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I NTRODU cn ON 

Los Alamos National Laboratory requested that the Magnetic Measurements Engineer

ing (MME) Group of the Lawrence Berkeley Laboratory (LBL) evaluate the error harmonics 

of a segmented Rare Earth Cobalt (REC) quadrupole magnet, and reduce undesired har

monics by using the theory developed by Klaus Halbach.l, 2 

The LBL MME Data Acquisition System (DAS) was programmed to compute the shims 

required to IIzeroli the amplitudes of the third, fourth, fifth, and the real part of 

the sixth 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 ~2% in comparison to the 

unshimmed quadrupole. 

THEORY 

The deta il s of the theory implemented in thi s report are descri bed in LBL report 

no. LBL-13221 2 (to be published in NIM) which in turn is based on Halbach's 1980 NIM 

paper. I 

Bri efly, reference 2 conta i ns a fi rst order perturbation theory that estab 1 i shes 

the (first order) relationships between perturbations of the poles of a segmented 

REC multipole magnet and the harmonics that are produced by these perturbations. Tn 

this study, we use only the coefficients that relate the generation of the real and 

imaginary parts of certain harmonics to radial movements of poles. 

:c Eight radially adjustable poles are used to IIZeroli the real and imaginary parts 
t'" 
l. ... 
~ of the third, fourth, and fifth harmonics, and the real part of the sixth harmonic . .. 

l ~ Modification of the imaginary part of the sixth harmonic is not possible. 2 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 poles are at their minimum radial position and all 

adjustments must be made radially outward. 

The matrices used to compute shims and the effect of shims were supplied by 

K. Halbach.3 

QUADRUPOLE DESCRIPTION 

The quadrupole is identified as 611 LANL Rare Earth Quadrupole SIN R2, Shipping 

Memo No. SM87945, Shipping Request No. 80718 C. 

Figure 1 is a sketch of the REC quadrupole. Each of the eight magnetic poles 

can be adjusted radially by insertion of shims. The minimum radial position for 

each block is 3.5 cm. Each block can be moved radially outward approximately 2 mm. 

(, HARDWARE AND SOFTWARE 

.... 

LBL engineering note MT 303 4 generally describes the hardware and software used. 

Exceptions are the use of the new LBL MME voltage to frequency converter designed by 

W. Hearn 5, 6 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 loose mechanical 

tolerances in the assembly that controlled the location of the REC blocks. 

The second quadrupole (delivered on November 30, 1981), the subject of this 

report, was manufactured to much closer tolerances. To determine whether consistent 

results could be obtained after shimming poles 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 fundamental term for the harmonics 

up to n = 10. 

RESULTS 

The results of this program are quite dramatic and are ?lJmmarized in Table 1. ... 

The amplitudes of the third, fourth, fifth, and real part of the sixth harmonic were 

reduced more than a factor of ten, to below 0.1% of the fundamental amplitude. 

Table II tabulates the shims used for the data sets. Actual copies of the com-

puter output are in Appendixes B, C and D which will be supplied upon request only. 

Data sets 1230Al, 1230Bl, and 1230Cl are representative of the unshimmed quadru

pole. Data sets 1230Bl and 1230C1 were obtained after shimming and then unshimming 

two of the poles. 

Data sets 1231A2, 3, 4, and 5 are the results of the first iteration and data 

sets 1231Bl, 2, 3, and 4 are the results of the second iteration. 
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Data 
Set B3/B2 B4/B2 B5/B2 B6/B2 Re B6/82 

(%) (%) (%) (%) (%) 

1230Al 1.035 0.831 0.394 1.954 1.622 
Bl 1.029 0.836 0.390 1.957 1.625 
Cl 1.032 0.838 0.370 1.958 1.620 

Average 1.032 0.835 0.385 1.956 1.622 

1231A2 0.042 0.032 0.165 0.999 0.046 
3 0.045 0.023 0.173 0.989 0.032 
4 0.045 0.030 0.164 0.999 0.030 
5 0.044 0.034 0.176 1.005 0.032 

Average 0.044 0.030 0.170 0.998 0.035 

1231Bl 0.093 0.048 0.026 0.957 0.035 
2 0.092 0.049 0.024 0.966 0.027 
3 0.091 0.053 0.024 0.973 0.039 
4 0.092 0.048 0.020 0.969 0.036 

Average 0.092 0.050 0.024 0.966 0.034 

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 Pole Pole 
Set 0 1 2 3 4 5 6 7 

1230A 1 6.3 26.4 11.4 30.7 1.1 1.7 0.0 24.1 

Bl 6.3 26.2 11 .1 30.4 0.7 1.6 0.0 24.2 

Cl 6.7 26.0 11.2 30.6 0.6 1.8 0.0 24.1 

6 26 11 30 0 1 0 24 

U s e d on D a t a S e t s 1 2 3 1 A 2, 3, 4, 5 

1231A2 1.8 1.9 0.0 3.5 1.2 1.2 2.0 0.1 

3 1.9 1.9 0.2 3.6 1.2 1.2 2.2 0.0 

4 1.7 1.9 0.1 3.4 1.2 1.0 2.0 0.0 -
5 2.0 2.0 0.1 3.6 1.2 1.1 2.1 0.0 

8 28 11 33 1 2 2 24 
" U s e d a n D a t a S e t s 1 2 3 1 B 1 , 2, 3, 4 

Bl 0.2 0.9 0.9 1.9 2.2 1.2 0.0 0.7 

2 0.2 0.7 0.8 1.8 2.1 1.1 0.0 0.6 

3 0.3 0.9 0.8 2.0 2.2 1.2 0.0 0.7 

4 0.2 0.8 0.8 2.0 2.0 1.1 0.0 0.6 

TABLE II Shim Schedules 

-
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I Append_i x A 
Magnet 

Source Listings of New Coding 
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SAVE2 Subroutine that saves on disk test parameters and harmonic 

QDADJl 

QDADJ2 

RTRV2 

MTRTST 

analysis of permanent magnet Samarium 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 SAVE2 

Program to make consistency check of matrices supplied 

by K. Halbach 

~l ~~G~13 
Green 
1982 
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C 
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100 
110 
1:20 

r. 
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LBID-520 Appendix A MT 308 Page At. ot A 13 
__ i:. _ 

_ . : I r;'" _- • - • 

"I i S r-een --

fi 1 e nanle: SAVE2.FOR 

~odification historY: 

01b 
01C! 

