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8. H. Caldwell, the Massachusetts Institute of Technology.

E. U. Condon, Westinghouse Electric and Manufacturing
Company.

Donald Cooksey, University of California.

C. 8. Draper, the Massachusetts Institute of Technology.

E. W. Engstrom, Radio Corporation of America.

W. C. Evans, Westinghouse Electric and Manufacturing
Company.

T. C. Fry, Bell Telephone Laboratories.

L. O. Grondahl, Union Switch and Signal Company.

William W. Hansen, Stanford University.

G. R. Harrison, the Massachusetts Institute of Technology.

Thomas H. Johnson, Franklin Institute.

M. J. Kelly, Bell Telephone Laboratories.

Paul Klopsteg, Central Scientific Company.

Ernest O. Lawrence, University of California.

Frank D. Lewis, Loomis Laboratories.

George Metcalf, General Electric Company.

J. P. Molnar, the Massachusetts Institute of Technology.

Philip McCord Morse, the Massachusetts Institute of
Technology.

Edward J. Poitras, the California Institute of Technology.

Louis A. Turner, Princeton University.

Warren Weaver, Rockefeller Foundation.

H. Hugh Willis, Sperry Gyroseope Company.

C. L. Wilson, Research Corporation.

\Serving on committees reporting directly to the
chairman or otherwise assisting the chairman are the
following :

J. W. Beams, University of Virginia.

Gregory Breit, University of Wisconsin.

Lyman J. Briggs, director, National Bureau of Standards.

T. H. Dillon (Colonel), Carnegie Institution of Wash-
ington.
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Ross Gunn, Naval Research Laboratory.

John H. Howard, the Massachusetts Institute of Tech-
nology.

G. B. Pegram, Columbia University.

H. C. Urey, Columbia University.

Lloyd Sutton is serving on a Patent Advisory Com-
mittee with Commissioner Coe.

With the exception of six who have obtained leave
of absence from their regular positions and who are
devoting full time to the work of the committee, all
have volunteered their services on a part-time basis
without compensation. The committee has eompleted
or has under negotiation approximately sixty contracts
with industrial laboratories and universities for carry-
ing out research on specific problems.

According to Dr. Bush, the scientists and engineers
of the United States have been most enthusiastie in the
offer of their services. In addition, they have under-
stood that it is not possible on short notice to make
the most effective use of the skill and talent of thou-
sands of persons, and they have been sympathetic with
the program of the committee in accepting the services

. of individual scientists only as problems were brought

into a form where their talents could most effectively
be used. i

The task assigned to the committee by the Council
of National Defense is that of correlating and support-
ing scientific research on mechanisms and devices of
warfare. It does not extend to such matters as food
or medicine and health. For that reason the men
selected to aid the committee will econtinue to be drawn
largely from the fields of chemistry, physies and engi-
neering.

SPECIAL ARTICLES

THE LOGISTIC CURVE AND THE CENSUS
COUNT OF 1940*

BARLY in 1920 Pearl and Reed? published the results
of fitting a logistic curve to the census counts of the
population of the United States from 1790 to 1910,
inclusive. At the time the computations were made in
1919 the results of the census of 1920 were not avail-
able, and therefore were not and could not be included
in the caleulations. Soon after the original paper was
published the notation was improved, and the curve
took the definitive form, still, however, without the use
of the 1920 count:

197.27
Y= 1¥67.32¢-0.03130 @
1 From the department of biology and the department
of biostatistics (Paper No. 215) of the School of Hygiene
and Public Health, Johns Hopkins University.
2R. Pearl and L. J. Reed, Proc. Nat. dcad. Sci., 6:
275-288, 1920.

where y denotes calewated population in millions, and
z time, in base units of one year. This curve (1) will
be hereinafter referred to as Logistic I. It is depicted
graphically in Fig. 1 with the actual census counts of
1920, 1930 and 1940 (preliminary figure) inserted as
crossed circles connected by a dash line to indicate that
in the derivation of equation (1) no census count after
that of 1910 was used.

Thirty years have elapsed since the last datum (the
census count of 1910) available when the curve was
caleulated. It seems justifiable now to make a further
examination of how the case goes, as was done in 1930.3
The following tabulation gives the faets.

It thus appears that the forecast made by Logistic I
missed the counted population by 16 parts in a thou-
samd in excess in 1920; by 2.5 parts in a thousand in
defect in 1930, and by 37.3 parts in a4 thousand in ex-
cess in 1940. The error in 1940 is of perhaps about

8 R. Pearl and L. J. Reed, SCIENCE, 72: 399-401, 1930.
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Fic. 1. The census counts; of the population of the United States from 1790 to 1940, inclusive (given by eircles).

«

The smooth curve is the logistic of equation (1) fitted to the census counts from 1790 to 1910 inclusive.

The broken

lines show the extrapolation of the curve beyond the data to which it was fitted. The dash portion from 1910 to
1940 is the part of the extrapolation which has been tested by census counts (crossed circles) which have been made
since the logistic was originally fitted. The dotted line shows the further extrapolation of the same curve.

TABLE I

PoPULATION OF CONTINENTAL UNITED STATES (IN MILLIONS)

B. As counted

A. As forecast by
L ti by the
Census Bureau

ogistic
(data of 1790-1910)

1920 ...l 107.4 105.7
1930 . .vvvunn 122.4 122.7
1940 ....ovvn

the same order of magnitude as that probably inherent
in the count itself. But it is considerably larger than
that made by the curve in either 1920 or 1930.

