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and a watchful eye should be kept to prevent such 
funds f r o r ~ ~  working to the detriment of real science. 
I t  is the young generation, who will profit from the 
incoming funds, who should also be alerted against 
the danger that politicians, both those within and 
those outside the universities, will take over science. 
The young researcher must insist upon the right to 
think for  hirllself, to plan for  himself, 'to rllake his 

--. 

own mistakes, and to be happy over a n  unplanned, 
unforeseen discovery. Real progress in science has 
always been made and will always be made by the 
free mind, left to its own working under a system 
where science is free. 

Based upon a presidential address given at  a meeting of 
the Phi Sigma Society held December 3 0 ,  1948 at  the Uni-
versity of  New Mexico. 
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SOME TIME AGO T H E  OCCURRENCE of ra- 
diocarbon in living matter and dissolved ocean 
carbonate was reported (1, 2, 4, 5 )  as a result 

of researches on sewage methane gas from the City of 
Baltimore. The postulated origin (5)-cosmic ray  
neutrons reacting with atmospheric nitrogen to give 
radiocarbon a t  high altitudes--clearly predicted that 
all material in  the life cycle and all material exchange- 
able with atmospheric carbon dioxide, such as  car-
bonate dissolved in sea water, would be radioactive. 
The long half-life of radiocarbon, 5,720+47 years 
( 3 ) ,  further seemed to ensure that the mixing proc- 
esses would have ample time to distribute the radio- 
carbon uniformly throughout the world. 

Since completing the first tcsts using isotopic en-
richment with Dr. Grosse and his associates, an im- 
provement in counting technique has enabled us to 
investigate materials without enrichment to about 
5 1 0 %  error. The samples are counted in the form 
of elementary carbon in a screen wall counter (6). 
Six grams of carbon are spread uniformly over a n  

1This  research was supported in part  by a grant from the 
Vilring B'und, Inc., and the authors want  to  express their 
gratitude to the Viking Fund and i ts  director of research, 
Paul Fejos. We are deeply indebted also to  Robert Merrill, 
of the  Department of Anthropology, University of Chicago, 
for assistance in the measurements reported, to the members 
of the Committee of the American Anthropological Associa-
tion mentioned below, to Ambrose Lansing of the Metropoli 
t an  Museum, to  John Wilson, of the Oriental Institute of the 
University of Chicago, and to  Fred Eggan and R. J. Draid-
wood of the Department of Anthropology, University of Chi-
cago. We are also indebted to Col. c, C. Gregg, of the Chi-
cago Natural History nfuseum, for many of the samples used 
i n  the world-wide assay, to  Junius Bird, of the American 
Museum of Natural History, and to the members of the Ryrd 
and  Ronne Antarctic expeditions, a s  well a s  to  H. J. Deason, 
of the Fish and Wildlife Service, for  the Antarctic samples 
and t o  the many others who encouraged and assisted us  in  
this research. 

2 DuPont Fellow in Chemistry. 

area of 300 em" to give a n  "infinitely thick" layer; 
about 5.9% of the disintegrations register in this ar- 
rangement. The background of the counter has been 
reduced from 150 cpm (when shielded by  2" of lead) 
to 10 cpm by means of anti-c~incidence shielding and 

TABLE 3 

Sample 

Baltimore sewage methane (1, 2 )  
Ironwood from Marshall Islands 

Elmwood, Chicago Campus 

Pine, Mt. Wilson, New Mexico, 
(10 000' altitnde) 

Bolivian wood 

Ceylon wood 
Tierra del Fucgo wood 
Panumanian wood 
Palestinian wood 
Swedish wood 
New South Wale8 wood 
North African wood 

Weighted average 

Sea shell, Florijawest 
,, ,, ti is ', 

,, " L 6  ,, 
Weighted average 

Assay 
(cpm/gm of carbon) 

11.9+_ 0.4 
12.5i:0.2 


13.3+ 0.5 
14.9+ 0.7 
14.6+ 0.5 
14 1 + 0.3 

Oil' Antarctic 10.4 +_ 0.7 

8 

the addition of a 4" iron liner inside the lead shield. 
The technique will be described in detail elsewhere. 
A world-wide assay has been completed, and the uni- 
form it^ The data are pre-
sented in Table 1. 

