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(h\ Report for the National Science Foundation on the
Studies of the Midwestern Universities Research Assocciation

The efforts of the Midwest Study Group during the time
of its support by Wational Sclence Foundatlion funds has been
divided into three main parts. Filrst, experimental work}
sacond, computational worki and third, theoretical work which
is closely connected with the computational effort.

The experimental work has consisted of three groups at
Iowa State College, Ames, Iowa, Ons group has besn examining
Hall effect magnetle field gradient detectors for use in
magne tic model teats and for examination of the final magnet.
Dr. Danielson, with the help of Mr, Redin, has found what the
r— hard problems will be with this method. By the Hall method
a gradient measurement 1ls a measurement of the difference
between two large quantities. There are errors which influence
the two large quantities differently and which hence show up
in the difference or gradlent. There are ldeas to be tried
to correct somo of the difficulties encountered, but the Hall
method for gradient measurement is turning ocut more subject
to difficulties than it was hoped,

Another Ames group, under Dr, Legvold, has been investi-
goting the problem of the dependence of remnant field on the
time cycling of ideallized geometrical structures of iron,

The thlrd Ames group, wlith Zaffarano, von Tersch and

Brown, have made a model of a mechanically frequeney modulated
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R.,P, cavity and they have finished testing its range of

fraquency and have found that more than the minlmum requirement
of thrse on frequency can be attained. The purpose of such a
cavity 1s to provide possible simplification of the electronic
probi&m by using Just cme high Q accelerating cavity inétaad
of many low Q savitlies around the accelerator. The work has
baan very encouraging so far, Thse tests for next fall will
be to make a gelf-excited cavlty and then to sse if practical
mochanical modulation cen be achieved, Simplification is a
goal worth sesking as accelerators become more compllcated
end more difficult to maintain, A completely slectreonic
analogue for strong focusalng is also under devaldpmnnt by
Doty of Ames,

Other experimental work was done at the Unilversity of
Minnesota., The design of & linear sccelsrator adepted to
injsction has besn worked on by Professor J. H, Willianms
and Dr. L. Johngton, The construction of a 70-Mev linear
. accelsrator, which is well along at Minnesota, affords
experience which can be appllied directly to the injector Linac
problem. The development of strong focussing lenses to be
mounted within the drift tubes is a development being carried
out wﬁich 1s especially valuable to injectors.

An iron uniformity study was contemplated for the spring
semester of 195l at Illinois, but there was not tims to start
this after funds became available, However, the magmetic
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detection instrumentation and magnet modeling which Haxby
‘et Purdue (now affiliated with MURA) 1s planning to-de in
our next year's program will get us into the iron testing
busineas,

The computational work carried out by Professor Powell
and Mr. Weight of the University of Wisconsin with the help
of Professor J. N, Snyder and his staff of codera at the
University of Illinocis digital computer (Illiac), has demon=
strated to an unanticipated extent how the numerical
calculations and thelr display can strongly influesnce the
development of the genafal theory of orblts, Observing the
orbits deseribed by the hipgh speed computer 1s almost like
having a versatile accslerator on which to test orblits,

The exlstence of invariant curves in the phase plane
for general non-linear forces has besn demonstrated by the
I1liac but no mathematical proof has yet been found for our
caszse with alternating gradients. However, assuming that these
invariants exist, it has been possible to proceed with
further development of orbit theory based on these invariants,
One such example is Symont's treatment of adiabatic variation
of parametera in our summer reports,

The systsmetic survey of the phase plane started by
Powell near the end of 1953 i3 now complete for the case of
the homogeneous differential equation with alternating cubic
and for one dimension, During the spring and summer the

inhomogeneous differentlal equation was examined on the
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digital computer iﬁ several ways., The change cof amplitude
of "the steady state solution durlng secular or adlabatic
changes of the parametera was observed for the purpoase of
learning what saturation of the lron and consequently what
variation of the paramesters in the diflerential equation could
be tolerated without the steady state solution growing too
much, This inhomogeneous differential equation is equivalent
to the study of a machine with displaced or misaligned
magnet sectors, In addition, some similar tests were made
for the case of misshapen pole phases, namely n errors,

One of the most striking developments has been the
discovery that 1t is possible to use algebraic tranaformations
which are not too complicated to go from the init%al conditions
in one sector of the magnet to the final conditions in the
same sector of the magnet without having to use the digital
computer to compute by way of the differential equation.

This now allows Powell to calculate fifty times faster than
we wefa able to calculate using & differsntiasl eguatilon,

His transformations give results which are already close to
thoge obtained with the differential equation and with a
certain amount of perfection the transfermations are expected
to give us all essential details of the motion, We are able
to compute all the way around a 50-sector machine in one
second, including inhomogeneltiesa.

The phase plane at one azimuth in the machine with an

inhomogenelty and consequently with multiple possible



equilibrium orbits has been studled easily and rapidly
with the transformations, whereas with the differential
equation 1t took 2 tremendous amount of time because the
number of points on the phase plane 1s equal to the number
of revolutions around the machine, so a study of stable and
unstable regions took a long time. This study 1s important
becaiise the connections of the reglons of phase space with
inhomogeneities in the machine must be understecd, since some
equilibrium orbits disappear as a result of saturation of the
magnet or secular changes or space charge influences,.
Apparently no work ol this scope has b een done by other groups,
but we now understand that Brookhaven 1s commencing it.

