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The Chemist’s
Most Creative Years

The 2500 ablest of the world’s chemists attained their
maximum production rate at ages 30 through 34.

In 1835, just 123 years ago, two great
chemists, J. J. Berzelius and J. A. B.
Dumas, met in Paris. According to
Dumas’ brother (I, p. 117), their meet-
ing was marked by an odd verbal ex-
change.

“Upon entering the room where
Dumas was waiting for him, the most
illustrious among illustrious chemists
took Dumas by the hand, and looking
him straight in the eye, said:

“‘How old are you?’

¢ “Thirty-five.’

““That’s fine! You still have 20 years
of profitable research ahead of you. After
55 one does nothing important in the
field of chemistry.’

“This remark gave the conversation a
grave and almost an emotional turn.
Upon leaving Berzelius, Dumas could not
help thinking of the age of the great
man who, born in 1779, was now exactly
55, and who had indicated that his pres-
ent age marked the end of his important
work in chemistry.”

What justification did Berzelius have
for making this remark? The grave turn
in the conversation implies that he prob-
ably was not trying merely to make small
talk. In making this remark Berzelius
was perhaps expressing a mere impres-
sionistic judgment for, in so far as is
known, he made no statistical study of
the problem.

Dr. Lehman is a member of the department of
psychology of Ohio University, Athens.
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Today the record is 123 years older
than it was when Berzelius and Dumas
met. We have far more data available
than they had, and it is now possible to
give Berzelius’ pronouncement a careful
examination. That is what I have done
in this article (2) by use of data ob-
tained from 44 histories of chemistry by
authors from five different countries—
namely, Germany, France, England,
Italy, and the United States—22 of them
published since 1940 (I; 3-45).

As was implied in the preceding para-
graph, this study deals with the age at
which the important work of the great
research chemist is at an end. I have
found, among other things, that although,
after he has passed his thirties, the pro-
duction rate for the most brilliant chem-
ist’s extremely important creative work
tends to fall off both earlier and more
rapidly than does the production rate for
his own less brilliant output, no abrupt
change occurs at any one age level (46).
It therefore is not valid to say that the
chemist’s important contributions are at
an end at any time prior to his death.

As compared with the masterworks of
the less brilliant research workers, the
masterworks of the most able research
workers are produced by men who are
of more nearly the same age. The more
brilliant the chemist, the earlier the age
at which he gives genuine indications of
his future greatness. Although the great
chemist’s first research work is usually
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not his best, there are some conspicuous
exceptions to this rule. After they started
upon their professional careers, the most
able chemists progressed faster than their
less able colleagues. The 54 ablest chem-
ists have attained their highest produc-
tion rates and, hence, have contributed
the greatest proportion of their very best
work during the 15-year interval from
ages 25 to 39, inclusive; the higher the
caliber of the group, the larger the pro-
portion of their masterworks contrib-
uted during this 15-year interval. When
due allowance is made for the death
rate, it is found that, collectively, the
2500 greatest of the world’s chemists
have attained their maximum produc-
tion rate at ages 30 to 34, inclusive.

In what follows no attempt is made
to tell what could, or should, or would
have happened, under some purely hy-
pothetical condition that conceivably
might have existed but which did not
actually obtain at any time or any place.
Nor have I tried to extrapolate the find-
ings. The reader can do his own specu-
lating  about what will happen in the
days that lie ahead.

Sources of Information

In this study I never assume personal
responsibility for identifying or judging
the importance of a contribution to
chemistry. I depend always upon the
appraisals of recognized experts. These
several specialists compiled and pub-
lished their material under their own
names, not for the purpose for which I
have used it here, but rather for the use
of professional chemists. The 44 histories
were prepared by authors who had no
special interest in the age factor, and it
seems obvious that the compilers were
concerned not with the ages of the con-
tributors at the time they made their
important contributions but rather with
the actual significance of the contribu-
tions themselves. It seems unlikely, there-
fore, that the historians have exhibited
any special bias with reference to chrono-
logical age. Indeed, most of them did
not mention the contributors’ ages at all,
and they probably did not even give
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Table 1. Data for contributions to chemistry each of which was cited and discussed in one or more of 44 histories of chemistry.

Group
Row
A B C D E F G H 1
1. Number of contributors 54 30 66 77 109 111 201 385 1433
2. Total No. of works 1199 552 649 813 748 749 1019 1400 2767
3. Average No. of works per chemist 22.2 18.4 9.8 10.7 6.9 6.7 5.1 3.6 1.9
4. Maximum No. of histories citing
most renowned works 20 or more 15-19 10-14 7-9 50r6 4 only 3 only 2 only 1 only
5. Total No. of works of level of
merit indicated in row 4 102 38 70 83 123 125 233 480 2767
6. No. of men whose “one best”
work could be identified 53 30 66 76 98 85 178 330 838
7. Percentage of “one best” works
first reported after age 55 2 0 5 3 6 6 10 10 12
8. Age prior to which 25 percent of
“one best” works were reported 30.13 27.58 29.30 29.42 30.38 30.04 29.30 30.50 30.00
9. Age prior to which 50 percent of
“one best” works were reported 34.31 35.50 36.33 35.83 37.25 40.83 36.20 37.22 36.55
10. Age prior to which 75 percent of
“one best” works were reported 37.94 39.50 45.25 45.50 -45.25 43.75 42.13 46.58 46.95
11. Age range during which middle
50 percent of “one best”
works were reported 7.81 11.92 15.95 16.08 14.87 13.71 12.83 16.08 16.95

them a single thought. In preparing their
histories they must have been writing as
top-notch professional writers always
write, and it seems safe to assume that,
collectively at least, they must have ex-
hibited good professional judgment.

From each history I copied down the
name of each contributor to chemistry
each time that it appeared if the his-
torian also mentioned both a specific
contribution and a specific calendar date
that would enable me to know when the
contribution was either first made or first
reported. When the histories gave birth
and death dates or the national origin
of the contributor, or all of these data,
that information was also noted. When
birth and death dates and the country of
origin could not be obtained from these
histories, I obtained that information
when possible from other sources.

By subtracting the date of birth of
each contributor from the date on which
he made or first reported his several con-
tributions, it was possible to determine
the ages of the contributors at the time
they reported their contributions. Some
allowance must be made, of course, for
the time that may have elapsed between
the inception and completion of a bril-
liant scientific study and between the
latter date and that on which the achieve-
ment was first reported or published.
Since the chemists always reported their
contributions after, and never prior to,
making them, the contributors must have
been somewhat younger at the time they
made their contributions than my data
indicate.

