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"It has long been my ambition fo have avaliable , . a copious 
supply of atoms and electrons . . . transcending in energy the alpha 
and beta particles from radioactive substances." 

Ernest Rutherford -1927 

High-energy Electrons in Solid-state Physics-I 
under way and will serve to extend 
even further our understanding of 
the crystal structure. 
Type of Particle 

Many different particles can be 
used for radiation studies. Their ef- 
fects differ mainly in the momen- 
tum transferred to the lattice atom. 
Heavy particles transfer a large 
amount of energy. The ejected atom 
may have enough kinetic energy to 
cause subsequent displacements and 
produce a thermal spike in which 
a large number of atoms are in- 
volved. This type of damage is hard 
to analyze because of its complexity. 

Light particles, such as electrons, 
can be accelerated to energies where 
only a single displacement will oc- 
cur. It is possible to measure the 
binding energy of the atom in the 
lattice by suitable measurements 
following this type of bombardment. 

The source of these particles can 
be an accelerator or a nuclear pile. 
The need for precise control of 
certain variables and the necessity 
for knowing the particle energy 
makes the accelerator a superior 
source. The Van de Graaff has been 
used extensively in these studies be- 
cause its precision and energy sta- 
bility best meet the requirements. 
Applications 

Studies of radiation effects can 
be applied to current problems. 

Nuclear pile designers must know 
how much radiation a material can 
withstand before failure, and how 
well important instruments will 
stand up under particle bombard- 
ment. In particular, sensitive elec- 
tronic systems must operate safely 
in high-intensity radiation fields. 
This is particularly true for nuclear. 
powered aircraft and guided mis- 
siles. Much work is now going on 
in testing components in radiation 
fields provided by particle 
accelerators. 

There have been reports of high- 
frequency diodes being produced 
by irradiating semi-conductor ma- 
terials to reduce the carrier life- 
times. While these have not been 
produced commercially, it appears 
that this is a simple method of pro- 
ducing traps in semi-conductors 
where they are needed. 

Accelerator Versatility 
The studies described above are 

being carried out principally with 
the Van de Graaffr. Capable of 
accelerating charged particles such 
as electrons and protons, this ver- 
satile source of synthetic radiation 
can also produce monenergetic neu- 
trons and high-intensity x-ray fields. 
The primary particle energy is con- 
tinuously variable over wide ranges, 
and can be accurately measured for 
threshhold studies. 

Studies of radiation effects are 
vital to physicists in developing the 
theory of the solid state. For ex- 
ample: high-energy particles have 
been used extensively to produce 
defects in crystalline materials. The 
resulting vacancy-interstitial pair 
alters the mobility of the charge 
carriers, and therefore the electrical 
characteristics of the material. In 
conductors, this will result in de- 
creased conductivity. In semi-con- 
ductors, the defects, which are 
primarily of the Frenkel o o o 
type, will act as carrier / 
traps and decrease the e , ? 
carrier lifetime. A 0 \ 
knowledge of these ef- foINEL 
fects which can be eas- o o o 
ily measured has been invaluable 
in extending the theory of crystal 
structure. 
Lattice Bonds 

Theoretical studies in ionic and 
co-valent crystals have shown that 
the lattice binding energy is about 
25 ev. The energy of an electron 
which can cause a single displace- 
ment is therefore of the order of 
0.4 Mev. This figure is confirmed 
by a number of experiments with 
electrons from Van de Graaf ac- 
celerators. Reports of these experi- 
ments have come from Purdue Uni- 
versity using the University of 
Notre Dame acceieratorl, North 
American Aviation, Inc.2, Bell Tel- 
ephone Laboratories3, and others. 
All confirm the theory within the 
experimental errors. More refined 
measurements on such aspects as 
crystal orientation by Bell Labora- 
tories3, and minority carrier life- 
time, by R.C.A. Laboratories4, are 

iE. E. Klontz, K Lark.-Horowitz, Phys. Rev. 6, 643, 1952 
.lD. T. Eggen, M. J. Laubenstein, Phys. Rev, 9_, 238, 1953 

SW. L. Brown, Bull. APS, 2, 156, 1957 
4P. Rappaport, Phys. Rev. 24, 1409, 1954 
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High Voltage Engineering Corporation will report in- 
teresting studies with particle accelerators each month. Write 
to our Technical Sales Department for information relating 
to your field. One of our physicists will be glad to help with 
any aspect of a research program involving the use of a 
Van de Graaff or microwave linear accelerator. 
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is perhaps more closely allied than it is 
with atomic energy. 

There are some errors in the book 

(mainly resulting from attempts to over- 

simplify), such as in the definition of 
bases (page 42) and of atomic number 

(page 240). In some chapters the author 
diverges rather widely from his scientific 
theme, as in the long discussion of the 

post-World War II synthetic rubber con- 
troversy (page 198 et seq.). Some read- 
ers will share my antipathy to the breezy, 
Time-like phraseology prevalent in parts 
of the book-for example, the descrip- 
tion of the eminent British physicist as 
"big burly effervescent Rutherford"! 

Glenn T. Seaborg, in his introduction, 
points out the two-pronged social pur- 
pose of popularizations of science such 
as this book-the need to encourage 
young people into scientific careers and 
to enable the nonscientist citizen to make 
intelligent decisions concerning scien- 
tific developments. Chemistry Creates a 
New World is an honest attempt to 
satisfy these requirements and, despite 
the few shortcomings noted above, 
should prove to be of undoubted value 
to many nonscientist readers. 

GORDON M. HARRIS 
University of Buffalo 

The Physiology of Reproduction in 
Fungi. Cambridge Monographs in Ex- 
perimental Biology No. 6. Lilian E. 
Hawker. Cambridge University Press, 
New York, 1957. 128 pp. $3. 

This book-a compact, well-organized, 
and lucid review of the widely-dispersed 
literature concerned with the physiologi- 
cal aspects of reproduction in fungi-is a 
fit companion to its predecessors in the 
series of Cambridge Monographs in Ex- 
perimental Biology. Following introduc- 
tory chapters describing the types of re- 
production and the development of 
reproductive structures found in various 
groups of fungi, there is a short chapter 
on the physiology of vegetative repro- 
duction. Two rather extensive chapters 
on the effect of environmental and nutri- 
tional factors on reproduction constitute 
the bulk of the book. These are followed 
by a chapter on the physiology of sex in 
fungi, which contains brief discussions 
of heterothallism, hormones, and sex de- 
termination. In addition to being a sort 
of summary, the last chapter, which 
deals with reproduction in the natural 
habitat, points out the practical impor- 
tance of the physiology of reproduction 
to the industrial mycologist and plant 
pathologist. 

The author-or, indeed, the reader- 
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The author-or, indeed, the reader- 
of a review of the literature must be 
spurred in his efforts by the hope that, 
from the myriad facts that he must sift, 
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there will emerge generalizations of 
broad application and profound signifi- 
cance. Although there is as yet too little 
information on the physiology of repro- 
duction in the fungi for this hope to be 
realized, Lilian Hawker's book makes 
two very worth-while contributions. 
First, by presenting the facts in all of 
their diversity and complexity, it should 
help to lay to rest some of the teleologi- 
cal oversimplifications which have crept 
into the folklore of biology under the 
guise of generalizations. Second, the 
book should do much to stimulate inves- 
tigation in an interesting and important 
field, and it is to be hoped that, from the 
results of experiments thus stimulated, 
it will be possible to deduce valid gen- 
eralizations in the future. 

ROBERT M. PAGE 

Stanford University 
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