In our earlier work with the logistic curve we have
repeatedly emphasized (a) that it is a basic postulate
of the logistic theory of population growth that any
particular population can be expected to continue to
follow in its later growth the same logistic curve that
it has followed in its earlier growth only if there has
been no serious or cataclysmic alteration of the econdi-
tions (climatie, geological, biological, economic or so-
cial) under which its earlier growth has taken place;
and (b) that if, and when, evidence appeared that
indicated that substantial alteration of the conditions
of growth had occurred a new logistic should, and
would, be derived to take into account the new evi-
dence. The census counts of 1920 and 1930 indicated
no such evidence. Does the count of 1940? We do

TABLE II

THE POPULATION OF THE UNITED STATES: (A) As COUNTED
IN OFFICIAL CENSUSES; (B) AccorpING TO Logisrtic II;
(C) AccorpiNG TO LocisTic I. (ALL POPULATIONS
ARE IN MILLIONS OF PERSONS)

gt et e e A B C

Year  Opserved LogisticII Logistiel B-4 — C-A
Lower

asympt .000 .000 e ceen
1700 . .210 .239 e e
1720 e .399 .446 . .
1740 PR 758 .833 ceen e
1760 e 1.438 1.553 e e
1780 2.718 2.887 e e
1790 3.730 3.929 -~ .199 .000
1800 5.108 5.336 - .200 + .028
1810 6.974 7.228 -~ .266 - .012
1820 9.487 9.757 - 151 + .119
1830 12.840 13,109 -~ .026 + .243
1840 17.260 17.506 + .191 + .437
1850 22.997 23.192 - 195 .000
1860 30.294 30.412 -1.149 -1.031
1870 39.342 39.372 + .784 + .814
1880 50.209 50.177 + .053 + .021
1890 62.775 62.769 - .173 - 179
1900 76.684 76.870 + .689 + .875
1910 91.352 91,972 - .620 .000
1920 106.053 107.394 + .342 +1.683
1930 120.054 122,397 -2.721 - .378
1940 132.756 136.318 +1.346  +4.908
1950 143.779 148.678 e N
1960 152,986 159.230
1970 160.430 167.945
1980 166.295 174,941
1990 170.820 180.437
2000 174.256 184.678
2020 178.751 190.341
2040 181.205 193.509
2060 182.522 195.249
2080 183.221 196.337
2100 183.590 196.681

Upper

asympt  ...... 184.000

197.274 ven




488

SCIENCE

VoL. 92, No. 2395

200

175

150

UNITED STATES

25
LOGISTICIT

100

75

50

POPULATION IN MILLIONS

25

M

1700 20 40 60 80 i800 20 40 60 80 190020 40 60 80 200020 40 60 80 200

YEAR

Fic. 2. Logistic curve II (smooth curve) fitted to the census counts (circles) of the population of the United

States from 1790 to 1940 inclusive.

not know, and shall not know until the eount of 1950
gives some indication as to whether the diserepancy
between theory and observation in 1940 is'merely a
minor fluctuation that will be compensated for in the
next ten years, or marks instead the beginning of a
different trend of the curve. A

But in the meantime, in part as a token of good faith
relative to our past promises, we have computed a new
logistic eurve (Logistic IT), using the method of sue-
cessive least square approximations,* to the history of
the growth of the population of the United States, in-
cluding all the recorded data from 1790 to 1940 inclu-
sive. The results are set forth in Table IT, and Fig. 2.
The equation of this new logistic (Logistic IT) is:

_ 184.00
Y=1766.69¢0.05220

The constants K and € in (2) are smaller than in
(1) by amounts that ave respectively 6.7 and 0.9 per
cent. of their values in (1). The constant + is larger
in (2) than in (1) by 2.9 per cent. of its value in (1).
From Table II the following root mean square devia-
tions are computed

\/Z(B -A)'_ \/12.408 = 8805
16 16

2(0—A)2:\/é9.s53:]_3659
16 16

4R. Pearl, ‘‘Introduction to Medical Biometry and
Statisties,’’ Third Edit. Chapter XVIII passim. Phila-
delphia: W. B. Saunders Company, 1940.

8

It is plain that either of the two logistics fits the 16
observed populations very well, considering that each
is only a three constant curve. But as to which makes
the better forecast of the population to be counted in
1950 we are not prepared to say at this time. We
hope to make a statement on the point in 1950.

RaymMoND PEARL®
LoweLL J. REED
Josepr F. Kism
ScmooL or HYGIENE AND PUBLIC HEALTH,
THE JouHNS HoPKINS UNIVERSITY

THE HEPARINS OF VARIOUS MAMMALIAN
SPECIES AND THEIR RELATIVE ANTI-
COAGULANT POTENCY

Ox the basis of studies of impure beef heparin
Jorpes? postulated that heparin is a mixture of mucoi-
tin polysulfurie acids, the anticoagulant action of
which is dependent on the sulfate groups, the potency
inereasing with inereasing sulfur content. The isola-
tion of the erystalline barium salt of heparin by
Charles and Scott? has made it possible to prepare
large amounts of the pure anticoagulant. Working
with samples of this erystalline material isolated from
different tissues of the ox, Charles and Todd® could

5 Professor Pearl died on November 17.

1 Jorpes, Biochem. Jour., 29: 1817, 1935; ibid., 33: 47,
1938.

2 Charles and Seott, Biochem. Jour., 30: 1927, 1936.

3 Charles and Todd, Biochem. Jour., 34: 112, 1940.