The names of all the contributors
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found in each history were later typed
in alphabetical order, with the afore-
mentioned information set down after
each contributor’s name. This procedure
yielded 44 separate lists of names. When
the factual information from all 44 his-
tories had been typed in duplicate, I used
the duplicate lists to make one long
master list containing, in alphabetical
order, (i) the names of all contributors;
(ii) their birth and death dates; (iii)
the calendar dates on which they had re-
ported their several contributions; (iv)
their ages at the time they first reported
each contribution; and (v) the number
of different histories that cited and dis-
cussed the work reported by each con-
tributor during any one calendar year.

This last item of information was later
employed on the assumption that a group
of contributions each of which was cited
and discussed in, say, 15 or 20 histories
of chemistry is of greater importance to
chemistry than is another group of con-
tributions each of which is cited and
discussed in only one or two such his-
tories.

In the handling of my data no count
was made of the number of times a par-
ticular contribution was mentioned and
discussed between the covers of any one
history, but if several different contribu-
tions were made by the same individual
during any one calendar year, each was
counted. This means that a particular
history might credit a given chemist with
one specific contribution at a given
chronological age level or it might credit
him with several.

In making my master list I simply

totaled the number of different credits
(or tallies) thus obtained from the 44
histories. Therefore, in the reading of
this article it should be understood that
the words contribution and masterwork
refer not mnecessarily to one specific
achievement but rather to the entire out-
put that each chemist reported during
any one calendar year. In most instances
we know that this output consisted of one
outstanding discovery, but this is not true
in all cases. The reader should keep this
fact in mind constantly, for it would be
awkward to incorporate it in each of the
numerous statements I shall make later
in which I use the words contribution,
one best contribution, and so on.

Table 1 presents information regard-
ing 9896 chemistry “contributions” each
of which was of sufficient importance to
be cited and discussed in one or more of
the 44 histories. Table 1 sets forth the
data for deceased chemists only, and only
for those born not less than 70 years
prior to publication of each history from
which I obtained data. The figure of 70
years prior to the date of publication of
each history from which data were ob-
tained regarding a given chemist was set
as an arbitrary dividing line in order to
avoid the possible overloading of my
findings with data on contributors born
quite recently.

Data on living individuals are ex-
cluded from Table 1 because it obviously
is not possible to study the entire life-
work of chemists who are still living and
achieving. In the first place, it is almost
impossible to judge the actual signifi-
cance of quite recent work. The impor-
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tance of a chemistry contribution de-
pends on its ultimate fruitfulness, and the
ultimate fruitfulness of any scientific
finding cannot be known for a good long
time—if ever. Moreover, we have no sure
way of knowing what the living chemist
will accomplish during his later years.
Table 1 includes, therefore, the data for
deceased individuals only. For these the
record is reasonably complete, and fu-
ture events will probably change it only
slightly if at all.

Sorting of Contributors
and Their Contributions

The first row of Table 1 reveals the
number of different contributors who at-
tained the level of merit indicated in row
4. It shows, for example, that each of 54
chemists of group A (the most brilliant
group) made one or more contributions
each of which is cited and discussed in
not fewer than 20 of the 44 histories,
and that each of the 30 chemists of group
B made one or more contributions that
is mentioned and discussed in from 15 to
19 histories, and so on. Row 2 of Table
1 gives, for each group, the total number
of its contributions that appear in my
master list, including those of relatively
minor importance. Row 3 reveals the
average number of works per man within
each group and indicates among other
things that the average output per man
(22.2 works) for group A, the most re-
nowned group, was much greater than
that (1.9 works) for group I, the least
renowned group.

The fifth row of Table 1 shows the
total number of works of the level of
merit indicated in row 4, produced col-
lectively by the members of each group.
For example, although the 54 chemists
of group A made a grand total of 1199
contributions which appear on my master
list, only 102 of these contributions were
cited and discussed in as many as 20 or
more histories. And, although group B
made a grand total of 552 contributions
which appear on my list, only 38 of these
contributions were cited and discussed
in from 15 to 19 of the histories.

“One Best” Contribution

A chemist’s one best contribution, by
definition, can be made once only.
Hence, if two or more of a chemist’s
choicest contributions were discussed in
an equal number of histories, I ignored
that chemist’s work in preparing row 6

23 MAY 1958

of Table 1 because I could not identify
with certainty his one best contribution.
Row 6 of Table 1 was obtained by work-
ing from this premise. It reveals the
number of individuals in each group who
made one contribution that was cited
and discussed in more histories than was
any other of their contributions. Row 7
shows the percentages of these “one best”
performances that were first reported
when the contributors were beyond 55
years of age. This is what interested
Dumas. Notice that, of the 53 “one best”
contributions made by group A, only one
(or 2 percent) was first reported by a
contributor over age 55. This happens
to be the work of Hermann Boerhaave
(1668-1738), Dutch physician and fa-
mous professor of medicine at the Uni-
versity of Leyden. Though he made no
fundamental chemical discovery, Boer-
haave’s famous five-volume textbook, the
Elementa chemiae, written we know not
when but first published in 1724, when
he was 56, received mention in 26 of the
44 histories.

In row 7, as one reads from left to
right, the percentages grow larger. This
means, of course, that the more note-
worthy the chemist’s one best contribu-
tion, the less likely it is that the contri-
bution will be reported by a chemist
who is over 55 years old. This statement
applies not to the chemist’s potential
achievement at successive age levels but
only to the achievement which was real-
ized by the chemists included in the pres-
ent study. One should also make a dis-
tinction between the chemist’s one best
contribution and his important work.
Even though, if it is a highly important
one, the chemist’s one best contribution
will probably be made before he is past
55, the work which he does beyond that
age may still be very important.

Best Work of Berzelius and Dumas

On my master list, Berzelius re-
ceived a grand total of 493 tallies, and
in this respect he ranked first in my
entire list. Dumas ranked seventh, with
a grand total of 296 tallies. Although by
use of this procedure one probably can-
not hope to rank chemists in order of
their importance with mathematical ac-
curacy, it nevertheless seems clear that
both Berzelius and Dumas are among our
foremost chemists. Research that Dumas
did at age 34 is cited in 37 of the 44 his-
tories. Although Dumas lived to be 84
years old and although he made eight
contributions after he was 55 which ap-

pear on my master list, he reported noth-
ing in any one year after age 55 which
is cited in more than six of the 44 his-
tories. However, to receive mention in
as many as six of 44 histories of chem-
istry is no mean achievement, regardless
of the age at which the work is done.
As for Berzelius—my master list re-
veals that work reported by him at age
35 is cited and discussed in 26 of the 44
histories and that he reported nothing
quite so important after he was past 55.
However, he did make 13 contributions
that appear in my master list when he
was beyond 55, and at age 56 he reported
some research that is cited in 17 of the
44 histories. This is very remarkable for
a man of any age. It is obvious that both
Berzelius and Dumas did more impor-
tant research in chemistry when they
were beyond age 55 than most other
chemists have done in their palmiest
days. It is also to be borne in mind that
some very able chemists receive no men-
tion at all in histories of chemistry.
If, at the time of their meeting in
1835, Dumas could have peered into the
histories of chemistry that were to be
published long after his death, he prob-
ably would have been amazed to dis-
cover that he, at age 34 in 1834, and
Berzelius, at age 35 in 1814, had already
reported their most notable research.