81 dec 18 
81 dec 18 

P IJ r p 0 s e : 

working 
written 

. -

SC!ve-on disk constant parameters, tpst parameters, and h2rmoni~ 
cHI a 1 Y sis 0 f per ni 3 rl e n t IIi ,3 S n 0' t S a III a r i u III Cob a 1 t 0. U a d r IJ!~- c 1 e + 

hardware reauired! 

software reo.uired: .. 
subroutines needed! 

input parameters! 

DATE 
TIME 
ATT 
REFRAD 
VFf\:NGE 
COMM1 
COMM2 
BLj 
FiH 1 
AM2 
BL2 
F'H2 
B t~ 2 ( 38) 
F'HN2(38) 

DSD 440 FIDPP~ Disk S~stem 

RT-l1 operatin~ s~stem 
• 

none 

date of mensurement run 
time of measurement 
sinsle coil attenuation ratio used 
o.uadrupole reference radius 
flJll scale range of V/f converter fnr 
ouad & search coil 
test dpscription 

des c l' j"p t i 0 rl 
1 Mhz out 

dipole strensth (N = 1), unbucked coils 
dipole phase, unbuc~ed coils 
Quadrupole fourier amplitude 
ouadrupole strength, (N = 2), unbuc~ed coils 
3uadrupnle phase, unbucked coils 
BCN)/B2 in pa1'ts/1000 
phase of N'th harmonic w/r/t 2nd harmonic 

BYTE DATE(10~, TIME(8), COMM1(72), COMM2(72), FNAME(12) 
DIMENSION BN:2(38). F'HN2(3S) 

TYPE 100 
FORMAT!!, lX, 'type file n2me for 
ACCEPT 120, (FNAME(I), I_ = ]. 10) 
F 0 F: MAT ( lOA 1 ) 

snvin~ dat~ "MMDDXY.DAT" S' 
tre8d n~~e from terminal 

FtlAME(11) = 0 !I/G problem othe~wise 

check if file al~ead~ exists 

OF'n~ (UNIT = 1, NAME = FrlAMEf FOF;M - JUr,;FOf:MATTETI', TYF'F = 
1 'OLD', ERR = 130) 
CLOSE (UNIT = :) 
lY~E ~. ' file name al~ead~ exist~, tr~ another' 
GC' TO 110 • 



'c 
13(,-

C 

140 

c 

o. 

LBID-520 Appendix A MT 308 Page A3 of A 13 

OF' E N (U NIT = 1, N AM E = r ri A M t:. :- 1.1:-, M ::- • U r~ r C! F.: ioi A T"T ~;I .. :. 
W R I T E (1) F N A M t: ~ r. ATE, T I :-; t:, COM r: 1 reo M M :2 
W R I T E . ( 1) AT T, R t: F F; A II, V ~ F: N G F, N H A F: M 
WRITE (1) BL1, - PH1, AM2, BL2, PH2, Bf~2, F'HN::': 
WRITE (1) (BN2(I), I = 3, NHARM), (PHN2CI), I = 3r NHARM) 
CLOSE (UNIT = 1) . -
PRINT l~O, ( FNAME( I ), I = 1, 10) 
FORMAT ('0 Harmonic Anal~sis saved in disk file: 
RETURN 
END 

• 

lOA1) 

• 
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created - . C':J. 

f i 1 e n 2. 11, e : 

LBID-520 J-IppenalX A 1'1 I jU~ page A4 of A13 
Y. 

fi~. i. 9 r- e e rl 

C ffiodification histor~: 
r: 
C 
C 
r, 
C 
c: 
c 
c 
C 

03a 81 
02a 81 
Olb 81 
Ola 81 

dec 31 nli S 
dec 28 n,ig 
dec '")~J 

.:... ... l1,i s 
dec 21 OIis 

set 111 i rl of \,1 CnF:t=: inste(ld of n,a~-: 

adried ITlatri>: ret.'l'-i eval , and shi 11, cal c lJ 1 at i 0 rl~; 

workins 
I,.J r i t. 1. e r'1 (da+Jc: r-et r i e'N:· 45 desree rotat i Orr, 
= epa r' -3 t i (') n i rr t " r ~ ;:< 1 a r, c::: i n, 2 sir, z r';:; F- (l r t s ~ a ., d 
printins alphanumericsr constants and anal~sis: 

i: plJrpose! 
C 
C 
C 

AdJustruent of perruanent ru~snet cu~rir~~oles tn redUCE error 
harruonicsr test K1auss Halbach's alsorithms and matrices. 

