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The History of Oxygen 

Malcolm Dole 
Department of Chemistry, Northwestern University 

TO A CHEMIST, OXYGEN IS ONE of the 
most interesting elements of the earth because 
of its reniarkable reactivity, its paramagnetism, 

its participation in living processes, its use as  the 
standard for  atomic weights, and, finally, its great 
abundance in the earth's crust. The origin of oxygen 
not only as  a n  element, but as a free gas in the earth's 
atwosphere, and the sequence of events which oxygen 
now undergoes as it  passes through the carbon and 
other cycles, constitute the history of oxygen, a sub-
ject about which we may never know with certainty 
all of the details, although the broad aspects of some 
of its history seem at  the present time to be clear. 

The three stable isotopes of oxygen, masses 16, 17, 
and 18, presumably were initially formed from the 
primordial flux of neutrons (called by Alpher the 
('ylem") which was the precursor of all matter. 
Alpher, Bethe, and Gamow (1) have recently pnb- 
lished a neutron-capture theory of the formation and 
relative abundance of the elements which makes plaus- 
ible, from a semiquantitative point of view, the idea 
that all the elements were initially formed in the same 
event, by the decay of neutrons to protons and elec- 
trons and by the capture of neutrons and protons by 
each other to form the various known nuclei. Given 
the formation of oxygen by this mechanism, we now 
proceed to discuss the history of oxygen on our own 
planet. 

A problem which challenges our imagination is that 
of explaining the existence of free uncombined oxygen 
in 0~11. atmosphere. D. ter H a a r  (12) has recently 
reviewed theories of the origin of our solar systeit~ 
and presented a new modified theory of his own which 
conles the closest of all extant theories to explaining 
quantitatively the known facts. H e  starts with thc 
silt~plest possible hypothesis, originally proposed by 
Ic:lnt, namely, a sun surrounded by a gaseous en-
velope. Condensation nuclei formed near the sun will 
be inorganic compounds of heavy elements (that is, 
heavier than hydrogen and carbon) ; hence the inner 
pla~iets will be small and dense. They will have ac-
quired their size before gravitational capture of matter 
fro111 the gaseous envelope has become important. The 
outer planets, however, would be formed in a rela-
tively cold region of the envelope so that organic as 

Adapted from an address delivered as the retiring presi- 

dent o f  the Northwestern Chapter o f  Sigma Xi, October 

2 0 ,  1948.  


well as  inorganic con~pounds could form and condense. 
The outer planets, therefore, will be of small density, 
but will grow to large size because of gravitational 
capture. 

During the process of condensation, the earth seems 
to have lost practically all of the light elements which 
could not be bound chemically; fo r  example, as  Unsiild 
(24) has pointed out, in the star z Scorpii, neon and 
nitrogen are about equally abundant, and their abun- 
dance does not fall  much short of that of oxygen, 
whereas in the earth's atmosphere the abundance of 
neon is almost negligible. I f  neon of atomic weight 
20 could not be held by the earth, neither could 
water vapor of mass 18, nor atomic oxygen of mass 
16. Argon of mass 40 and molecular oxygen of 
mass 32 would be much more likely to be captured. 
However, because of the reactivity of oxygen it is 
almost inconceivable that the earth's atmosphere when 
first formed could have contained this element in 
its uncombined state. Water must have been held 
in combination with inorganic compounds, most of 
which are  readily hydrated or  which adsorb water 
to some extent. A s  the matter condensed to create 
the earth, the potential energy of the gaseous en-
velope was undoubtedly transformed into heat, rais- 
ing the temperature of the growing nucleus. Inas-
rr~uch as the melting point probably rises more rapidly 
with the pressure in the interior of the'earth than does 
the temperature, the earth would solidify first within, 
followed by a gradual consolidation proceeding out- 
ward (see discussion in 29). This heat would cause 
water to be driven out, but if the planet had accumu- 
lated enough mass a t  this point, the water would be 
held in the gravitational field. I n  1924 Tammann 
(23) calculated that even a t  as  high a temperature as  
1,500" K the fraction of water molecules having veloc- 
ities equal to or greater than the "escape velocity" 
was only 1.4 x a negligible fraction. Nitrogen 
and carbon dioxide would collect in  the atmosphere on 
being driven out of the hot magma, in much the same 
way as water. I n  addition to being fixed in water and 
carbon dioxide, we find oxygen in the earth's crust 
:dso in  the form of oxides and silicates, but we shall 
not be concerned here with the history of oxygen in 
these compounds. 