Ages at Which Maximum Production
Rate Is Attained

The eighth row of Table 1 shows, for
members of the several groups, the ages
prior to which the first 25 percent of
their masterworks (47) were produced.
For example, the number for group A
in row 8 (30.13) reveals that the earliest
25 percent of the 53 masterworks cited
and discussed in each of 20 or more of
the 44 histories were first reported when
the member of the group who reported
it was not beyond age 30.13. The last
figure in this row (30.00) shows, for
group I, that the first 25 percent of its
838 contributions were made when the
individual who did the reporting was not
more than 30.00 years old.

The ninth row of this table presents
the ages prior to which the first 50 per-
cent of the contributions of members of
each group were made, and the 10th row
reveals the ages prior to which 75 per-
cent of their contributions were made.
Although the age differences shown in
row 8 are slight and those shown in row
9 are also small, row 10 highlights again
the fact that the age range for produc-
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Table 2. Ages at which groups of chemists first reported contributions to chemistry cited and discussed in one or more of 44 histories

of chemistry.

Group
Row
A B&C D E F G H I
1. Maximum number of histories in which most- 20 or
renowned contribution to chemistry is cited more 10-19 -9 S5or6  4only 3only  2only 1 only
2. Number of contributors 54 96 77 109 111 201 385 1433
3. Age prior to which 25 percent of initial
contributions were made 21.71 22.18 24.54 25.75 24.71 26.41 27.08 28.90
4. Age prior to which 50 percent of initial
. contributions were made 24.71 26.28 27.90 28.42 29.00 30.30 31.42 33.71
5. Age prior to which 75 per cent of initial
contributions were made 27.90 32.69 32.63 36.13 35.75 36.81 39.81 42.88
18-22
6. Five-year interval during which largest tied 22-26 (B) _ .
number of initial contributions were made with  22-26 (C) 23-27  25-29 24-28 24-28 26-30 29-33
21-25

tion of a masterwork of very great im-
portance is narrower than that for pro-
duction of a masterwork of lesser
importance. Notice in row 10 that,
whereas the last 25 percent of the mas-
terworks of group A appeared when the
contributors were past age 37.94, the last
25 percent of the relatively minor mas-
terworks of group I appeared when the
contributors were beyond age 46.95.
The last row of Table 1 brings out
even more clearly the fact that the most
brilliant masterworks are produced by
men who are of more nearly the same
age than is the case when the master-
works are of less significance. Notice in
row 11 that half of the 53 most brilliant
masterworks in chemistry appeared dur-
ing an age range of only 7.81 years but
that half of the 838 masterworks of
lesser merit appeared during an age
range of 16.95 years. One would natu-
rally expect half of only 53 contributions
to be produced over a shorter span of
years than half of 838 contributions. But
why were half of the 53 most brilliant
contributions (those cited by the largest
number of histories) made at ages 30.13

to 37.94 rather than during some other
age range of equal length—say, from
ages 40.13 to 47.94, or from ages 50.13
to 57.94, for example? One can only con-
jecture with reference to this. At pres-
ent there is no sure answer.

First Important Contributions

At what ages do the greatest chemists
first show genuine indications of their
future greatness? Table 2 reveals the
ages at which the members of each group
first published contributions important
enough to be cited in one or more of the
44 histories and, therefore, important
enough to appear on my master list. In
this table the groups are again segregated
according to the frequency with which
their most renowned contribution to
chemistry was cited and discussed in the
44 histories.

The first numeral in row 3 reveals that
25 percent of the members of group A
first published a contribution important
enough to be on my master list prior to
age 21.71. The last numeral in this row

shows that 25 percent of the members of
group I did not attain this level of suc-
cess until they were 28.90 years old. Row
4 indicates similarly that, whereas prior
to age 24.71 half of the members of
group A had done research of sufficient
merit to be cited in one or more of the
44 histories, half of the members of
group I did not attain this distinction
until nine years later—namely, at age
33.71. The fifth row of Table 2 is even
more striking. It shows that, whereas
three-fourths of the most brilliant group
had published research that appears on
my master list by the time they were
27.90 years old, three-fourths of the least
brilliant group did not reach this mile-
stone of success until they were 15 years
older—namely, at age 42.88.

The last row of Table 2 reveals the
five-year interval during which the maxi-
mum number of initial contributions to
chemistry were produced. Study of all
the data in Table 2 reveals an unmistak-
able trend—namely, that the more bril-
liant research chemists have started their
professional careers at earlier ages than
have the less brilliant ones.

Table 3. Average number of contributions to chemistry made prior to age 25 which were cited and discussed in (i) one or more, (ii)
two or more, and (iii) three or more histories. The largest average in each of rows 3, 4, and 5 was assigned an arbitrary value of 100
percent, and the other frequencies in the same row were then assigned proportionate percentage values.

Group
Row
A B&C D E F G H I

1. Maximum No. of histories citing ‘‘one most

renowned”’ contribution 20 or more 10 to 19 7t09 5or6 4 only 3 only 2 only 1 only
2. Number of contributors 54 96 77 109 111 201 385 1433
3. Average No. of contributions cited in one 1.81 0.80 0.43 0.25 0.33 0.28 0.21 0.11

or more histories (100%) (44 %) (24%) (14%) (19%) (16%) (12%) (6%)
4. Average No. of contributions cited in two 0.833 0.444 0.260 0.101 0.144 0.104 0.099

or more histories (100%) (53%) (31%) (12%) (17%) (13%) (12%)
5. Average No. of contributions cited in three 0.667 0.311 0.156 0.055 0.081 0.065

or more histories (100%)  (47%)  (23%) (8%) (12%)  (10%)
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Contributions Prior to Age 25

Table 3 reveals, for the several groups,
the average numbers of contributions
made prior to age 25 which are cited in
(i) one or more histories, (ii) two or
more histories, and (iii) three or more
histories. The first numeral in row 3
shows that members of group A had
made an average of 1.81 contributions
(each of which was important enough to
place their names on my master list)
before they were 25 years old. In order
to facilitate comparison with the other
groups in row 3, the numeral 1.81 was
assigned an arbitrary value of 100 per-
cent, and the remaining frequencies in
this distribution were then assigned pro-
portionate percentage values. As one
reads along this row of percentages it
will be noted that no other group did half
as well prior to age 25 as did group A.
And it can be seen also that, prior to age
25, the least renowned group in the list
(group I) did less than 10 percent as well
as did group A.