C subroutines reauired: 
C RTRV2( FNAME, DATEr TIME, ATT, REFRAD, VFRNGF. COMM1, COMM2, 
C B L 1, F' Hi, AM 2, B L 2, F*H 2, N H ?l F: M, B N 2, p HN 2 ) 
r. GMF'RD(A,B,R,~~,i'i,L) DEL SCIErnIFJC Si.JBF:OlJTli'~E F'r:C\,:AGE 
r, 
C 
C pararueter definitions! 
C 0 'J t put par- a n, e t e r s : 
c 
c 
C 

.r. 
c 
C 
r .... 
c 
c 
c 
C 
I: 
C 
(: 

c 
(, 

c 
c 
c 
'.-
c. 
c 
c 

r 

FNAME 
DATE 
TIME 
ATT 
REFRA II 
VFF:NGE 
COMMi 
COMM2 
BL1 
F' H 1 
AM2 
BL2 
F'H2 
NH~j;:M 

Bri2(38) 
F-HN? (381 
r-HF:OT (38-;' 
RLBN2(38, 
IMBN2(38) 
FIDENT<72'1 
vHAF:(7, 
F- i"iT F: X ( 8 , 7 ) 
VCORR(8) 

file n~rue of data 
d oS 1. e ° f 01 e a s IJ r e 01 e n t r u I'r 
tin, e 0 f n, e " = lJ r C Or c· rl t 
sinSle coil attenuation ratio Dsed 
ouadrupoJe rpfcr~nce r~dius 

full scale ran~e of V/f converter for i Mhz ou~ 

ouad & sear~h cojl description 
test oescriF-tion 
dipole strength (N = 1), unbucked coils 
dipole ~haser unbucked coils 
ouadrupole fourier zruplitude 
~uadrUPol~ strensth, (N = 2), unbucked coils 
o IJ a d r !J pol e p it a s e· Ij r, b u c i~_ CI d c (') i 1 = 
hi £i he:. t. ~12- r- 01 0 rl i c s 2- ',i e::i 
B(N)/B2 in parts/1000 
p has e 0 f NIt h h C< T' n; 0 r I i c- WiT' ,I t 2 rr d haT- 01 0 n i r.--

45 de~rep rotate( phase ansles 
rea I F 3 r- t Co fro t= ted ? ( N-) / F: ( 2 ) 
iffiasin2ry P2rt of rotated BCN)/B(2) 
f i 1 e i n den t i fie a ~_ i (I n for F' - n, a t r i >~ 

harmonic_ vector ~~ defin2d b4 K. H~lbach 

F' - 01 ';: t r- i ;: ~ ,:. r :3 €' n E' r' a t :i n ~ cor- T- e c i.. :i. c- TI 'v' e c tor 
correction ve~tor 

BYTE DATE(lO), TIME(8), CGMM1(72), COMM2(7~), FNAME(12) 
BYTE FIDENT(72) 
II I MEN S I or~ B N 2 ( 3 8 ), F- H ~! 2 ( '3 8 ,. F H i=: LJ T ( 3 P. ), F L B N 2 ( 3 8) ~ V H ~ R ( 7 i 
DIMENSION PMTPX(8, 7), VCORR(2) 
~ t. r: ... r'l!':' " . .,:.~: , F -AJ- 1-'",-,- ,-r 
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If ....... ~ j = HI H N:: \ C • '," -1. 0 :-

r:-------------------------------------------------------------------~-
C call ~etrie~e subroutin~ 

C----------------------------------------------·-----------------------
(. CALL RTRV2( FNAME, DATE, TIME, ~TT, ~EFRA~, VFRNGE, 

1 CO M M 1, COM M 2, B i . 1, F' HI, AM;:-', F: L:: r F' H::, m·1 A F: M ~ r; r~::, F' H r;:: ) 
C---------------------~-----------------------------------------------

FNAME(11) = 0 !I/O problem othprwise 
PRHlT 130, (FNAME(I), I =~, 10lr DATE, TIME, CQMM1, COMM2 

1 3 0 FOR MAT (I, ' f i 1 e " lOA 1, " d (3 t e !. -', lOA 1,' t i III e: ", 8 A 1 , 
1 , ' has been retrieved. " 2(/lX, 72Al)' 
PRINT 140, ATT, VFRNGE, REFRAD 

140 FORMAT ( , The single coil attenuation is' F6.1,', the V/f 
1 range is " F7.3, ' volts.', I ' The rr~crence r~djus is 
2 " f8.6, I meters.') 
P R I NT 1 50, B L 2, F' H 2 

150 FORMAT (/, , B"L(eff) = I, F6.4r ' ~T " F5.1, ' desree~.' ) 
C----------------------------------------------------------------------
C 45 phase rotation and separation to re?l & imasin8r~ P2rts 
C----------~-------~---------------------------------------------------

200 
PfUNT 200 
FORMAT 
1 I 

N B(N)/B(2) 
• * 1000 

DO 210 N = 3, NHARM 

ANGLE 
[lEG 

ROTATETi 
ANGLE 

B(N)/f.:(2)tl000' 
REAL IMAGINARY') 

PHROT(N) = PHN2(N) + FLOATCN) t 4~. + 90. 
F:LBN20n = BN20n * COS( PHRO'T(N) * PI I 180. ) 
IMBN2(N) = BN2(N) * SIN( PHROTCN) * PI I 180. ) 
PRINT 250, N, BN2(N), PHN21N), PHROT(N), RLBN2(N)r IMBN2(N) 

210 CONTINUE 
250 FORMAT ( 13, 3X, F6.2, 3X, F6.1~ 7X, F6.1, 2( 3X, F~t2) ) 
c--------------------~---------------------------------------------------

·C---set UP harmonic vector 
C------------------------------------~---------------~----~---------~----

DO :310 I = 1, 4 
VHAR( 2*1 -
IF ( I .EQ. 
VHAR( 2*1 ) 