W e  come now to the period of oxygen's history be- 
ginning with the earth af ter  it had cooled from its 
original molten state. The most important fact  that  
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confronts us is the present existence of oxygen in the 
atmosphere; there are those, such as  the Russian bio- 
chemist Oparin ( 1 8 ) , who believe that life was 'first 
created on the earth by processes not involving free 
oxygen, surh as  the slow formation in the oceans of 
small organic n~olecules, then larger polymers, then col- 
loidal particles, such as tactoids or coacervates, and 
finally living organisms. These living organisms then 
began to photosynthesize, thus creating the oxygen of 
the atmosphere by the dehydrogenation of water. The 
difficulty with this theory of Oparin's is that it cannot 
be checked by the application of known physicochem- 
ical principles, because of our present ignorance con- 
cerning not only the mechanism of the origin and 
production of life, but also of the details of the photo- 
synthesis process. Tammann (23) believed that oxy- 
gen arose through the thermal dissociation of water 
followed by escape of hydrogen from the atmosphere, 
but fo r  this process to have been significant the tem- 
perature of the water vapor must have exceeded 1,500' 
K (to produce appreciable dissociation). 

I n  the higher regions of the earth's atmosphere, in 
the stratosphere, the ultraviolet light from the sun is 
much nlore intense than a t  the earth's surface, pro- 
ducing a t  a height of 25 km a maximum in the partial 
pressure of ozone, according to the photochemical re- 
action 

O , + h v - + O , * ~ O + O  (+ 5.08 ev) ( 1 )  

0 + 0, + M(N, 9)  +0, + M (- 1.03 ev) (26)  


(Reaction numbers are those of Table 1.) I t  is this 

layer of ozone which prevents practically all of the 

light of wave length shorter than about 3,000 A from 

reaching the earth. But  above 50 km very little ozone 

is present, so that we rnay assume that in this region 

of the stratosphere and a t  higher levels in  the iono- 

sphere, the gas present is exposed to solar radiation 

of wave length even as short as 600 A. I t  is impor- 

tant  to consider possible photochemical as well as ioni- 

zation processes which may have given rise to free 

atmospheric oxygen as suggested by Poole (19). I n  

Table 1we have listed all of the processes, photochem- 

ical or ionic, which are believed to exist o r  to be 

capable of existing in the stratosphere or ionosphere. 

I t  is a relatively sirnple matter to write a sequence of 
reactions which can produce oxygen; f o r  example, 
water and oxygen on dissociation produce fragments 
which could react as follows : 

H , O + h v - + H + O H  +5.12 ev (12) 
O , + h v + O + O  +5.08 ev (1) 
O + O H - + O , + I I  -0.69 ev (22) 
O H + O E I + H , O + O  -0.61 ev (9) 

I f  the hydrogen of reactions 3,17, and 19 has thernial 
energies greater than 2,000 or  1,500" K, it will be 

POSSIRr,E PHOTO~~HI~III 'AI ,  A N D  IONIC PI~OCBSSWS OH. THC 

STKA'LOSI>HIOREA N D  IOAOSPIIBILB* 

Encray 
nhsorbcd

Reaction 
Rc.actio11 (+) or  Rcfercnre

No. 
liberated 
(-) in ev 

L'rtrEotherr~~~c ReactionsEhotoclbcmical 

1. On t hv j0 + 0 + 5.08 (13)  
2. Oz + hv +O (ID) + O + 7.05 (10)  
3. Hz0 + hv -+ I1 + OH + 5.12 (13)  
4. N~+ llv -+N + N ( 2 ~ o )  + 9.75 (17) 
5. c o s + h v + c o + o  (ID) + 7.47 (17) 
6. C O + h v j C + O  + 9.14 (1s )  

E~~rEotktnnicIonizing Rcuclions 

0 2 - Oz++e 
O z + O + O + + e  
Hz0 -+ IIzOt + e 
Hz0 -+ I1 + OH++ e 
1120 +H + H + 0++ e 
HzO-+H2+O++e  
N z j N z + + e  
COs +COz++ e 
COz+CO t O + + e  
C O z j C O + t O + e  

