. | | o :
© § 1. Wir wollen hier den einfachen Fall von nur einer rdumlichen
Koordinate # behandeln und die Losung der Gleichung (1) in dem drei-
dimensionalen (ztp)-Raum suchen. Hier bedeutet ¢ die Zeit und p die
neue Koordinate. . | ' ‘

Unseren Raum werden wir euklidisch apnehmen (Abwesenheit von

Gravitations- und elektromagnetischen Feldern) und seine Metrik durch

die Form a : '
o . “dsg_:dmg—[»dxf—dmg | (2)
bestimmen, wo ", : ' '
i 1 . .
i meli 1= & my = ct ist, (3)

- Hier ist m die Elementarmasse und ¢ die Grund§e$0hwindigkeit.

Wir fordern®), daB die Lijsungen. der Gieichung (1) in- bezng auf
die Koordinate p rein periodisch mit der Planckschen Kounstante 7 als
Periode sein miissen.

1) de Broglie, Ann. de phys. (10) 8, 22, 1925,

?) E. Schrédinger, Ann. d. Phys. 79, 361, 489, 1926.
~=3) 0. Klein, ZS. f, Phys. 87, 895, 1926. , \
% V.¥ock, 7ZS. 1. Phys. 89, 226, 1926. In dieser Notiz behalten wir die

- Bezeichnungen von V. Fock bei. Herrn V. Fock, der uns seine Arbeit in der

Korrektur zur Verfiigung. stellte, sind wir zum gréften Dank verpflichtet.

27 Fock, Lo 1924 R 2ndssctr

- AN 2.
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ructed for inconvenient.
ectangular | T . |
gtiar - 6. A different anamorphosis yields an alignment
S e - diagram which may perhaps be more convenient, par-
the curves - ticularly for computing the uniform pressure which any
uation (1) 4  rectangular pane will bear. Equation (1) may be written
1 a?/(a®*4c?) 0 i |
"0 . bg/(bz+62) | ]_ —0
__AF 3 |
Aft2 fpke®  Aft2phc?

Which,;"in‘_cartesia;n coordinates, is the condition of col-
linearity of the points

(0 (055 (. )

. ‘where c is an arbitrary constant
~ The alignment diagram shown in fig. 2 is for the Va,lue
¢=>5 ft., and shows the uniform pressure which a pane

~of 3/16 1 m plate glass will bear.

. Buﬂdmg Research Statmn, ) _/_' A 78
.- Garston, Hertfordshire. y < 212,

LXXV. Radioactivity and Nuclear Syﬁthesis By HAROLD
- J. Warge, M.Sc., Demonstrator in Physics, Washington
Smger Labomtomes Unuversity College, Exeter i f

| 1. Introduction.

‘T has been suggested in a previous paper I that the
. elements may be considered to have been syn-
thesized in nebule and stars from a pmmary distribution
of” neutons constltutmg a gravitating gas of zero atomic
umber-neuton. It has further been suggested, in
- view of present experimental evidence, that in none of the
Synthesis processes are neutrons created or destroyed
1t being postulated that the total number of neutrons in
the universe is fixed, this number being a fundamental
cosmical constant. -

'+ Communicated by Professor F. H. Newman, D.Se.
1 Walke, in the press. ,
3G 2

l@f‘ Gl PPCr gn i’ )it phte TS
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already discussed probably indicates that missing isotopes
are radioactive, as it can be shown that neutron capture
whether followed by the emission of nuclear component

or not, produces in many cases “ missing >’ isotopes an

that all cases of radioactivity observed by Fermi are |

explicable on this theory. Many of the elements of od
atomic number consist of pairs of isotopes differing by:
two units of mass, though several consist of only one:
isotope. It is suggested that the missing mass number
between the two isotopes is that of a S-radicactive isotope

and in many cases the addition of g neutron to the lighter )
isotope of such a pair produces this radicactive isotope. /|
In most cases, too, the addition of a neutron to the heavier

A

isotope of a pair forms another S-radicactive isotope, s0%
that, as Fermi has observed, f-ray activity with two periods
results from the interaction’ of neutrons with some cle:!
ments. vt {8

Thus, cosmically, the synthesis from copper to Nu.Bo..m
results from the unstable isotopes Cug and Cu® produced

when the stable isotopes capture a neutron. The other |

zine isotopes are then produced by neutron capture, |
the relative abundance of the group of isotopes being

determined by the stability of the separate w@Odowow..w_
under the continual bombardment by the ions present, |

and by the formation of these isotopes from both lighter !

and heavier elements. Zn% is missing, and the last mﬁ@wHw._.m
zinc isotope is Zn}). Synthesis to gallium &Emﬂmmoﬁ.%_

proceeds as follows :—

. L3
Znfi—~Gafl+B; Znil—~Gall 48, =

S N — p— e

the unstable zinc isotopes being produced by the capture!
of aTeutron by Znf and Znl) respectively. It is sig-l”
nificatit that Feltil has oberved fradioactivity with!
both copper and zinc bombarded by neutrons. b
The missing gallium isotopes Glal! and Gal? are B-ray
links in the evolution of the elements by neutron capture!
and radioactive synthesis producing the stable isotopest:
Gel; and Gef}. The other germanium .isotopes Hmmﬁﬁ
from neutron absorption, the last stable isotope havingit
mass number 76. (Gel} is missing, and- this isotope it is
postulated is radioactive to produce As?. Arsenic is ab
single element, so that As}} resulting from As? by neutron :

