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Accelerated particle beams continue 
to find new applications in basic re­
search, medicine and industry. From 
high energy and nuclear physics, the 
uses have branched out to synchro­
tron light sources, oil-well logging, 
dating of archaeological materials and 
many other areas. In addition, high­
power beams have been proposed for 
energy production, high-level radioac­
tive waste treatment and pulsed neu­
tron generation. It is characteristic of 
most of these new applications that 
the quality of beam transport and ma­
nipulation is a concern at least as 
great as the technology and cost asso­
ciated with acceleration. 

The core material of Theory and 
Design of Charged Particle Beams by 
Martin Reiser concerns the fundamen­
tals of beam transport by a system 
either of solenoids, or electrostatic or 
magnetic quadrupole lenses, or axi­
symmetric electrostatic lenses, start­
ing with the Lorentz force law and 
Maxwell's equations. The emphasis 
is clearly on theory. The important 
role of space charge (and its neutrali­
zation) is incorporated into the trans­
port model one-third of the way into 
the book, but it receives a very thor­
ough treatment. The effect of a spread 
of particle velocities is treated at sev­
erallevels of detail: the occupied phase 
space area (emittance), Maxwell­
Boltzmann distribution and the Vlasov 
equation for the time-dependent distri­
bution function in phase space. 

Reiser is a professor at the Univer­
sity of Maryland and heads a research 
program on charged particle beam phys­
ics at its Institute for Plasma Research. 
His ongoing research, along with the 
graduate-level courses on beam physics 
he has taught for 30 years, forms the 
basis for this book. It is not intended 
as a text on particle accelerators, which 
are presented as applications that con­
nect naturally to the main content; for 
example, material on periodic focusing 
is applied to the sector-focused cyclo­
tron and strong-focused synchrotron. A 
wide variety of additional topics is cov­
ered briefly in a way that gives the 
reader the main ideas and some useful 
formulas. Examples are the treatment 
of beam cooling by the emission of syn­
chrotron radiation and the application 
of Landau damping to beam stability in 
a storage ring. Often the minor topics 
arise from an interest in the growth or 
reduction of emittance by various physi­
cal processes. 

This is a lengthy book with many in­
teresting calculations and problems of 
the type one likes to work through in 
detail. However, it is not a complete 
guide for the design of a beam-trans­
port system, because it does not treat 
vacuum, alignment, power supplies, 
magnet design, beam position monitors, 
computer control systems and so forth. 
Furthermore, beam-dynamics design 
for real systems generally receives a de­
tailed treatment with a variety of codes 
whose description is outside the scope 
of this book. The formalism and con­
cepts that underlie the numerical study 
of particle beams are the real content 
here, and as such they are of consider­
able value. The book will best serve 
physicists who are involved in beam­
line design and need to scope the beam 
parameters and phenomena at a pre­
liminary stage. 

The derivations are sound and de­
tailed, but there is some misleading 
discussion. For example, it is indi­
cated in section 2.3.4 that a particle 
with zero canonical angular momen­
tum confined in a solenoid circulates 
at the Larmor frequency (vL ). In fact 
it passes through the centerline 
where its phase jumps 180°, resulting 
in the physically expected circulation 
at the cyclotron frequency vc = 2vL. 

Twenty years ago, the available 
general literature on charged particle 
beams was meager . This situation 
has changed dramatically, due in part 
to the US Particle Accelerator 
Schools, whose proceedings are pub­
lished by the American Institute of 
Physics and now cover the field ex­
haustively. Within this background, 
Theory and Design of Charged Parti­
cle Beams provides a valuable in­
depth derivation of principles that 
have application to many areas cov­
ered in the AlP series. 
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Harmonices mundi libri V, or Five 
Books of the Harmony of the World 
(1619), has long occupied an uncom­
fortable position among Johannes Ke­
pler's works. Although he probably 
considered the work his most pro­
found contribution to human knowl­
edge, the Harmonices has received 
scant attention. Indeed, if it did not 
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Introducing the new 

UHV Kelvin Probe 

• Highest surface sensitivity of any Kelvin 
probe on the market. 

• 2 .75 " (7 0mm) knife-edge fl ange 
mounting fits virtu ally any vacuum 
chamber. 

• Flange-to- sa mple di stance may be 
specified by user to fit any vacuum 
chamber. 

• User-selectable tip size and/or geometry 
accommodates any sample dimensions . 

• Wide range of applications such as UHV 
surface analy sis, in situ process 
monitoring, kineti cs and work function 
topographies. 

• No lock-in amplifier required. 

Call l-800-445-3688 for more information. 
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abilities to measure the angular 
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• Any machine or structure 
Use to find level, measure static tilts or 
determine pitch and roll. Choose from 
our: 
• 500 Series- nanoradian resolution 
• 700 Series- microradian resolution 
• 900 Series- O.Q1 degree resolution 
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