310 CONTINUE 

1) = O. 00 1 * R I . B ~: 2 ( I + 2) 
4 ) GO TO 310 

= 0.001 * 1MBN2( I + 2) 

• 

c-------------------------------------------------------------------------
[---get P matrix 
r.-----------~--------------~----------------------------------------------

o F' E N (U NIT = 1, N A ME:: ' F' M T F; Xl. II AT', T Y F' E = ' 0 I . II " REA r. 0 N L Y ) 
READ (1, 320) FIDENT 

320 FORMAT( 72Al) 
READ (1, 330) ( (PMTRX( lr J), J = ls 7), I = 1, 8 ) 

330 FORMAT ( 7(F9.7, lX) 
CLOSE (UNIT =- 1) 
TYPE 340, FI~ENT 

PRINT 340, FIDENT 
340 FORMAT ('0'/'0'; '0TM2 P~~otriy inri~ntificotion is: ' / lX, 72Al) 
C-------------------------------------------------------------------------
[ II' a t r i:: nlu 1 tip 1 i c 2 t i 0 rl P - MAT F: I X * 1.1 H A F:, riG t e t hat r f' S I.J 1 t a rd. i s 

, C actuallY the nesativE of the correction vector. 
c-------------------------------------------------------------------------

CAli.. GMPRft (PMTRX, VHAR, ' .. COF:R, 8, 7, 1) 
C-------------------------------------------------------------------------
C---determine maxiffium negative correction <delta r)/r. 

C----------------~-------------------------------------~-----------------~ 
veRMIN = 1000. 
rio 390 I = 1, 8 



. . 

r-
. :.~~~ ... : . 

" ... 
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V~RHIN = AMINi· veRMIN, VCQRR(I~ 

390 CONTINUE 
[-----------------------------------------------------------------------
C---~~nerate shi~sneeded in ffiils (39370 ~ilsiffieterj snd print 
C-------------------------------------------------------~----------~----

PRINT 400 
400 FORMAT ( 101/'OThe "block" identification aMd nEPded 5hi~s are: / ) 

PRINT 410 
410 FORMAT ('OBLOCK DELTA R{I)' I I (NO.) (HILS)') 

DO 430 I = 1, 8 
VCORR(I) = ( VCORR(I) - VCRMIN ) * REFRAD"* 39370. 
J = I - 1 
PRINT 420, J, VCORP(I) 

420 FORMAT ( lX, 14, 5X, FlO.l) 
430 CONTINUE 
C---------------------------------------------------------------------~---

CALL EXIT 
END 

• 

• • 



( 

-c 

l. 

I.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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created os: ral + i. s r c· e n 

f i Ie nanle: 

modification historY: 

04a 81 dec 31 nilS SIJbtraC't ItVHAR instead of ao.c 
03a 81 dec 28 mig copied ODADJ 1 • FOR· to ODADJ2.FOR 
02a 81 dec 28 nlig added ITI~tri>~ retrieval, and sili III c « 1 c IJ 1 at ion s 
01b 81 dec 22 nlis working 
01a 81 dec 21 n, i 9 written (data rrtrirve, 45 des rep r 0 1. a t i G r. , 

S(?P3 r·at. i on into r-e;;l and i n,2- sir;::: r Y !'--arts, and 
printins alphanuffierirs, const~nts ~nd an~l~sis 

C purpose! 
C Calculate new error h~rffionics after adJustffient of blerks of 
C permanent ffi3gnet Guadrupoles, test'Klauss Halbach's algorithm!. 
C 
C subroutines reauired: 
C RTRV2( FNAME, DATE, TIME, ATT, REFRAD, VFRNGE, COMMI, COMM2, 
C BL1, PH1, AM2, BI.2, PH2, NHA~:M, BN2, F'HN2) 
C GMF'RII(Ad::,R,t\~,M,L) DEC SCIENTIFIC SlJBROUTINE Pt-lCKAGE 
C 

C 
C paraffieter definitions! 
C 0 u t put par a III e t e r· s ! 

C 
C 

·C 
C 
C -
c 
c 
c 
C 
(: 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

Ft4AME 
DATE 
TIME 
ATT 
REFRAD 
VFRNGE 
COMMI 
COMM2 
BLI 
PH1 
AM2 
BL2 
PH2 
NHAF:M 
BN2(38) 
PHN2(3E:) 
PHROT(38) 
RLBN2(38) 
IMBN2(38) 
FIDENT(72) 
MVHAF: (7 ) 

DVHAF: (7) 

RVHAR(7) 
NMTRX(8,7) 
VCORR(8) 

file name of d~ta 
date of measurement run 
tiffie of me~sureffient 

single coil attenuation ratio used 
ouadruPole reference ra~iU5 
full scale l'anse of V/f converter for I Mhz out 
ouad & scarch coil description 
test description 
dipole strength (N = 1), unbucked coils 
dipole phase1 unbucked coils 
o lJa d r· IJ ,.. ole f n lJ r i €I r a III F· 1 j t. 1.1 d e 

GIJEdrlJPole strength, (N = 2)r unbucked coils 
ouadrupole phase, unbuckcd cnils 
highest harmonic saved 
B(N)/B2in parts/l000 
phase of N'th harffionic w/r/t 2nd harmonic 
45 degree rotated phase zngles 
real part of rotated B(N)/B(2) 
imaginarY part of rotated B(N)/B(2) 
file indentification for P-matrix 
measured harffionic VEctor a~ dpfined b~ K. Halbach 
delta harmonic vector sene rated 
resultant harffionic vector 
N-matrix for generating delta harmonic vector 
correction vector 

