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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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INTRODUCTION -

Los Alamos National Laboratory requested that the Magnetic Measurements Engineer-
ing (MME) Group of the Lawrence Berkeley Laboratory (LBL) evaluate the error harmoniés
of a segmented Rare Earth Cobalt (REC) quadrupole magnet, and reduce undesired har-
monics by using the theory developed by Klaus Halbach.ls ? _

The LBL MME Data Acquisition System (DAS)vwas programﬁed to compute the shims
required to "zero" the amplitudes of the third, fourth, fifth, and the real part of
the ijth harmonic for a LANL REC quadrupole magnet.:

After only two iterations, each of these error harmonics of the quadrupole magnet
was reduced more than a factor of ten, to below 0.1% of the fundamental amplitude.
Note that the imaginary part of the sixth harmonic remained about 1% of fundamental
throughout the measurements. The fundamental decreased n2% in comparison to the
unshimmed quadrupole.

THEORY

The details of the theory implemented in this report are described in LBL report
no. LBL-132212 (to be published in NiM) which in turn is based on Halbach's 1980 NIM
paper. !

Briefly, reference 2 contains a first order perturbation theory that establishes
the (first order) relationships between pefturbations of the poles of a segmented
REC multipole magnet anq the harmonics that are’produced by these perturbations. In
this study, we use only the coefficients that relate the generation of the real and
imaginary parts of certain harmonics to radfa1 movements of poles.

Eight radially adjustable poles are used to "Zero" the real and imaginary parts
of the third, fourth, and fifth harmonics, and the real part of the éixth harmonic.
Modification of the imaginary part of the sixth harmonic is not possible.? For that

reason, the one remaining free parameter is used to minimize the sum of the squares
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of the radial displacements. A very slight reduction in the magnitude of the second
harmonic occurs as initially all po]és are at their minimum radial position and all
adjustments ﬁust be made radia]]y outward.

The matrices used to compute shims and the effect of shims wére supb]ied by <
K. Halbach.3 -

QUADRUPOLE DESCRIPTION

The_quadrupo]e is identified as 6" LANL Rare Earth Quadrupole S/N R2,'Sh1pping
Memo No. SM87945, Shipping Request No. 80718 C.

Figure 1 is a sketch of the REC quédrupo]e._ Each of the eight.magnétic poles
can be adjusted radially by insertion of shims. The minimum radial posftion-for
each block is 3.5 cm. Each block can be moved radially outward approximately 2 mm.
HARDWARE AND SOFTWARE |

LBL engineering note MT 3()‘3L+ genera11y describes the hardware and software used.
Exceptions are the use of the new LBL MME voltage to frequency converter designed by
W. Hearn >>% and the coding indicated in Appendix A (which will be supplied upon
request).

PRELIMINARY TESTS

Harmonic analysis measurements of the first LANL REC quadrupole were found to be
inconsistent. Lack of adequate reproducibility was attributed to Toose mechanical
tolerances in the assembiy that controlled the 1ocatfon of the REC blocks.

The second quadrupole (delivered on November 30, ]981), the subject of this
report, was manufactured to much closer tolerances.. To determine whether consistent
results could be obtained after shimming po1es and also, to test algorithms used in
the coding, thirty-three data measurements were made, seventeen runs with no shims
separated by sixteen runs where each pole was twice shimmed by 21 mils. Based on the

measurements of the quadrupole with no shims, we conclude that for any error term,
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the standard deviation is less than 0.05% of the fundamenta1‘term for the harmonics
up to n = 10. |
RESULTS

The results of th1s program are quite dramat1c and are cummamzed in Table I. ?

The amplitudes of the th1rd fourth, fifth, and real part of the s1xth harmonic were

i

reduced more than a factor of ten, to below 0.1% of the fundamenta] amplitude.
Table II tabulates the shims used for the data sets. Actual copies of the com-~
puter output are in Appendixes B, € and D which will be supplied upon request only.

Data sets 1230A1, 1230B1, and 1230CT1 are representative of the unshimmed quadru-

- pole. Data sets 1230B1 and 1230CT were obtained after shimming and then unshimming

“two of the poles. | _

Data séts 1231A2, 3, 4, and 5 are the results of the first iteration and data
sets 123181,‘2, 3, and 4 are the results of.the second iteraiion.
ACKNOWLEDGEMENTS _ _ _
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Data :
Set B3/B2 B4/B2 B5/B2 B6/B2 Re B6/B2 Description
(%) (%) (%) (%) (%) |
1230A1 1.035 0.831 0.394 1.954 1.622 : No Shims
B1 1.029 0.836 0.390 1.957 1.625 No Shims
C1 1.032 0.838 0.370 1.958 1.620 No Shims
Average 1.032 0.835 0.385 1.956 1.622 ".No Shims
1231A2 0.042 - 0.032 0.165 0.999 0.046 Shim Schedule 1
3 0.045 0.023 0.173 0.989 0.032 Shim Schedule 1
4 0.045 - 0.030 0.164 0.999 0.030 Shim Schedule 1
5 0.044 0.034 0.176 1.005 0.032 Shim Schedule 1
Average 0.044 0.030 0.170 0.998 0.035 Shim%Schedu]e 1
- 123181 0.093 0.048 0.026 0.957 0.035 Shim“Schedule 2
2 0.092 0.049 0.024 0.966 0.027 ~Shim Schedule 2
3 0.091 0.053 0.024 0.973 0.039 Shim Schedule 2
4 0.092 0.048 0.020 0.969 0.036 Shim Schedule. 2
Average 0.092 0.050 0.024 0.966 0.034 Shim ‘Schedule 2

TABLE I Tabulation of Measured Error Harmonic Ratios
Evaluated at r = 3.5 cm
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Shims Calculated or Used (Mils)

Data Pole Pole Pole Pole Pole Pole
Set 0 1 » 2 3 4 5
1230A1 6.3 26.4 11.4 30.7 1.1 1.7
B1 6.3 26.2 11.17 . 30.4 0.7 1.6
Cl 6.7 26.0 11.2 30.6 0.6 1.8

6 26 11 30 0 1

Used on Data Sets 1231A2, 3, 4,5

1231A2 1.8 1.9 0.0 3.5 1 1.2
3 1.9 1.9 0.2 3.6 1.2 1.2

4 1.7 1.9 0.1 3.4 1 1.0

5 2.0 2.0 0.1 3.6 1 1.1

8 28 11 33 1 2

Pole Pole
6 7
0.0 24.1
0.0 24.2
0.0 24.1
0 24

2.0 0.1
2.2 0.0
2.0 0.0
2.1 0.0
2 28

Used on Data Sets 1231B1, 2,3,4

B 0.2 0.9 0.9 1.9 2.2 1.2
0.2 0.7 0.8 1.8 2.1 1.1
0.3 0.9 0.8 2.0 2.2 1.2
0.2 0.8 0.8 2.0 2.0 1.1

TABLE IT Shim Schedules

0.0 0.7
0.0 0.6
0.0 0.7
0.0 0.6

Remafks
Calculated

Calculated
Calculated

_Schedu]e 1

Additional Calculated
Additional Calculated
Additional Calculated
Additional Calculated

Schedule 2

Calculated
Calculated
Calculated

<
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SAVE?2

QDADJ1

QDADJ2

RTRV2
MTRTST

APPENDIX A

Source Listings of New Coding

Subroutine that saves on disk test parameters and harmonic

analysis of permanent magnet Samar1um cobalt quadrupoles

(incorporated into primary program QDANAL)

Main program for calculating shims

Main program for calculating harmonics generated as a

result of shimming

Subroutine to retrieve data saved by SAVE?

Program to make consistency check of matrices supplied

by K. Halbach
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SURROGUTINE SAVIZIDATE, TIME. &TT. 2IZ2al, UFEHGIZ: ChRMi. T0f~1,.
1 BLZe FHI: AFZy BLUZe FEIe HERM, EBEHIZe FENI)
crezied bg!l m ol Ereen -

file nizame:
modification

01b 81
01z 81

dec 18 mi
dec 18 mi

FUTFOSE '
Save on disk
snizlus

harduare recuireds
softuar? reguired:

suybroutines needed?

inrPut r2rameters?

DATE
TINE
ATT
REFRALD
VFRNGE
COMM1
CONMZ
EL1
FH1
aN2
ELZ
FH2

consiznt rareametersy
is of rFrermsnent

pusdrurnle snaser

SAVE2,FOR

historyg:i

g working , .- -
g written

test Frarameiersy
nxenet Samarium

‘ and harmeonic
Cobalt cusdrurcle.

-

IS 440 Florre Dlisk . Sucstewm
RT-11 orerzting sustem
: . .
none
czte of mernsurement run
time of messurement
cindle coil ztienuztion ratio uced

cusdrusrole reference radius

full sczle ranse of V/f convertier fnr 1 Mh:z
eusd % search coil descristion )

test descrirtion

nirole stremgtn (N = 1)y unbucked coile
dirole mnases unbucked coils

auzsdrurole fourier amrlitude

cuadrurole strendgthy (N = 2)y unbucled coils
unoucked coils

B(NY/EZ in r2rts/1000 _
#hzse of N’th harmcnoic w/v/% 2nd narmonic

out

BYTE TARTEC(1Q0:y TIME(E)y COMM1I{72), COMHE2(72). FHNAMEC12) N
DIMENSIOR BN2(32). FRENZ(IS)

TYFE 100 i
FORMAT(/y 1Xs ‘ture file nmzme for caving dat *EMLDXYY L DATY 7 80
ACCEFT 120y (FNAME(I?e I.= 131+ 103 tread nazme from termincsl

FORMAT(10A1)

FRAME(11) = ¢ V'1/0 sroblem oiheruise
check if file slreacy ewisis

OFEM (UNHIT = 1y NAME = rFraMEs FORM = “UNFORMATTED’ TYFF =

1 70LL’s ERFR = 120 . '

CLDSE (UNIT = 1) ] '

TYFE %+ / file rnome slvesndw existey tru ancther

ce 7O 110



140

oren Tiles wrl

(1) BL1y»_ FH1:
(ENZ2(I).
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te catay

o100

)

Tilz

i

—_———

= 1+ NAME = FHAME FORM = “LUHFCEMATTIN
FNAME: TATE,
ATTs REFRADY
A2y BLZy PHZs BHRZs PHEZ

T = 1)

( FNAME(

1

I

Y I =

TiMEe COMK1. COMHZ
VFRMGFE s NHARH

Sy NHARMI» (FHHZ(I)». I = Zr WHARM?

.~

10)

ir
FORMAT (‘0 Harmonic fnzlysis saved in disk filed ‘¢ 10A1)

OFEN (UNIT
WRITE (1)
WRITE (1)
WRITE
WRITE (1)
CLOSE (UNI
FRINT 140>
RETURN

END
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FROGRAM TLEL ol . ‘ S a
createdg bw! . i. sreen

file name. OLaADJY FOR

modification historyl

032 81 dec 31 mis set min of VCORR inctead of man

CZ2 81 dec 28 mig adnend matrix retrdievelir and snim calculations
01b 81 dec 22 misg workins

01z 21 dec 2: misg written (datz retrieve: 45 dedree rotstions

2n imzsinsre sariss

iﬁ"l’.(" T\ﬁ".l. =]
constants and znszlee

slrnhznumericer

ceraTziion
Frinting

FUTFOSE !

