
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? 
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(1-3). 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 Sr90 from the 
better-known effects of radium, there 
seems to be general agreement that the 
Sr90 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. 
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The purpose of this article (4) is to 
extend the discussion to include the ef- 
fects of future tests by making various 
assumptions about the course of future 
events. For the sake of extrapolating into 
the future, we shall assume that any one 
of three possible courses might be fol- 
lowed; and with these three we hope to 
bracket the likely actual development of 
future testing. 

The three courses, idealized for sim- 

plicity of calculation, are (i) that test- 

ing continues at its present rate, (ii) that 

testing now ceases and we consider only 
the result of the radioactive burden al- 

ready injected into the stratosphere, and 
(iii) that the rate of testing continues to 
increase at the average rate at which it 
has increased since late 1951. Unless 
there is a drastic change in the policies 
of various nations, it seems likely that 
the actual event will lie between (ii) 
and (iii), on the average, for many years. 
The expressions for the accumulated ac- 
tivities corresponding to these different 

assumptions are derived in the last sec- 
tion of the paper, where the equations re- 
ferred to in other parts of the paper will 
be found. These equations are used as 
the basis for the following qualitative 
discussions. 

equal to the average rate Ro over this 
period, although the injection was ac- 

tually strongly peaked at the middle of 
the period, in 1954. 

Prediction of Effects of 
Future Tests 

1) Accumulated fallout from a single 
blast. The basic problem from which 
others are compounded is the calculation 
of the fallout following a single burst of 
radioactive material into the stratosphere 
by a single thermonuclear test. Let a sin- 
gle blast introduce an amount A of ra- 
dioactivity into the stratosphere at time 
t= 0, and assume that the stratospheric 
circulation distributes this material uni- 
formly in a time that is negligible in 
comparison to the half-lives for fallout 
and radioactive decay, so that fallout and 
decay occur uniformly over the earth's 
surface (5). In this case the radioactive 
burden in the stratosphere decays both 
by fallout and by radioactive decay (in 
close analogy to a nuclide which may 
decay, for example, by either alpha or 
beta emission). The accumulated radio- 

activity y on the surface of the earth then 
builds up by fallout at a rate which de- 

pends on the stratospheric burden at any 

time t and on the decay constant for 
fallout, and it is diminished by radioac- 
tive decay at a rate depending on the 
amount y on the ground at this time and 
the radioactive decay constant. The net 
effect of these two competing processes 
at ground level is that, at first, when the 
fallout from the large stratospheric bur- 
den is high and there is still very little 
to decay on the ground, the amount y 
on the ground builds up; but as the rate 
of gain from fallout decreases and the 
rate of loss from radioactive decay in- 
creases, the graph of y versus t levels off 
at a maximum and thereafter decreases 
as shown by curve 0 of Fig. 1 (See Eq. 
2 in the section "Mathematical consid- 
erations"). On the basis of Libby's fig- 
ures cited above, y reaches a maximum 
value of 0.535A about 16 years after the 
blast. 

2) Result of continuing tests at a con- 
stant rate. Although tests are actually 
conducted as a series of isolated events, 
their effect over a long period may be 

approximated satisfactorily by assuming 
an average rate of injection of radioac- 

tivity into the stratosphere. Let us there- 
fore consider the effect of continuing 
H-bomb tests throughout the world at the 
same average rate Ro at which they have 
been conducted over the past 5 years. 

Extent of Past Testing 

W. F. Libby has given the figure of /2 
mc/mi2 per megaton for the distributed 
contamination by Sr90 from the explo- 
sion of a bomb-that is, an H-bomb of 
sufficient power to penetrate the strato- 
sphere injects into it enough radioactiv- 
ity of Sr90 that, if the activity should be 
distributed uniformly above (or on) the 
earth's surface, it would amount to one- 
half millicurie per square mile for each 
megaton (TNT equivalent) of that part 
of the bomb's power derived from fission. 
We can use this figure as a unit of bomb 
radioactivity effective for our purpose. 