BYTE DATECiO), TIME(B), COMM1(~~), COMM2(72), FNnME(12) 
BYTE FIDENT(72) 
TI I M E~! SID N B r~ 2 ( 38), F' H N 2 ( 3 e";, P i-l ROT t38 ), F: !. B~! ~ ( 3 R J' F: l) H A j:; .: ., ; 



( 
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DIMENSION UCORR(8~, DUhAP(7J 
t\ E A L . 1MB r~ :': ( 38 ), M <.1 H A F: ( 7 ) ~ ~.: M T r: 1: .: -;, .:,' 

PI = ATAN:': (0.O, -1.0) 
C---------------------------------------------------------------------
C call retrieve subroutine 
C---------------------------------------------------------------------

CALL RTRV2( FNAME, D~TE, TIME, ATT,REFRAD, VFRNGE, 
1 COM M 1, COM M 2, B L 1, F' H 1, AM 2, B L 2 f PH 2, N H A F: M, .II N 2, f' H N 2 ) 

C-------------------------------------------r-----------------~-------
FNAME(11) = 0 !I/O prohlpffi othpr~ise 
PRINT 130, .(FNAME(I), 1= 1,10), DATE, TIME, COMM1, COMM2 

130 FORMAT (I, ' file 'dOA1, I cic:te! I, 10Al,', tjfile! I, 8Al, 
1 , I has been retrieved. " 2(/lX, 72Al) ) 
PRINT 140, ATT, VFRNGE, REFR~D 

140 FORMAT ( , The ~in~le coil attenuation is " F6.1, " the V/f 
1 range is', F7.3, I .... olt~.'f I' The rr-fcrence r(";ciiIJ~ is 
2 " 1"8.6, ' ffieters.') 
PRINT 150, BL2, PH2 

150 FORMAT (/, ' B"L(eff) = " F6.~r I ~T " F5.1, ' ci~grep~.' ) 
C----------------------------------------------------------------------
C 45 ph~se rotation anci separation to re21 ~ iffi2~inarY p~rts 

. . 
C------------------~-----------~---------------------------~-----------

PRINT 200 . 
200 FORMAT (' N B(N)/B(2) ANGLE ROTATED B(N)/~(2)*'000' 

'210 

1 I * 1000 DEG ANGLE REAL IMAGINARY') 
DO 210 N = 3, NHARM 
PHROTCN) = PHN2(N) + FLOAT(N) * 45. + 90 
RLBN2CN) = BN2(N) t COS( PHROT(N) * PI I 180. ) 
1MBN2CN) = BN2CN) * SIN( PHROT(N) t PI I 180. ) 
PRINT 250, N, BN2(N), PHN2(N), PHROT(N), RLBN2(N), IMBN2(N) 
CONTINUE 

250 FORMAT ( 13, 3X, F6.2, 3X, F6.1, 7X, Ft .• l, 2( 3X, f6.2) ) _ 
C------------------------------------------~------------------------~----
C---set UP harmonic vector 
C------------------------------------------·------------------------------
C DO 310 I = 1, 4 
C VHAR( 2*1 - 1) = 0.001 * RLBN2( I + 2) 
C IF ( I .EO. 4 ) GO TO 310 
C VHAR( 2*1) = 0.001 * IMBN:':( I + 2) 
C310 CONTINUE 
C-------------------------------------------------------------------------
C---get N matrix 
C----------------------------------------------·---------------------------

OPEN (UNIT = 1~ NAME = 'NMTRX1.rrr,T'r TYPE = '01..11', REAIIONLYJ 
READ (1, 320) FIDENT. 

320 FORMAT( 72Al) 

330 
F:EAD (1, 330) ( (riMTRX( j, J), J = 1~ 8), 1= lf 7) 
FORMAT ( 8(F9.7) 
CLOSE (UNIT = 1:· 
T Y F' E 340, F I II nn 
PRINT 340, FIDENT 

340 .FORMAT ('0'1 'OThe N-ffic:trix incicntific~tion i~: ' / lX, 72~1) 

C-------------------------------------------------------------------------
/~ .... ·C Accept and print ~hinl info~:'ll~tiorl 
~lj .': ':" c - - - ----- - - - - - - - - - - - - - - - ----- - -- --- - -- - --- - - - - - - - -- -- - -- - --- --- --- --------
.• .... ·,.:.:c· PRI NT 360 
- ." -. - .:3 6 0 . FOR MAT ( , 0 The b 1 0 c Y. i rj e r, t i fie at ion c :-r dad d e d ~ h i fil ~ c: 'T" IE : ' ) 

PRINT 370 • 
. 370 F 0 f, M AT ( ., 0 B Lor t( !I E L TAR ( I )' ,I , (~! O. ) ( M! L S ) , " 
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- .. f-~----------------------------------~------~-----------------------------
[I 0 4 1 0 I = 1, 8 
J = I -1 
T Y F' E 4 (I 0, J 

400 FORMAT (' Type (ffiils~ for block' I J , , : " $) 

ACCEPT *, VCORR(I) 
PRINT 420, J, VCORR(1) 

C------------------------------------------~------------------~------------
C convert to (delta r) / rand chanse to P~rts/thousand 
C--------------------------------------------T-----------------.'------------

VCORR(I) = VCORR(I) * 0.0254 I 0.035 
410 CONTINUE 
420 FORMAT (lX, 14, SX, Fl0.1) 
C--------------------------------------------------------------------------, 
C ~atrix ffiul.tiplication N-MATRIX * VCORR 
C 
C---------------------------------------------------------------------------