I$.cotherrnic l 'hcrmal RI actions 

O I I + O j 0 2 t I I  - 0.60 
011+ 011j 1120 t O - 0.61 
OH + 011-+ I12 + 0 s  - 0.69 
N (2Do) + 1 1 2 0  +NH + 013 - 0.7 
N + 1120 -+ NO + Hz - 0.31 
N t O H j N O + I I  - 0.95 
N (ZDO) + 011j NII t O - 1.43 
N (ZDO) + COs +NO + CO - 2.2 
N + O z + N O + O  - 0.21 
N + N I I + N z + H  - 3.98 
C + H 2 0 j C O + H z  - 4.16 
CO+HsO-+ C O z t  Hz - 0.52 

Exothermic l'hernhul 12eact?ons IZequir~t~g n 
Third Body (I 'ossrbl~ N2) 

29. 0 + O z j  03 - 1.0:i ( 2 2 )  
30. 0 + I1 +011 - 4 34 ( 8 )  
31. 011+ OH +HsOz - 2  2 ( 2 7 )  
32. N + N - + N s  	 - 7.38 (11)  
33. N + O  + N O  	 - 5 29 ( 1 8 )  
34. N + H j NH - 3.4 (19) 
35. N + C  j C N  - 5.06 ( 1 s )  
36. C + I I  j C H  - 3.47 (13) 
(Also the 	reverse ot reactions 1, 3, 5 and t i )  


B s o l h c r ~ n ? ~ 
Io?aic IJrocesses 

37. O z + + e - + O + O  - 7.11 
38. N z + + e j N + N  - 8 12 
30. IIzO++ e j I1 + 011 - 7 6  
40. OII++ e j H + 0 - 0  0 

* All atoms and molecules listed are  gascons and in their 
ground s ta tes  unless otherwise indicated. All atollis and  
molecules a rc  coniposed of the  most conirnon isotope (slight 
differences will exist if hydrogen, 111, is reg1:lced by denter-
ium, for example). 

quickly lost, leaving a n  excess of free oxygen in the 
atmosphere. Poole (19) has estimated that, a t  a tem- 
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perature of 1,000° K ,  the ionosphere will lose all of 
its hydrogen in five years; if the hydrogen exists as  
atoniic rather than n~olecular hydrogen, the titile of 

.escape is reduced frorli five years to two days. F o r  
every two atoil~s of hydrogen lost, the at~nosphere will 
show a net incwase of one oxygen atoin gained. 

It will be noted that reactions 17, 18, and 19 are all 
bimolecular and give rise to two products, and thus do 
not require a "wall" or a third body for  conservation 
of momentum; in other words, they are hoino~eneous 
reactions. IIowever, reactions 18 and 19 can probably 
be ruled out as  being of it~inor inlportance because the 
relative arnount of water prcscnt is srlialler than that 
of oxygen. As a consequence, the partial pressure of 
O H  will be snlaller than that of atomic oxygen, and 
the probability of a collision between 011 and O will 
be greater than the probability of a collision between 
two O H  radicals. Dobson, Brewer, and Cwilong ( 4 ) ,  
who have rnade careful nleasurerlients of the frost 
point in the stratosphele u p  to heights of about 10 krn, 
phint out that the hurnidity content of the strato-
sphere, which drops off rapidly when the stratosphtre 
is reached, is less than expected. The water content 
of the upper stratosphere and ionosphere is unknown. 
Elvey (9)  states, however, that the spectrunl of the 
nonpolar aurora (light of the night sky) denionstrates 
in  the upper atrnosphere the presence of water mole- 
cules in certain excited states along with oxygen, and 
sodiuin atotns, N,, NO, and 0, molecules. 

F o r  hydrogen atorr~s or nlolecules to have velocities 
equal to the escape velocity as calculated by Jeans 
(14) their velocities irlust be equivalent to tempera- 
tures of several thousands of degrees (at  1,500" K the 
fraction of hydrogen molecules, assunling a Maxwellian 
distribution, which have velocities equal to or greater 
than the escape velocity, is 0.00032, (23). I s  there 
any rliechanisnl by which hydrogen atorns o r  itiolecules 
can acquire such high energies? I n  reaction 1 7  which 
we favor as the oxygen-producing reaction, the energy 
liberated is 0.69 ev; if this excess energy is dissipated 
as translational energy the fraction 32/33, o r  0.67 
ev, will be carrietl by the hydrogen atotil. This is 
equivalent to a "tcniperature" of about 5,000" K. 
Such a "hot" rllolecule will soon reach therrlial equi- 
librium by collisions with the gases a t  the level of 
the stratosphere a t  which it  is forlned because the mo- 
lecular incan free path is negligiblc in cor1iy)avison to 
stratospheric distances at  the pressures of to 