AdJustment o7 rermanent mssnet guodrusniss to reqduce error A
harmonicss tecst Hzlozen’s also ~ithme a3nd m3atrices., .

Klauss

subroutines requiredg: -
TIME

RTRVUZ{ FrAaMEs DATE: ATTs REFHADS UFRNGE!.COﬁﬁly COMMZ
EL1y FH1,» AMZ, BLZ, PHZy NHARMs BHNZs FHNZ)
GHFRO(AsEsRetlriisi) DEC SCIENTIFTC SUBRCUTINE FACKAGE

rarameier cefinitions!
outsruut rarameters:

FHAME file mcme of datsa

DIIATE dzate of mescsuremsnt run

TIME time of mezcurcment v

ATT s5inz2le coil attenuation rsiio wused, .
REFRAD piuzdrurolie reference rzoius

UFRENGE tull sce range of Y/f converter for 1 Mhz cuw
COmMM1 cuzn & sesrchn c0nil deoscrigtion

COMMZ test oescristion

BEL1 dircle strengthn (M = 13y unbuclked coils

FHI dirole rhases unbucked coils

ANZ pusdrurnle fourier amsrlitude

ELZ auzdrurole strensthry (N = 20y unburcked coils
FHZ cuEOTUROle PN3Ses unpucited coils

NHARN nignezt harmonic saved

Eriz (32 BINI/BZ in e3vis/1000

FHRP2 (22 rhase of Nin narmonic w/r/t 2nd nzrmonic
FHROT (3% 43 decree rtoiales rhsse 3nsles

RLEN2(32) - regl rari of rotzten BlNI/R{ZD .
IHMBNZ(32) : imzginery rzri o7 rolziteg BIMNI/B(22
FILDENT(72Z" file indentification for F-mztriv

VHAR (7)) narmonic. vector o defTincd pw K. Halbach
FRTRX(ES v 7 F-mztrix 7or zenerztine correclicon vector
VCORR (& ‘correction wvector

(RN B s o B oo eu B wt Bt B0 B o MUun I ot At 0 ot o T T O v M e TN o N e B Y o N o o T e s L0 T o I o I o ot A0 I N o o e Hu I o I o0 I e e I s I o I on Lo NG

O

RYTE DIATE(10)
EYTE FIDENT(727

TIME(E)y CTOMMI(ZZ),

DIHENSI“N BNZ(3B)s FHMZ{ZE)s FHROT
LINE 7y BCLRECD

I0ON PRTEY (&,
F:AL Ir‘dff;F' :

COMMZ(72)y FMAME (127

(3R)y RLENZI(3RIs VHAR({TZD
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L FT1 o= ATANZ (o =1,07

[ = o o e o e o e e e e e

C call retrieve suprouting

[: _____________________________________________________________________________
CaLL RTRYZ( FNAMEs D&TEs TIMEs &TTs FCFRALy JFRRNGE,
1 COMM1, COMMZ2y Bi.1y FH1» AMZy ELLZ: FHZ, MNHARM: EBRZy FHMZ?

L e e e —
FNAME(11)Y) = O . 11/0 sroblem otherwice
FRINT 130y (FNAME(I)>r I = 1» 10)s DATE, TIHWE:s COHMM1s, COMHMZ

130 FORMAT (/s * file “+10A1y 7> datet -y 10641y ‘. time: “» BAl>

1 v 7 has bDeen retrieved. y 2(/1Xy 728610 )
FRINT 140s AT7s VFrRNGE» REFRAD
140 FORMAT ¢ 7 The sinsle coil 2ttenuation is “» Fb4i» 7y the V/T
i range is “y F7.3» ' voitse’y / ' The rrierence ragdius is
2 7y 8.4y Y meters.s’)
FRINT 150y BLZ2» FHZ

150 FORMAT (/s 7 B’‘L(eff) = 7y Fé.4s 7 AT 'y FS.1y ' desreec,’ )
s e e e e e e e e e e - s e e e = e
C 4% rFhase roistion znd serarstion to rea2l & imacinerw rarTis
L= e e e e e
FRINT 200 o v
200 FORMAT ( ° N EB(NI/R(Z) ANGLE ROTATET  BIRK)/B(ZYX10007
17/ r ¥ 1000 DEG ANGLE RE&L IMAGINARYZ: °
0O 210 N = 3, NHARH ' '
FHROT(N) = FHM2(M) + FLOAT(M) * 45, + F0.
RLENZ(N) = EBNZ(N) % COS5( FHROT(N) &x FI / 180. 2

ITHENZ (N) BNZ(N) Xx SINC FPHROT(N) % FI / 180, )
: FRINT 250y iy BNZ(NJ» FHNZINDI, PHROETONYy RLEBNZ (NI« IMNBNZOND
210 CONTINUE

ni

250 FORMAT ( I3s 33Xy FéaZe 3Xs Féol: 7Xr FE&.1y 20 33X F&OZ2Y 2

C ____________________ e — . —— - A - — - ————— —— i - St —— - —— At . i - — - - —— trm W dm e e - — e — A —_— ’
.C=--set u® harmonic vector |

C _________________________________________________________________________

ng 310 I = 1+ 4 ,
VHAR({ 2%1I - 1) = 0.001 X RLEMZ( I + 23
IF ( I .EGQ. 4  GD TO 310

VHAR{ 2%xI ) = 0.001 % IMENZ( I + 29
310 CONTINUE
C _________________________________________________________________________
C-—-sei F matrisx
C-———-_""—"_—_‘-——-_'—_—""""_‘_"_ ——————————————————————————————————————————————
OFEN (UNIT = 1y NAME = ‘FPMTRX1.DAT s TYFE = 701"y READONLY)
READ (1, Z20) FIDENT
320 FORHAT Y 72R1) _ '
REaAD (1 330) ¢ (FMTRXC Ty Jdr»e J = 15 79y 1 = 1y B )
230 FORMAT ( 7(F%.7s 1X) 3 :
CLOSE (UNIT = 1)
TYFE 340y FILEHNT
. FRIMT 340y FILENT
340 FORMAT (707 /707 /7 “0The Fraciriy indeniificzstion ist * / 1Xy 7241)

C
Cc matriy multirlicastion F-MATRIY % UHAR» ncte that recsuyltzeznt is
C actuzlly the nesative of the correction vector.

CALL GMPRIOC(PHMTRXs VHARs YCORRy 8r 7y 13
C-—-gdetermine maximum nesative correction (Celta r)/r,

VCRHIN = 1000.
G 390 1 = 1y E
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VORMIMN = amINi: VCREMIts VUCORRIIT ) . ' s s
190 CONTINUE ' ' ' '
. C ———————————————————————————————————— e e e e e
{---generate snims needed in mils (E9370 mils/meter) and =vini
L m m e e e e L
FRINT 400 '
400 FORMAT ( ‘0’/’0The 'block®' identificstion and needed shims are!’)
FRINT 4160 : _ T _
410 FORMAT ( ‘OEBLOCK DELTA R(IY 7 7 (NO) AHMILE)Y
0 430 1 = 1y 8 .- ' )
VCORR(I) = ( VWCDORR(I)Y - VCRMIN ) % REFRAD % 39370,
J=1-1 ' )
FRINT 4206y Js» VCORR{I) -
420 FORMAT ( 1Xs 14y 3X» F10.1)
430 CONTINUE
C ———————————————————————————————————————————————————————————————————————————
CALL EXIT
END

»
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FEOGRAR GLRL AT

created pwi s 1. B7T1

[}

m

r
GLATIJZ2.FOR
modification historwu:

cubtract DVHAR instesd of sdd

Page A7 of Al3

043 81 dec 31 mis

03z 81 dec Z8 mig coried QDADJ].FOR- to QRADJI2.FOR

02a B1 dec 28 misg anded mztrix retrievaly amd snim calculistions
01b 81 dec 22 mis working _

0tz 81 dec 21 misg written (data retrievey 4% de=sree roitztinn:

inte rezl 3n2 imasinzry rartse
zglrhnzrnumericzss constanic

ser3ration
rrintine

FUTEFOSE v
Cazlculate new error heormenics zfter zdJustiment of plocks of
rermanent m3gnet rusdrurolesy tecst'Nlauss Halbzch’s

subroutines recuired!
RTRVZ( FMAMEs DATES
BLis FH1:s AM2.»
GHFRL(AYEsRyNsMyL?

TIMEs ATTs REFRAT
Bil.LZy FHZs HNHARHM»
LEC SCIENTIFIC

UFRNGE» COMMls
EN2,y FHNZ2)
SUBRCGUTINE FACKAGE

coMrzy

rarameter definitions?

and

ang anciwcis

cslsorithns.,

outrut rarsmetersy

FHAME
DATE
TIME

ATT
REFRALD
UFRNGE
COMM1i
COMMZ

BL1

FH1

AMZ

ELZ

FHZ

NHART
BHZ(3B)
FHN2{3E)
FHROT (38}
RLENZ2(38)
IMBN2(38)
FIDENT(72)
MUHAR (7
DVHAR (7
RUHAR(7)
NMTRX(8+7)
VCORR(EB

EYTE DATE(IO0),
BYTE FIDENT{7Z
NIMENSION Br2(

file neme of dzts

fate of mezsurement run

time of measurement .
sinsie coil attenuztion ratic used
cuasdrurole reference ranius

full scaie randge of V/f cornverter for
euzd & c<ezrcn coll descrirstion

test descrirtion

dirole stremgsth (# = 1)s unbuciked coils
dirolie rhaser unbucked coile

puadrurole fourier amrlituce

ruzadrurole strengtny (N =
euyedrurole Fnaser unbucked
hidgnest harmonic saven
B{(NY/E2Z in rertes/1000
rhase of N’th harmonic w/r/1 2nd narmonic
4% degree rotsten shase sngies

recl rart of roteted B(HR)Y/B(2)
imaginare =art of rotated B(NY/E(Z)
file indentification for F-matris
mezasured nermonic vector 2z defined
deltz narmornmic vector senerated
recsutliznt harmonic vecter
N-m=2trix for senerzting delitsz
correction vector

1 Mhz out

2%y unbuckes ccile
coils

ov K, Haibecon

harmonic vector

TIME(B)s COMM1(72}),y COMMI2(72), FNAME{(12?

3
)
Z8)y FHN2(3S3, FHROT(ZE)s RLENZ(3R)s RUHARIT.

