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crust was poorly defined at that time, 
however, and a more recent tectonic 
reconstruction of the region by Herron 
(Geal. Soc. Amer. Bull., 83, 1671; 1972) 
has reduced the seamount-ocean floor 
age difference to between 5 and 6 
million years. An even closer age agree
ment was obtained by Ozima et a/. 
(Earth planet. Sci. Lett., 8, 237; 1970) 
for three Pacific seamount dredge 
samples (two Cretaceous, one Plio
cene). Dymond and Windom (Earth 
planet. Sci. Lett., 4, 47; 1968), on the 
other hand, found that although two 
seamounts resting on Cretaceous crust 
southwest of Hawaii were also Creta
ceous, a third was less than 1 Myr old. 

In an attempt to resolve such conflict, 
Clague and Dalrymple (Geophys. Res. 
Lett., 2, 305; 1975) have now dated 
four seamounts in the central North 
Pacific- two from the Hawaiian ridge 
(Wentworth Seamount and Necker 
Island) and two from the Musicians Sea
mounts (Rachmaninoff and Khatcha
turian). The samples from Necker and 
Wentworth are, respectively, at least 60 
and 40 Myr older than .the adjacent 
Hawaiian bodies as predicted according 
to the hot spot-plate motion hypothesis, 
and thus conflict with the concept of a 
Hawaiian chain ageing progressively 
westward. Rather than taking these 
results to disprove the age progression, 
however, Clague and Dalrymple pro
pose that Wentworth and the northern 
part of Necker are Cretaceous sea
mounts that predated the formation of 
the Hawaiian chain and later became 
incorporated within it. Indeed, on the 
basis of seamount densities within the 
Pacific in general and in the area sur
rounding (but excluding) the Hawaiian 
chain in particular, the incorporation of 
at least this number of older seamounts 
is to be expected. 

Assuming that Wentworth and 
Necker are unrelated in origin to the 
main Hawaiian chain, therefore, it only 
remains to compare their ages with 
those of their respective areas of sur
rounding ocean floor. Unfortunately, 
this is not easily done, largely because 
of the lack of magnetic anomalies in the 
vicinity of the Hawaiian ridge. From 
available fossil and radiometric age data 
and by extrapolating magnetic data 
from further afield, Clague and Dal
rymple nevertheless conclude that 
Necker Island and possibly Wentworth 
Seamount are only slightly younger 
than their underlying crusts; likewise, 
the Rachmaninoff and Khatchaturian 
Seamounts, and two other Pacific sea
mounts previously well dated by other 
workers. Thus aJthough the data are 
few and one or two discrepant 
seamount-crust ages still remain (not
ably that of Dymond and Windom), 
Clague and Dalrymple propose that 
most Pacific seamounts did indeed form 
on or near the East Pacific rise. 0 

Cyclotrons of 
all shapes and sizes 
from E. G. Michaelis 

The Seventh International Cyclotron 
Conference was held in Zurich on 
August 18-22 at the Swiss Institute 
for Nuclear Research. 

THOUGH advancing into middle age and 
occasionally overshadowed by its Gar
gantuan progeny the cyclotron contin
ues to develop vigorously, and after a 
series of facelifts its original passport 
photograph still current in physics text
books is anything but a true likeness. 
The art of cyclotron construction 
remains challenging and cyclotrons 
serve a wide spectrum of scientific 
disciplines. Its devotees are still growing 
in number and budgetary restrictions 
have not diminished their enthusiasm 
or their ingenuity. 

The Swiss Institute for Nuclear 
Research (SIN) welcomed more than 
two hundred participants from twenty
one countries with Swiss hospitality, 
and the report of the successful com
missioning of the world's most powerful 
isochronous cyclotron by the Insti
tute was a major contribution to the 
conference. News of similar successes 
achieved with large machines in Van
couver and Indiana proved that present 
designers can meet almost any chal
lenge in this field . 

Most of the 90-odd cyclotrons form
ing the subject of the conference are 
isochronous and sector focusing. Like 
the classical cyclotron they operate at 
constant orbital frequency but main
tain this to relativistic ion energies by 
a magnetic guidefield increasing with 
orbit radius. Edge focusing between 
sectors of higher and lower field pro
vides the axial stability which is absent 

A hundred years ago 
The celebration of the fiftieth anni

versary of the opening of the first 
railway between Stockport and Darling
ton is attracting the notice of the 
French papers. Baron Charles Dupin. 
who oublished his celebrated work on 
Great- Britain in 1826, described to the 
Insti•tute that locomotives c.ould never 
move. owing to the wea kness of their 
hold on the ra.ils. and that the use of 
horses could not be dispensed with. 
Baron Charles Dupin's reputation was 
so great ,that the truth of the state
ment was taken for granted. 
from Nature, 12, 483 ; September 30, 
1875. 
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in a cylindrically symmetrical, radially 
increasing field. 

In Spiral Ridge machines the sectors 
are curved to increase axial focusing, 
and in Split Pole cyclotrons the magnet 
poles are r.estricted to the high-field 
regions to increase the azimuthal varia
tion of the field. The largest machines 
of this kind, the 590 MeV proton ring 
at SIN and TRIUMF, and the 520 
MeV H- accelerator at Vancouver 
combine both features. The magnetic 
fields in sector-focusing cyclotrons are 
subject to close tolerances and the ions 
are accelerated rapidly by high electric 
fields in two or more accelerating gaps 
to minimise the effects of local instab
ilities. Since technology and computer
aided design have made it possible to 
meet these conditions cyclotrons have 
become ever more powerful and versa
tile, many permitting the acceleration 
of a wide range of ions to prescribed 
peak energies. While problems of orbit 
stability are therefore largely resolved, 
those of ion sources, injection and 
extraction still limit performance and 
received much attention at the con
ference . 

The growing interest in heavy, multi
charged ions calls for new ion sources 
to avoid the present need for several 
accelerators in cascade with ion strip
ping to higher charge states between 
successive stages. Reviewing the field 
J. Arianer (lPN, Orsay) showed that 
electron beam sources furnish more 
intense beams of highly stripped ions 
than the conventional PIG source or 
present laser sources. 

Large and complex sources cannot 
he mounted in a cyclotron, and polar
ised, H - and heavy ions are usually 
in.iected after some pre-acceleration . 
Only large split-pole machines perll)it 
mid-plane injection while particles are 
axially injected and deflected into the 
mid-plane of smaller machines. Inte·r
esting progress in mid-plane trochoidal 
in.iection however was reported by W. 
van Kampen (Delft Technical Univer
sity). 200 keY protons are made to pre
cess along a sector edge towards the 
middle of the cyclotron, where a suit
ably perturbed field gradually centres 
the orbits. 

Ion extraction becomes more difficult 
as the separation between successive 
turns decreases with increasing particle 
energy, hut notable successes in the 
extraction of energetic ions were 
announced at the conference. H . Willax 
(SIN, Switzerland) reported that more 
than 90 "{, of the 590 MeV protons in 
the SIN accelerator can be extracted 
thanks to an energy gain exceeding 2 
MeV per turn. J. R. Richardson 
(TRlUMF, Vancouver) described the 
simultaneous extraction of two proton 
beams of different energies from the 
large H - accelerator and CERN 
achieved an extraction efficiency ex-
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