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REACTIONS PRODUCED BY NEUTRONS IN  
HEAVY ELEMENTS'  

By Dr. ENRICO FERMI  
PROFESSOR OF PHYSICS, 

THE nuclear reactions produced by neutron bom-
bardment in heavy elements can be oonveniently de- 
scribed, according to Bohr, with the assumption that., 
as soon as the bombarding neutron strikes the nucleus, 
it is incorporated into the nuclear structure with the 
formation of the so-called compound nucleus. This is 
a relatively stable system in the sense that its lifetime 
is very long compared with the frequencies of nuclear 
particles; in an absolute sense, however, the lifetime 
is very short, being sometimes of the order of 10-l2 
seconds and sometimes much less. 

The ultimate result of the nuclear reaction depends 

1 Presented in a syinposium on "Nuclear Physics," a t  
the University of Pennsylvania Bicentennial Conference, 
September 19. 

COLUMBIA UNIVERSITY 

upon the way in which the compound nucleus further 
disintegrates. And this mode of further disintegra-
tion depends in  its turn, fo r  any given nucleus, essen- 
tially upon the energy content of the compound 
nucleus. When the bombarding neutrons are slow the 
energy of the compound nucleus is equal to the bind- 
ing energy of the neutron in the nucleus. Apart  from 
irregular fluctuations from nucleus to nucleus, this 
binding energy has a general variation with the atomic 
nuniber and is a maximum for  elements of atomic 
weight about 40 where it is in the average about 9 Mev. 
From there on it decreases more or less regularly u p  
to the heaviest elements where i t  attains an average 
value of about 5 Mev. I f  the bombarding neutrons 
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sleeve was cut out as shown in the sketch, and fastened 
to-the free face of each bellolvs with a small amount 
of solder. 3Iaximum range is secured for  the couple 
by mounting the bellows under minimum compression. 
The fulcrum which carries the recording lever is ad- 
justable on the short rod d. The recoxding lever and 
its axle are shown only in the lateral view in Fig. 1. 

When coupled in this fashion, the elongation of each 
bellows for  a given rise in pressure is reduced by one 
half, pressure in the other member of the pair remain- 
ing constant. Thus, with the diameter and flexibility 
given above the volume change for  a pressure rise of 
100 mm K g  is approximately 0.87 cc. Under most 
conditions the time required for  the displacement of 

this volume of fluid does not constitute a serious error. 
Unless pressures high enough to produce lateral de- 
formation are employed, the behavior of the firmly 
joined apposed faces resembles that of a single elastic 
membrane, in response to pressure differences in the 
two members of the couple. Equal pressure increases 
in either member, pressure in the other remaining 
constant, will produce equal and opposite movements 
of the writing point from the zero line, regardless of 
differences in the separate flexibility of the two bel- 
lows. Furthermore, since fluid displacement for  a 
given pressure change is equal in  the two members, 
resistance to flow anywhere in  the system has the same 
effect as resistance anywhere else. 

The use of this type of manometer as a flow-meter 
fo r  arterial blood flow was described in the earlier 
report. Water is used for  filling the bellows and tub- 

ing, rather than citrate solution, as the latter corrodes 
the metal bellows. After cannulation and filling of 
the apparatus is complete, 5 per cent. chlorazol fast 
pink solution is injected into the cannulae and adja- 
cent tubing as an anticoagulant. I n  filling the lower 
bellows, a ir  is evacuated by rotating the couple on the 
rod d in the clamp e until the lower bellows is  upper- 
moqt. 

With al"cria1 pressure acting on both bellows, there 
is usually a fairly wide swing of the writing point 
with each pulse masre, due to delayed arrisral of the 
masre a t  the lower cannula. Up to a frequency of 
about 40 per min. in hydrostatic systems, equal but 
asynchronous palsating pressures in the two bellows 
produce equal oscillations of the writing point about 
the true mean. With higher frequencies, such as occur 
in the arteries, there may be an error as great as 2 mm 
K g  in reading the true mean. 

When the constricting clamp is placed on the artery 
between the two cannulae to permit the use of the 
apparatus as a flom-meter, the pulse wave as  well as 
mean pressure in the lower bellows is reduced, and the 
nov  weakly opposed waves in the upper bellows pro- 
duce large oscillations of the pointer. The legibility 
of the record may be improsred by damping these with 
a screw clamp applied to the tubing leading to the 
upper bellows. The reading of the mean pressure dif- 
ference is  not affected by such damping. 

The force acting at the apposed faces is approxi- 
mately 5.85 gm for  a pressure difference of 1 mm 
Hg. This permits the use of magnifying recording 
levers, gisring 50-100 times magnification on the rec- 
ord. With a light lever giving a magnification of 
approximately 100 times, the apparatus in use has a 
period of 0.3 see. Since this is of the same order as 
the natural period of most mercuxy manometers, the 
apparatus can indicate flov changes with such cyclic 
circulatory phenomena as can be recorded with a mer- 
cury manometer. The accuracy wit11 which it  records 
these is about the same as the accuracy of the usual 
laboratory mercury manometer in indicating pressure 
changes. 
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