The most reliable figure available (2, 
p. 952) for the extent of past testing is 
that about 30 megatons equivalent of 
fission products had been deposited in 
the stratosphere by about the end of 
1956. Libby also gives the mean life for 
fallout from the stratosphere as about 10 
years, or perhaps a little less, and for 
radioactive decay of Sr90 it is 40 years 
(corresponding to half-lives of 7 years 
and 28 years, respectively). These are 
both longer than the period To = 5 years 
over which tests have been carried out 
between late 1951 and late 1956, and we 

may reasonably calculate as though the 

injection had been at a constant rate 

23 MAY 1958 

10 20 30 40 50 60 70 80 90 100 
t/yr 

Fig. 1. Curve 0 gives the rise and fall of ground activity (Eq. 2) following a single burst 
(equal in magnitude to the total testing through 1956). The abscissa is time in years. 
Curve 1 gives the result (Eq. 12) for testing at a uniform rate, Ro= 3 mc/mi2 yr, over 
the first 5 years, after which testing is discontinued. The ground radioactivity in milli- 
curies per square mile may be found by setting A = 15 mc/mi2, corresponding to the esti- 
mated 30 megatons equivalent of fission products deposited in the stratosphere by the 
end of 1956. The peak value, y = 8 mc/mi, occurs after 16 years-that is, in 1972. This 
predicted peak is about 2.75 times as large as the calculated value of 2.95 mc/mi2 at the 
end of 1956. Curve 1' is the same as curve 1 except that it is computed on the assumption 
that the mean life for fallout is 5 years (instead of 10 years). 
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The stratospheric burden then builds up 
to a steady value for which the rate of 
attrition by fallout and radioactive decay 
is just balanced by the steady replace- 
ment from testing. This course of events, 
which is described by Eq. 8, is repres- 
ented by curve 2 of Fig. 2. For the val- 
ues we have adopted for the constants, 
y approaches asymptotically to the limit- 
ing value of 96 mc/mi2. This limit is 

9 

20 40 

32.6 times the intensity of radiation from 
fallout at the end of 5 years. The inten- 
sity reaches half of the limiting value in 
36 years. For comparison, curve 1 on the 
same figure shows the result (Eq. 12) if 
tests had been stopped at the end of 
1956. To show the effect of a change in 
the somewhat doubtful value of the mean 
life for fallout, curve 2' shows the result 
when the mean life is assumed to be 5 

60 80 
t/yr 

Fig. 2. Curve 2 gives the approach to equilibrium intensity of fallout (Eq. 8) for a steady 
rate of testing, Ro = 3 mc/mi2 yr. The horizontal broken line gives the asymptotic value, 
96, found from Eq. 10. For comparison, curve 1 is the same as the broken curve 1 of Fig. 
1, giving the result if tests should be stopped now (Eq. 12). Curve 2' is the result if the 
mean life for fallout is taken to be 5 years (instead of 10 years as assumed for curve 2). 
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Fig. 3. Curve 3 gives the growth of fallout activity if the rate of testing increases in direct 
proportion to the time (Eq. 17). The dashed straight line on the right indicates the 
asymptotic value from Eq. 20. The ordinate gives ground radioactivity in millicuries per 
square mile. The insert shows detailed comparisons for the first few years. As in Fig. 2, 
curves 1 and 2 give the respective activities if tests should be discontinued or if they 
should continue at the present rate. The former is too low to be seen on the scale of the 
large graph. Curve 3' and the dash-dotted straight line are the corresponding curve and 
asymptote if the mean life for fallout is assumed to be 5 years (instead of 10 years). 
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years-a value favored by some workers 
in the field. 

It should be noted that y is the ac- 
cumulated amount of one particular ra- 
dioactive nuclide. The numerical values 
given above apply to Sr90, the most sig- 
nificant activity for the present discus- 
sion. The total amount of radioactivity 
would be the sum of such terms for all 
the radioactive materials involved. 

3) Future dosage if tests should be 

stopped now. If testing proceeded at a 
constant rate up to time To and then 

stopped abruptly, the radioactive mate- 
rial then on the ground would disinte- 
grate according to the simple exponential 
law of radioactive decay, while the course 
of events for the material in the strato- 

sphere at time To would be the same as 
if this material had been injected by a 
blast at this instant. 

