
fusion between numerical mathematics, on the one lrlachines where eluphasis is or1 logical competence 
hand, and nonnumerical reasoning, or symbolic logic, rather than on mathematical competence, are already 
on the other. Machines that play games, machines that in existence. Symbolic logic, large-scale calculating 
separate true combinations of statements from false machinery, and mathematics will continue to enrich 
combinations, other kinds of information-handling one another in many significant ways. 
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TH E  STUDY O F  NUCLEAR PROCESSES 
commonly involves the bombardment of one 
nucleus with one or another of the funda- 
mental particles. I n  many experiments, par-  

ticularly early ones, the bombarding particles were 
those emitted by naturally radioactive substances, 
whereas in  later work artificially accelerated particles 
have been extensively used. I n  experiments involving 
neutrons as the bombarding agent, production is nor- 
mally a secondary process following the bombardment 
of a primary target either by a charged particle or 
by gamma radiation. 

Familiar particle accelerators are direct current gen- 
erators of, fo r  example, the Cockcroft and Walton 
type, and cyclic accelerating devices typified by the 
cyclotron and betatron. I n  the former, particles are  
accelerated by passing through a single large-voltage 
gradient, whereas in  the latter, energy is imparted to  
the accelerated particles by causing them to traverse 
a short intense gradient many times when constrained 
into a n  approximately circular path by a very strong 
magnetic field. F o r  this purpose a large and expen- 
sive electromagnet is required. 

Among the many electrical devices that have been 
made practicable by the great advances in  radio tech- 
nique of recent years is a new form of high-energy 
particle accelerator known as the Traveling-Wave 
Linear Accelerator. This machine has been fully 
described elsewhere, but a brief description of its 
mode of operation is, perhaps, not out of place here. 

Electrons are introduced axially into a special form 
of evacuated radio wave guide, along which electric 
waves are  made to travel so that their phase velocity 
increases steadily from a speed equal to  that of the 
entering electrons u p  to nearly that of light. Most of 
the electrons are then constrained into "bunches" mov-
ing in constant phase relationship to the waves and 
are, therefore, accelerated with them. 

I n  the accelerator recently installed a t  the Atomic 
Energy Research Establishment a t  Harwell in south- 
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ern England, the final electron energy obtained may 
be as  high as 3.2 mev with a mean current of about 
120 pa. The electrons may be extracted from the 
machine by allowing them to emerge through a thin 
metal win do^'^ a t  the end of the accelerating wave 
guide. 

Use of magnetron valve. The radio waves are gen- 
erated in a magnetron valve, such as was developed for  
radar use, a t  a wavelength of 10 cm. They occur in  
very intense pulses, 2 ps in  length, and up  to 500 
pulses every second may be used. The current of 
electrons during the pulse is, therefore, of the order 
of 120 ma. I f  the large current of electrons from the 
machine is allowed to strike a heavy metal target, in- 
tense bursts of gamma rays are  produced, and one use 
of the machine is to provide heavy doses fo r  irradia- 
tion purposes. 

This particular machine is, however, installed pri- 
marily as a neutron source. The gamma rays are 
converted into neutrons by photodisintegration in a 
target of heavy water. Some of the nuclei of the 
deuterium in the heavy water disintegrate and emit 
a neutron. Some of the neutrons emerge from the 
target and are available for  experimental purposes. 
The machine will be used as a neutron source f o r  time- 
of-flight measurements and, it  is hoped, will prove a 
better source than has hitherto been available. 

The linear accelerator is inherently suitable fo r  this 
use since the neutrons are  produced in bursts-corre- 
sponding to the pulses of radar waves from the mag- 
netron. By a technique similar to that used for  range 
determination in some radar  equipment, i t  is possible 
to measure the time-which may vary in practical 
cases from a few microseconds to a few milliseconds- 
taken by neutrons to travel over a fixed distance from 
their origin in the source, to a detector (usually a 
proportional counter). 

Calculating neutron velocity. A series of electronic 
"gates," opened in succession, allows only neutrons of 
velocities corresponding to the delay between the 
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initial neutron pulse from the source and the time of 
opening of the individual "gatev to  be "counted" by 
the dctccting circuits. The neutron velocity-and 
hence the energy-may then be calculated, and the 
variation mith energy of interaction with the nuclei 
of various elcments may be inferred. F o r  example, 
by placing substances in the path of the neutrons be- 
tween source and detector, the extent to which the 
neutrons are absorbed in that substance may be in- 
vestigated, over a range of neutron energies. 