The numbers quoted are  intended to be absolute 
disintegration rates per gram of carbon. I t  must be 
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said, however, that our absolute calibration of the 
counters used may have as much as  10% error. We 
hope to improve this in the near future. Since all 
the samples were measured with the same technique, 
the relative comparison does not involve this point. 
With the exception of the Antarctic seal sample, which 
has been run only once to date, the uniformity is well 
within experimental error. Since one expects the 
arctic samples if anything to be high, because the 
neutron intensity is lowest a t  the equator and rises 
towards the poles ( 9 ) , and since the deviation of the 
seal oil from the mean is not much larger than the 
error of the measurement, i t  is believed that further 
~neasurements will show this sample to be normal also. 
The rcsu!t on the sea shell sample is interesting. I t  
has bern shown (7, 8) that C13 O C C U ~ Sin higher abun- 
dance in carbonates than in organic material. The 
result we find f o r  radiocarbon in sea shells versus 
wood and other organic material is in line with this 
t.arlier finding for  CJ3. I t  is true, however, that the 
difference may be somewhat larger in our case than 
that predicted from the earlier results, though the 
error of our measurement is so large at  present as to 
\4 ell overlap the predicted value. 

IJaving established the world-wide nniformity of the 
radiocarbon assay a t  the present time, it  seems a log- 
ical assumption that this would have been true in 
:~ncient times. Assuming this, and using the half-life 
o r  radiocarbon, 5,720" 47 years ( 2 ) ,one can calculate 
the specific activity to be cxl)eczted nfter any given time 
inteival elapsed since the removal of any carbonaceous 
rnaterial from equilibrium with the life cycle. F o r  
living materials this probably coincides with the time 
of death; fo r  carbonates it  would coi-respond to the 
time of crystallization (assuming no further inter- 
change with the solution or atmospheric carbon di-
oxide to occur). On this basis we have undertaken 
i,xami~~ationof wood samples of well established age 
from the ancient Egyptian tombs. Two such samples 
w c ~ c ~uscd, one from the tomb of Sneferu a t  Meydum 
(furnished by Froelich Rainey, of the University of 
Pennsylvania. Museum, Philadelphia) which was 4,575 
+ 75 ycars old; the other from the tomb of Zoser a t  
S:~kkara. (furnished by Amhrose Lansing, of the Met- 

~opol i t an  Museum of New York) which was 4,650 t75 
years old. The former sample is cypress wood; the 
latter is acacia. John Wilson, of the Oriental Insti- 
tute of the University of Chicago, has given the dates 
quoted, a t  the behest of a committee of the American 
Anthropological Association, consisting of Frederick 
Johnson, chairman, Froelich Rainey, and Donald Col- 

TABLE 2 

AGE DETERIINATION ON TEE ANCIENTEGYPTIAN SAMPLES 

Sample Specific activity found 
(cpm/gm of  carbon) 

Zoser 	 7.88 ~t0.74 
7.36 0.53 

Snefern 6.95 2 0.40 
7.42 ? 0.38 
6.26 + 0.41 

Weighted average 
(both samples) 7.04 2 0.20 

Expected value 7.15 + 0.15 

lier. The expected assay for  4,600-year material is 
easily calculated to be 7.15 +. 0.15 cpm/gm of carbon 
on the basis of the present assay and the half-life. 
Table 2 presents the data obtained on these materials. 

The data on both samples were averaged since the 
error in ages almost overlaps the difference, and the 
weighting was taken according to the error quoted in 
each run. The errors quoted here and in Table 1also 
are standard deviations determined strictly from the 
statistical counting error, and, since the data agree 
within these errors, we believe that no other appreci- 
able error is involved in the measurement. I t  is grati- 
fying that the mean of the determinations agrees with 
the expected value within 1 standard deviation unit. 
An error of 0.4 cpm/gm in the specific activity cor- 
responds to an error of 450 years in a 4,600-year-old 
sample. 

On this basis we feel encouraged to proceed with 
further tests on younger samples of known age. This 
work is now in progress. I t  is hoped that certain 
unknowns can be measured in the near future. A 
large thermal diffusion column similar to the one used 
by Dr. Grosse and his associates has been installed i n  
the laboratory and a considerable increase in accuracy 
should result, permitting the measurement of samples 
as old as 20,000 to 25,000 years. 
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