This is described mathematically by 
Eqs. 11 and 12 and is shown graphically 
by curve 1 of Fig. 1. Except for the initial 
part, it differs very little from the result 
of a single large test carried out at time 

To/2 = 2.5 years, as is shown by the uni- 
form lateral displacement between curves 
0 and 1. [For the ordinate of curve 1, 
y/A is replaced by (kf +kr) y/Ro to fit 

Eq. 12.] Curve 1' is the same as curve 1, 
except that it is computed on the assump- 
tion that the mean life for fallout is 5 

years (instead of 10 years). 
4) Future dosage if the rate of testing 

should continue to rise at a constant rate. 
Unless special international arrange- 
ments are consummated, it is to be an- 

ticipated that there will be an increasing 
number of nations testing nuclear weap- 
ons in the future, and it is possible that 
tests by each country will grow in size or 
number, or both, as a result of the nor- 
mal expansion of military requirements. 
As a plausible upper limit to the likely 
future world-wide testing, barring war, 
we assume a rate R(t) which increases 
at a steady rate equal to the average 
rate of increase from the beginning of 
H-bomb testing up to the present. Equa- 
tion 17 which describes this case, is quite 
complicated, but it predicts that, as is 
shown by curve 3 of Fig. 3, there is an 
accelerated increase of the accumulated 
radioactivity y on the ground, as should 
be expected. This curve asymptotically 
approaches the dashed straight line. 
With the constants adopted for this dis- 
cussion, the radioactivity y on the ground 
eventually increases at a steady rate of 
38.4 mc/mi2 per year for this program. 
The results for the other assumed test- 

ing programs are included for compari- 
son in this figure. Curve 3' and the 
dash-dotted straight line are the corre- 
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sponding curve and asymptote if the 
mean life for fallout is assumed to be 5 

years (instead of 10 years). 

Discussion and Conclusion 

From these calculations we can make 
several statements comparing future dos- 

ages with "present" dosages. If tests had 
been stopped at the end of 1956, the 
ground intensity of Sr90 would have in- 
creased by 1970 to a maximum about 
two and three-quarters times that at the 
end of 1956, and thereafter it would 

gradually decline (Fig. 1). If tests should 
continue at a steady average rate, the 

ground intensity would increase to a lim- 

iting value about 32.5 times as great as 
it was at the end of 1956 (Fig. 2). In the 
extreme case that the rate of testing 
should go on increasing at the steady 
rate equal to the average rate of increase 
during the first 5 years, the ground in- 

tensity in 100 years would be about 730 
times as great as it was at the end of 
1956 (Fig. 3). The last figure, of course, 
is intended only to supply a plausible 
upper limit based on an easily formu- 
lated assumption and to suggest that in 
the natural course of events a substantial 
increase is to be expected. It does not 
seem likely that peacetime testing will 
mount to such limits. 

If we should attempt to provide a very 
rough calibration of the scale of dosage 
we have been using in terms of antici- 

pated human pathology, we would pass 
beyond the realm of straightforward an- 

alysis and into a field of very necessary 
and vital speculation which is, however, 
beyond the proper scope of this paper. 
About it I shall here do no more than 
make a few very inadequate remarks. 
Some idea of the extent of the problem 
may be gained from Libby's papers (1-3) 
and their lists of references, though much 
work remains to be done on it. 

Some perspective on the problem can 
be gained by comparison of the radio- 
activity from the tests with the radiation 
to which large populations are normally 
exposed. Libby has referred (3) to the 
variation of cosmic rays with altitude, 
pointing out that the variation of ioniza- 
tion in bone between Denver and New 
York is much greater than the bone radi- 
ation from Sr90 due to tests to date. A 
different approach is to compare Sr90 
with another radioactive substance, 
namely radium, which also deposits in 
bone and which is very widely distrib- 
uted in small and varying concentrations 
in drinking water. Radiological studies 
(6) show that the residents of the west- 
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ern suburbs of Chicago, who drink deep- 
well water containing about ten times as 
much radium as average drinking water, 
have an internal dose due to radium 

greater than the dose they would have 
from strontium if the surface density of 
Sr90 were 3000 mc/mi2. Even with our 
most pessimistic assumption of a steadily 
increasing rate of testing, it would take 
about 125 years for the world-wide aver- 
age density of Sr90 to reach this level. 