The results of such experiments are  of fundamental 
importance in the design of nuclear reactors, since the 
choice of suitable materials (hoth reacting and struc- 
tural) is severcly liiuited by their nuclear properties. 

Since the proccss of generating the neutrons in the 
heavy water target, as  well as  their absorp t i~n  in 
samples, is a statistical process, the arrivals in each 
'(gate" occur in a random manner, and, to  achieve an 
accurate estimate of the rate of arrival (or  counting 
rate),  as  many as possible must be counted. This 

means that the ~uaxinlu~n possible number of electrons 
must be produced by the linear accelerator. 

In  this condition, the accelerator is generating harm- 
ful  radiation a t  a n  intensity many thousands of times 
higher than is safe fo r  esposure of the human body, 
and a very thick concrete shelter all around the ma- 
chine is necessary, with only a small aperture for  the 
emergent neutrons. All the electrical, as well as the 
vacuum pumping, apparatus is, therefore, remotely 
controlled from a safe point outside the shelter. Pre-
cautions are taken to ensure that no person may enter 
the shelter during operation or "see" the target from 
any distance less than that a t  which the intensity is 
reduced to a safe value. 

The basic design of the accelerator was the work 
of the Har~vel l  scientific staff, and the technical devel- 
opment and construction were carried out by the Mul- 
lard Electronic Research Laboratories, which have also 
cooperated in the design and manufacture of the 
detecting and "gating" circuits. 

Technical Papers 

Preparation of Radioactive Glass Beads 

Walter Kisieleslri, George Svihla, and Austin M. ~rues '  

Biology Divisio?~, Argonne Natio?zal Laboratory, Chicago 

There are many possible experimental uses for 
small, intensely radioactive sources that can, for ex-
ample, be imbedded in living tissue. I t  occurred to us 
that approximately point sources might be made by 
incorporating isotopes of high specific activity into 
glass beads. I t  vas  found possible to prepare such 
beads containing YU1, a pure 0-emitter; SrDo, a pure 
0-enlitter that gives rise to an yttrium daughter (YU0), 
also a 0-emitter; and CelL4 which, mith its praseodymium 
daugllter (Pr14'), emits a more complex spectrum. 

Use of a preliminary batch of Y" beads imbedded in 
regenerating rat liver has been reported (1). By eut- 
ting microscopic sections through the point occupied by 
the bead, i t  was possible to obtain single tissue sections 
treated by a wide range of r~diat ion dosages that mere 
approximately calculable. Fnrther development of the 
technique has enabled us to prepare beads with activi- 
ties of tlle order of 1-2 mc/mg. Such beads are suffi- 
cient to produce a sharply demarcated area of liver 
necrosis within 48 hr, ~ ~ i t h  the radiaticn dosage dirnin- 
islling nearly to zero at  the periphery of the organ. 

Among possible methods for the production of radio- 
active beads are: (1) adsorption of the radionualide 

1 The authors are indebted to A. S. Tracy for the photo- 
graphs. 

onto powdcred glass, follo~r-ed by fusion of small 
quantities of the material to form beads; (2) incorpo- 
ration of the radionuclide into the ram materials used 
in the manufacture of glass; and ( 3 )  precipitation of 
the radionuclide in the presence of powdered glass that 
can then be fused into beads. I t  mas decided after a 
number of tracer studies ( 8 )  that the last method of- 
fered the most satisfactory menns for the production of 
very small ancl highly radioactive beads. This is illus- 
trated in Fig. 18 and lB,  in which the apparent ac-
tivity is plotted for randomly chosen beads against 
weight and diameter cubed. 

The method described here deals specifically with the 
production of beads containing yttriumm, although 
bends of comparable activity were prepared with Ce144 
and Srw, and, except for possible alteration in the 
chemical procedures, tlle technique may be applied to 
other radionuclides. 

The solution of YD1 was received from the Oak Ridge 
Laboratory as YDIC1, containing 50 me in 18.8 ml of 
weak HC1 solution. To this solution were added 1 mg 
of yttrium carrier, 5 mg of porvdered micro slide glass, 
and YD1(OH), precipitated by the addition of NII,OH. 
In  the case of SrSO tlle carbonate was precipitnted. 
After centrifugation, the supernatant was decanted 
and the precipitate slurried and partially dried in 
readiness for fusion into beads. The addition of 1mg 
of yttrium carrier under these conditions gave recoveries 
of 95%-97%. 

The amount powdered glass added to the 
was determined by preliminary studies of the minimum 