(8]



LBID-520 Appendix A MT 308 Page A8 of Al3

DIMENSIOK VUCORR(E)y LVHAR(T ‘ ) a
REAL . IMBNZ(3E)y MUHARIZ ) MHEMTRY (7, I ‘
"
o FI = ATANZ (0.0y -1.0)
{ D o e e e e e e e e e e e
) c call retrieve subroutine
C —————————————————————————————————————————————————————————————————————
CALL RTRV2( FNAMEy DATEy TIMEs, ATTs KREFRAD, YFRNGE: .
1 COMM1s COMMZ2s EL1s FH1» AMZy Bi.2s FHZ» NHARMs EN2» FHN2)
- C ——————————————————————————————————————————— e e o e - —— — — —

FNAME(11) = O _ '1/0 sroblem otheruwise -
FRINT 130y (FNAME(I)s» I =1y 10)s DATE, TIME, COMM1is COHNHZ

130 FORMAT (/y 7 Tile ‘,10A1s “, dztel! ‘» 10481, 7/, timet ‘s BALl,
1 v  haz oveen reirieved. ‘y 2(/1Xs 72615 )
FRINT 140y ATTy VUFRHGEy REFERALD

140 FORMAT ( / The cinsgle cnil attenustion is ‘y Fé&oly ‘y the VY/f =
i range is 'y F7.3» ' volte.’s / 7 The reference radiue is
2 7y f8.6r 7 meters.’) .
FRINT 150y EL2, FHZ ' ’
150 FORMAT (/»y 7 B’‘L(eff) = 7y Fé&.85y 7 AT v FS.1y ‘' desreecs.’
B e e e et e et
S 45 rhise rotation and serarstion to rezl & imzsinary Farts;
B m e e e e
FRINT 200 ' :
200 FORMAT ( N OB /B(Z) ANGLE ROTATEL B(M)/R(Z2)YX1000D’
1 7 ! ¥ 1000 LEG ANGLE REAL IMAGINARY’)
o 210 N = 3s NHARH
FHROT(N) = FPHHNZ(N) + FLOAT(N) % 45. + 90
RLEN2(N) = EBN2(N) % COS{ FHROT(NY % FI / 180. )
(/% IMEN2(N)Y = EBN2(N) ¥ SIN{ FHROT(HNY *» FPT / 18O, )
e v FPRINT 250y N+ BNZ(N)y FHN2(N)y FHREOT(H)>s RLENZ(N)y IHMBNZ2(N}
210 CONTINUE
250 FORMAT ( I3y 3%y Fb429 3¥s Féuly 7Y%y Fé&ole 20 3%y Fb6.2) ) i )
C"_"'““"'-_—"-"""_-"‘___—"—""""—_"—-—"—”"“""'" _____________________________
C-—-set ur harmonic vectior
C —————————————————————————————————————————————————————————————————————————
C Do 3101 = 1+ 4 ,
. VHAR( 2%I - 1) = 0,001 % RLEMZ{ I + 20
C IF ¢( I +EQ. 4 ) GO T0O 210
C VHARC 2%I = 0,001 % IMENZ( I + 29
C310 CONTINUE
C _________________________________________________________________________
C~——z2et N matrix
C __________________________________________________________________________
OFEN (UNIT = i+ NAME = ‘NRTRX1.D4T7° TYFE = “0LIN'y READONLY) T
_ REAL (1. 320) FILENT :
320 FORMAT( 7261 . )
' READ (1y 330) ( (HHMTRYC Ty Jdr 4 = 1: Biy I = 1¢ 7 *
330 FORMAT ( 8(F9.7)

CLOSE (UNIT = 13
TYFE 340y FIDENTY
FRINT 340y FIDEHNT
FORMAT (’Q0’/ “CThe HN-metrix imdentific=tion i<t ‘ / 17y 7281)
Accert angd efrint chim informction
PRINT 360
- FORMAT ( ’‘0The bliochk iderntificstion zrmd 2ddec ehimz zre!’)
PRINT 37q N

- 370 FORMAT ( “OBLOCK DELTA R(CIYZ /7 ¢ (MO C O (MILEY )
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- g gy U
Lo 4101 = 1. &
J =1 -1
L TYFE 400y J o - o
’ 400 FORMAT (' Tere shim addustement (mils) for cleeck ‘5 I1s 7 3 7y %)
ACCEFT %Xy VCORKR(I) '
FRINT 420y Jsy VCORRC(ID
e e e e e e e e e e e ————— e
c convert to (deltsz r) / v 3nd chanse to rzrts/thousand
[ e T R O PRI e e ———————— ——
- VCORR(I) = VCORR(I) % 0.0254 / 0.035
410 CONTINUE
420 . FORMAT (1Xy T4y SXy F10,1)
C ___________________________________________________________________________
C matrix multirlication N-RATRIX % VCORE
C
C ___________________________________________________________________________
CaLt GHFRD(NMTRXy VCORRy DUVH&Rs 79+ & 1)
o D e e e e e
c generate MVHARy messured harmonic vector
C ___________________________________________________________________________
0 490 I = 1. 4 _ .
MUHAR(2%I - 1) = RLENZ(I + 2) *
IF ( I .EQ. 4 ) GO TO 4%0
HVHARC 2Z%1 ) = IMENZ{I 4+ 2%
4%0 CONTINUE
C __________________________________________________________________________
C calculste resultant narmonic vector
(‘_._._._......__...._._.....___.___.—..._.__._.____.....___._.____' ____________________________________
P 00 550 I = 1y 7
RVHARS I ) = MUHARC 1 Y - DUHAR( I
9o 0 CONTINUE
Cm==—=—=m-—smmmm oo T e
C #rint narmonic vectors
[‘_ __________________________________________________________________________
FRINT 600 » *
600 FORMAT (/ 14X, 7 MEASURED DELTA RESILTANT'/
1 14Xy 7 *X10600C 1000 1000 )
0D 690 I = 1+ 7 , : :
iF ¢ I .EC. 1 .OR. I JEG. 3 LOR. I .EQ. S OR. I LEGQ. 7 )
1 FRINT 640y ( 1 + 5 3 / 2
660 FORMATC( 7 RE B’y I1y “DY/B(Z) ‘v %)
' iIF ¢ I .EG. 2 +OR. I LEG. 4 .OR. I .EQ. &
1 FRIMT 670y (I + 4 2 / Z
’ 670 FORMATC ¢ IM BC y 1diy 7)/B(2) 7“7y 3%
FRINT 6BCs MVHARCI}y DVHAR(ID)s RUHARC(I?
680 FORHAT( 47 » 3¢ 4Xy F&GZY )
) 690 CONTINUE
CaALL EXIT
END
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SUBROUTIH®E RTRVZ( FNAME, LATEs TiMre &TTs EFEFRADs WFFRMEE . -
1 CONMIe COMMZs BL1y» FHis AMZe ELZ, FHZ, NHARHy BRI, FHEZ:

createq bty m i sreen

file names RTRVZ.FOR

modification historw?

Oic 81 dec 22 mic I1/0 clesnur .-

Oib 81 dec 21 mig workins

Cla ‘81 gdec 21 mig coriesg from SAVEZ.FOR MHE 37

FUTFOSE !

kRetrieve from

harmonic

haroware reauirent

software recuired!

*

subroutines needed!

outrut rarzmeters?

FNANME
DATE
TIME
ATT
REFRALD
UFRNGE
COMML
COMMZ
EL1
FH1
ANZ
ELZ

BYTE DATE(10) .,

DIMENSION EBNZ(3

TYFE 100
FORMAT /0’

disk constani smrameters,
anzlysis of rermsnent masnet Ssmarium

TIME(E) »
2)y

ture file nzme for

tret rarametersy ang
Cobelt euadrusoie-

DED 440 Florrw Disk Sustem
RT-13 orerzting sucsten
none

file name of dzte
date of mezsurement
time of mezsurement
single coil attenuation ratic
puadruronle reference radiucs
full sczle raznge of V/f converter for 1 Mh:z
euzd & seazrch coil dQCPP]PtIOh

test descrirtion
dirole strensth
dirole =haser
puadrurole

run
weed,

out
(N = 1)+ wunbucled coils

unoucked coils
fourier amrlitude

cuadrurcle strengths (N = 2)y unoucked coils .
cusdrurole rnase: unbudckeno cnils
B(NY/EZ2 in e37rte/100C

rhase of H’th hermonic w/r/t 2Znd hermonic .

COMM1 {727, FHAME (127

FHN2(3E&)

COMMZ(72) s

reftrieving dates *HMMDDXY..ODAT v 43

AGCCEFRFT 120y (FMNAME(IZy I = 1y 10) lrezd name from terminel

FORMAT(10A1)

FNAME(11) = O 1I1/0 sroblem otheruise
oren filesy read dziay close file

OFPEM (UNIT = 1, NAME = FNAME, FORM = ‘UNFORMATTEN’y TYFE = ‘DLDY

1 » READONLY) .

REAL (1) FMAMEs» LATE, TIHE; ChOMML,

ChrMmM2
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oy gy g S S
C “metriv multirlication N-MATRIX % F-MATRIX
. C
( D m e
! CALL GHFRID(NMTRXs FMTRXyRMTRXs 7+ 8By 7)
C ————————— e B " S . - — A — - ——— - - $ht . St e s St ts e W Y . W o e s ke o e T = T - P o ——— . —— ——_a—.
C erint resultant matrix
T i
PRINT %, © * =
- . FRINT %» ‘the resultent matris of N'%X P is 7
_ FPRINT &600r ( (RMTRX( Iy Jor J=1s 70y I = 1y 7
600 FORMAT ( 7(1Xs F9.4) )
CALL EXIT
END
c:
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LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA

ENGINEERING NOTE

Appendix B

FILE NO.

MT 308

PAGE

B1 of B23

SUBJECT

By The Halbach Technique

"FIXING" of a 6" LANL Rare Earth Quadrupole Magnet

N AME

Michael I. Green

PATE January 7, 1982

APPENDIX B

Selected Computef Output From
Primary Quadrupole Analysis Program QDANAL

=~ (December~22, 1981 Update)

Date ' Time

December 30, 1981 13:34:15
December 30, 1981 14:16:33
December 30, 1981 14:53:00
December 31, 1981 13:08:54
December 31, 1981 14:05:20
December 31, 1981 14:07:37
December 31, 1981 14:09:50 -
December 31, 1981 14:37:47
December 31, 1981 - 14:40:47
December 31, 1981 14:45:40

December 31, 1981 - 14:48:08

Data Set
1230A1
123081
1230C1
1231A2
1231A3
1231A4
1231A5
123181
123182
1231B3
1231B4




Appendix B MI 3U8 Page B OT BZS
LBID-520 ‘ ' .
THE Eéfé 1% 33-LEgf-=21 TIve 1¥tZa:11t
LAENL 4" Sz-(o GUALRUFOLE. 53/K R2y 2° cezrch coil

TIGHTENED ALL ADJUETING SCREWS, MO SHIMS
THE QUADRUFOLE REFERENCE RaADIUS I% 0,0250000 METERE.
THE V/F IS ON THE 0,001 VOLT RANGE.