Rows 4 and 5 reveal the same general
trend as does row 3. For each group in
row 4, the average output per man prior
to age 25 is smaller than it is in row 3,
because row 4 is based upon more select
contributions than is row 3. That is to
say, contributions which are cited and
discussed in two histories of chemistry
are probably of somewhat greater aver-
age merit than are other contributions
which are mentioned in one history only.
Similarly, the averages in row 5 are
smaller than are the averages in row 4,
because contributions which are cited in
three or more histories are probably of
greater merit than are those which are
mentioned in two histories only. From
rows 3, 4, or 5 it is clear that members
of the two first groups (A and B-C) got
off to an earlier start than those of other
groups. And, as was shown in Table 1,
once they were launched upon their pro-
fessional careers, they moved faster and
they went further than did the members
of the other groups.

More Brilliant versus
Less Brilliant Contributions

Table 4 sets forth, by five-year inter-
vals, both the number and the percent-
ages of contributions to chemistry that
were cited and discussed (i) in one only
of the 44 histories and (ii) in 20 or more
of the 44 histories, This table reads as
follows: Of the 6347 contributions to
chemistry each of which was mentioned
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in one only of the 44 histories, 1 percent
were contributions made at ages 15 to
19, inclusive, 5 percent were made by
contributors of ages 20 to 24, inclusive,
and so on.

Notice in this table that, whereas 71
percent of the major contributions to
chemistry were produced at ages 25 to
39, inclusive, only 43 percent of the rela-
tively minor ones were reported during
this same 15-year interval. Notice, also,
that whereas only 5 percent of the major
contributions were reported by contribu-
tors of age 50 or above, 26 percent, or
approximately five times as large a pro-
portion, of the relatively minor contri-
butions were first reported by contribu-
tors who were 50 or more years of age
at the time of reporting them. Table 5
reveals the relationship even more clearly
than does Table 4: the greater the merit
of the contribution to chemistry, the
smaller the percentage of contributions
of this degree of merit that have been
produced at age 50 or beyond.

Greatest Chemists’
Extremely Important Contributions

Although my data speak for them-
selves, graphs will enable me to present
the picture more clearly than is possible
by use of only words and numerals. Fig-
ure 1 reveals the ages at which 54 noted
chemists made 155 very superior contri-
butions to their field, each of the 155

Table 4. Grand total of all contributions
to chemistry that were made by the vari-
ous age groups and that were cited and
discussed in: (i) one only of 44 histories
and (ii) 20 or more of the 44 histories.

Histories

Age
group

One only - 20 or more

No. (%) No. (%)

15-19 51 1 1 1
20-24 321 5 4 4
25-29 799 13 16 17
30-34 978 15 28 27
35-39 956 15 28 27

Total 25-39 (43) (71)

40-44 841 13 12 12
4549 709 11 8 8
50-54 595 9 4 4
55-59 406 6 1 1
60-64 325 5
65-69 195 3
70-74 111 2
75-79 44 1
80-84 12 <1
85-89 4 <1

Totals 6347 100 102 101

Table 5. Percentages of all contributions
made at age 50 or beyond that were cited
and discussed in different numbers of 44
histories of chemistry.

No. of histories Percentage
1 only 27
2 only 22
3 22
4 22
5o0r6 19
7t09 15
10 to 14 13
15 to 19 6
20 or more 5

contributions being cited and discussed
in not fewer than 15 of the 44 histories
of chemistry. My several tables did not
take the death rate into account, but in
a study of Fig. 1 it should be understood
that it sets forth the average number of
contributions per five-year interval.
Ample allowance is thus made for the
fact that time takes its toll and, there-
tore, that young chemists always com-
prise a larger group than do older ones.
For example, it was found that for the
five-year interval from age 30 to 34, in-
clusive, the 54 chemists made 43 of the
contributions that are represented in
Fig. 1. This was slightly more than 0.159
contributions per individual. The chem-
ists that remained alive at age 60 to 64
made only two of these superior contri-
butions, which was slightly more than
0.00971 contributions per living contrib-
utor. The solid line in Fig. 1 is drawn
so as to be only 0.00971/0.159 as high
at ages 60 to 64 as it is at ages 30 to 34.
The curve is drawn in this manner in
order to show graphically that the aver-
age number of contributions per living
chemist—that is, their production rate—
was only 0.00971/0.159 as large at age
60 to 64 as it was at age 30 to 34.

If, regardless of the number that re-
mained alive, the older chemists had
contributed at the same average rate as
did the younger ones, the curve in Fig. 1
would remain as high at the higher age
levels as at the lower levels. Actually,
Fig. 1 exhibits a very noticeable and con-
sistent decrement at the uppermost age
levels, thus indicating that, with regard
to these superior contributions, the
chemists became progressively less pro-
ductive at the higher age levels.

One other point should be mentioned
with reference to Fig. 1. In the construc-
tion of this figure, the peak of the statis-
tical distribution was arbitrarily assigned
a value of 100 percent, and the other
averages within this statistical distribu-
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Table 6. Average number of contributions to chemistry per age interval (absolute values used for the construction of Figs. 1 through 7).

Fig. 5 Fig. 6 Fig. 7§
Fig. 2* Fig. 31 Fig. 4%
Ages  Fig.1 dot-dash dot-dash broken ¢ 1.4 potdash Broken Solid Dot-dash Broken  Solid ]d)"tl;
line line line line line line line line line line .
15-19  0.004 0.001 0052  0.070 0005  0.005 0.006  0.007 2 2
20-24 0015 0016 0170 0285 0017 0054 0.118  0.008 0027  0.041 27 26
95-29  0.096 0031  0.96 0500 0047  0.133 0330 0038 0087  0.141 92 81
30-34  0.159  0.040  0.167 0559  0.039  0.146 0370  0.038  0.104  0.168 100 100
35-30  0.141 0031 0204 0630 0043 0121 0360 0042 0108  0.179 92 96
40-44 0079 0025 0267 0639 0015 0143 0323 0029 0100  0.148 60 60
45-49 0048 0021 0259 0522 0022 0113 0308 0023 0080  0.121 51 51
50-54 0027 0015 0275 0518 0015 0.20 0233 0018 0070 0101 29 34
55-50 0010 0013 0243 0451 0007 008 0180 0011 0044 0065 19 21
60-64  0.011 0010 0205 0316 0004 0097 0153 0010 0046  0.062 17 20
65-69 0005 0197  0.270 0094 0125 0003 0025  0.030 8 8
70-74 0005 0180  0.253 0.050 0061 0002 0022  0.025 2 2
75-79 0.001 0071  0.143 0.042 0056 0.003 0016  0.020
80-84 0001  0.097  0.097 0015  0.015 0.007  0.007
£5-89 0143  0.143 0021  0.021 0.007  0.007

* The solid line of Fig. 2 is the same as the curve in Fig. 1.
4 The solid line of Fig. 3 is the same as the curve in Fig. 1.
I The solid line of Fig. 4 is the same as the curve in Fig. 1; the dot-dash line of Fig. 4 is the same as the dot-dash line of Fig. 3.

