
as 12 cm 3 (coaxial) and 1.0 cm3 (planar) detectors with the 
point source 3 cm from the front surface . 

2. The diffusion coeff ic ients for water l isted in Ta-
ble 9.3 on p. 556 are too high by a factor of 10. They 
should read: 

D0 = (3.585 ± 0.01) 104 c m 2 / s e c (Ref. a) 

D = 0.130 cm (Ref. a) 

= 0.144 cm (Ref. b). 

3. On p. 693, Eq. 5, the second term in the square 
bracket should be • 6(Zaiy,-). 

Fus ion Energy Convers ion. By George H. Miley. Amer i -
can Nuclear Society (1976). 454 pp. $39.80. 

This book is intended to provide a framework and 
essent ia l background for future research , development, 
and engineering programs for achieving improved energy 
conversion techniques for nuclear fusion reactors . The 
f i r s t 76 pages are devoted to introduction, fuel cyc le s , and 
energy balances (93 re ferences ) , followed by 76 pages on 
direct conversion of charged-part ic le energies to e l e c -
tricity (82 re ferences ) , 80 pages on electromagnetic cou-
pling (100 re ferences ) , 72 pages on thermal conversion 
(123 re ferences ) , 54 pages on nonelectrical conversion (127 
re ferences ) , and appendices covering ten misce l laneous 
topics (96 re ferences ) , plus an update of recent re f erences 
(21, of which 7 are dated 1976). 

Chapter 1, "Introduction," d i s c u s s e s sc ient i f ic engi-
neering, economic, and environmental considerations of 
potential fusion reactors . Also included i s an overview of 
the contents of the book. The deuterium-trit ium (DT) 
reactor will have an ~90% energy re l ease via neutrons and 
radiation, thus necess i tat ing a thermal conversion cycle . 
Later generation fusion power plants may involve the 
ecological ly more sat isfying DD- or D3He-fueled s y s t e m s . 

Chapter 2, "Fuel Cycles and Energy Ba lances ," treats 
c r o s s sect ions and react ions over the range 1 to 1000 keV. 
The primary D - T - L i cycle i s treated, and a useful com-
parison is given of several poss ible DD cyc le s and the 
D3He cycle as regards total energy re l ease and the fraction 
of power in charged part ic les . More recent studies suggest 
that D3He may be another order of magnitude freer of neu-
trons than Miley indicates. "Exot ic" fuel cyc le s are 
treated, but no c l ear -cut answers are presented on their 
feasibi l i ty . Detailed treatments of various sys tem e f f i -
c i enc ie s and of energy multiplication in blankets are given. 
Project ions are presented on potential fusion reactor plant 
performance. 

Chapter 3, "Direct Col lect ion," d i s c u s s e s the direct 
conversion of charged-part ic le energ ies to e lectr ical en-
ergy, emphasizing the Lawrence Livermore Laboratory 
approaches. Toroidal divertors for direct conversion are 
a lso treated. These approaches seem rather torturous to 
the reviewer , and it may be that a new invention i s needed 
to obtain s imple , eff icient direct col lection at high-dc 
voltages . 

Chapter 4, "Electromagnetic Coupling," treats methods 
of expanding the plasma against the magnetic f ie ld, the use 
of internal currents (e .g. , the bootstrap current in toka-
maks) to do work via inductive coupling, and plasma ex-
haust expansion in an i n d u c t i v e magnetohydrodynamic 
channel. As with direct col lection, all these concepts 
involve the use of only the charged part ic les , but convert 

their energ ies via an intermediate, inductive method to 
e lectr ical energy. 

The complexity of both direct and indirect coupling 
technologies does not bode well for the case of the pure DT 
reactor , s ince only ~10% (reviewer's est imate) of the net 
energy flow from the plasma i s in charged part ic les . The 
advanced fuels DD and D3He appear to be ideal candidates 
for direct and electromagnetic coupling, though roughly 
half the charged-particle energy re l ease shows up as 
radiation l o s s e s which will necess i tate a thermal cycle . 

Chapter 5, "Thermal Conversion," i s applicable to all 
fus ion-reactor- fue led sys tems (DT, DD, D3He, D6Li, p n B ) , 
s ince about half or more of the energy re l ease from the 
plasma i s in neutrons and/or radiation which demand a 
thermal cycle for energy conversion. Tritium-handling 
s y s t e m s (important even in the "c lean" D3He cycle) , heat 
pipes, magnetofluid pumping, and power conversion cyc l e s 
are covered in this chapter. 

Chapter 6, "Nonelectrical Convers ion," d i s c u s s e s s e v -
eral applications of the intense sources of neutrons, radia-
tion, and high-temperature plasma. This includes f i s s i l e 
breeding, the fus ion- f i s s ion hybrid reactor , f i s s i o n product 
and actinide burning, materia ls and chemical process ing , 
and synthesis of portable fuels . The prospects of using 
waste heat from fusion reactors for agricultural and for 
industrial p r o c e s s e s are treated. Fusion propulsion pros -
pects are a lso presented. 

The Appendices cover numerous topics, with a very 
extensive d iscuss ion in Appendix A, "Evaluation of nr for 
Various R e a c t o r s , " of the Lawson parameter n r , or pR in 
the case of pellet fusion, for various situations. Other 
appendices are: B, "Fusion Fuel R e s e r v e s " ; C, "Evalua-
tion of Radiation and Fusion Powers"; D, "Requirements 
for nr"; E, "Auxiliary L o s s e s , Surface Effects , and Volt-
age Holding in Direct Col lectors"; F, "Energy Recovery in 
Neutral-Beam Systems"; G, "Compress ion-Expansion Re-
lations"; H, "Eff ic ienc ies for Type-S and T y p e - P Cyc les"; 
I, "ATC Scaling and Clamped-Burn Eff ic iency"; J, "Ideal-
ized Analys is of Bootstrap Coupling"; and K, "Comments 
on Recent Studies ." 

