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October 12, 1878

To: Alvin Tollestrup
From: S. Ohnuma 3555

It has been pointed cut to me by Helen that harmonic
components in my files (DCH1.DAT, etc.) are somewhat diffexr-
ent from your values. Before we go too far, I thought Y should
clarify my procedures so that, if there are any deficiencies,

I should be able to correct them. Please read the attached
note carefully. RDAlOl is used as the example to explain

the procedures I have been using.

cc: H. Edwards

M. Harrison
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A. Averaging (RDALOL)

Center (C): coil 96", VC= 3175.3
Downstream End (D): coil 96", 7" out of the lamination,
VD = 2936.9
Upstream End (U): coil 96", 16" out of the lamination,
VU = 2761.1
Since the lamination length is 247", there will be no over-

lapping if the coil length for the center measurement is 78",

96" + 96" + 78" = 270" = 247" + 7" + 1l6".

We assume that there is no variation (longitudinally) in the
center area. If the coil length is 78" instead of 96", the
voltage will be '

’ Y " n —
VC = VCX(78 /96") = 2579.9
All harmonic coefficients are of course unchanged. The average

value of a harmonic ceoefficient bn has been calculated from

the expression

2579:2 (bn)C + 2936.9 (bn)D + 2761.1 (bn)U

(b_) = - .
n-av 2576.9 + 2936.9 + 2761.1

For the normal and skew 30-pole components, the shift of the

center does not give anv change.

normal: at 1,000A bC = 0.78090><10~10/cm14
o b = 0.68705x10 +%/cmt?
b -10, 14
by = 0.42024x10° ~*/cm
b, = 0.62732x10 19 /cmt? = 0.29185x107%/incn?

The underlined value is in my file DCHI1.DAT

%‘ The 4%:/4,07:3107 /)racea{&cr.e, Kas feen ”104'/'('166(,
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skew: at 4,000A a. = - 0.47087x107 % /cn™
ag = - 0.10550x10 -0 cn®
~10°, 14
ay = - 0.24277x10 /cm
a_ = - 0.26517x10 10 /em?? = ~ 0.12336x10"%/incnt?

av

B. Finding the Centex

The normal l8-pole compcnent is large in the design. BAs you
suggested, we assume that the normal and skew l6-pole compcnents
are mostly due to the normal 18-pole component with the shifted
center. Once the center position is determined this way, we re-
calculate all harmonic components with the center adjustment.

The normal and skew l6-pole components are then not zero but

they should be very small if our assumption is justified. The
center coordinates should not depend on the excitation current
except for 200A and possibly for 500A. We could use the center
coordinates evaluated at 4,000A fcr all currents. However, in
preparing files, I have uzed the center coordinates evaluated

at each current. The dependence of coordinates on the excitation

current is indeed insignificant.

Notations:

—— n F Fnd 2
Br = I knr coso sin{n+1)0 {normal)
+ I knrnsinan ccs {n+1) 6 {skew)
BG = 3 %:ﬁ}:nc(:osccy1 cos (n+l})8 {normal)
_.Z knrnsinun sin(n+l)6 (skew)

n =20 dipole, n = 1 quadrupcle, etc.

os]
Il

% Br cosf - B0 sinb

o
i

B sin + B, cos@
Yy r 8
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By definition, a, = 0.
harmonic coefficients: normal bn = lgncosgh)/ko
skew a, = (knsinoan)/kO
dipcle field Bo = ko
= L1 - n_.
(By BO)/BO L bnk cos (no) X ar sin(no)
Yy
F P
centex
X — =
N &3 !
V9F Qy‘ center of the
X = X
5 \ (Xcryc) C’
kﬁ(}' <
> X
_ - ig,n _ ig.n
(By BO)/Bo = Re ;nn(re ) im Zan(re }
= Re 15 (2l - Inm 53 (zet%HP
n n
(bn, an): measursed (off-centexr) multipoles
(Bn, En): real rultipoles
D on i0 . n-%,— i6, %
= L [jl(re c) (re™")
) c

cf the measurement
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= n n-J2 B e n n—%_ . _
bzw E bn[kjrc cos {n R)GC % an[llrc sin{n R)BC

- . n,  n-%_. _ = 1 n—% _
a,= % bn[zjlc sin(n R)OC + g dn[zlrc cos {n 2)8c
T Ay *omAd == . = .
in order tc find X fccosgc and Ye r051nec, we *C
take b8, b7 and a., and make b, = a, = 0;
b7 = b7 + 8><b8 X, = o, a;, = a, + 8xb8 Yo = 0,
that is,
Xy = - b7/(8xb8) and Yo =~ a7/(8Xb8).

Finally, find T, and ec from (xc, yc) to calculate Bg and 51

using two expressions given above.

example: RDA10l, Center at 1,000A

by = - 0.78551»10 % /cn®

b, = - 0.50150%10 % /cm’

a, =+ 0.80609x10 ¢ /cm’
xc= - 0.0798 cm = — 31.40 mil
y_= + 0.1282 cm = + 50.48 mil

At octher excitation currents, we find

X Y

c c
500A -.0851cm .1311cm
4,000A -.0758 .1234

The change from 500A to 4,000A is less than 5 mil.

¥ Th= /Drm:eamfﬂ— To f"’w/ (X, ¥e) Ko Feen
)7105£€f3316£ . Slee /b-SU ’3%¥”eft4’fx /)
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Appendix I

For downstream and upstream measurements, the length of coil
sticking out of the lamination is not always measured accurately.
It is felt that one should probably use 252" as the effective length
of the dipole field. The variation of this from magnet to magnet
should certainly be less that 0.5". The average value of bn is

by = Vplbydp * Vb dy + (Ve -V - Vi (b )¢
n’av ' V(':

| — t t —_
where VC VC‘(ZSZ /94"). 2.681 Vo

The coil length is 94" and not 96" which was the value used pre-
viously. All files have been revised using this procedure for

averaging.

Appendix IT

A. Tollestrup suggested that one should probably take a
together with b

8

g to compute the center coordinates.

b7 = b7 + 8 b8xc - 8 agy, = 0
a, = a, + 8 agX, + 8 b8yc =0
and
_ a4ag + b7b8 _ b7a8 - a7b8
*c T 7 2 2 Yo © 2 2
8(a8 + b8) ’ 8(a8 + b8)