§ The two rows of Fig. 7 contain percentage values because each statistical distribution was converted to percentage values before the median values were ascer-

tained.

tion were then assigned proportionate
percentage values. For example, the peak
of the distribution represented in Fig. 1
occurred at ages 30 to 34. This modal
value was taken to be 100 percent, and
the remaining frequencies were then
computed and plotted as percentages of
this modal value. Table 6 reveals the
absolute values used for the construction
of Figs. 1 through 7. It is of interest to
note that these rather small decimal val-
ues yield fairly consistent and revealing
age curves.

Age Range for Masterworks
of Lesser Chemists

In order to reveal its similarity to cer-
tain other age curves, Fig. 1 is repro-
duced in Figs. 2 and 3 and drawn to a
different scale in Fig. 4. Thus, the solid
line of Fig. 2 is identical with that of
Fig. 1. It represents, for group A, 155
contributions each of which was cited in

not fewer than 15 of the 44 histories. The
dot-dash line of Fig. 2 represents, on the
other hand, the ages at which each of
1166 chemists produced their master-
works, each of these 1166 masterworks
being cited and discussed in not more
than one or two of the 44 histories of
chemistry. Figure 2 thus shows that 54 of
the greatest chemists reported 155 of
their most important contributions dur-
ing a narrower age-range than that dur-
ing which 1166 lesser chemists reported
their masterworks.

In the construction of the two curves
of Fig. 2, the same procedure was ad-
hered to as was employed for construct-
ing Fig. 1. That is to say, the maximum
value of each distribution used for mak-
ing Fig. 2 was assigned a value of 100
percent, and the other values within each
distribution were then plotted as per-
centages of the distribution’s modal
value. It should be clear that, since both
modal values of Fig. 2 were arbitrarily
assigned values of 100 percent, the equal

Fig. 1. Relationship of age
(abscissa) to rate of pro-
duction in chemistry. The
curve represents average
rate of production of 155
very superior contributions
by 54 chemists (group A),
each contribution having
been cited and discussed in
not fewer than 15 of 44
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histories of chemistry.

heights of the two curves of Fig. 2 result
from the way they were drawn and that
this should not be taken to mean that the
two maximum production rates were the
same numerically.

Most Brilliant versus Less
Brilliant Work of Greatest Chemists

Figure 3 shows that the greatest chem-
ists have made their most noteworthy
contributions during a narrower age-
range than that during which they have
produced their relatively minor ones. In
Fig. 3, the solid line is again a repro-
duction of that in Fig. 1. The dot-dash
line of this figure represents data for 550
of group A’s relatively minor contribu-
tions.each of which was cited in not more
than two of the 44 histories. Obviously,
these latter contributions were not the
very best contributions of group A. On
the contrary, it seems reasonable to as-
sume that the solid line in Fig. 3 shows
the production rate for group A’s most
brilliant attainments and that the dot-
dash line in this figure represents the
production rate for 550 of group A’s less
brilliant works.

It will be noticed in Fig. 3 that the
curve for the less meritorious contribu-
tions rises earlier, attains its peak later—
namely, at ages 40 to 44—and does not
terminate until it reaches a fairly ad-
vanced age level. The slower rise of the
curve for the more important contribu-
tions suggests that the chemist’s first re-
search effort is usually not his most fruit-
ful one. Although this is generally true,
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there are more exceptions to this rule
than might be expected.

Without such information as is re-
vealed by Fig. 3, it might be supposed
that because men may be in their best
physical condition at ages 30 to 34, they
are best able at this time to put in long
hours of work and withstand fatigue, and
that for such reasons they have worked
hardest at ages 30 to 34, attaining at
these ages their highest production rate
for work of every caliber—their best,
their good, and their least brilliant. But
Fig. 3 reveals that such a conjecture is
not wholly valid. Whereas group A’s pro-
duction rate for its best work was great-
est at ages 30 to 34, for its least meri-
torious work (as found on my master
list) it attains its highest production rate
not at ages 30 to 34 but at ages 40 to 44.

Note also that, whereas the solid line
is highest at ages 30 to 34, the dot-dash
line dips slightly at this age level. This
phenomenon probably means only that
when men are producing their most not-
able contributions they are not likely
simultaneously to be producing their least
notable ones.

There probably are a great many
reasons for the finding that older chem-
ists are likely to do less important re-
search than younger ones. Let us con-
sider the case of Dumas once more by
way of illustration. Before he was 21
years old Dumas was engaged with J. L.
Prevost in original work on problems of
physiological chemistry. Here we have
an example of a gifted young worker
who made an early start upon his pro-
fessional career. From 1840 (age 40) he
was one of the editors of the Annales
de chimie et de physique. In 1849 he
became a member of the French Na-
tional Legislative Assembly; he acted as
minister of agriculture and commerce in
1850-51, and he subsequently became a
senator, president of the municipal coun-
cil of Paris, and master of the French
mint. It is difficult to see how, during
his later years, Dumas, with all these
other commitments, could possibly have
given his undivided attention to re-
search in chemistry. Obviously, he could
not have done so.