mm IIg existing in the stratosphere. As greater 
heights are reached, the pressure drops and the tern- 
perature rises. Thus, a t  a height of 285 krrl Godfrey 
and Price (11) esti~nate the temperature to be 1,350" 
K and the pressure, 6 x 111111 IIg. A t  this tein- 
perature the hydrogen would be rapidly lost as inen- 

tioned above. A t  the present tiine the rate of vertical 
iliixing between layers of the stratosphere and the 
ionosphere is unknown, hence it  is impossible to esti- 
rliate the rate a t  which the hydrogen escapes froni the 
stratosphere. Certainly there is a negligible abun-
dance of hydrogen in the upper atmosphere, in con-
trast to earlier ideas. IVildt (30) points out that only 
about 1 per ccnt of the heliurn formed by radioactive 
decay in the earth's sedimentary rocks is present in 
our attnosph,here; the 'cst "rnnst have escaped from the 
atnlosphere during geological time." IIydrogcn pre- 
suniably would escape even rnore rapidly than heliuiti. 

I n  addition lo reactions 3 and 1 7  as  a source of 
oxygen, thc following series of reactions could con-
ceivably result in the presence of free atnlospheric 
oxygen : 

These reactions do not require atoitiic oxygen for  the 
production of 0, as does reaction 17. Although Dhar 
( 3 ) states that fornlaldehyde has been found in rain 
water, reactions producing it have not been listed in 
Table 1because forrilaldehyde is rapidly decolnposed 
photocheiliically, particularly in the presence of oxy- 
gen (17). Table 1,however, does contain an amaz-
ingly long list of reactions and denlonstrates the rich- 
ness of the chelnical processes in thc upper atinosphere. 
The energy for  the ionization of lnolecules can be 
thought of as coming from cosinic rays; evidence f o r  
ionization is, of course, the free electron and ion con- 
tent of the ionosphere. 

So inuch for  the past history of the origin of oxy- 
gen, as  far  as  we can infer it from rnotlern knowletlye. 
What about the pi-esent oxygen of our atniosphere, 
does it  have a history? The universally accepted belief 
is that all of the oxygen of the atn~osphere has been 
pi.otluced by the photosynthesis process in land and 
nlarine plants, it~ostly froin photosynthesis in the 
oceans of the worltl. There is one small tlifficulty with 
this theory-the isotopic coniposition of atmospheric 
oxygen is not that of oxygen in the w3ter of the 
oceans as  discovered by the author ( 5 ) .  Ruben, Ran- 
tlall, Kanien, and Hyde (21) dernonstrated that the 
oxygen produced by photosynthesis rarne entirely 
froril the water and not frorn the carbon dioxide of the 
culture rliediuili, whilc Dole and Jenks ( 6 )  showed 
that the photosynthetic oxygen had the expected iso- 
topic cotl~position for  isotopic exchnnye equilibrium 
between oxygen and water, a composition which is 
definitely lower in OI8 content than that of atmos-
pheric oxygen. The present oxygen of the atnlosphere 
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lnust have a n  origin different from photosynthetic oxy- 
gen or the photosynthetic oxygen inust have changed 
its cornposition by isotopic exchange after being pro- 
duced photosynthetically. Before we give u p  the cen- 
tury-old belief in the inlportance of the photosynthetic 
orlgin of oxygen, let us investigate the possibility of 
Ols enrichment of atmospheric oxygen by isotopic ex- 
change. 

There are two possible exchange reactions which 
could enhance the 018content of atmospheric oxygen; 
the first, 

2H,OIs(g) + 0216(g)* 2H2016(g)+ O2Is(g), 
and the second, 

21-I,018(g) + C0216(g)i3 COZ1"(g + 22f12016(g), 
followed by the irreversible reaction 

C0218 ( g )  + 021fi(g)-+COzl('(g) + 0218( g )  
Urey (25) has recently recalculated, a t  0" C and 
above, the equilibrlurn constants of these reactions first 
published by Urey and Greiff (28). Values fo r  thc 
fractionation factor, which is the mtio of 018to 016 

in thc oxygen 01- carbon dioxlde divided by the sirnilar 
ratio fo r  thc water in thc two equilibria a t  diffcrcnt 
ternpcratures, are shown in Table 2 for  thc oxygen- 
water and oxygen-carbon dioxide equilibria. W e  have 
extended Urey's calculations to - 50" C in thc casc 
of thc oxygen-water vapor equilibrium. 

