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We have previously proposed (1) 
that bacterial species exposed to sun- 
light evolved high G + C contents to 
avoid thymine specific damage from the 
ultraviolet radiation in sunlight, and 
this could be one of the explanations 
for the wide variation of G + C ratios 
in bacteria. We presented evidence that 
there was a good correlation between 
the amount of sunlight to which bac- 
terial "genera" were normally exposed 
and their G + C content. We also pre- 
sented calculations on the amount of 
ultraviolet that bacteria were exposed to 
and its effect. Leth Bak et al. (2) take 
issue with us in that they find a number 
of exceptions to our generalization. 
They consider a fairly small number of 
individual species, whereas we consid- 
ered "genera" so as to reduce the influ- 
ence of minor fluctuations (due to mis- 
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They consider a fairly small number of 
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ered "genera" so as to reduce the influ- 
ence of minor fluctuations (due to mis- 

classification, poorly understood habi- 
tats, and so forth) on individual species, 
and we considered all 73 "genera" whose 
G + C contents were known at that 
time. We still think that the overall 
correlation is striking and that some 
individual exceptions are to be ex- 
pected, in part because of the difficul- 
ties in classification and the uncertain- 
ties of determining the normal habitats 
of bacteria in nature. 

The alternate explanation of Leth 
Bak et al. that the variation in G + C 
contents is random (and therefore not 
otherwise explicable) was one that we 
discussed (1, reference 26), and we 
pointed out that a truly random dis- 
tribution of G + C contents would 
leave virtually all bacteria within 1 
percent of the mean. This implies that 
G + C content must reflect underly- 
ing, evolutionary forces. We still hold 
that ultraviolet damage is a tremendous 
force in the life of microorganisms, 
that organisms with a high G + C con- 
tent would be more resistant to damage 
by ultraviolet, and that this seems the 
most likely evolutionary force to ex- 
plain the variation in G + C ratios. 
Further work on the normal life habitats 
and evolution of microorganisms will 
presumably clarify this question. 
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Bohr Atom: A Remark on the Early History Bohr Atom: A Remark on the Early History 

In his excellent book (1) The Con- 
ceptual Development of Quantum Me- 
chanics, Max Jammer discusses a paper 
(2) by my teacher, F. Hasen/hrl, and 
one of mine (3), based on it. He says 
(p. 75): 

In March 1912 Herzfeld proposed a 
modification of Thomson's model by as- 
suming circular electronic orbits and a 
non-uniform charge density of the posi- 
tive sphere and derived from these as- 
sumptions the Balmer series by a quan- 
tization of energy in accordance with a 
rule formulated by Hasen6hrl as general- 
ization of Planck's prescription for the 
quantization of the harmonic oscillator. 
But all these and similar calculations . . . 
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lost their validity with the abandonment 
of the Thomson model on which they 
are based. 

While this description is historically 
cor,rect, the last sentence misses, in my 
opinion, an essential point. Hasenohrl 
used no model whatever, while the 
model I used is sufficiently general. 

The matter might seem too trivial to 
discuss further, but a point which is 
quite important in my opinion and has 
not been emphasized elsewhere is close- 
ly connected with it. Since I am the 
only survivor of the three involved- 
Bohr, Hasenohrl, and myself-I may 
be permitted to dwell on the matter; I 
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will talk from hindsight, not from what 
was known at the time. 

In 1911, the only material system 
quantized was the harmonic oscillator 
[(4); Planck, solid state], for which the 
quantum condition could be written 

En/W tihn (1) 

where E. is the energy of quantum state 
n, X) is the angular frequency, and 'H is 
Planck's constant. (I will ignore the 
problem of zero-point energy.) It is 
characteristic for this case that the fre- 
quency is independent of the energy. 
Hasenohrl looked for a generalization 
applicable to cases where to depends on 
the energy. 

He started out with the equations of 
classical mechanics in the form they 
take if action and angle variables are 
used [(5); periodic, one-dimensional 
system]. 

dE/dJ = (2) 

where E is the total energy and J, the 
action variable, is an adiabatic in- 
variant. 

From Eq. 2 follows 

dE/w = dJ (3a) 
or 

fdE/ J - J' (3b) 

Hasenohrl then introduced the quantum 
condition 

J -J' = (n - n)h (4a) 
or 

E 
dE/- = (n- n')h (4b) 

E' 

He then evaluated, as an example, 
the connection between E and to when 
the relation between o and n is given 
by the Balmer formula. No model was 
used or mentioned. 

My paper, based on Hasenohrl, in- 
troduced a modified Thomson model. 
The original Thomson model contained 
an electron moving in a sphere of posi- 
tive electrical density p, p being con- 
stant. This made the electron behave 
as a simple harmonic oscillator, with a 
frequency independent of the energy, 
and, in reaction to an incoming wave, 
in accordance with classical dispersion 
theory. I modified this model by having 
the electron move on a circle around 
the origin and allowing the density to 
depend on the radius. The density can 
then be determined so as to give any 
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prescribed connection between E and o. 
This model could, of course, not give 
the correct dispersion theory, but only 
quantum mechanics can do that. 

Then wihy did our papers not lead 
to the correct result? Why did I not 
find the Rutherford model, which is, of 
course, a "modified Thomson model" 
with the positive density a (three-dimen- 
sional) delta function? 

The answer is that we-like every- 
body before us and everybody after us 
until Bohr's papers-identified the fre- 
quency of the mechanical motion with 
that of the emitted light, that is, coupled 
the mechanical system to the radiation 
field electromagnetically. 

In my opinion, the most fundamental 
innovation Bohr introduced, which made 
a theory of atoms and molecules and 
their spectra possible, was the fact t,hat 
he applied quantization twice, once to 
the mechanical system and once to the 
radiation field, and coupled the two not 
electromagnetically but by the principle 
of conservation of energy (6). In the 
case of the Planck oscillator the me- 
chanical system and the radiation field 
have Hamiltonians of the same form, 
so that the relation between energy and 
frequency is the same (7), and it does 
not matter for the result whether the 
coupling is electromagnetic or by en- 
ergy conservation; in every other case, 
the result is different for the two. 

Let us see what would have followed 
if Hasenohrl had known this principle 
(together with the Ritz intercombina- 
tion principle). He would then have 
concluded that the energy levels were 
given by 

e =: - R c 27rh/n2 (5) 

where R is the Rydberg constant and c 
is the velocity of light. 

Let us see what one can conclude if 

en =_ --f(n2) 

is given and one makes as the only 
model assumption that of circular orbits 
in a central field of potential energy 
V(r). One gets for the centrifugal force 

mv2/r = dV/dr or mv2 = r dV/dr (6) 

where m is mass, v is velocity, and r 
is radius. 

2J m'2v2r2 m dV n = - = -^- =h- 
- ? (7) Th hs2 th2 dTr 

Therefore one has the differential 
equation (8) from Eq. 5 

r dV ( 3 dV\ 
2 dr F1\h ldr) (8) 

This is a first-order differential equa- 
tion for V. In particular, in the Balmer 
case (Eq. 5) 

n,dV (r dV ) 2rcR 
dr 2 dr 

- 
) (9) 

which has the solution (9) 

A 4 7r cRh' 
r m (10) 

and one immediately concludes that the 
Rutherford atom is the correct "modi- 
fied" Thomson model for this case. 

From the description in Jammer it 
does not seem as if Bohr, at the time 
of his first papers in 1913, was aware 
of the fundamentally new procedure he 
had introduced; he seemed to look for 
connections between the mechanical 
frequency and that of the emitted light 
in a very indirect manner; however, 
this might have been pedagogical (10). 
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