This i s the f i r s t comprehensive text on the subject of 
advanced energy conversion specif ical ly related to poten-
tial nuclear fusion reactors . The author i s to be com-
mended for his attention to detail and wel l -paced coverage 
of a difficult subject matter. The book u s e s f igures ex -
tensively . References are adequate for those wishing to 
pursue the subject further. The text i s highly r e c o m -
mended for both plasma r e s e a r c h e r s and fusion engineers . 

It should be emphasized that at the present stage of 
fusion research , many of the subjects treated in this book 
are very speculative and highly imaginative, but this i s how 
inventions are generated. Edward Tel ler once said a new 
invention cons i s t s of s ix crazy ideas , but until the sixth 
crazy idea i s weaved into the mix, there i s no invention and 
the f i r s t f ive crazy ideas make no sense at all. 

J. Rand McNally, Jr. 

Oak Ridge National Laboratory 
Fusion Energy Division 

Oak Ridge, Tennessee 37830 

August 27, 1976 

About the Reviewer: J. Rand McNally, Jr. has extensive 
experience and accomplishments in the areas of atomic and 
plasma physics, having published over 100 papers in these 
areas. He is an authority on advanced fusion fuel cycles 



and the Ion-Layer fusion reactor configuration. He re-
ceived his BS in physics at Boston College and his MS and 
PhD in physics at the Massachusetts Institute of Tech-
nology. He has been associated with fusion work at Oak 
Ridge National Laboratory since 1954, when it was the 
classified Sherwood Project. 

Safeguards Against Nuclear Prol i ferat ion. A Monograph 
from the Stockholm International Peace Research Institute, 
The MIT P r e s s , Cambridge, Massachusetts (1975). 114 pp. 
$14.95. 

My ever-growing collection of re ferences about safe-
guards contains a good deal of doomsday stuff, but every 
now and again I come a c r o s s ser ious papers or books, 
like this one, that are long on information and short on 
polemics . 

The author is Benjamin Sanders, whose name, somewhat 
oddly, does not appear on the title page. Mr. Sanders, an 
official of the International Atomic Energy Agency (IAEA), 
wrote this book for the Stockholm Peace Research Insti-
tute. This i s described on the flyleaf as "an independent 
institute for research into the problems of peace and 
conflict . . . establ ished in 1966 . . . to commemorate 
Sweden's 150 years of unbroken peace ." The organization 
i s financed by the Swedish government, but its staff and 
directive boards are international. 

Although the book is short and the author has a p leas-
ingly lucid style , it i s not easy reading. Partly it i s the 
author's fault; I was bothered by the absence of an index, 
and I think the discuss ion could have been organized better, 
particularly in the historical account. Partly the difficulty 
is with the material , a tangled network of relationships, 
treat ies , and diplomatic arrangements . There is the 
Treaty of Rome, the Treaty of Tlatelolco, the Non-Prol i fer-
ation Treaty, the Statute of the International Atomic Energy 
Agency, nations who have signed one thing and not another, 
"Grey Books," "Blue Books," INFCIRCs, and "trigger 
l i s t s . " (This last is a much l e s s menacing concept than 
the name might suggest.) 

The author opens with an account of the history of 
the growth of safeguards concepts from the days of the 

Acheson/Lilienthal report, upon which the ill-fated "Baruch 
Plan" was based, to the present operations of the IAEA. 
The latter, it should be recal led , arose out of the 1953 
"Atoms for Peace" proposal to the United Nations by 
President Dwight D. Eisenhower. Succeeding chapters deal 
mainly with how the IAEA tr ies to provide real i s t ic , 
consistent, and unobtrusive procedures to make it eas ier 
for the nations to find it to their advantage to use nuclear 
energy for constructive purposes rather than for weapons. 
The IAEA cannot, as the author points out, impose safe-
guards but only make them possible on the bas i s of contin-
uing mutual agreement. Moral suasions , mere words, 
l ega l i sms , may s e e m puny things to deal with the impera-
t ives of national interest . One wonders, however, if India 
would have set off a nuclear explosion in 1974 if the 
Canada-India agreement had used the speci f ic language of 
the Non-Prol i ferat ion Treaty rather than a general remark 
about peaceful u s e s that the Indians interpreted one way 
and the Canadians another. 

There is much information in this s l im book. You can 
find out how safeguards inspectors are hired, how the 
IAEA finances its work, and how it fos ters safeguards 
research . Substantial appendices are provided containing 
texts of important treaty sect ions and statutes. Most of all 
you can get a feel for the patient, continuing work of the 
IAEA in trying to create constructive relationships in a 
complex, ever-shi f t ing world of commercia l and national-
ist ic r iva lr ies . With all its f laws, this book is to be 
recommended. 

Melvin L. Tobias 

Oak Ridge National Laboratory 
Engineering Technology Division 

Oak Ridge, Tennessee 37830 

July 20, 1976 

About the Reviewer: Melvin Tobias, an Associate Editor 
of Nuclear Science and Engineering, has been a member of 
the Staff of the Oak Ridge National Laboratory since 1950. 
Dr. Tobias' interest in safeguards problems stems from a 
recent study of the matter in connection with fuel recycling 
for gas-cooled reactors. 