.- . .- --

Reaclion 22::"IC 27:i.l 298.1 'I< 
-- . ... . 

1T':~ter vapor-oxygen . . . . . . . . 1.030 I .017 1.014 

\\rater vapor-carbon clioxitle . . 1 . 0 5  1.047 

Iiquid water-oxygen . . . . . . . . 1.006 1.006 

Liq~i idw;rtc.r-carbon dioxide . . 1.044 1.099 


Note that the fractionation factors for  the oxygen- 
water equilibria are rriuch srnaller than those for  the 
carbon dioxide-water equilibria and have a practically 
zcro ternpcrature cocfficient in thc case of the cqui- 
librium bctwecn oxygen gas and liquid water. Letting 
u represent the fractlonation factor, the pelZcentagc 
increase in the 018 abundance of thc oxygen when 
brought into equilibriunl with liquid water (assurning 
that both the free oxygen and thc oxygcn in water had 
thc saillc isotopic coillposition before being brought 
into isotopic exchange equilibriuln with each other and 
assuming an infinite volun~e of water) is 100 ( a-1 )  = 
O.G% or 6 parts pcr rriil a t  273' K. Atn~ospheric 
oxygen has an Ols content 30 parts per mil greater 
than the oxygen of Lake Michigan water. Even as-
suming that the exchange equilibrium is established a t  
221° I< and that thc water vapor particil~ating in the 

equilibrium a t  this low te~nperature eventually estab- 
lished an equilibrium with ocean water a t  l o 0  C so  
that the over-all process can be written 

O2I6 (stratosphere a t  - 50' C) + 21-1201s (ocean a t  
10' C)  +' 021s(stratosphere a t  - 50' C)  + 2H,0I6 
(ocean a t  10' C) ,  

the Ols content of free oxygen will be enhanced 20 
parts per mil with reference to ocean water o r  25 
parts per mil with respeet to  Lake Mlchigan water, 
still less than 30 parts per mil. 

Dole and Roake ( 7 )  have shown, furthennore, that 
oxygen isotopes do not exchange between oxygen gas 
and water vapor when passed through a glow dis- 
charge a t  low temper-atures and pressures. An ex-
change of oxygen lsotopcs could be dcrnonstrated, 
howcver, between carbon dioxide and oxygen, so that 
the enhanced 018content of the atrriosphere can be 
fully and quantitatively explained by the following 
sequence of reactions : 

CO, (air)  + lI ,O (vapor a t  0" C) -+ CO, (air)  of 
018content equal to 49 parts per mil (Lake Mich- 
igan standard). 

This CO,, having an OI8 contcnt enhanced to 44 
parts pcr mil with respect to ocean water, then undcr- 
goes a n  irreversible and randorn exchange of its oxy- 
gen lsotopes with the oxygen of the stratosphere by 
virtue of reactions 1, 3, 5, 6, 17, and 19 of Tablc 1 
or their reverse, producing in thc stratosphere an OIs 
contcnt enhanced to the maximurn extent of 44 parts  
per mil with respcct to ocean water. The observed 
value is 30 parts per mil with respcct to Lake Mich- 
lgan water or 25 parts per mil, to ocean water (26). 
The assumptions in this calculation arc:  (1) the irre- 
verslbility of the photocherriically produced exchange 
of isotopes and ( 2 )  the temperature a t  which cqui- 
libriuin between thc CO, and H,O is establ~shed. 