C ALL G M P F~ D ( N M T R X, \.' COR F.:, D '.Ii-i A R, 7, 8,1) 
[--------------------------------------------------------------------------
C generate MVHAR, ~easured harffionic vector 
C------------------------------------------------------------------------~-

DO 490 I = 1 r 4 
MVHAR(2*I - 1) = RLBN2(I + 2) 
IF ( I .EG. 4 ) GO TO 490 
MVHAR( 2*1) = 1MBN2(I + 2) 

490 CONTINUE 

• • 

C----------------------------------------------------------------~---------
C calculate resultant-harmonic vector 
c---------------------------------------------------------------------------

/'. ItO 550 I = 1, 7 
RVHAR( I ) = MVHAR( I ) - DVHAR( I) 

-550 CONTINUE 
C---------------------------------------------------------------------------
C print harffionic vectors 
r.--------------------------------------------------~-----------------------

600 
PRINT 600 
FORMAT (/ 14X, ' MEASURED 
1 14X, , *1000 
DO 690 I = 1, 7 

£I E L TAR E 5 i.I L T M! T ' / 
*1000 *1000') 

IF ( I .ED. 1 .OR. I .EQ. 3 .OR. I .ED. 5 .OR. I .ED. 7 ) 
1 PRINT 660, ( I + 5 ) / 2 

660 FORMAT(' RE B(', Ii, ')/B(2) " $) 
IF ( I .EQ. 2 .OF.:. I .Eu. 4 • OF":. I .EG. 6 
1 PRINT 670, ( I + 4 ) I : 

670 FORMAT(' 1M B(', 11, ')/B(2) " $) 
PRINT 680, MVHAR(I), DVHAR(I), RVHAR(I) 

680 FOF.:MAT( '+--, 3( 4X, Fi .• ;2) ) 

690 CONTHWE 

• 

CALL EXIT 
END 



r. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(: 

C 
C 
C 
C 
f' 
• C 

C 
C 

·C 

c 
r 
c 

-' - C ( C 
·C 
c 

-C 
C 
C 
C 
C 
C 
L 
C 
c: 
C 
r. 

r~ 

C 

C 

100 
110 
120 

./ C 

1\.... c 
C 

LBIO-520 
SUB F: 0 U T :i ~! E F: T F: 1 .. ::: ( F N A ME, r: t. T c: , 
1 C I) M M 1· COM r-i 2., B L 1, F' i-i 1., (.:, M:: • 
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TrM~. ~TT, PFFRA1. VFR~G~. 

BL2, ~H2, NHARM, B~2, PH~2~ 

-. ... 1-. 

created b~: ~ i sreen 

file naffie: RTRV2.FOR 

ffiodification histor~: 

Ole 
01b 
01a 

81 
81 

·81 

dec 
dec 
dec 

22 
21 
21 

"Ii ~ 
mig 
nli g 

I/O cleanup 
wOT'kin~ 

copi~d from SAVE2.FOR MME 37 

purpose! 

Retrieve froffi disk constant p~rameters, trst p~raffieters, and 
harffionic anal~sis of pe~m~nent magnet Saffiariuru Cobalt olJadrupo~e. 

hardware reauired! 

software reouired: 

subroutines needed: 

FNAME 
DATE 
TIME 
ATI 
REFRAIt 
VFRNGE 
COHM1 
COMM2 
BLI 
PHi 
AM2 
BL2 
PH2 
BN2(38) 
PHN2(38) 

DSIt 440 Floppy Itjsk S~stem 

RT-IJ oper~tjng s~ste~ 

norle 

file name o~ d2ta 
date of measurement run 
time of ffie~surement 

sin ~ lee 0 i I a t ten IJ a t ion rat i 0 IJ sed. 
ouadrupole reference r~dius 

full scale range of V/f converter for 1 Mhz out 
ouad & search coil desrrjption 
test description 
dipole strength (N = 1). unbucked coils 
dipole phase, unbucked coils 
ouadrupole fourier amplitude 
ouadrupole strength, eN = 2), unbucked coils 
ouadrupole phase~ unbucked coils 
B(N)/B2 in parts/IOOO 
phase of N'th h~rmonic w/rlt 2nd h~r~onic 

BY T E It ATE ( 1 0 ), TIM E ( 8 ), en M M 1 (7 2. ), en M M 2, ( 7 2 ) r F N A ME ( 1 2 ) 
DIMENSION·BN2(38), PHN2(38) 

TYPE lC·O 
FOR MAT ( / ,I t ~ p e f i 1 e n z: nl e for ret. r i +' \' i n 9 d ;l t ~ • M MIlD X X • D AT' " $.! 
ACe E F' T I 2 0 r ( F N A M E ( I ), I = 1, 1 0 ) ! rea dna", e fro Jrl t e r nl i r! 2 } 

FORMAT(IOA1) 
FNAME(11) = 0 !I/O proble~ otherwise 

open file, read dz:ta, close f51e 

OPE N (U NIT = 1, ~~ A M E = F N A H E ~ F n F: M = '!J H FOR MAT T E Tt " T 'y' F' E = ' 0 l. rf I 

1 , READOt-iLY) 
REA Ii (1) Fi'! to ME, Ii ATE, TIM E , r. (I M M 1, C n M M 2 • 



( 
\ 

. . 
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c------------------------------------------------------------------------. 
C ·~2tri~ ffiultiFlication N-MATRIX * P-M~TRIX 
C 
c------------------------------------------------------------------------. 

CALL GMPRD(NMTRX, PMTRX,RMTRX, 7, 8, 7) 
C---------~--------------------------------------------------------------. 
C print ~e5ultant ~atrix 
C----------~-------------------------------------------------------------. 