120840, COUNTS DRIFT OVER 129 FOINTS WITH

944, DRIFT FFR FOINT
MaXTUMUM AMPLITURE IS : -

105400.5 COUNTS .- -

DIFOLE STRENGTH = 0.000069, FHASE ANGLE = --11,77
E-L(EFF) = 0.160% TESLA: WITH FHASE ANGLE 1.07
e BUCKED COTLS=-mm—mm—mmem e
670191, COUNTS DRIFT OVER 129 FOINTS WITH 523¢&. DRIFT FER FOINT
MAXIUNUN AMFLITUDE IS 146942.6 COUNTS , ’
N S(N) B(M)/R(2) ANGLE ' g
(COUNTS) (£1000) (DEG)
3 52019, 10.35  -106.7 '
4 19619, 5.31 " B.4
5 6209, 2.94 99.9
6 16558, 19.54 -33.9
7 2111, 4,29 55.5
8 $91. 2,61 -111.8
e 137, 0.87 125.4
10 220, 2,46 30.7
11 Bjo 1057 '6900
12 £0. 2.02 153.1
K g6, 5.0% -1472,
14 77, 7 .65 146.6
15 72, 12.2¢% -125.7
14 5., . 10.15 -163.4
17 25, 12.1¢ -18¢4,9
18 29, 2.50 -169.5

' Harmonic Analysis saved in disk file! 1230A1.DAT -

e o sl bR S e

PRY SO

N




Appendix B MT 308 Page B3 of B23
LBID-520




Appendix B~ MT 308 Page B4 of B23
_ : LBID-520 !
ThE £ I Zi-1Ii-z: TImE LAtigria
LANL &' S:-0n GUADRUFZLE. /4 7Ze ' zeztch ecoid
NO SHINS
THE QUADRUFOLE REFERENCE R&LIUZ IZ  C.03R000GO METERGS.
THE V/F IS O THE 0.001 UOLT RA&NGE.
———————————————————— UNBUCKED COIL---—-=—m—mom——— 4
-1418&, COUNTS DRIFT OVER 129 FOINTS WITH -124, DRIFT FER FOINT
_MAXIUHUH ANFLITUDZ I8 106236.5 COUNTS L
DIFOLE STRENGTH = 0.000107, FHASE ANBLE =  -21.7¢
E’L{EFF) = 0.160% TESLA. WITH FHASE AMNGLE -0,14
R e T BUCKED COILE~—-mmmmmmm e mm e .
551287, COUNTS LRIFT. OVER 12§ FOIHTS WITH AZ0E, TMRIFT FER FNINT
MAXIUHUK AMFLITUDRE IS 147864.& COUNTS '
N S(N) E(HY/E(Z)  ANGLE
(COUHTE) (%1000) (DEG)
3 51711, 10.2% -105.% -
4 19726, 8.3 8.7
5 4138, S0 100.3 * .
6 18577, 19.57 -32.¢
7 2036, 4,14 5&.2
e 1612, Z.48 -114.4
= 103, U6 61 .4
i0 181, 2.032 iz.8
11 45, 0.87 20,2 B
12 2. .11 167.2
i3 103, £.02 -90,5
14 24, Z.38 148.5
15 58 . g.50 -101.7 .
1¢ 2. 2.73 .5 :
17 29, 14,05 102.2
18 300 A—L‘.OO "1380‘1
Harmonic lusis ssved oich filc_:: 12301, DAT

E

<
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MT 308
LBID-520

Appendix B

THE DATE IS Z0-LEI-%! TIMD LAtEIing

LANL &7 Sa3-0o GUADRUFOLE. 578 RZs ¢ zesrch coil
NO SHIMS
THE BUADRUFOLE REFERENCE RADIUS IS  ©,0350000 HFTERS.
THE VU/F IS ON THE 0.001 UDLT RANGE.
———————————————————— UMBUCKED COIL-m—-mmmmmmmmmm e

-55140. COUNTS DRIFT OVER 129 FOINTS WITH

HAXIUMUM AMFLITUDE IS

DIFOLE STRENGTH = 0.000
EL(EFF) = 0.1608 TZsL
e BUCK
SZ24412, COUNTES DRIFT
MAXYIUNHUN AMFLITUDE IS
N S BONY/EB(2
(COUNTS) (x1¢00)
X 51794, 10,32
4 19761, 8.28
o o223, 3.70C
& 1657%. 19.58
7 202E. 4,13
5] 974, 2.5%
5 146, 0.93
10 165, 1.18
il c0., 1,56
12 7C., 2435
13 119, 6.5
14 44, 4,44
15 5B, 7.8%
16 10, 2.8%9
17 3G, 24,58
lg IR 2614

Harmonic

Arizlucis

10629%.5 COUNTS ‘
106y FHASE ANGLE

24466

KED
y § OFNINTE WITH
& COUNTS
Y AHGLE
(hEG)
-105.4
8.4

£0Z.1

!
P
I

.+

.
RNa IS I A SN I |

Lon L L) I S S ) |

RO N I S B I N G I o 8
-

!
R S S S S |
e

-

s}

in gisk file! 123CC1.D0AT

Page B6 of B23

-431. DRIFT FER FOINT

FOTNT



Appendix B
pp LB

MT 308
ID-520

Page B7 of B23




[

o~

LAive
S EnIMy

GUAD\UFDLE [N
IS5 ON

FOL
THE

THE V/F

-193702.

388027, ]
MaXIUMUN AMFLITULE IS

N

BRI O 0 N ™ Wb Ol

W ke et pen ped

[ e )
(RN s SO 3 I

Harmonic

-
Tz

Lv I -

-t - E -J

S(N)
(COUNTSE)

- . > a0 .+

-

| T - S G I B I A A A
[ B ORI 2% T ¢ I o B 0 U O s

-

v——l

or"‘

v

)~

THE

COUNT

Analycsis

UeTRLFOLE
19245, Zo1

L ———

EFERENT
0.001

g DRIFI

E(N)/E(2)
(%1600

N
* - &« s e+ 4 - . @
el ~p a0 Qg - 0l
SN BEORE o B ST )

O NG O S D B

T

rJ
-t

4

-
2A)

~
-~

<
> .
0

in
[3{]
«<
o
[ul

AR IS ]

<o

RN A B R« B N T Y

1o
m

e U

fo B o S S8
| e I

KFL -
OUEE
102029.3

i oin

UNBUCKED
COUNTS DRIFT GVER
MeXIUMUM AMFLITUDRE IS
"NIFOLE STRENGTH

MT 308

Appendix B
PP LBID-520

Page B8 of B23

-z TIMD LIz iTa

v RZe ZF cegzron ool

FaF 0 AL D01 50, 724
$IUE I3 CLOESLGO0 METERS
LT RANGE.

129 FOINTS WY¥TH

105448.0 COUNTS .-
= 0.000127,

FHASE A&NGLE = -25

149 FOINTS
COUNTS

ANGLE
(DEG)
170,
=&,
161.
-87.
&7 s
149,

!
[y
0

(1
LR KA
[ ISR BT T % BV 5 BRGES N & SUNE -F o

i e

|
N
(]
.
o

1
RN

D
~7¢.,32
-82, C'
-%3.5

144,

disi filel 1Z31AZ2.TAT
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- AppchviA b il oVo rayc LIV Ul DO

LBID-520 '

e e . .y o me - - = -
P LT 1% Sl-ngi—-& Tire AT
LAant & Sa~-{o LUALRUPIZLE, S/N RZ 2 zepron oonildl

REFEAT 13:08:154 B
THE QUADRUFOLE REFERENCE KATIUS IS 0.0350000 HETERS.
THE U/F IS ON THE 0.001 VOLT RANGE.

———————————————————— UNBUCKED COIL-————=—==m-——me-
-180057., COUNTS DRIFT OVER 129 FOINTS WITH  -1407.

MAXTUMUM AMPLITUDE 1S. 105773.0 COUNTS .

DIFOLE STRENGTH = 0.00013%, FHASE ANGLE = -34.44

E’L(EFF) = 0.1585 TESLA» WITH FHASE ANGLE 0.27
———————————————————— EUCKFD CDILS-=--—==—————m—mme
401016, COUNTS DRIFT OVER 129 FOINTS WITH 3123,

MAXIUMUM AMFLITURE IE 102457 .4 COUNTS

N SN B(NY/B(2) ANGLE
(COUNTS) (¥1000) (DEG)
3 2219. 0.45 173.1
4 7. .23 -532.9
S ”68u. 1,73, 183.2
b 8254, 2.89 - —-88.1
7 3193, £.59 67 .1
S 1334, 4,93 -148.6
4 5% 0.64 23,0
10 723, g.22 : -8.,1 -
11 220o 403d “8401 »
12 61, 2..0% 2.8
13 46 271 -25.4
14 119, 12.10 -3.8
S 21. .69 ~-57.2
16 22, b+40 -83.1
17 2&., 12,78 -54.,4
ig 34, 29.01 -177.8

Harmonic Anzlesis saved in dick filel 1231A3.DAT

LIRIFT FER FOINT

LDRIFT FER FOINT
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LBID-520

THE LpATEZ IEZ Si-0Z-320 TIME 1AMLTL37
Lan, &' Sz-0o GUAGRUFPOCLEY 7K FZr 2% cpzmreh roil
NI REFEAT OF 1331052354 )
THE QUADRUFOLE REFERENCE EALTUE IS $.0350000 METERS,
THE V/F IS ON THE 0.001 VOLT RANGE.
————————— me=-=====——UNBUCKETL COIL-====m-mmmmommmmm _
-49578. COUNTS DRIFT OWER 129 FDINTS WITH ~=387. DRIFT FER FOINT

MAXTUMUM AMFLITUDE IS 105227.3 COUNTE .-
DIFOLE STRENGTH = 0.000114, FHASE ANGLE = -40,68

BE’L{EFF) = ©.1583 TESLA, WITH FHASE ANGLE 0,31
T BUCKED COILS=-=mmmmmmmmmm e

304286, COUNTE DRIFT OVER 12% POTINTE WITH - 3940, DRIFT FER FOINT
MAXIUMUM AMFLITULRE 1S 102479.9 COUNTS ' :

N S(N) B(NY/EB(Z) ANGLE

(COUNTS) (X10007 (DEG)
Z 2218, 0.4% 177.1
4 701, 0,30 -96.9,
S 2541, 1.464 159,68
6 8325, G99 ~-B&.3
7 317%. GeTh 57 .1 _
e 1280, 4.74  -149.7 ' e
2 T 0,47 -4.1 '
o &P 4., 7+50 ~10.1
11 207, 6.08 -87.3
12 gv. .07 - &
13 77 4,54 ~37 .7
- 14 °g. 16.08 SeA
15 Si. g.88% ~-%5.4 N
1& 25, . 732 -125.9
L& 3.7

44 . IB.74 -16

Harmonic Amelwsis saved in disk file! 1231A4.0AT
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_ LBID-520
TRE DATED 1T Zi-LEeli-Zt TINT 1A FIT '
LAaNL &' Sa-Co CGUADRUFG.Ey S7W BRI, Z' zezrvor 201l

ZRD REFEAT OF 1330B1C4 '
THE QUADRUFOLE REFERENCE RALIUE IS5 CGL.O0355GC00 HMETERS.
THE V/F IS OGN THE 0.001 VOLT RAHNGE.