In any such discussion, allowance must 
be made for fluctuations. There is con- 
siderable variation in the world-wide dis- 
tribution of Sr90, the north temperate 
latitudes receiving more than the rest of 
the world, particularly in the general 
vicinity of test sites where there is also 
the additional burden of local fallout of 
other substances. Moreover, the efficiency 
with which Sr90 is transferred to human 
beings exhibits large local variations as- 
sociated with calcium deficiencies in 
some soils. Thus certain local popula- 
tions may be jeopardized by Sr90 long 
before the global average seems impres- 
sive. 

The use of a special population, such 
as the Chicago suburbanites, as a basis 
for calibration is very insensitive and 
can give no more than a rough upper 
limit, a feeling of assurance that the 
hazard is not serious compared with 
other normal hazards of living. It is 
based on the fact that no recognizably 
greater incidence of trouble has been 
found there than elsewhere. To be recog- 
nizable, it would have to be much 

greater-else it would be masked by fluc- 
tuations and incomplete diagnoses. 

A more sensitive criterion is found in 
the extrapolation to man of pathology 
induced experimentally in other ani- 
mals. Here there is serious uncertainty 
in the extrapolation, but it is possible to 
establish a reasonable expectation of the 
numbers of cases of cancer and genetic 
abnormality which, while perhaps very 
small compared with the world popula- 
tion in which they occur, represent nev- 
ertheless a lamentable absolute amount 
of human suffering. The fact that the 
cause of this particular trouble, in con- 
trast to the other hazards of normal life, 
is a deliberate act of governments brings 
it under special scrutiny. 

It is nevertheless important that the 
problem, and the possible solution of the 
problem, of continued testing be viewed 
in realistic perspective. Relative quanti- 
ties are important here as elsewhere, 
even though deliberate incidence of 
human misery is involved. Judgment 
should not be unduly swayed by one pre- 
diction of human suffering if the alter- 

native were to increase appreciably the 
likelihood of a much greater catastrophe. 
Modern global war would involve such 
vast tragic consequences to irreplaceable 
institutions as well as to life and health 
that its avoidance must be the trans- 
cendent consideration. Some (myself 
among them, as is apparent in other 
writings) believe that an agreement to 
stop tests on a world-wide basis would 
reduce the likelihood of war and should 
be sought for that reason. In this view, 
the reduction of the prospective radiation 
dosage may be viewed as an incidental 
but relatively minor bonus, a secondary 
incentive for arranging to stop the tests. 
It is the primary incentive that must be 
most seriously considered in weighing the 
various aspects of the security of the 
nation and the world. The above analy- 
sis, together with an adequate treatment 
of the problems of pathology here 
merely mentioned, might give the im- 
pression that the secondary incentive is 
not as urgent as it seems to some. Such 
an impression should not be permitted 
to obscure the forcefulness of the pri- 
mary incentive for stopping tests, that of 
the prevention of war. 

Mathematical Considerations 

As stated in the section "Extent of 

past testing," the data used by Commis- 
sioner Libby are (i) the total testing in 
the 5 years ending with 1956 was about 
30 megatons' equivalent of TNT; (ii) 
about /2 mc/mi2 of radioactivity results 
from 1 megaton equivalent; (iii) the 
mean life for fallout is about 10 years, 
or perhaps a little less; and (iv) the 
mean life for radioactive decay of Sr90 
is 40 years. Since the decay constants 

(Kf and kr) are just the reciprocals of 
the corresponding mean lives, f = 0.10 
per year for fallout and r,=0.025 per 
year for radioactive decay of Sr90. If 
R, is taken to be the average rate of pro- 
duction of Sr90 from testing during the 
5 years ending with 1956, 

Ro= (6 megaton/yr) ( /2 mc/mi2 megaton) 
= 3 mc/mi2 yr. 

The 5-year period during which these 
tests have taken place is represented by 
the time To in the general discussions. 
For comparison, the curves with primed 
numbers were computed on the assump- 
tion that the mean life for fallout is 5 
years, a value favored by some scientists; 
the corresponding decay constant is 

kf =0.20 per year. The values given 
above have been substituted in the equa- 
tions below to obtain the numerical re- 
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sults cited in the section "Prediction of 
effects of future tests." 

