First- and Second-Order Matrix Elements for a Curved, Inclined Magnetic
Field Boundary. Fringing Field Effects.

Matrix elements for the fringing fields of bending magnets have

7,8

been derived using an impulse approximation.'’~ These computations com-
bined‘with a correction term? to the R}_l_3 element (to correct for the
finite extent of actual fringing fields) have produced results which are
in substantial agreement with precise ray tracing calculations and with
experimental measurements made on actual magnets.

We introduce four new variables (illustrated in Fig.11l); the angle
of inclination Bl of the entrance face of a bending magnet, the radius of
curvature Rl of the entrance face, the angle of inclination ﬁ2 of the

exit face, and the radius of curvature Ré of the exit face. The sign con-

vention of Bl and 62 is considered positive for positive focusing in the

transverse (y) direction. The sign convention for R, and R. is positive

1 2
if the field boundary is convex outward; (a positive R represents a nega-
tive sextupole component of strength kiL = - (g%) seCBB)o The sign con-

ventions adopted here are in agreement with Penner,h and Brown, Belbeoch,
and Bounin.7
The results of these calculations yield the following matrix elements

for the fringing fields of the entrance face of a bending magnet:

Ryp =1t
Rip -0
h, 2
T3 = -3 fan By
n 2
T133 .— -2- sec Bl
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FIG. 11--FIZLD BOUNDARIES FOR BENDING MAGNETS

The TRANSPORT sign conventions for x, B, R and h are all positive as shown in-:the figure.
The positive y direction is out of the paper. Positivé B's imply'transverse focusing.
Positive R's (convex curvatures) represent negative sextupole camponents of strength

S = (- g% )seCBB. (See page Ti.)

3



1 .
Rpp = - g =htanp)
X
Byp =1
o3 2
Téll = 2R1 sec Bl - nh~ tan 51
2
Topp =0 tan By
2 1. 2

T233 =h (n + 5 + ten Bl) tan Bl -

2
T234 = - h tan Bl
Ryz =1
n — 2
1313 = h tan Bl
R, =-2=-htan (B - V)

b3 7 T f 7 1 1
y
h 3. 2

T413 = - ﬁz sec bl + Zh ntan 61

2
Typy = - b tan” By
_ _ 2
Th23 = - h sec Bl

2

Th36 =h tan Bl _hq& sec (Bl - ¢1)

h sec3 B

éﬁ 1

(57)

All nonlisted matrix elements are equal to zero. The quantity wl is the

correction to the transverse focal length when the finite extent of the

fringing fields are included.
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W = thg (sec 31)(1 + sin® 61) + higher order terms in (hg)

where g = the distance between the poles of the magnet at the central

orbit (i.e., the magnet gap) and

dz

K1=.:Z° By(z) [Z]:e_ By(z)]

O

By(z) is the magnitude of the fringing field on the magnetic mid-
plane at a position z. 2z is the perpendiculér distance measured from the
eptrance face of the magnet to the point in question. See Fig. 11l. Bo is
the asymptotic value of By(z) well inside thHe magnet entrance. Typical values
of K1 @pr actual'magnets may range froﬁ 0.3 to 1.0 depending upon the detailed
shape of the magnet profile and the location of the energizing coils.

The matrix elements for the fringing fields of the exit face of a

bending magnet are:

Rp=1t
Bip =0

2
Ty =3 tan B

D

Ty33 = -5 %€ By

1 ,
Ry, = - 7 = h tan B,

X
Ry, = 1

h 3 o 1, 2
Tyyq = §§5 sec” B, - N (n + 5 tan 62).tan B,
T . = - h tan- B
012 = an Py
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T233 =h(n - 5 tan 62) tan 32 5%, sec 62
2
T23)+_hta.n 62
Ryg =4
R3)+_O
2
R, =->=-h tean(p, - v,)
43~ TF 7 2~ "2
y
th = 1
Tu13=-i?2—sec3 62+h2(2n+sec2 62) tan 52
2
Thlh = h tan 52
o 2 \
Th23 = h sec 62
2 .
Tyq6 = B ton By - hy, sec” (By - W) (58)

All nonlisted matrix elements are zero.

Yo = K hg sec 62(1 + sin 62) + higher order terms in (hg)

and Ki is evaluated for the exit fringing field.
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