I9442. COUNTS DRIFT OVER 127 FOINTS WITH 308, DRIFT FER
HAXIUMUM AMFLITUDE IS  105205.8 COUNTS -
DIFOLE STRENGTH = 0.000123, FHASE ANGLE = -42.73

E‘L(EFF) = 0.157% TESLAs WITH FHASE AMNGLE ¢.27
———————————————————— BUCKED COILS~-===mmmmmmm e
» S§7244. COUNTS DRIFT OVER 129 FOIMTS WITH A550, DRIFT FFR
KEXTIUNMUM AMFLITUDE IS 101880.3 COUNTS -
N S{N) E(NY/R(2) ANGLE
(COUNTS) (¥100G) (DEG)
3 2177, 0.44 179.1
4 7960 0034 -6400
5 2727, 1.76 161% ¢ *
6 8354, 10.05 -82,2
7 I216. 6,66 56,32
8 1321, 4.%90 -14%.5
¢ i39., 0,90 7.9
10 &51. 743 -16.8
11 247, 4,90  -8Z,2
13 &0, 3.55 .3
14 dlo 5023 _809
15 £S5, 14,865 -94,3
16 29, 11.44 -107.1
17 30. 15.14 167.0
18 45, I7.78 -16&.5

Harmonic Anaslysis saved in dishk filetl 1Z31AT.0AT

L P o L

FOIMT

FOINT
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Appendix B MT 308

THE LeYE IZ Z1-0EC-Td TIAE 124137
LANL &' Ze-Cco GUADRUPRPOLEs S/ Rie Z° cezvrch o
FOLECGHIMyY CaBs 1428. 2<11s 3IU33s 441, 542 z

THE GUADRUFGLE REFERENCE RaDIUS IS
THE V/F IS ON THE 0,001 VOLT RANGE.

S T UNBUCKED COTIL--—m—mmmmm e |

-1932255, COUNTS DRIFT QUER-12% FODINTS WITH
MAXIUMUM AMFLITUDLE IS 103274.9 CDUNTS
DIFOLE STRENGTH = 0.000125s, FHASE ANGLE =

BL(EFF) = 0.1578 TESLA» WITH FHASE AMGLE

e PUCKED COILS-—mmmmmmmm

385914, COUMTS DRIFT OUVER 129 FPOINTS WITH
MAXTIUMUM AMFLITUDRE IS 101372.,2 COUNTS

N S{N) B(NY/R(2) ANGLE
(COUNTS) (%1000 - (DEG)
3 44601, 0,93 163,64
4 . 11000 0048 . —7104
S 406, 0.26 20,2
& 7951, F.57 -87.9
7 3486 7.23 SE.5
B 1258, 4,67 -152.2
G 100, - 0485 - 57.&
10 780e 8091 "16*9
11 245, 4,86 ~%7.,5
172 T4 2,62 Z.4
13 4:‘-0 2055 "‘17503
i4 73 7,042 2.9
15 66 . 1,40 -1i2.5
16 35, 11,17 -71.5
17 56, 29,50 ~119.6
18 AC, $1.25 ~177.0

LBID-520

Harmonic Anslusis saved in disk filel! 1231E1.DAT

Page Blb of Bzs

 FER POINT
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Appendix B Ml sUo

LBID-520
A 1AL

-z TIMT 14147
arch coil

- [
LANL &' Sa-Co GUADRUFOLEs S/N RZs 2* ce
15T REFEAT OF 143137:47 e
'THE BUALRUFOLE REFEREMCE RADIUS 1§ 6.0350000 METERG.
THE VU/F IS ON THE 0,0%1 VCLT RANGE.

Fage b lo ot BZ3

TP R UNBUCKED COTL-----mmmmmmmm o N
-100085, COUNTS DRIFT OVER 129 FOINTS WITH -78%. DRIFT FER FOINT
MAXIUMUM AMFLITUDE IS 105055.& COUNTS i o
DIPOLE STRENGTH = 0.00011%, FHASE ANGLE = -30.33
E‘LC(EFF) =  0.1379 TESLAs WITH FHASE ANGLE 0,45
————— e —————BUCKFD COILE-~—mmmmmmmmmmmmm o
466528, COUNTS DRIFT OVER 129 FRINTS WTTH 3648, DRIFT FER FOINT

MAXIUMUM AMFLITUDE IS 10113246.4 COUNTS

N S(N) E(N)/R(2) ARGLE
(COUNTS) (X1000) (DEG)
z 3513, 0.92  140.,¢
4 113&. 0.49 ~45.4
5 3465, 0.24 29,6 : .
6 80300 . 9;66 _8304
7 3519, 7426 59,4
g 1267, 4,81 -151.8
9 71. 0.4¢6 -7 .4
10. 754 8.463  -1Z.8
.11 2900 5075 _7_95
12 270 0091 —:uoo
13 VAT 4,473 -57.7
14 3. 5,94 3.6
15 65, 11.34 -141.8
1é T4, 7.02 ~-52.2
17 45, 22,35  —14&.5
18 KT 30.57 ~-133.7

Harmonic Anz2lysis saved in disk filel 1231F ?.DAT
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| LBID-520

THE DATE I3 3:1-LEC-21 TIrF 14125140
L&NL &' Sa-Co QUADRUFOLE. S/N RZ: 2° search coil
Z/ND REFEAT OF 14:37:47

THE QUADRUFOLE REFERENCE RALIUS IS 0.0350000 METERES.
THE V/F IS ON THE 0.001 VOLT RANGE. )

————— e UMBUCKED COIL--——mmmmmmmm e
5699. COUNTS TIRIFT OVER 129 FOINTS WITH 45,
MAXIUMUM AMFLITUDE IS 104611.1 CDUNTS e
DIFOLE STRENGTH = 0.,000112y, FHASE ANGLE = =37.89
E‘L(EFF) = 0.1574 TESLAy WITH FHASE ANGILE 0,47
m— e m e e —RUCKFD COILE--—mmmmmmmmmm e
555059, COUMTS DRIFT OVER 129 FOINTS WITH 4336,
MAXIUMUM AMFLITULE IS 101536.8 COUNTS
N S (M) B(H)/B(2) ANGLE
(COUNTS) (%1000) (LEG)
3 4479, . 0.91 163.5
4 1234, L0.53 -67.3
5 370, 0.24 38.0
6 8084 . .73 -87.7
7 3628, 7.54 59,0
8 1303' ) 4085 _15001
g 22, 0.20 36.¢&
10 788. ¢.02 -2.7
11 259, 5.1& -7€.2
iz &5, 2,324 35 .4
13 48. Z.E5 -80.6
- 14 105. 10.77 -2,0
15 43, 7 .48 -85.7
14 4G, 214,60 -77.5
17 35, 17 .44 -174,0
ig& 25. 20,24 -157.5

Harmonic Anaslvsisz saved in disk file! 1231RZ.DAT

DRIFT PER

DRIFT FFR

Page B20 of B23
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| LBID-520 -
THE LATE IS 3i-Lil-£i TImT 14Tl
LANL &% Sz-Cc GUADTUFOLEs S/N EZ. I° cezrch onil
S 3/RD REFEAT OF 13:137:47
(. THE GUADRUFOLE REFERENCE RADIUS IS 0.0350000 MATERS,
' THE V/F. IS ON THE 0.001 VOLT RA&NGE,
U [ 5 211103 43 (N o115 ISP —— -
64919, COUNTS DRIFT OVER- 129 FOINTS WITH . 507. DRIFT PER FOINT
_ MAXIUMUM AMFLITUDE IS  104472.1 COUNTS SRR o
DIFOLE STRENGTH = 0.000101s FHASE ANGLE = -40.45
E/L(EFF) = 0.1577 TESLA,» WITH FHASE ANGIE 0,50
———————————————————— BUCKED COILS-mm-mmmm—m——mm e
WITH A739, DRIFT FER FOINT -

£06597. COUNTS DRIFT OVER 12§ FOINT
MAXIUMUNM AMFLITULRE IS 162291.1 T

s E(NY/B(2) ANGLE

N
(COUNTS) (¥1000) (DEG)
3 4552, 0.92 163.2
4 1106. 0.4€ -48.2
5 304, } e 2 44,7 *
6 8043, 5.49 - -B7.9
7 3547, 7.3¢ 59.3
2 1285, 4,77 -149.5
9 161. 1,053 42,6
10 795, .08, -16.3
- 11 209, 4,16 ~B86.3
(“1 12 78. 2.70 3¢.2
W 13 49, 2,90 -37.5
. 14 000 6007 10}
15 27, 4.¢44 -116.0
i6 34. 1¢.04 -105.2
% 17 90 v 4073 \.n.'tl
18 27. 22,62 -117.5

Harmonic Analusis saved in dishk file! 1231B4.DAT

SO
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(gL/6 "A9Y) LGTFS-0092 868-TH

LBID-520

LAWRENCE 8ERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA , FILE NO. P
5T WEIXING" of a 6" LANL Rare Earth Quadrupole Magnet "™ Michael 1. Green

By The Halbach Technigue

PATE January 7, 1982

APPENDIX C

Computer OQutput From. Quadrupole Adjusting Program -QDADJI

Data Set
1230A1
1230B1
1230C1
1231A2
1231A3
1231A4
1231A5
123181
1231B2
1231B3
123184

. ..(December 31, 1981 Update)

No Shims

No Shims

. No Shims
Schedule 1 Shims
Schedule 1 Shfms
Schedule 1 Shims
Schedule 1 Shims
Schedule 2»Shims
Schedu]e-Z Shims
Schedule 2 Shims
Schedule 2 Shims




h : v Appendix C MT 308 Page C2 of C12

LBID-520
file 1230A1.D%Tr date: ZO-DFC—Bi} S timeld 13124010 hoo been rotrieved.
iy LANL 6* Sa-Co QUADRUFOLEs S/N RZy 2' search coil
(‘ ° TIGHTENED ALL ADJUSTING SCREWSy NO SHIMS
B The sindle coil attenuation is 101.6y the V/f ranse is 5.,001 volts.,

The reference radius is 0.035000 meterc.

