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I, Introduction

If a Mark V F.,F.A.G, accelerator 1s constructed of
parallel, sloped bars of magnets such that the field along
an equilibrium orbit is alternately zero and a constant value,
H, the cosine@ expressions can be written explicitly. The
solution may then be compared with an equivalent Mathiew
equation solution neglecting scallops and with the smooth
approximaticn solubion first neglecting scellops, then
including scallons of the equilibrium orbit, This is hot
intended as a serlous accelerator design as much as an
illustretion of Mark V which may eid in gaining insight intoc
some of the general characteristics of Mark V,
IT. Exact Formulatione.

If the normals to the edges of the bars make an angle
K, ,with 2 circle af Tgdtan © ahbeat vhs senbey of 158 machine,
the particle enters the region of field H from the straight
section at an anglecKro-E =a<i, end leaves the field at
Ko =~E = c7<2 , where E-=f3ﬂ+. Here @ 15 - /P , the
path length in the mégnet divided by the radius of curvature.
Also 4 =S and C = 2, where C 1s the circumference factor
and § is the length of straight sections.
We may define the following?®
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¢=K1@ K1='n + 1

ty= tan oK, t,= taneX »

Following the method used in MURA-LWJ=-KMT-2 for
transformation matrices for Mark Ib with edges and straight
sections, the matrix for trasnsformation of displacement and
slope for redial oscillation through one magnet and strdight
section is piven by

tos IK, ¢)( ? ( / S ( / ©

= |-k, M¢ e / %/ /.
For vertical oscillatlons, the matrix 1s:

cosh W % Myﬁf O o

"3 =K sink ¥
These matrices refer to a positive momentum compaction esign
where the gradient within magnets is radially focusing.

The cosine 6-expression resulting ares

ces @ = Qos 56[:/* @1_‘;:.) g]+s,,, ?g[b—g,;gxttis e A’,aSJ
Cosd‘ = cesh \10[; # _lf.z_'_fl)gj + sinh )Z//_—-.u.x 6t 4 i(_js_-]

The following numerical example illugtrates the strong effects

of scalloping of the equilibrium orbit,

N = 6l
k = 205
n = 102.5
o= 86.49°
ﬁ = 5-450
o<1= 87.85° tancﬁhl = 26.45
<7<2= 85,130 tan S, = 11.78
cos(J . = = 0.08 O x = ol ° \)x < 16.7
cos c)"zL = 0,09 6—3_ = 859 \)j_: 15,2
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If the scalloping is neglected, tan ot 4 is substituted for
tan O<‘1 and for tan X 2 in the above expressions.
Here one assumes that the equilibrium orbit is a perfect

cirecle. The results are:

cos g=, = - 0.91 0 = 155° \)X = 27.6
cos 6"‘,_2 = 0,60 5‘,2' = 530 .‘)3_‘ 9.t

The scelloping thus clesrly improves the design of Mark V

with positive momentum ocompaction.

III. Mathiev Equation Formulation
From the original MURA report on Mark v.l 1t was
shown that neglecting forcing terms (scallops) the linear

equations of motion of a particle ist
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If the sinusoidal flutter factor‘]e is equal to ngﬁ,
the above field approximates the parallel bar field of the
preceeding section, Ther ore:
f = 1.014
N = 64
1 MURA -DWK/KMT/LWJ/KRS -3
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k = 205

G = 90° - Ofb S 3.51° = ,0613 radiens
X = }1/27r EJ=H

%} = 0.00096°

a = 0.201

ay= -0.199

g = 0,091

From the gresph in MURA-DWﬁ-?, these values of a and q lie near

the limits of stasbllitye.

IV. Smooth Approximation
From later Mark ¥ MURA reports 2,3, the smocoth

approximation solution to the unscalloped Mark V is given as

followss
yQXE = 1+ x +6
))Z-; —k+’6
3

3
C; = (Z_Ziil__j)
¥a Z N
For the above values,
+
& = (.0009% % bu) = 266
YVx = Al 205+1+266 = 21.7

Yy = V266 -208 = 7.8
Recent work by Kerst and Laslett has shown that

scallops of the equilibrium orbit modify the smooth approxi-

mation solutions as followss

VY2 = l+k
1%31 = =k *'E?Gho
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This gives

P, =705 = 1435

))3 =y2x 266 =205 = 18,1

V. Conclusions.
The matrix solutlions and the smooth approximation
solutions may be comnard in both cases: neglecting scallops

and including scallops.

heglejting ScagéEps Including Scallops
Matrix Solution 27,6 Qe 16,7 1%.2 '

Smooth Approximation| 21,7 7.8 : 1k .35 18,1,

This comparison must not be tsken too serlously since
a flutter factor of 72 of the sinusoidally varying field
is probably not equivalent to the step-wlse field of the
parallel bars., Also an error in) of the order of 10%
is expected with the smooth approximation when g~ reaches /2.
However both trestments are in general sgreement in illustra-
ting the very great effects of scallops of the equilibrium

orbit.