1) Accumulated fallout from a single 
blast. Assume that at time t= 0 radioac- 
tivity of amount A of some particular 
nuclide (for example, Sr90) is put into 
the stratosphere by a single blast. Let %r 
be its radioactive decay constant, the 
fraction of this nuclide which decays per 
unit time; and let Xf be the effective de- 

cay constant associated with fallout. (A 
decay constant is the reciprocal of the 

corresponding mean life.) It is further 
assumed that this radioactivity becomes 
uniformly distributed above the earth be- 
fore appreciable loss occurs by fallout 
and decay. If there were no radioactive 
decay, the activity remaining in the strat- 
osphere after fallout had continued for 
time t would be 

Xo(t) = Ae-xt, 

and the activity on (or near) the earth's 
surface would be 

yo(t) =A(1 - e-ft). 

But since radioactive disintegration with 
decay constant kr proceeds simultane- 
ously and independently, the actual ac- 
tivities in the stratosphere and on the 
ground will be less than these by the fac- 
tor e-rt. Thus the activity remaining in 
the stratosphere at time t will be 

x(t) =Ae-(^ft+)t (1) 

and the net accumulation on the ground 
will be 

y(t) = A(1 - e-"t)e-t. (2) 

Curve 0 of Fig. 1 is a plot of Eq. 2. 
These results can also be obtained by 

solving the differential equations ob- 
tained by noting that the instantaneous 
rate of fallout from the stratosphere to 
the ground is Xfx ani the rates of loss by 
radioactive decay are XrY in the strato- 
sphere and Xrx on the ground; so 

dx/dt- x - rx - ( = f + Xr)x 

and 

dy/dt = + Xfx - Xr 

The results cited in subsection 1 of "Pre- 
diction of effects of future tests" were 
obtained from Eq. 2. 

The resultant effect for a series of 
blasts is just the sum of terms similar to 
those in Eqs. 1 and 2, since the rate of 
decay of the radioactivity from each blast 
is independent of other events. Thus, if 
radioactivity of amount A1 is injected 
into the stratosphere at time t,, amount 
A2 at time t2, and so forth, then the 
radioactive burdens in the stratosphere 
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and on the ground at any later time t 
are, respectively, 

X(t) = Ale-(IXf+r)(t-tl) + 

A2e-(xff+r)(t-t2) + . . . (3) 

y(t) = A1[l - e-X (t-tl)]e-r(t-tl) + 

A[1 - e-t(t-t2)]e'-r(tt2) + . . . (4) 

The sums should include only the terms 
for those blasts that have taken place 

prior to time t in order to avoid the ab- 

surdity of including effects of blasts be- 
fore the blasts have taken place. 

2) Result of continuing tests at a con- 
stant rate. One easily calculated special 
case of continued testing is that in which 
radioactive material is produced at a 
constant rate R0. In this case, the A of 

Eqs. 1 to 4 is replaced by Ro dti, the 
amount of the material produced be- 
tween ti and (ti+dt5). This program 
offers a fairly good approximation to a 
continued sequence of blasts at a con- 
stant average rate, if the time between 
the blasts is smaller than the half-lives 
for fallout and radioactive decay. Under 
these assumptions, the sums in Eqs. 3 
and 4 become the integrals 

x(t) = Roe-itfXr) t-t)dt.i (5) 

and 

t 

fo 
y(t) = RoJ ll e-Xf(t~t)]e-r(t-t)dti. 

(6) 

Straightforward evaluation of these in- 
tegrals leads to 

Ro ,-(xt + x )t] 
x(t) X+ Xr) 1 

and 

Ro 
('f X/+Xr) 

~r+e- trt-(7 Jr 1) e-xt] 

These asymptotically approach the 
ing values 

x = Ro/(Xf + kr) 

yoo = RoXtf/X^ (f + 2r) 

The numerical results cited in subs( 
2 of "Prediction of effects of future 
were obtained from Eqs. 8 and 10. ( 
2 of Fig. 2 is a plot of Eq. 8, an 
broken horizontal line correspon 
Eq. 10. 

The value of the mean life for f; 
is not well established, and any re' 
in it would probably be downwar 
an illustration of the alteration o 

graphs in consequence of such a ch 
take the mean life to be 7 years (ir 
of 10 years). The value of y (5 yr) 
becomes 3.95 mc/mi2 ( raised 

(7) 

2.95), and the asymptotic value y (co) 
is raised proportionately less, from 96 
to 102.1 mc/mi2. The ratio y (co)/y (5 
yr) is lowered from 32.6 to 25.9. 