E‘L(eff) = 0.1609 AT - 1.1 dedrees. - - _
N E(N)/E(2)  ANGLE ROTATED - R(N)/R(2)%1000

B . % 1000 DLEG ANGLE REAL IMAGINARY
-3 10.35 -106.7 118.3 ~4.90 . 9.12
4 8.31 8.4 278.4 1.22 ~-g8,22
5 3.94 99.9 414,9 2,27 3.23
6 19.54 - -33.9 326.1 16.22 -10.89

7 4029 5505 46005 "0078 4422 N
'8 3.61 -111.8 338.2 . 3.35 -1.34
'9 0087 12504 62004 —0015 ‘0086
10 2.46 30.7 570.7 -2.11 -1.26
]1 ) 1057 —6900 51600 -1944 0{64
12 2.02 153.1 78341 S 0.91 1.81
13 5.02 -142,1 532.9 -4 ,98 0.62
14 7.465 145.¢ 86b.6 <6439 4,21
s 12.29 -125.,7 639.3 . 1.59 -12.,13
16 10015 —16304 646t6 2090 -9072
17 12,16 -186.9 668.1 ° 7.51 ~9,57

18 32.50 -16%2.3 730.5 31.98 5.93

The F-matrix indentification is?
FMTRX1.DAT 8i-dec~29

\\ The *block® identification and needed shims are!
ELOCK DELTA R(I)?
(NO.) AMILS)
0 6.3
i .'{C'v_o"f
2 11.4
2 20.7
4 1.0 ]
.5 1.7
6 0.0
7 24.1




Appendaix L Ml 308 Page L3 ot LIZ

, . . . EBID-520
file 1236?1'Dth acte! 30-LFC-&1, time! 14216233Ihas peen retricved.
- LANL &6* Sa3-Co QUALRUFOLE, S/N RZy 2' sezren rcoil

[~ ND SHIMS A
: The sindle coil attenuation ie 101.6y the V/f range is  0.001 volts.
- The reference radius is 0.035000 meters, ' '

E’L(eff) = 0.,1609 AT -0.2 desrees.

_ N B(N)/R(2) ANGLE ROTATED BR(N)/B(23%1000 -
x 1000 DEG - ANGLE REAL IMAGINARY & :
3 10.29 ~-105.5 119.5 ~-5.08 8.95 !

4 8.36 8.7 278.7 1.26 -R.2¢6
5 2.90 100.3 415.3 2.22 3.23
6 19,57  -33.8 32642 16.25 -10.%0
7 4,14 5642 . 461.2 °  -0.81 4,06
8 3068 _11406 33504 3035 "1053
9 0.46 61.4 556.4 ~0.63 -0.18
10 2.03 32,8 572.8 -1.70 -1.10
11 0087 2002 6050:’ "0036 : —0079
12 S 3.1 167.2 797 .2 0.469 3.04
13 6+02 -90.5 584.5 -4,29 -4.,21
14 3.38 . 148.5 848B.5 -2.89 1.76
5 9.90 -101.7 663.3 5.44 -8.27
16 2,73 2.5 812.5 -0.12 2,72
17 . 14.0% 102.2 957.2 - =7.62  -11.81

18 25.00 -138.5 761.5. 18.72 16.57

fhe F-matrix indenpification ist
FMTRX1.DAT B8l-dec-29 -

The °"block® identification‘and needed shims are!l

ELOCK DELTA RCI)

(NO.?2 (MILS)

O ' 6.3

1 26.2

2 11.1

3 30.4

4 0.7 ,
5 1.4 b -
6 0.0

7 24,7
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Appendix C MT 308
LBID-520

LANL 6* Sa-Co QUADRUFOLEy S/N RZs 2' sezsrcn coil
ND SHIMS - _
The sindle coil stternusation is 101.46» the V/f rcnce is
The reference radius is 0.035000 meters.,

file 1230C1.DAT, date! ZO0-DEC-B81lr  time! 14353100 hoe

R’L(eff) = 0.1608 AT 1.3 desrees. : |
N B(N)/E(2)  ANGLE ROTATED B(N)/B(2)X1000

¥ 1000 DEG . ANGLF REAL  TMAGINARY
3 10.32 -105.4 119.¢ -3.10 8.97
4 8038 804 27804 022 .‘—802?
b 3.70 163.1 41€.1 1.96 3.14
6 19.58 -34,2 325.8 16.20 -31.00
7 4,13 - 5505 456045 -0075 4.04
8 3055 —11306 336.4 3025 ‘1042v
-9 0.93 88.1 583.1 ~-0.48 -0.64
10 1.18 85.1 625.1 -0.10 -1.18
11 1056 . ”2104 - 56306 _1043 ”0062
12 - 2435 164.,4 794,24 0.63 2.26
13 C 6495 -104.5 570.5 ~-5.%9 ~-3.53
14 4,44  135.3 855.3 ~-3.15 3.12
15 9089 —7805' 68605 8024 -5046
]6 2089 —110c8 69902 2070 —1002
17 . 24.58 -196.4 658.6 11.78 -21.57

18 26414 -%4,9 805.1 2.25 26.04

The P-matrix indentification ist
PMTRX1.0IAT B8l1-dec-29 , . )

Thg *tlock® identificastion and ﬂeeded shims ares

ELOCK LELTA R(ID

(NO.) - (MILS)

0 6.7
1 2640

2 11.2

3 30.6

4 0.6

] 1.8 -
6 G.0

7 24.1

Page C4 of C12

&~

beren rriricvesn,

0.001 voits.
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- LBID-520

file 1231A2.LAT, nate! F1-LEL-81. times 121031524 nhoo bren retrieved,
. ' LANL é°' S3-Co QUADRUFOLEs S/N &2, 2*' search coil -
( ) FOLE<SHIM» 0<é&» 1<26<, 2411, 3430y 450y 541 &40y 7424
'~ The single coil attenuation is 101.4: the V/f range is 0.001 volte.
The reference radius is 0.035000 meterc, ' '

E‘L(eff) = 0.1580 AT 0.2 desrees. . o
N B(N)/E(2) ANGLE ROTATED  EB(MN)/B(2)2%1000

- 4] ¥ 1000 DEG - ANGLE - REAL  IMAGINARY
-3 0.42 170.46 39T.6 0.34 0,25
4 0.32 -60.4 20%9.6 -0.28  -0.16
5 1,65 161.6 47646 ~0.74 1.48
6 9.99  -87.3 272.7 0.44 -9.98
7 6.50 67 .9 472, -2.93 S.9%
8 4,81 -149.,3 300.,7 2.45 -4,14
' Y 0.60 -18.0 477 .0 -0.27 0.353
© i0 7.+31 8.0 932.0 -7.24 1.02
11 6.07 -%8.1 486.°9 ~3.44 4,85
12 1.94 -15.8 614.2 -0.53 -1.87
i3 3.54 -48,0 627.0 -0.19 -3.54
14 7.74 -3.2 . 716.8 7473 -0.44
15 S5.99 -70.3 69407 5.06 -2.39
16 12,56 -88.0 722.0 12,55 0.44
17 21.19 -93.9 761.1 132.97 13.92

(N
The F-matrix indentification 1<t

FMTRX1.DAT Bl~dec-29

"The 'biock'-identificatioh and needed shims are!

BLOCK DELTA RCI)

(NO.) (MILS)
0 1.8
1 1.9
2 0.0 '
‘ 3 Z.5
4 1.2
.5 1.2 )
6 2.0
7 0.1




Appendix C- MT 308 Page C6 of Cl12
LBID-520 -

fule 1231A3.ﬁAT9 dzte: 21-LFEC~-EB1:, time: 14:05:20 ha2s been rctricved,
HANL 6* Sa3-Co QUADRUFOLE, S/N R2y 2" sesarch coil

REFEAT 13:08:54 '

Tie sindgle .coil asttenuation is 101.6s the V/f rance is 0.001 volts.,

Tie reference radius is 0.035000 meters,

L R*1 (eff) = 0.1585 AT 0.3 desdrees.

B BR(NY/B(2) ANGLE - ROTATED B(N)/B(3)>»%1000 -
¥ 1000 "TIEG ANGLE REAL IMAGINARY i
CE - 0.45 173.1 298.1 0.35 0.28
4 0.23 ~-52.9 - 217.1 -0.18 -0.14
b1 1.73 163.2 478.2 -0.82 1.53
& ?.89 -88.1 271.9 0.32 -9.89 oo
& 4,93 -148.6 301.4 2.57 -4,21 ’
- @ 0064 2300 . 51800 "0059 0024
10 8.22 -8.,1 531.9 -8.14 1.16
12 4.35 ~84.1 - 500.9 -3.38 2.74
12 2,09 8.8 638.8 0,32 -2.07
i3 2.71 -25.4 549 .6 0.91 -2.55
14 12,10 ' -3.8 716.2 12,07 -0.81
15 3069 "5702- ' 70708 3061 "0078
17 12.78 ~-94.6 : 760.4 9.73 8.27

1e 29.01 -177.8 . _ 722.2 28.99 1.12

The F-matrix indentifica}ionlisz
FMTRX1.DAT 81-dec-29

The ‘*block® identification and needed shims are!

BELOCK "DELTA R(I)

(NO.) - (MILS)
0 1.9 P
1 1.9
2 0.2
3 3.4 :
4 1.2 .
5 1.2 - )
é 2.2
7 0.0

T I LT L




. . Appendix C MT 308 Page C7 of Cl12
: T ' LBID-520 :

2 : B
file 1231w&.TATy date! Z1-DEC-B1)» time! 14:07:37 has been retrieved.
. LANL &6* <=—-Co QUADRUFOLE, S5/N R2y 2% search coil ' -
'\ onD REFEAT ODF 13:08154 - | |
. Jnhe sinales r©o0il attenustion ic 101.6» the VU/f ranse is  0.001 volts.
" The referewrce ra3dius is 0.,035000 meters,.

E’L(eff) = 0.1583 AT = 0.3 dedrees.
N ER(N)/EL2) ANGLE ~ ROTATED E(NI/B(2)%100C

T % 1006 DEG ANGLE  REAL TMAGINARY 4
-3 - 0.4T o 177.1 . 402.1 0.33 0.30
4 0.30 5649 213.1 | -0.25 -0.16
5 1.44 159.8 © 474.8 ~0.69 1.49
é 9.%%  -88.3 271.7 0.30 -%.98
7 6.56 6741 S 472.1 -2.47 6.08
8 4,78 —149.7 300.3 . 2,39 -4,09
9 0.47 -641 488,.9 -0.29  0.37
10 790 -10.1 529.9 -7.78 1.39
11 b.0E -97.3 A87.7 -2.71 4.81
12 3.07 -6.4 623.6 -0.34 -3.05
13 4.54 -37.7 637.3 0.58 -4.50
14 10.08 5.6 725.6 10.04 0.98 °*
15 8.28 -99.4 665, 6 5.18 -7.22
16 7.22  —128.9 684.1 5,93 -4,29
17 7.87 -128.9 72641 7463 0.81
18 38.74  —163.7 736.3 37.18 10.86

'%he.P-matrix indentification is?$
PMTRX1.DAT gi-dec-29

The ®*block® identificafion and needed shims are! ' 
BLOCK  DELTA R(I)
(NO.) (MILS)

0
1
2
3
4
.5
6
7

« o & o

.- o

OM ] O e
OO OM b = 0N

. o
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: . Appendix C MT 308
. , LBID-520

file 1231a5.0AT. date! 31-DFC-81» time: 14:09:50 hac

LANL 6* Sa-Co QUADRUFOLEs S/N R2s 2*' sesrch coil

" 3RD REPEAT OF 13:0E:%4

The 51n31e»c011 atternuation iec 101.,6y» the VU/f range i%
The reference radius is 0.035000 meters.