PRINT *,' , 
PRINT *, 'the resultent ~2trix of N" P i~ , 
PRINT 600, ( (RMTRX( I, J), J= 1~ 7), I = 1,7 ) 

600 FORMAT ( 7(lX, F9.6) ) 
CALL EXIT 
END 

• 

,.~-:J§~(} .. :-:; .. 
J~~~~,~i~~::_ . 
. " .. 

. -.... -.. 
• , 

, --.' -. --.. 
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LAWRENCE BERKELEY LABORATORY· UNIVERSITY OF CALIFORNIA I ENGINEERING NOTE Appendix 

SU BJ £CT 
"FIXING" of 6" LANL Rare Earth Quadrupole Magnet a 

By The Halbach TechniClue 

APPENDIX B , 

Selected Computer Output From 
Prir.1ary Quadrupole Analysis Program QDANJ\L 

, (Oecen;ber" 22, 1981 Update) 

Date Time Data Set 

December 30, 1981 .13: 34: 15 1230A1 

December 30, 1981 14:16:33 1230B1 

December 30, 1981 14:53:00 1230Cl 

December 31 , 1981 13:08:54 1231A2 . 

December 31 , 1981 14:05:20 1231A3 

December 31 , 1981 14:07:37 1231A4 

December 31 , 1981 14:09:50 1231A5 

December 31 , 1981 14:37:47 123181 

December 31 , 1981 14:40:41 1231 B2 

December 31 , 1981 14:45:40 1231B3 

December 31 , 1981 14:48:08 1231B4 

LBID-520 
FILE NO. 

IB1 
PAGE 

B MT 308 of B23 
NAME 

~1i,chae1 I. Green 
DATE January 7, 1982 

" . 
• < ,~" 

'.";'" -

:~;~tt(,,: 

::B~ji 
1~"li 

. .' 

". ~ _ v' 
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T ! M t: .1:::.::::· ~ : 1 :. 
L~NL 6" 52-Co GU~DRUPOLE, SIN R2, 2" se?~ch CD1] 

TIGHTENED ALL ADJUSTING SCREWS, NO SHIMS 
THE QUADRUPOLE REFERENCE RADIUS IS 0.0350000 METERS. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

--------------------UNBuCKED COIL-----------------
120840. COUNTS DRIFT 'OVER 129 .POINTS WITH 944. DRIfT PFR POINT 

MAXIUMUM AMPLITUDE IS 105400.5 COUNTS 
DIPOLE STRENGTH = 0.000069, PHASE ANGLE = '-11.77 

P"'L(EFF) = 0.1609 TESLA~ WITH PHASE ANGLE 1.07 

~--~----------------BUCKED COILS------------------
670191. COUNTS DRIFT OVER 1~9 POINTS WITH 5236. DRIFT PER POINT 

MAXIUMUM AMPLITUDE IS 146942.6 COUNTS 

N snn BOD/B(2) ANGLE 
(COUNTS) (*1000) (DEG) 

3 52019. 10.35 -106.7 
4 19619. 8.31 8.4 • 
5 6209. 3.94 99.9 
6 16558. 19.54 -33.9 
7 2111. 4.29 C"C" C" 

,.,I.,J • "J 

8 ,,'91. 3.61 -111.8 
9 137. 0.87 125.4 

10 220. 2.46 30.7 
11 8l- 1. 57 -69.0 
12 60. 2.02 153.1 
13 86. 5.02 -142.1 

'14 77. 7.65 146 + () 

15 72. 1 '') 'JQ -.4_, -12.5.7 
16 35. 10.15 -163.4 
17 ")C" 

.:.,J. 12.1c· -186.9 
18 39. 32.50 -169.5 

Ha rlTlon i t:' Analysis saved in disk file: 1230A1.D~T 

.......... " ... -.-.. ...;~~ ....... ":-'" :." .-.... ~ . ...: . ...:. ... -... -';,,-: .. '; . 

- .'- .. ~". . . 

... . 
. <--"'--_.'._- ~ .. -" - ..... . 
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-:, ,a _ '7 ~ ," _: I --- .... _- '--
LAN L i:. I S c. - C. C"i f~ U p. i! F\ L! F ~=: L F· ::,./~. ;'~', :! I :, E' -3 T C r: c c; i ! 

NO SHIMS 
THE QUADRUPOLE REFERENCE R4LIU; 15 0.03~0000 MFTERS. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

--------------------UNBUCKED CO!L-----------------
-16188. COUNTS DRIFT OVER 129 POINTS WITH -126. DRIFT PER POINT 

~I A X I U MUM AMP L I TLI Ii =: I S 1 (.. c· 2 3 6 • 5 eft U N T 5 
DIPOLE STRENGTH = 0.000107, PHASE ANGLE = '-21.7~ 

0.1609 TESLA~ WITH PHnSE A~GLE -f'\1 :. 
"' ..... \oJ 

-------------~------BLICKED COILS------------------
551382. COUNTS DRIFT, OVER 129 POINTS WITH ~306. nRIFT P~R POINT 

MAXIUMUM AMPLITUDE IS 147864.6 COUNTS 

/,-, tOn B ( r~ ) / r; ( 2 ) t:i'!GLE 
(courn f;) (:t1000) ( fIEG) 

"7 51711. 10.29 -105.5 ... 
.q 1972S' • 8.36 8.7 
r-
,) 6138. 3.90 • 100.3 • 
6 16577. 19.57 -33.8 
7 2036. 4.14 J:' ') 

~ c·. ~ 
8 1 f)12. 3.68 -114.6 
9 103. 0. c·6 61.4 

10 18l. 2.03 32.8 
:1.1 45. 0.87 20.2 
12 9~1 .:.. . 3. 11 167.2 
13 103. 6.02 -90.5 
·14 34. 3.38 148.~ 

15 58. 9.90 -·101.7 
it. 9. 2473 2.5 
17 29. 14.05 102.2 
18 30. 25.00 -138.5 

Ha rnloni c A r. c' 1 y s. i s soved in tii~,k file! 1230I::~.Itt~T 

, 

.' 