We have studied some special cases of locked=in motions
which occur abundantly for none-linear restoring forces,
While the phase space avallable for one particular brand of
locked=in motion 1s small, it is not inconceivable that a
machine cen be scaled to {it such a‘motion, should these
motions turn out to be particularly stable in the face of
inhomogeneities and sscular changes, We have had a demonstra-
tion of the stability of one such locked=-in motion over a 20%
secular change of n. We have also‘found that by adding a
little stray strength to the entrance position of each
" focussing lens in an alternating gradient sccelerator, one
can create motions which léck=in vigorously for certain
wavelengths in the machine which were previously quit? neutral
and relatively free from tight lock-in,
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Some of the experiments with the digltal computer
were suggested by the Michigan electromagnetic analogue of
2 atrong focussling azccelsrator, The behavior of locked-in
motions during sescular changas of the parameters was first
found on the Michigan ana10gﬁe and these analogue results
suggested a branch of study for the Illiac, The Michigan
analogue, bullt by Terwllliger and Jones, has been refiﬁed
during the summer periocd at Madison and it will be transported
back to Michlgan again, where its use will be continued,
particularly for the study of casgs of miag-aligned magnets,

The analytical and theoretlical work has concentrated on
the examinatlon of perturbation methods and the influence of
space charge on the de#ign df a machine, Clarification of
the application of Liouville's theorem and study of the
adiabatic properties of the motion have also been undertaken
as indicated in the reports.

A rigorous, or as glosely rigorous as possible,
examination of the influence of a tilted radio-frquency
accelerating gap or of the radlo=frequency accelesrating usn
. with a voltage gradlient inthe radial direction, has been
undertaken, Hammermesh andVCrosbie,of the Argonne Laboratory,
have examinedlthe cagse of an infinlitesimally narrow radio-
frequency gap and NWorman Francis and T.aslett have examined
some of the small quantities which may give serious
observable results. There is riore to be done to clarify this

problem,
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The employment of the so-called smooth approximation
developed by Symon for analytical treatment of alternating
gradient machines Qith non=linear forces has shown that we
have a powerful tool by which to consider the difficult two-
dimensional problem, It has been appllied by Symon and others
in the group and to a certaln extent it has been tested by
the digital computer,

Theoretical physlclste who have been engaged in these
efforts are F, T. Cole of Iowa, N, C. Francis of Indiana,

E. S. Akeley of Purdue, M. llarmermesh of the Argonne Leboratory,
Es Ae Crosble of the Argonae Laboratory, K. H. Symon of Wayne
University and J. L. Powell of the University of Wisconsin,
Stimulating visits from Drs. E. D. Courant and H. S. Snyder

of Brookhaven during the summer meeting contributed greatly

to the developments, ‘

It can be said that we now have at our command methods
which we have developed for rapld calculation and study of
restoring forces of a more general nature than linear restoring
forcea; and we are teking steps to apply these methods in an
effort to expleit non-linear forces to the maximum possible
advantage. In this regard we have several designe on which
we are in a position to start an engineering study cglling
on computational and theoretical methods to test the design
from time to time, The specific examples which we intend to
examine are, first, an eccelerator with a repetition rate

quite & bit higher than the usual one pulse every five
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ssconds. This accelerator would possibly use condensers
instead of the usual flywheel and its high repetition rate
will simplify the production of intense beama‘wythout
encountering such serilous injection limitations as the low
repstition rate machines find,

Az elready mentioned, we will test non-linear field
shapes for this machine which may have several equilibrium
orblts contained within 1ts sperture for stability in tﬁe
presence of randomly spaced bumpa,'randomly spaced field
shape errors and secular changes, By a high speed tranzfore
matlion method of calculation, we will test the influence of
gtraight sectiona on a non=linear machine,

Another specific design which we will evaluate is that
of the so=called Ubangi 1lip type conventional machine in
which the tips of tha gap saturate as the magnetic fileld
rises end as the beam size shrinks, thus enabling the magnet
&0 be made with a small reglon of high field and, in
consequence, with small power supply. An enginesering study
of this and comparlson with the strong focussing machine may
well determine whether or not the conventional machine can
be used economically in the region between 5 and 20 Bev.
Another design which should receilve englneering study is
the wery recent suggestion by Keith Symon for a direct current
ring magnet strong focussing accelerator, This accelerator
has tremendous momentum compaction but it has a large
circumference because alternate short sections have reverse

magnetic field. This new idea has prompted a study of an
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effort to get more momentum compaction into the standard
alternating gradient machine, Since Symon's idea came up
near the end of ocur summer period, we do not yet know all the
difficulties which might be encountersd. Proper recording of
the dates of this invention has been carried out by Professor
Symon, and this report should be considered notification te
the ﬁabional Sclence Foundation orfthis invention, If
hopeless obstacles arise to the utility or'ﬁhis ring magnet
DC machine, it will not be surprising, but the study of this
- radical structure has already given us more insight and
suggested new possibllities.

We have sent L, J, Laslett of Ames to Brookhaven for
the summer to work with thelr accelerator development group.
He returned brlefly to present a report to the MURA group
assembled at Madison, We also sent Haxby of Purdus to
Brookhaven to study maghetic measurement devices, since he ;
will be working with that problem for us. We are sending
S. C. Wright, of the University of Chicago, to Berkeley later
in the year to work cleosely with the bevatron,

During the summer we had a two=-week wislt from E. D.
Courant of Brookhaven and a one-week vislt from H. S. Snyder

of’ Brookhaven,

August 11[,. 19511- | D, W. Kerst
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