Lp iy

G e

|

g

g

process.

ogours —

uWHmH

. Badioactivity and Nuclear Synthesis.

takes place. Tt is significant that selenium has an iso

a Beray emitter an
of mass 73 which exists
~been detected. Tn con
Asls would produce Sels, = This is, however, doubtful,
inspite of the fact that the Committee on Atomic Weights
of the International Union of ‘Chemistry has recently 1
altered the atomic weight. of arsenic .
‘more probable that Sel* is produced by some secondary
process and that. it does not aris

* *
5> P> K1 »q-58 el B —Brlif—»p-> Ky

809

“capture produces Sefs. In addition, Gefl produced by
the addition of a neutron to Ge?
since Asjj is also missing it is probable that the double
Bray synthesis

is B radioactive, and

Gell-8 -+ Asll—B—SelT

ATF19)3

f mass 74 which does not fit in_with tHis Suggested -

umomwwmmﬁwm Sy

Py e S Sy
S

esisTt-is“periaps possible that Gelt i
hat arsenic possesses a second isotope
in small abundance and has not
sequence the B-ray activity of

to 74-91, and it is

e in the direct synthesis

- The missing selenium isotopes Sely and Sefl are Bray
~emitters and produce Brll and Bril

s5» the unstable isotopes

being - produced when Sel! and Sef? capture a neutron.
Similarly, the missing bromine isotopes Bris and Br¥ are
the synthesis links producing Xe3 and Xe??

5. The other

- xenen isotopes are produced by the successive addition
(= of neutrons to these nuclei. Tt is difficult, however, on,
‘this hypothesis to account for the isotope of mass 78 which
exists in slight abundance unless the following action

362

. o e
e nucleus Kr}? formed in an excited state occasionally

i EQ@Em an «-particle instead of yradiation, the mmwm

shown.

iy

: m&& Mag. 8

.

icleus 5o formed being excited and emitting B-rays as

The missing Haa%wos_ H.mowo@mm. K13} and Kr¥T are S-radio-

6 6

active and produce: the isotopes Rb3 and RbY, the
unstable isotopes resulting from Krf and Kr$ by the
~addition of neutrons. In the case of rubidium it seems
definite that RbE is radioactive and emits B-radiation, so

T Jowrn. Chem. Soc., April 1034,
7. Vol. 18. No.-121. Now. 1934, - 3H

tope ..
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not certain, that comparatively minor alterations would strengthen
it very con51derably For the present, the attempt has been made
to rely as far as possible on assumptions which already have some
physical support; arbitrary hypotheses are avoided until it becomes
clear that even the broadest study is held up for lack of one.

2. THE THEORY OF REGENERATIVE SYNTHESIS

It 1s well known that the maximum possible life of the universe is
much shorter if stellar energy is due to transmutation of the ele-
ments than if it is due to total annihilation. In fact, it is cdefmitely
too short to fit some theories of stellar dynamics, associated mainly
with the name of Jeans, which, to say the least, have never been
disproved. We shall return to this question later.* For the majority
of other views, synthesis, provided hydrogen is consumed in it, fur-
nishes an adequate, if scarcely a very liberal, time-scale® if the ele-
ment consumed is not hydrogen, the scale will be shortened from six
to ten times at the least, and much more in most cases, since all
other possible transformations upward or downward from known
elements involve so much less percentage change of mass.

Russell has recently shown that the percentage of hydrogen in
stars 1s probably very much greater even at the present time than
had crenera]ly been supposed; in the sun’s atmosphere, for example,
sixty out of every sixty-five atoms are hydrogen. Since in addition
the bydrogen nucleus is probably much simpler than any other, it
seems very reasonable to assume that in its initial state any star,
or indeed the entire universe, was composed solely of hydrogen; the
small amount of angular momentum possessed by individual stars
indicates that if this hydrogen was originally diffuse there was prob-
ably also very little small-scale motion in it; and the assumption
that it was also cold is, though unimportant, at least as attractive
as any other. The initial state of the universe thus becomes one of
very remarkable simplicity, and we hope to show that the present
complexity both of stars and of chemical elements could develop
from this state by a self-regulating process.

At the outset there is one obvious difficulty that has been noticed
by nearly every student of the question; the snnplest direct synthesis

188, A, i 2 Eddington, op. cit., p. 293.



THE END GAME
BZFH 1957, sure enough you can build everything
from hydrogen (Prout was right)

Beatrice ‘Muriel Hill Tinsley 196f, a galaxy
made of baryons can describe chemical evoln,
residual gas fraction, luminosity vs time etc

Still remarkably true (Matteuchi book 2012)

~ Yale 1977, Evolution of galaxies & stellar

- populations. Chemical evoln. still baryons.
Baryonic, non-dissipative DM for halos in
‘galaxy mergers (brown dwarfs??)
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Fig. 1.1 shows a general scheme or ‘creation myth?
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