Uneven Work of Greatest Chemists

It was explained earlier that in Fig. 2
the two curves are of the same maximum
height because they are drawn that way
and that this should not be interpreted
as implying that the maximum produc-
tion rates are therefore identical. Fig-
ure 4 is plotted differently. In this figure
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Fig. 2. Relationship of age (abscissa) to rate of production. The solid line represents the
same data for the 54 chemists of group A as in Fig. 1. The dot-dash line represents aver-
age rate of production of the “one best” contribution (cited and discussed in only one or
two of 44 histories of chemistry) by each of 1166 chemists.

the broken line represents the production
rate for all of the contributions on my
master list that were made by the mem-
bers of the peerless group A. It repre-
sents the production rate for 1199 works,
an average of 22.02 works per man. The
dot-dash line represents the same data
as the dot-dash line of Fig. 3 but is drawn
to a different scale. This dot-dash line
represents the production rate for group
A’s least meritorious 550 contributions.
And the solid line of Fig. 4 shows, for
group A, the production rate for its 155
most brilliant achievements. The broken
line of Fig. 4 covers a greater area than
do the two smaller curves because this
broken line is based upon a larger num-
ber of contributions—namely, the 155
most brilliant, plus the 550 least bril-
liant, plus 498 other contributions each
of which was cited and discussed in from
three to 14 of the 44 histories.
Although both curves of Fig. 3 are re-
produced in Fig. 4, neither of them looks
the same in Fig. 4 because in Fig. 4 the
peak of the curve for total output was

assigned a value of 100 percent and all
other averages in all three distributions
were then assigned proportionate per-
centage values. Thus, in Fig. 4, the peak
of the dot-dash line is only 42 percent as
high as is the peak of the broken line,
because numerically the maximum pro-
duction rate for the least valuable con-
tributions of members of group A (those
contributions that are cited in only one
or two of the 44 histories) never ex-
ceeded 42 percent of the maximum pro-
duction for the total output of members
of this group.

Similarly, the peak of the solid line in
Fig. 4 is only 25 percent as high as is the
peak of the broken line, because the
maximum production rate for the most
brilliant contributions (those cited in 15
or more of the 44 histories) never ex-
ceeds 25 percent of the maximum pro-
duction rate for total output. Figure 4
merits close study. For the three groups
of contributions, the maximum produc-
tion rates occur at the following ages:
(i) for the most brilliant, at ages 30 to

1 1.00%

20 25 30 35 40 45 50

1
55 60 65 70 5 80 85

Fig. 3. Relationship of age (abscissa) to rate of production of two categories of contribu-
tions by the 54 chemists of Figs. 1 and 2. The solid line represents the same data as in
Fig. 1. The dot-dash line represents average rate for 550 relatively minor contributions,
each having been cited and discussed in not more than two of 44 histories of chemistry.
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Fig. 4. Relationship of age (abscissa) to rate of production of two categories of contribu-
tions and of total contributions by the 54 chemists of Figs. 1-3. The solid line and the
dot-dash line represent the same data, respectively, as the solid and dot-dash lines in Figs.
1 and 3 (drawn to a different scale). The broken line represents average rate for 1199
contributions that constitute the total output of this group, as revealed by a master list.

34, (ii) for the least brilliant, at ages
40 to 44, and (iii) for the total output,
at ages 40 to 44. The fact that in this
graph the curve that indicates maximum
production rate for the most brilliant
contributions never reaches the level of
that for the least brilliant results from
the way in which the two groups of con-
tributions were chosen. One would hardly
expect the maximum production rate to
be as great for 151 as for 550 contribu-
tions.

Beyond age 45 the production rate
for the least brilliant achievements holds
up surprisingly well, but after the chem-
ist has passed his thirties, the production
rate for his creative work of highest qual-
ity tends to fall off more rapidly than
does the production rate for mere quan-
tity of output. In employing the expres-
sion “mere quantity of output” I do not
mean to express scorn for what the mem-
bers of group A achieved during their
later years. These men were and are the
most brilliant ornament of their profes-
sion, and their least important works are
all masterpieces in comparison with the
very best work of a host of lesser men. As
here employed, the words “mere quan-
tity of output” imply only that some of
the contributions of our greatest chem-
ists are much less important than are
others.

Most striking in Fig. 4 is the very ob-
vious tendency for the broken line and
the dot-dash line to approach each other
beyond about age 45. And, at the greatest
age level, these two curves coincide. This
means that, with increase in age beyond
about 45, total output tends more and
more to consist solely of relatively minor
contributions. But this age change is very
gradual, and no abrupt change occurs at
any one age. It therefore is not valid to
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say that the great chemist’s important
work is ended at any one time prior to
his death. The contributions made by
the members of group A during their
later years, though relatively minor as
compared with their most brilliant con-
tributions, were in foto important.

Uneven Work of Lesser Chemists

Some readers may think that the find-
ings presented in Fig. 4 result largely
from the small number of contributions
employed for constructing the solid line.
One advantage in having a large sample
of contributions is the fact that the
validity of this finding can be verified
by use of other data. Figure 5 is based
upon the contributions of an entirely
different group of chemists, It presents
data for 2295 contributions made by 192
chemists each of whom made at least
one contribution that is cited and dis-

cussed in from 6 to 19 histories. Never-
theless, Fig. 5 reveals the same general
trend as does Fig. 4. Here again the
curve which shows the production rate
for total output and that which shows
the production rate for the least meri-
torious contributions tend to merge at
the uppermost age level, and at the high-
est age level they coincide.

Figure 6 is based upon the work of
chemists of less notable average accom-
plishment than those whose production
rates are shown in Figs. 4 and 5. It sets
forth data for 2453 contributions made
by 528 chemists each of whom made at
least one contribution that is cited in
from 2 to 5 histories. Here again the
two curves which represent production
rates for total output and for least im-
portant contributions approach each
other rapidly beyond age 39, and they
coincide at the uppermost age level.

As compared with Figs. 4 and 5, the
dot-dash line in Fig. 6 lies closer to the
broken line at almost all ages. This re-
sults from the fact that a greater pro-
portion of the total output of the con-
tributors on whose work Fig. 6 is based
was of relatively minor importance. This
explains also why the solid line in Fig. 6
persists to a greater age level than do
the solid lines in Figs. 4 and 5.

One reason why I chose to study con-
tributions to the field of chemistry is the
fact that this is a field that has been ex-
tensively worked. Therefore, large num-
bers of very superior contributions in
this field are available for study. My
master list includes all of the major
chemists of whom we have any record.
It includes contributors from every
country that has produced any important
workers in the field—that is, from far-off
Australia, from Japan, China, India,

[ 100% mm——
,/ \\s\
| 20 II \\\
1 N\
7 A
1
| 60 ]
/
II
140 / . .
Il  — \-/ \
/ /
| 20 ,/

20 25 30 35 40 45 50

55 6 65 70 75 g0 85

Fig. 5. Relationship of age (abscissa) to rate of production of a group of 192 chemists
not covered in Figs. 1, 2, 3, and 4. The solid line represents average rate for “one best”
contribution; the dot-dash line, for 1016 relatively minor contributions; the broken line,
for 2295 contributions that -constitute the total output of this group, as revealed by a
master list. .
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South America, and Ceylon, and from
others too numerous to list. And my find-
ings possess internal consistency. For ex-
ample, in Fig. 7 the solid line shows
median percentage values that were
found by study of 23 histories of chem-
istry and the dot-dash line presents
median percentage values that were ob-
tained by study of 31 histories. Each of
these two curves presents age data for
chemists, now dead, who were born after
1775 and not less than 70 years prior to
publication of each book from which in-
formation was obtained. The slightness
of the difference in these two curves
suggests that additional data would
change the picture only slightly if at all.