Despite this success in accounting for  the 018con-
tent of the atalosphere by assuming a stratospheric 
irrevcrslble exchange of 018 bctwcen 0, and CO,, 
there is still the problerri of dcrnonstrating a transfer 
of thc 018enhanced oxygen from the stratosphcre to 
thc troposphcre. As Dobson, Brewer, and Cwilong 
have polntecl out (4),a "general world circulation be- 
tween the equator and the polcs which causes the air 
in the stratosphcre to rise slowly ncar the equator and 
to subside slowly near the poles" has been postulatcd 
to explain differences in telnpcrature in the strato- 
sphere a t  low and high altitudes. Thesc authors find 
it  unnecessary to invoke this hypothesis, preferring 
to basc the terripcrature differences on the differences 
In radiation duc to different ozone contcnt. Thus 
therc seerns to be no proof a t  the present tirnc of ver- 
tical rnixing bctwcen thc low and high levels of the 
nto~osphere, although horizontal winds of high velocity 
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are known to exist in the stratosphere. I t  would be 

extremely interesting to investigate the isotopic corn- 
position of oxygcn in the stratosphere as well as from 
various geographical locations such as  the arctic and 
the tropics. I t  might be possible to follow large-scale 
air  currents in this way because, frorri all we know 
now, the photosynthesis reaction of the oceans is de- 
livering to the atinosphcre oxygen having a different 
isotopic coinposition froill that already present. Sirri- 
ilarly, the stratospheric oxygcn may have an isotopic 
eon~position different from the oxygen in contact with 
the tropical oceans. The ~naxirnurri expected differ- 
ence between stratospheric and photosynthetic oxygen 
is 33 parts  per  mil of which the error of ineasurernent 
is estiinated as  1part  per mil. 

We come finally to the thought that if oxygen ex- 
change in the stratosphere is significant, then synthesis 
of oxygen in the stratosphere may also be significant, 
and that the total abundance of free oxygen in the 
atrliosphere may be slowly increasing. I n  other words, 
it would appear that oxygcn has a future a s  well as  
a past and present history. 

(The author wishes to express his appreciation to 
J. J .  Kaplan for  information regarding the physics 
of the upper atniosphcre, to H. C. Urey f o r  recent, un- 
published data on oxygen isotope ratios, to the Alex- 
ander Dallas Raehe Fynd of the National Aeadeiny 
of Sciences and to the Penrose Fund of the American 
l'hilosophical Society fo r  grants in aid of the oxygen 
isotope studies.) 

( F o r  references see column 2, p. 96.) 

On the Origin of the Chemical Elements 


D. ter Haarl 
Department o f  Physics, Purdue University 

N RECENT Y E A E S  MANY ATTEMPTS have 
been made to explain the observed abundance of 
the chemical elerrients and their isotopes. A sur-

vey of papers on this subject will be prescnted in a 
forthcoming paper ( 4 ) .  I n  this article, an attempt 
will be made to connect these thcories with the general 
cosmogony developed by von Weizsacker (Y ) ,  not by 
offering a corriplete and quantitative theory, but rather 
by sketching a possible way of cornbining ideas ex- 
pressed by other authors into a theory which inay, 
perhaps, be more satisfactory than the existing ones2 
The limitations of earlier theories are  considered in 
the survey paper (4 )  mentioned earlier. 

The idea is to eliminate one of von Weizsacker's 
initial conditions, on the one hand, and to suggest 
possible initial steps fo r  the thcories of van Albada 
( I ) ,  Beskow and Treffenberg ( 2 ) ,  and Mayer and 
Teller (7) .  I n  von Weizsacker7s cosmogony the 
univcrse is, a t  the beginning of the present epoch, 
filled with a turbulent .gas. The origin of this gas 
and its turbulence is assuined to be a problem lying 
outside the scope of this cosmogony. Von Weizsaeker 

1The author would like to express his tl~anlis to Drs. 
Mayer and Teller for a discussior~ of the subject matter of 
their paper ( 7 )  and an opportunity to see the manuscript 
prior to publication. The material was presented a t  the 
Solvay Congress in 1918 and, for publication, will be ex-
tended to include a short survey of the older theories. The 
author i s  also grateful to  Dr. von Weiasscker for the oppor- 
tunity to read his  paper ( 1 0 )  prior to pnblication. 

Some of the ideas presented in this paper arc similar to 
ideas exprrssed by van A1b:rda and IIoylr. 

further assumes, however, that the corliposition of this 
gas is the same as the present composition of inter- 
stellar gas, or stellar material. I t  may be sufficient, 
however, to assume this gas to consist of hydrogen 
only, thus sirriplifying the initial conditions of von 
Weizsacker's cosmogony. Expressed differently, the 
solution of the problcrri of the origin of the chernical 
elements, other than hydrogen, is thus brought into 
the present epoch. Ry the "present epoch," we shall 
understand the period often referred to as  the age of 
the univcrse. Following present ideas about the age 
of the universe, we shall put  it a t  between 10 '  and 
1010 years (3, 4, 8 ) .  