3) Future dosage if tests were to be 
stopped now. Assume that testing pro- 
duces the radioactive material at a 
constant rate Ro up to time To, when 
testing is discontinued abruptly. For 
0 t L To, Eqs. 7 and 8 still apply. 
Hence the amounts of material in the 

stratosphere and on the ground at time 
To are, respectively, 

Ro 
x(To) - ( [1 - e-(Xr+Xr)To] 

(W+ Xr) 

and 

(T)= 
Ro x 

(t +Xr) 

L[ + e- +Xr-( 1) l)e -rTo 

As pointed out in subsection 3 of "Pre- 
diction of effects of future tests," the 
course of events for the material in the 

stratosphere at time To is the same as 
if it were injected by a single blast at 
that instant-that is, x(t) for the pres- 
ent case is obtained by replacing A by 
x(T0) and t by (t-To) in Eq. 1. Thus 
the stratospheric burden at any time 
t > T is 

Ro 
x(t) ( + xr) 

[1 - e-(f +r)To] e-(f +\r) (t-To) ; 

whence 

Ro x(t) = 
r( 

x 

[e(Xt+'r)To- l]e-(f+'Xr)t. (11) 

The amount of radioactivity on the 

ground is expressible as the sum of two 
terms. The first term Yi represents the 
residue after the amount y (To) which 
was on the ground at time To has un- 

dergone exponential radioactive decay 
until time t. This term is, therefore, 

y, = y(To) e-X(t-To) 
(9) Ro [2 

(10) (X- -- + 
er 

( + 
r)) 

To 

tction ( + it ) eTo] xr(t-To) 
tests"r 1e 
Iurve R o [ ;LexrTo + e_xTo - 

d the (2f + r) Lr 
ds to (f + 1) ert 

allout The additional radioactivity on the 
vision ground as a result of fallout from the 
d. As stratosphere is found by the same method 
f the as was used to get x(t)-that is, A is re- 

range, placed by x(To) and t by (t-To) in 
lstead Eq. 2. Hence, the second portion Y2 of 

then the radioactivity on the ground at any 
from time t > To is 
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y2= x(To) (1 - e-t(t-To))e- r(et-To) 

Ro = 
( + r) [1 - e-(xf +r)TO] x 

(1 - e-x(t-To))e-xr(t-To) 

= R ^ [eXr -~ e otT?]e-Xrt + 

[1 - e(' +Xr)T] e-(f +xr)t} 

Hence the total amount of radioactivity 
on the ground at time t > To is 

y(t) =yi+y2 

- Ro [ eXrTo + e'-To- 
(~ + kr)l kr 

(f + l1)]e 
t 

+ [eXrTo - e-ftTo] x 

e- rt + [1- e(X+xr)To] e-(t+r)t 

y(t) = R -) + 1) r[erT- l]e' 
t- 

[e(Xf +r)To- 
1]e- (t+)r)t} (12) 

This equation is plotted as curve 1 of 

Fig. 1. 

4) Future dosage if rate of testing 
should continue to rise at a constant rate. 
The idealized case which is selected as 
a plausible upper limit to the likely fu- 
ture world-wide testing is taken to be that 
in which R(t), the rate of production 
of radioactive materials, increases in 
direct proportion to the time t. Then if 

Ro is the average rate of production dur- 

ing the interval from t = 0 to t = To, the 
rate at any time t is 

R(t) = (2Ro/To)t (13) 

and the material produced in the interval 
between tt and (ti + dti) is 

(2Ro/To) ti dti. 

When this replaces A in Eqs. 3 and 4 
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1]e- (t+)r)t} (12) 

This equation is plotted as curve 1 of 

Fig. 1. 
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should continue to rise at a constant rate. 
The idealized case which is selected as 
a plausible upper limit to the likely fu- 
ture world-wide testing is taken to be that 
in which R(t), the rate of production 
of radioactive materials, increases in 
direct proportion to the time t. Then if 

Ro is the average rate of production dur- 

ing the interval from t = 0 to t = To, the 
rate at any time t is 

R(t) = (2Ro/To)t (13) 

and the material produced in the interval 
between tt and (ti + dti) is 

(2Ro/To) ti dti. 