Some who read this article may wish
to follow it up by turning to my discus-
sion of the relation between age and
achievement in many other fields of sci-
ence, as well as in such other areas as
practical invention, literature, music, art,
politics, business, statecraft, mathe-
matics, prize-fighting, philosophy, and
so on, I refer such readers to my book,
Age and Achievement (48), which sets
forth, by means of tables and graphs, a
considerable amount of factual infor-
mation analogous to that presented here.
This book also sets forth 16 possible rea-
sons for the early decrements in produc-
tion rate that occur in some fields of
endeavor. (48, pp. 328 fI.)

Recent events evidence the fact that
man is rapidly attaining control over
almost everything in the universe except
himself. If he is to avoid destroying him-
self, man must learn quickly to exploit
more fully than heretofore the powers
that lie within his own mind. This is
only one of several reasons why we never
can know too much about the conditions
that give rise to creative thinking of a
very high order.

Comment

How are the findings presented in this
article to be interpreted? At present we
are in no position to give an adequate
explanation. Undoubtedly multiple cau-
sation operates in these complex be-
haviors and no condition as yet discov-
ered is likely of itself to be a sufficient
or necessary cause. Most psychologists
believe, however, that few persons ever
actually reach the very peak of perform-
ance of which they are capable. And, if
most individuals fail to attain their po-
tential peak performance, it is incon-
ceivable that any entire age group has
ever attained its peak. Since most in-
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Fig. 6. Relationship of age (abscissa) to rate of production of a group of 528 chemists
of less notable accomplishment than those covered in Figs. 1, 2, 3, 4, and 5. The solid
line represents average rate for “one best” contribution; the dot-dash line, for 1667 rela-
tively minor contributions; the broken line, for 2543 contributions that constitute the
total output of this group, as revealed by a master list.

| I 1 1 | ! 1 1 | :
20 25 30 35 40 45 50 55 60 65 70

Fig. 7. Relationship of age (abscissa) to rate of production in chemistry. The solid line
represents median percentage values based on data in 23 histories of chemistry; the dot-

dash line, median percentage values based on data in 31 histories of chemistry.

dividuals, and all age groups, are prob-
ably content to come to rest at some
point below their maximum potential
performance, these curves may reflect
largely the relative extents to which the
chemists within each of the several age
groups have made an all-out effort to
achieve. This is not to imply that the
workers within any one age group have
ever actually worked up to their full
capacity but rather that the most pro-
ductive group may have come closer to
doing so than has any other group.
Since these curves represent only the
production rates that chemists have real-
ized at successive age levels, and not
their potential production rates, the
curves do not prove that there is a decre-
ment in the potential ability of gifted
chemists that corresponds to the decre-
ments in the curves. Possibly the decre-
ments result partly, even largely, from
the fact that older chemists often have
been less strongly motivated than have

younger ones and that, as compared with
members of the younger age groups,
members of the older ones more often
have found themselves (like Dumas) in
circumstances much less favorable for
eliciting their best potential effort to
achieve. If the conditions under which
older chemists do their creative work
were made more favorable, their actual
production rate for high-level contribu-
tions might well be much higher than it
is and might also hold up better at the
higher age levels than it has heretofore.
Who knows!

Today there is much discussion about
the major crisis existing in the United
States because of the present and future
shortage of scientific personnel. In view
of this, and in view of the data pre-
sented in this article, serious considera-
tion of the following questions is in
order: (i) What are the most feasible
methods for postponing the decrement
in the production rate for the gifted
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chemist’s really brilliant contributions?
(ii) How can we best tap the reservoir
of latent scientific talent that we know
exists in our society but which we have
heretofore largely ignored? (iii) For
those youths who choose science as a
career, what is the most practicable
method for getting them launched upon
their professional work at sufficiently
early ages to enable them to realize their
potentialities and to make the greatest
possible number of important contribu-
tions?

References and Notes

1. R. Massain, Chimie et Chimistes (Magnard,
Paris, no date).

2. For aid in locating the titles of some of the
books published in Europe, I thank Dr. E.
Pietsch, director of the Gmelin Institut,
Frankfort-am-Main, West Germany, and also
Dr. André Charbonnier, of the Ecole Normal
d’Instituteurs, Paris. I am also indebted to
many American advisers and especially to Drs.
Mary Elvira Weeks, Henry M. Leicester, and
Eduard Farber as well as to Eva Armstrong
and Lisbet Hansell of the Edgar Fahs Smith
Memorial Collection in the History of Chem-
istry, University of Pennsylvania.

3. H. Bauer, Geschichte der Chemie. Goschen

Collection. vol. 1, Von den Altesten Zeiten
bis Lavoisier; vol. 2, Von Lavoisier bis zur
Gegenwart (de Gruyter, Berlin and Leipzig,
Germany, rev. ed. 3, 1921).

4. J. C. Brown, A History of Chemistry from
the Earliest Times (Blakiston, Philadelphia,
ed. 2, 1920).

5. C. A. Browne, 4 Source Book of Agricultural
Chemistry (Chronica Botanica, Waltham,
Mass., 1944).

6. G. Bugge, Das Buch der Grossen Chemiker.
vol. 1, Von Zosimos bis Schonbein; vol. 2,
Von Liebig bis Arrhenius (Verlag Chemie,
Leipzig, Germany, 1929; 1930).

7. A. Colson, “Histoire de la Chimie,” in G.
Hanotaux and E. Picard, Histoire de la Na-
tion Frangaise. Tome XIV, Histoire des Sci-
ences en France: vol. 1, Introduction Gén-
érale: Mathématique, Mecanique, Astronomie,
Physique et Chimie. Publication of the Société
de I’Histoire Nationale (Librarie Plon Mourit,
Paris, 1924).

8. M. Daumas, L’Arte Chimique: Essai sur Phis-

toire de la philosophie chimique (Sablon
Bruxelles, Paris, 1946).

9. M. Delacre, Histoire de la Chimie. Librairies
du Bureau des Longitudes de 1’Ecole Poly-
technique (Gauthier-Villars, Paris, 1920).

10. J. A. B. Dumas, Legons de Philosophie Chi-
mique (Gauthier-Villars, Paris, 1937).

11. E. Farber, The Evolution of Chemistry: A
History of Its 1deas, Methods, and Materials
(Ronald Press, New York, 1952) .