B/’L{eff) = 6.1579 AT ~ 0.3 desrees.

N ER(NY/B(2) ANGLE ROTATED . B(NY/B(2)>%1000
: ¥ 1000 " LEG ANGLE REAL - IMAGINARY
3 0.44 179.1  404.1 0.32 - 0.31
4 0.34 -64.,0 206.0 ~0.,31% -0.15
S 1076 ) 161 09 47609 "0080 0\J7
) 10.05 ~-88.2 271.8 0.32 ~10.04
7 6066 6603 ’ 471.3 "2042 6921
8 4,90 _14908 . . .30002 2046 -4,24
: 9 0090 3909 53409 "0090 v 0008
10 7.43 -10.8 - 529.2 -7.30 1.39
i1 4,90 -8302 . S501.8 "3085 3.03
13 3.55 0.3 67543 2.53 -2.50
14 5023 _808 b 711.2 3.17 -0.80
15 14.85 -94,3 670.7 ?.68 -11.26
16 11,464 -107.1 - 702.9 11.13 ~-3.43
17 15.14 167.0 1022.0 B.02 -12.84

18 37.78 -168.5 721.5 37.02 7455

The P matrxx indentification is?
PMTRXI LAT Bl-dec-29

The *block® identification and needed shims arel

ELOCK  DELTA R(I)

(NO.Y - (HILS)
0 2.0
1 2.0
2 0.1
2 3.6
4 1.2
5 1.1
6 2.
"7 0.0

Page C8 of Cl12

oeen retrieved.

0.001 volts.
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LBID-520
file 1231F1.0AT,»  date! 3I1-DEC-§1+  time! 14137147 has been rotrieved,
E LANL &' Sa-Co QUADRUFOILEs S/N K2, 2° search coil
(" POLE<SHIMs 0<8, 1428, 2<11» 3<33, 4<1, 542; 642, 7424

The sindgle coil sttermnuation 1s 101.6s the V/f ranse is 6G.001 volts,
The reference radius ic 0,035000 meters.,

B’L(eff) = 0.1578 AT 0.5 desrees. ~ :
N B(N)/E(2) . ANGLE . ROTATED E(N)/E(20%1i000

- x 1000 - DEG ' ANGLE  REAL IMAGINARY = /.
-3 " 0.93 163.6 ' - 388,64 0.82 0.45
4 0.48 -71.4 198.6 -0.45 -0.15
5 0.26 - 3042 - 345,2 0.25 -0.07
. 6 9057 . _8709 27201 0035 —9056
7 7.23 58.5 T 463.,5 ~1,69 - 7.03
8 4,67 -153,2 2946.8 . 2.11 -4,17
R 9 0,65 57.8 - 552.8 -0.63 -0.14
10 8.91 - -16.9 523.1 -8.53 2.59
11 4,86 -57.5 o 487.5 = -2.9¢ 3.86
13 : 2055 "'17503 R ' 49907 7“1 095 1065
14 7.42 2.9 722.9 741 0.38 ,
15 11,40 -112.5 652.5 4,364 -10.53 :
16 11417 -71.5 '738.5 10,60 3.54
17 29.50 -119.64 735.4 28,45 7.82
18 51,25  -177.0 723.0 51.18 2.48

The meatrix indentification is:
FMTRX1.0AT 81-dec-29

The 'block‘~identificatioﬁ and needed‘shims arel

BELOCK DELTA R(I)
(NO.) ~(MILS)
1 009 -
5 2 0.9
3 1.9
4 2.2
.5 1.2
6 c.0
7 0.7
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' ; LBID-520 -

file 1231E2.0AT, datet 3S1-DEC-B1» time: 14:40:21 hac beer retricved,

. LANL 6' S53-Co QUADRUFOLE, S/N K2y 2* sesarch coil

f .. 1’ST REFEAT OF 14:37:47

) The sindgle coil attenuation is 101.é4» the V/f randge is 0.001 voltes. |
The reference radius is 0.035000 meters. . "

E‘L(eff) = 011579 AT ~ 0.5 desrees. R . _
E(N)/E(2)  ANGLE ROTATED B(N)/B(2)X1000 ~ -

‘N
¥ 1000 ... DEG ANGLE RFAL - IMAGINARY
T3 0.92 . 160.9 - '385.9 0.82 - 0.40
4 0.49 -68.4 201.4 -0.46 -0.18
5 0.24 - 29.6 . 344,46 0.23 = -0.06
6 9.66 -88.4 271.6 0.27 -9.66
7 .29 59.4 . 464.4 -1.81 7.07 .
8 4,81 -151.8 - 298.2 2.27 —4,24
9 0.46 -7.4 487 .6 -0.28" 0,37
10 8.63 -13.8 52642 -8.38 2.05
11 5075 '—92¢5 " 49205 _3089 4024
12 0091 —2308 60602 ’ —'0037 "0083
13 - 4,43 -57.7 617.3 -0.97 -4,32
i4 9.96 3.6 723,64 9.94 . 0.62
15 11.34 -141.8° 623.2 -1.34 -11.26
16 7.02 . -52,2 757.8 5.55 4,30
17 22,35 -1446,5 708.5 21.91 ~-4,45

18 30.57 -133.7 : 766.3 21410 22,12

The E—matrix.indentification is!
FMTRX1.DAT Bl-dec-29¢

The "block® identification and needed éhims srel

BLOCK DELTA R(I)D

(NO.) - (MILS)
0 0.2
< 1 0.7
2 0.8
3 1.8
4 2.1
5 101 .
é 0.0 :
7 0.6
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file 1231B3.ﬁAT7 date: Z1~LEC-81» time ! 14:45240_has.béen retricved.
: LANL 6' Sa2-Co QUADRUFOLE, S/N K2y 2°' search coil ~ Co :

( 2°NI REPEAT OF 14:37:47
- The single coil attenuation ic 101.4s the VU/f rance is 0,001 voltis.
The reference radius is 0,035000 meters, v ol
BR’L(eff) = 0s1574 AT . 0.5 desdrees. , -
N B(N)/BR(2) ANGLE  ROTATED EB(NY/B(Z)X1000
- . % 1000 . DEG ANGLE REAL IMAGTINARY
-3 0.91 163.5 - 388.5 0.80 0.44
4 0.53 -67.3 202.7 ~0.49 -0.21
S 0.24 - 38.0 . 353.0 .24 -0.03
6 .73 -87.7 272,33 0.29 -92.72
7 7+.94 59.0 . 4464.0 -1.82 7.+32
8 4,89 -150.1 299.9 2.42 -4,20
-9 0.80 36.6 33146 -0.79 0.12
- 10 .02 - -8.7 031.3 -8.92 1.36
11 S.16 -78.2 S06.8 -4.,32 2.83
12 2.26 39.4 667.4 1.43 -1.75
13 2.89 -80.,9 S594.1 -1.67 -2.31
14 10,77 -2.0 718.0 10.76 - -0.38 v
15 7.+.48 -85.7 679.3 S+66 -4.88
16 14,60 . -77.5 732.5 14,26 - 3.15
17 17 .44 -174.0 681.0 13:.56 -10,97

~ The meatrix indentification is!
PMTRX1.DAT 81-dec-29 ‘

The *block® identification and needed shims zre!

ELOCK DELTA R(I)

(NO.) -(MILS)
1 0.9
2 008
N 3 200
4 2,2
.5 1.2
6 0.0 -~
7 0.7

¢
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, , file 1231B4.DATs . dzte: 31-LFC-81, time! 143483GER hes been reotrievern,
§>\ LANL 6* Sa-Co QUADRUFOLEs S/N KZy 2* search coil
(' 3’RD REFEAT OF 13137:47 : ,
" The sindgle coil attenuastion ic 101.4s the V/f rence is 0.001 volts.
The reference radius is 0.035000 meters. "

B’L(eff) = 051577 AT . 0.5 desrees.

_ N ER(N)/B(2) ANGLE - ROTATED EB(N)/E(3>%1000 o R
X 1000 ' LEG ANGLE REAL TMAGINARY g

4 0.48 -6B8.2 201.8 -0.44 -0.18
S 0.20 - 44,7 - 359.7 0.20 -0.00
& 19.69 -87.9 - 272.1 0.36 -9.68
7 7.36 S%9.3 . 464.3 -1.82 7.13 .
8 4077 —14905 30005 2043 _4611

-9 1.03 42.6 - 937 .6 ~-1.095 0,04

10 2.08 -16.3 - 523.7 -B.72 2.56 :
11 4.16 - =86.3 498.7 -3.13 2.74

12 2,70 30.2 - 660.2 1.36 -2.,33

13 2.92 -37.5% , 637.3 0.38 -2.89

15 4.64 -116.0° 649.0 1.51 ~4,39

16 10.06 ~105.2 704.8 ?.71 -2.64

17 4073 -35.1 81909 ' _0081. 4066

18 22,62 -117.5 782.5 10.42 20,06

The P-matrix indentificstion is!
PMTRX1.0AT 81-dec-29

The *block® identification and needed shimc ere!

BLOCK DELTA R(I)

, (NO.) - (MILS)
: (o] 0.2
¢ 1 0.8
. 2 0.8
2 2.0
4 2.0
5 1.1
b 0.0
7. 0.6
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A o

file 1230A1.TIAT, date: 30-LEC-B1, time: 13:3411% hae been retrirved,
LANL 6*' Sz2-Co QUADRUPOILEs S/N R2Zy 2* search coil
t- + TIGHTENED ALL ADJUSTIMG SCREWSy NO SHIMS
=" The single coil attenuation is 101.6y the VU/f ranse is 0.001 volts.
The reference radius is 0.035000 meterc.

B’L(eff) = 0.1609 AT 1.1 degrees.