As was shown by von Weizsiickt,r, in the gas filling 
the universe, concentrations of rnass and finally gase- 
ous bodies with masses of the order of stellar masses 
will be formed. Due to the conservation of angular 
rnorncntuin, these bodies mill be rotating fast. I n  the 
beginning the energy of these stars will be provided 
by gravitational energy, and later the deuteriuiil re- 
action (H+ H +D)  will set in. When the dcnsitics 
and central t ~ i i i p e ~ a t u r e s  have become greater, the von 
Wcizslcker-Bethe carbon-nitrogen cycle will start. 
(The necessary carbon nuclei will have been formed 
by nuclear reactions in the way, f o r  instance, dis- 
cussed by Rethe.) When all the hydrogen has been 
used, the star will collspse. The dcvelopincnt de-
scribed by IIoyle ( 5 )  will follow. Of particular in- 
terest are those stars which have not yet lost their 
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and supplcmental nitrogen fertilization with adapted 
hybrids, are ignored. Modcrn methods for wced control 
~v i th  cllcmical sprays are rnentioncd but not cxplained. 

Apparcntly the authors havc tried to cover too much 
too fast. Thus, they avoid specificity, yet specificity is 
essential in farm management. The result is  a mixture 
of old conccpts and comparatively old practices, somc 
good and some mediocre. It is f a r  behind the modern 
successf ul farmer. 

Parm soils is a morc uscful book. First  of all, thc 
author has confined his attention largely to soil manage- 
ment and thus not attempted to covcr so much ground. 
Pet,  rclatively, it is less up to date than the earlier edi- 
tions. Too much old material has becn rctaincd and not 
cnough of the new rcsults and new methods explained. 

The author's concept of soil managcmcnt is largely 
onc of maintaining the soil. EIc writes that  "farm soils 
tend to become acid." More often "farm soils" tha t  
need limc wcre acid a t  the start. Our problem with lime, 
organic matter, plant nutrients, and soil structure is, gcn- 
erally, as  much or more onc of improving thc natural 
soils as  it is of maintaining them. 

Thc discussion of soil classification as  a basis for  pre- 
dicting yiclds under alternative practiccs is outdated by 
15 ycars or more. And even the system presented is  not 
integrated with the rccomrnendations in a way to permit 
these to be applied to specific conditions. 

The moldboard plow is dcfcndcd almost too much. 
Under dry-farming in regions of low rainfall he writes: 
"Therefore, plow to a depth of 7 or 8 inchcs promptly 
af ter  crops are harrcstcd. ' ' The greatly improved tillage 
methods now used by good farmers for the Chcrnozcm, 
Chestnut, and Brown soils arc inadequately cxplaincd. 

This book is much better than Crop man.agernen.t and 
soil conservalion on lime and fertilizer. Worthen strcsscs 
thc savings to be made from home mixing of fertilizers 
and explains how i t  is done. H e  emphasizes thc great 
savings resulting from the use of high-analysis materials 
rathcr than low-analysis ones. Yet, one wishcs he had 
gonc further and not written tha t  "thc 5-10-5, with a 
total of 20 percent of nitrogen, phosphoric acid, and pot- 
ash, would class as  a high-analysis or a high-grade fer- 
tilizcr. . . ." But  he shows thc advantage of rcally high- 
analysis lrinds. There are little errors such as  "com-
plcte " for "mixed " fertilizer and ''allrali " for ' ' sa-
line" soil. Generalizations arc used where published 
data, if rcviewed, would hnve permitted specificity. 

Like the earlier editions, this book has a place for  vo- 
cational agricultural courses in high schools and junior 
colleges, particularly in the humid-temperate par t  of the 
country. But  i t  will need careful correction and supple- 
menting by the teacher, using local soil surveys and recent 
bulletins of state agricultural colleges and the U. S. De-
partment of Agriculture. 

Two books are badly needed-one in agronomy and one 
in soil m a n a g e m e n t t h a t  can compare with Fa rm man-
agement by Black, et al. and Feeds and feeding by Mor- 
rison. Neither of these comes close to filling this need. 

CIIARLES'E. KELLOGG 
U. S .  Department of Agriculture, 
Belt.sville, Maryland 
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