12. H. E. Fierz-David, Die Entwicklungsge-
schichte der Chemie (Birkhauser, Basel,
Switzerland, 1945).

13. A. Findlay, A Hundred Years of Chemistry
(Duckworth, London, 1948).

14. A. Findlay and W. H. Mills, British Chemists
(Chemical Society, London, 1947).

15. J. N. Friend, Man and the Chemical Ele-
ments (Griffin, London, 1951).

16. M. Giua, Storia della chemica (Chiantore,
Turin, Italy, 1946).

17. M. Guichard, Philosophie et Histoire de
Mesures. vol. 1, De la Sensation a la Methode
de Mesure; vol. 2, Essai Historique sur les
Mesures en Chimie: (a) Avant Lavoisier, (b)
Avec Lavoisier; vol, 3, Essai Historique sur
les Mesures en Chimie: Apres Lavoisier (Her-
mann, Paris, 1937).

18. B. Harrow, Eminent Chemists of Our Time
(Van Nostrand, New York, ed. 2, 1927).

19. W. Haynes, Chemical Pioneers (Van Nos-
trand, New York, 1939).

20. T. P. Hilditch, A Concise History of Chem-
istry (Van Nostrand, New York, 1911).

21. E. J. Holmyard, The Great Chemists (Me-
thuen, London, 1928).

22, H. Kopp, Geschichte der Chemie (Rieweg,
Braunschweig, Germany, 1843), vols. 1 and 2.

23. A. Ladenburg, Histoire du Developpement de
la Chimie Depuis Lavoisier Jusqu'a Nos
Jours, Traduit sur la 4éme edition allemande
(Hermann, Paris, 1909).

24, H. M. Leicester, The Historical Background
of Chemistry (Wiley, New York, 1956).

25. H. M. Leicester and H. S. Klickstein, 4
Source Book in Chemistry: 1400—-1900 (Mc-
Graw-Hill, New York, 1952).

26. F. Lieben, Geschichte der Physiologischen
Chemie (Deuticke, Leipzig and Vienna,
1935).

27. E. O. von Lippmann, Zeittafeln zur Ge-
schichte der Organischen Chemie: Ein Ver-
such (Springer, Berlin, 1921).

28. G. Lockemann, Geschichte der Chemie. pt.
I, Vom Altertum bis zur Entdeckung des
Sauerstoffs; pt. 11, Von der Entdeckung des
Sauerstoffs bis zur Gegenwart. Goschen Col-
lection, vols. 264 and 265/265a (de Gruyter,
Berlin, 1950; 1955).

29. T. M. Lowry, Historical Introduction to
Chemistry (Macmillan, London, 1915).

Future Radiation Dosage

from Weapon Tests

Extrapolations are offered for three possibilities—
testing remains constant, it ceases, it increases.

The world-wide radioactive fallout
from H-bomb tests has raised the ques-
tion whether this change in environment
will have serious consequences for the
healthy development of man. As has

1222

D. R. Inglis

been discussed by W. F. Libby, commis-
sioner of the Atomic Energy Commis-
sion, the main constituents which the
tests add to man’s radioactive environ-
ment are strontium-90 and cesium-137

30. T. Macard, Petite Histoire de la Chimie et
de PAlchimie (Delmas, Bordeaux, France,
1939).

31. S. F. Mason, A History of the Sciences: Main
Currents of Scientific Thought (Routledge
and Kegan Paul, London, 1953).

32. A. Mittasch and E. Theis, Von Davy und
Débereiner bis Deacon: Ein Halbes Jahr-
hundert Grenzflichenkatalyse (Verlag Chemie,
Berlin, 1932).

33. L. J. Olmer, Les Etapes de la Chimie (Presses
Universitaires de France, Paris, 1941).

34. J. R. Partington, A Short History of Chem-
istry (Macmillan, London, ed. 2, 1951).

35. F. Perchi and A. Siissenguth, A Pictorial His-
tory of Chemistry (Heinemann, London,
1939).

36. W. Prandtl, Deutsche Chemiker in der ersten
hilfte des neunzehnten Jahrhunderts (Verlag
Chemie, Weinheim/Bergster, Germany, 1956).

37. H. M. Smith, Torchbearers of Chemistry
(Academic Press, New York, 1949).

38. J. N. Stillman, The Story of Early Chemistry
(Appleton, New York, 1924).

39. W. A. Tilden, Chemical Discovery and In-
vention in the Twentieth Century (Dutton,
New York, 1936).

40. , Famous Chemists: The Men and
Their Work (Routledge, London, 1921).

41. H. Valentin, Geschichte der Pharmazie und
Chemie in Form von Zeittafeln (Wissenschaft-
liche Verlagsgesellschaft, Stuttgart, Germany,
rev. ed. 3, 1950).

42. P. Walden, Masz, Zahl, und Gewicht in der
Chemie der Vergangenheit (Enke, Stuttgart,
Germany, 1931).

43. P. Walden, Drei Jahr Tausende Chemie
(Limpert, Berlin, 1944).

44. M. E. Weeks, Discovery of the Elements. Pub-
lication of J. Chem. Educ. (Easton, Pa., ed.
5, 1948).

, Discovery of the Elements, with a
chapter on elements discovered by atomic
bombardment, by H. M. Leicester, Ed. Pub-
lication of J. Chem. Educ. (Easton, Pa.,
1956).

46. An analogous situation exists in the field of
sports where, for example, the champion
golfer may continue to play at an amateur
level for a longer time than he will play at
a championship level.

47. Like the word contribution, the word master-
work refers to the total research output re-
ported during any one year. Often the chem-
ist received his maximum number of credits
or tallies for a single discovery, but sometimes,
as in the case of Sir Humphry Davy, the
chemist made several highly important dis-
coveries during the course of a single year.

48. H. C. Lehman, Age and Achievement (Prince-
ton Univ. Press, Princeton, N.J., 1953).

45.

(I-3). The former appears to be of
greater importance because its chemical
similarity to calcium leads to its selec-
tive deposition in bone, where in suffi-
cient quantity it may have carcinogenic
effects. In spite of the present experi-
mental uncertainties in predicting the
biological effectiveness of Sr9¢ from the
better-known effects of radium, there
seems to be general agreement that the
Sr?0 level now attained as a result of
past tests is not a real hazard, when
judged on a global scale of normal hu-
man misery.

The serious question pertains to future
tests and depends, of course, on the rate
at which tests may be continued in the
future. Many statements, some of them
of a sort to placate fears, have been
made about the effects to be expected as
a result of past tests.

The author is a physicist at Argonne National
Laboratory, Lemont, Il

SCIENCE, VOL. 127