_ -N B(N)/B(2)  ANGLE RDTATFD RINY/R(2)%1000 B -
X 1000 . DEG ANGLE REAL IMAGINARY ! -
. 3 “10.35 =106.7 - ‘ 118,32 -4,%0 9.12 '
4 8.31 8.4 278.4 1.22 -8.,22
-5 3094 - 992.9 414,9 2.27 3.23
7 19.54  -33.9 326.1° 16.22 -10.89
7 4,29 99.5 460.5 -0,78 4,22 "
8 3.461 -111.8 N 338.2 34395 -1.34
Q@ 0.87 125.4 620.4 -0.,19 -0.B6
10 2.46 307 570.7 -2.11 -1.26 ' ’
11 1.57 -6%.,0 - 51640 -1.44 0.64
12 2.02 153.,1 783.1 0.21 1.81
13 9.02 -14201 5320? -~4,98 . 0.62
14 765 146,46 8b6.6 -6.39 4,21
15 2.29 -125.7 639.3 1,99 -12.13
16 10.15 -143.4 b4b.6 2.90 -2.72
17 +16 -1846.9 , 66B.1 7+91 -9.97

C o
[o2]

3~.¢ ~169.5 730.5  31.95 5.93

(:; The N-matrix indentification iss
-NMTRX1,D0AT 8l-dec-29 '

The block identification and added shims arel

ELOCK DELTA R(I)

(NO.) (MILS)
0 6.3
1 26,4
2 11.4
3 30.7
4 101
5 1.7
é 0.0
7 24.1
MEASURED DELTA RESULTANT ]
%1000 X1000 %1000
RE E(3)/E(2) . =4,90 -4.90 -0.00
IN B(3)/B(2) - 9.12 - 9.13 . =0.01
RE B(4)/B(2) 1.~h. 1,23 -0.02
IM B(4)/B(2) ~  -§,22  -8,22 0.00

- 'RE B(S)Y/B(2) 2.27‘ 2.2 =0.01
T B(S)/B(2) . = 3,23 . 3.22 - 0.01
“B(6I/B(2Y |- 16.27;;,,;16 22 700,00 -
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- D : | ‘ LBID-520
; " file 1231A2.DAT» date! J1-DEC-B1, time: 13:108!54 hee bren retricved.
“..  LANL &' Sa-Co QUADRUFOLEy &/H RZs 2° search coil

POLE<SHIM, 0«6y 1426y 2<11y 3430 4<0y S41,s 6409 7424 '

‘The sindgle coil sttenuation ie 101.és the U/f ranse is 0.001 volts.

The reference radius is 0.035000 metercs,

- BL(eff) = 0.1580 AT 0.2 desrees..

- N BN/RD ANGLE ROTATED  EBIN)/R{2)%1000
* 1000 DEG ANGLE REAL IMAGINARY
3 0.42  170.6 295.6& 0.34 G.25
4 0,32 -60.,4 209.6 -0.28 -0.1é
. 5 1.65 ° 161.6 476.6 -0.74 1.48
6 9099 —8703 :"7207 0046 _9098
7 6050 6709 47209 "2053 5099
- 8 . 4,81  —149.3 300.7 2,45 -4.14
: ? 0460 -18,0 : 477.,0 -0,27 0.53
; 10 7.31 -8B.0 532.0  -7.24 1.02
g 11 6,07 -98.1 A84.9 -2.64. 4,85
i 12 1.94 , -15.8 614.,2 -0.532 -1.87%
? 13 3.54 -48,0 - 627.0 -0.1% =254
14 7.74 -3.2 S 71648 7.73 -0.44
15 5.59 -70.3 - $94.7 5.08 -2.39
16 12.54 -8€.0 722, 12.55 C.44
17 21,19 -93.9 761.1 15.57 13.92
18

20.88 144.% ' 1044,9 17.08 -12.01

:The M=-matrix indentification is:
NHTRXL.DAT 8i-dec-2% - .-

The blochk identificatiom amd sdded shime are!

KLOCK LELTA R(I)
(NO) (MILS)
0 2.0
1 2.0
2 0.0
3 3.0
4 1.6
. 5 1.0
6 240
7 0.0
MEASURED DELTA RESULTANT
' ~ X1000 ¥1000. ¥1000
.RE EB(2)/E(2) 0.34 G.11 .23
IM B(3)/EB(2) 0.25 5023 G0
RE B(4)/E(Z) ~ -0.26  -0.31 0.03
., UIM E(AY/B(2) C =0.1é6 . 0.00 - -0.16é
- . IRE B(S5)/B(2)  =0.74 = -0.72 = -0.0Z
wfimi - IW B(S)Y/B(2) - 1.48 - - -1i45 ©0.032.

“RE B(6)/B(2) 0.46 L0425 0.21
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LBID-520 I
e - . file 1231AZ.LAT, date: 31-DEC-BJ» time$ 14305220 has been_retrirved,
' LANL 6* Sa-Co QUADRUFOLE, S/N.RZ, 2' search coil s
REFEAT 13:08:54 ’

The single coil astternwastion is 101.4+ the VU/f randge i¢ 0.001 volts.,
The reference radius is 0.,035000 meters, '

- B’L(eff) = 0.1585 AT 0.3 desrees., . .- Lo

: ) 4
- - N B(N)/E(2) ANGLE . ROTATED EB(N)/B(2)%1000 '

¥ 1000 LEG ANGLE ReAlL IMAGINARY
3 0.45 173.1 398.1 0.35 0.28
4 0.23 -52.9 217.1 ~0¢.18 -0.14

S 1.73 - 163,2 478.2 -0.82 1.53 .
6 9.89 -88.1 271.9 0.32 -%.89

7 639 - 6741 472.1 = =-2.48 b6.11 '

8 4.93 -148.6 301.4 2.597 -4,21 -
9 0.64 22.0 18.0 -0.59 24
10 22 -8.1 531.9 -8.14 1.16
11 4.35 - -84.1 S00.9 -3.38 2.74
12 2,09 g.8 638.8 , 0432 -2.,07
13 2,71 ~-25.4 649.6 6.%91 -2.55
14 12.10 -3.8 : 71642 12.07 -0.81
15 S.69 -57.2 . 707 .8 3.61 -0.78
16 6.40 -83.1 726.9 o266 0.77
17 12,78 ~-%4.,46 760.4 7.73 8,27

18 29.01 -177.8 722.2 28.99 1.12

" The N-matrix indentification is?
NMTRX1.DAT 81-dec-29 -

The block identification and sdded shims are!

ELOCK = DELTA R(I)
(NOW) O (MILS)
0 2.0
1 2.0
2 0.0
3 3.0
4 1.0
S 10(.»'_
6 2.0
7 0.0
MEASURED DELTA RESULTANT
%1000 ¥1000 %1000
RE B(3)/E(2) 0.35 0,18 0.24
"IN B(3)/E(2) 0.28 0,23 0.05
RE B(4)/E(2) -0.18  -0.31 0,12
. IM B(4)Y/B(2) -0.14 - 0.00 -0.14

“B(5)/B(2) - -0.82 -0.72 -0.09
1 B(S)/B(2) 1.53 - 1.45 0.08 -
“EB(6)/B(2) 0.32 0.25 . 0.07




MT 308
LBID-520

, : | , Appendix D Page D5 of D6

3

, . file 12321A4.DAT dates

L © LANL é' Sa-Co QUADRUFOLE,
2ND REPEAT OF 13:083:54 . _ _
The sindgle coil zitenuation is 101,46y the V/f randge is
‘The reference radius is 0.035000 meters. A :

31-LEC-81,

time?! 14307437 hacs been retrieved,
S/N R2y 2°* )

search coil *
0.001 volts.

- E’LCeff) = 0.1582 AT 0.3 desgrees. .

- N  B(N)/E(D) ANGLE ROTATED B(N)/E(2)%1000

X 1000 DEG ANGLE REAL IMAGINAFRY
3 0.45 17741 407, 1 0,33 0.30

4 0.30 -56.9 213.1 -0.25 -0.16 :
- 5 1.64 159.8 474.8 ~0.69 1.49
6 9.99 -88.3 271.7 0.30 -7.98
7 6056 6701 47201 "2047 6008
: 8 4,748 -149.7 300.3 2,39 -4,09
9 0047 ;_6001 48809 —0029 0037
10 7.90 -10.1 529,9 -7.78 1.39
11 6008 "‘9703 48707 "'3071 408]

. 12 3.07 6.4 623 .6 -0.,34, -3.,05 .
13 4,54 -37.7. 63743 0.58 -4,50 :

14 10.08 5.6 725.6 10.04 0.58
iS5 -~ 8.88 -99,4 665.6 5.18 -7.27
16 7.32 -125,9 84,1 5.93 4,29
17 7467 -128.9 726.1 - 7.63 0.81
: 18 38.74 -163.7 736.3 37.18  10.86

"The M-matrix indentification is?

NMTRX1.0AT 81-dec-29

The block identification amd a3doed shims arel

BLOCK ¢« DELTA R(I)
(NOL) (MILS)
0 2.0
1 2.0
: z 0.0
' 3 3.0
: 4 1.0
’ 5 1.0
b 2.0
. 7 0.0
MEASURED DELTA RESULTANT
%1000 %1000 *1000
RE E(3)/R(2) 0.33 0.11 G.22
CIM B(3Y/RB(2) 0.30 o232 0.08
.RE. B(4)/R(2) -0.25 -0.31 "0.06
IN B(4)/B(2) . —=0,16 . 0.00 - - -0.,16
REE(S)/B(2)  ~  -0.,69 .. -0.72 - 0.03
IM_BLS)Y/B(2) . . 7. 1,49 7 1.45 .- 0.04
RE

TR e i,

CBC6)Y/B(2)

Vi e e

0.30

0425

[ S

0405

FOPSRUR
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>

file 1231AS.0LAT, datet 3I1-LEC-S1, timet 14:09:50 hac been retricved.
LANL 6" Sa-Co RUALDRUFOLEs S/N R2y 2 sezarch coil

3kRD REFEAT OF 13:0B:%54

The single coil attemnuation ic 101,6» the V/f ranmge is

The reference radius is 6.035000 neters,

0.001 volts.,

E‘L(eff) = 0.1579 AT 0.3 desrees. S

N B(NY/R(2) ANGLE ROTATED R(NY/B(2)%1000
% 1000 ncG ANGLE REAL IMAGINARY
3 0.44 179.1 404.,1 0.32 0.31
4 0.34 -64.0 206.0 -0.31 -0.15
9 1.76 161.9 476.9 -0.80 1.57 N
6 10,05 ~-B8.2 271.6 0.32 -10,04
7 b.66 66.3 471.3 -2.42 6.21
g 4.90 -149.,8 300.2 2.46 -4 ,24 4
9 0090 3909 53409 -0090 0008
10 7 .43 -10.8 529.2 -7.30 1.3¢9
i1 4,90 -83.2 201.8 -3.85 3.03
12 2,24 28.2 638.2 « 1,06 -1.98
13 3.55 0.3 . 67%5.3 2.53 -2.30
14 5.23 -8.8 711.2 5.17 -0.80
14 i1.64 -107.1 702.9 11,12 -3.43
17 1iS5.14 167.0 1022.0 . ‘8.02 -12.84
i8 37.78 -168.5 731.5 37.62 7¢95

NMTRX1.DAT 8l-dec-2¢9

YRE B(6)7B(2)

e T T e el S

0.32

The N-matrix indemntification is!

0407

The block identification and sdded shims are:
BLOCK ~DELTA RCID
(NG.) (MILE)
0 2.0
1 2.0
2 0.0
3 3.0
4 100
o 1.0 "
é6 2.0
7 0.0
MEASURED DELTA RESULTANT
*¥1660 ¥1000C 1000
RE B(3)/K(2) 32 0.11 G.2C
IM B(3)/B(2) 0.31 0.23 0.08
RE B(4)/EB(2) -0.21 -0.31 -0.00
IM EC(4)/E(2) =-0.15 0.00 - =~0.15
RE B(5)/B(2) -0.80 -0.72 . =0.,08
IM B(S)Y/R(2) 1.97 1.45 0.13
0.25
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