When this replaces A in Eqs. 3 and 4 

and the sums are replaced by integrals 
over the time ti, the result is 

x(t) = j (2Ro/To)tie-(xf+r)(t-t)dti 

(14) 

y(t) = (2R/To)ti x 

[1- e-xf(t-t)]e-xr(t-td)dti (15) 

Hence 

(t) = 2Ro x 
To(f + 4r)2 

[(Xf + Xr) t - 1 + e-(+r)t] (16) 
2Ro [krt - 1 + e-xrt 

y(t) = 
r2 

(Xf + r)t- 1 + e-(Xf + )t 

2Rof x 
ToXr(kf + Xr) 

[(+ 
(Xf r) e -) 

+ 
r [t-( +(+ )+(1 ) e^rt + 

(()+ Ir)- - -) ef-Xtxr)t ] (17) 

The latter result, which is shown as curve 

3 of Fig. 3, is expressed somewhat more 

neatly if the decay constants Xf, )r 
and (Xf + kr) are replaced by the corre- 

sponding mean lives t', tr, and Tt. 
For late times, for which t> l/.> , the 

exponentials in Eqs. 16 and 17 approach 
zero, so x(t) and y'(t) approach the 

asymptotic values 

2Ro [ 1 18) 
XTo(X- +?r)[ (f +Xr) (18) 

Y To^r(f + r) t L{t Xr (r + r) 
(19) 

With the assumed numerical values for 
the constants, Eq. 19 becomes 

y = (38.4 mc/mi2) (t/yr - 48). (20) 

and the sums are replaced by integrals 
over the time ti, the result is 

x(t) = j (2Ro/To)tie-(xf+r)(t-t)dti 

(14) 

y(t) = (2R/To)ti x 

[1- e-xf(t-t)]e-xr(t-td)dti (15) 

Hence 

(t) = 2Ro x 
To(f + 4r)2 

[(Xf + Xr) t - 1 + e-(+r)t] (16) 
2Ro [krt - 1 + e-xrt 

y(t) = 
r2 

(Xf + r)t- 1 + e-(Xf + )t 

2Rof x 
ToXr(kf + Xr) 

[(+ 
(Xf r) e -) 

+ 
r [t-( +(+ )+(1 ) e^rt + 

(()+ Ir)- - -) ef-Xtxr)t ] (17) 

The latter result, which is shown as curve 

3 of Fig. 3, is expressed somewhat more 

neatly if the decay constants Xf, )r 
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For late times, for which t> l/.> , the 

exponentials in Eqs. 16 and 17 approach 
zero, so x(t) and y'(t) approach the 
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(19) 

With the assumed numerical values for 
the constants, Eq. 19 becomes 

y = (38.4 mc/mi2) (t/yr - 48). (20) 

This asymptote is shown as the dashed 

straight line at the right in Fig. 3. 
This assumption of a steadily increas- 

ing rate of testing is not, of course, the 
best possible approximation to the course 
of events over the past few years. How- 

ever, refinements in the assumptions for 
this period have little significance be- 
cause the effects of these early tests are 
overshadowed at much later times by the 

large amounts of activity resulting from 
the assumed accelerated rate of testing. 
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do everyone involved in this turmoil a 
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to consider Irving Langmuir's life, back- 

ground and attitude toward science [V. 

J. Schaefer, "Irving Langmuir, Versatile 

Scientist," Bull. Am. Meteorol. Soc. 38, 
483 (1957); "In Memoriam: Irving 
Langmuir-Scientist," J. Colloid Sci. 13, 
3 (1958)]. With his death, on 16 August 
1957, the world lost another of the sci- 
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entific giants who strode across the scien- 
tific scene during the first half of the 
20th century, leaving a trail of pioneering 
achievements which those with pessi- 
mistic attitudes attempt to explain away 
as "due to that period being the golden 
age of science when scientific break- 

throughs were easier to come by, because 
there was so much virgin field to till." 

Langmuir's attitude toward the mod- 
ern scientific scene of the past few years 
was in direct conflict with such a philoso- 
phy. His enthusiasm for the newer 
achievements remained undiminished, 
his impatience being directed only to- 
ward those he felt were "dragging their 
feet" and serving as "wet blankets" in 
the development of new concepts and 
ideas. 
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