• 
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U; /'-: L t,· ~; a - C 0 QUA rl F: U F' 0 L E, S ,.. t,l F,:: ~ ::: t :..:: =- rei-, c c i 2. 
NCi ShIMS 
THE QUADRUPOLE REFERENCE R~DIUS IS 0.0350000 riFTERS. 
THE VIF IS ON THE 0.001 VOLT RANGE. 

--------------------UNBUCKED COlL-----------------
-55160. COUNTS DRIFT OVER 129 POINTS WITH -431. DRIFT PER POINT 

MAXIUMUM AMPLITUDE IS 106299.5 COUNTS 
DIPOLE STRENGTH = 0.000106, PHASE ANGLE = -26.66 

E:'L(EFF) = 0.1608 TESLA, WITH PHASE ANGLE 1.30 

--------------------BUCKED COILS------------------
524612. COUNTS DRIFT OVER 129 POINTS WITH' ~099. DRIFT PER P01NT 

MAXIUMUM AMPLITUDE IS 147654.8 COUNTS 

N son B(N)/B(2) ANGLE 
(CGUNTS) (:qOOO) (DEG) 

~ 51794. 10.32 -105.4 
4 19761. 8.38 8.4 

'C" 0"',7 3.70 103.1 • :.. .... I._.~..., • 
t, 16579. 19.58 -34.2 
7 2028. 4.13 1:"'::" ~ 

..J..J • , .. J 

8 974. -z rot=' 
--I • oJ .... : -113.6 

" :1.46. 0.S'3 Bf:.l 
:i.O 105. 1.18 85. :1. 

11 80. 1.56 -21.4 
12 70. 2.35 1.54.i} 
13 1 1 S' • 6. 9~, -104.5 
1 <4 44. 4.44 135.3 
15 58. 9.8S· -78.5 
16 10. 2.89 -110.E 
17 50. 24.58 -19t,.4 
18 3-1 . 26.14 -94.9 

H2 r!Tloni C Anal~sis s2;ved in oisv.. file: 1:-~31:iCj • III'; T 

• 
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F- 0 L E < S HIM,· 0 < 6 , 1 < 2 t. -:::, :: <" ~ 1, 3 -<:! ~~·I' 4 < C,:, :::':.. 6·' C", ~ 7 -:." :: ~ 
THE G U A Ii R U F' I] L E F: E F E F: U~ c: :::: F: A III U f. I:3 C , ( .. ': :: ':;CJ1 (I ;., ~ T E ~,~, • 
THE V/F IS ON THE 0.001 VGLT RANGE. 

----------------~---UNtUCKED COIL-----------------
-193703. COUNTS DRIFT OVER 129 POINTS WiTH -1513. DR.IFT PER 

MAXIUMUM AMPLITUDE IS 105648.0 COUNTS . -
DIPOLE STRENGTH = 0.000127, PHASE ANGLE = 

B'L(EFF) = 0.1580 TESLA, WITH PHASE ANGL~ 0.23 

--------------------BUCKFD CDILS------------------
388027. CdUNTS DRIFT OVER 129 POINTS WITH 3031. DRIFT P~R P~INT 

MAXIUMUM AMPLITUDE IS 102029.3 COUNTS 

N SeN) E:OH/B(2) ANGLE 
(COUNTS) (:t:1000) (DEG) 

:.-; 20:;' 1 • 0.42 170. /. .... ' 

4 741 • 0.32 -60. 4 
5 2557. 1 ":-

• ~. __ t 161 • t, 
6 8313. 9. 99 -87. A 

,J 

7 3140. 1:...50 67 · t;' 8 1298. 4.81 -149 · :) 
9 ~1~ 0. t.. (} _1 C- () : ~ . J. '-' .. 

10 641 · / · 31 -t: f (! 

11 306. 6 • 07 -~E. 1 
12 t="i. 1 <;'4 -15. ,-, 

..J '.' • · Co 

j3 60, 3.5.1 -48.0 
14 7t .. 7 .74 - ,., 

"'" ,:". 

15 -:-1 
oJ~. 545S' -70.3 

16 42 • 1'"; .:.. , 56 -88. 0 
17 4":' .:.. . 21 + 1 <;' -93. S;' 

1 E: ""Ie" 20.E:8 144 .~.: . .:....ut · 
Harmonic Analysis s~ved in disk file! 1231A2.nAT 

• • 

• 
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Appendix B MT 308 Page B9 of B23 
LBID-520 

.Ii':' 

" 



J-\ppenu I X I:) I'll jU~ page t5IU or tLj 

LBIO-520 

F\Ei='EAT 13: 08: 54 
THE QUADRUPOLE REF~RENCE R~DIUS IS 0.03~0000 METERS. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

--------------------UNBUCKEII COIL-----------------
-180057. COUNTS DRIFT OVER 129 POINTS WITH -1407. D~IFT PER POINT 

MAXIUMUM AMPLITUDE IS. 105773.0 COUNTS ,-
DIPOLE STRENGTH = 0.000132, PHASE ANGLE = -36.66 

B'L(EFF) = 0.1585 TESLA, WITH PHASE ANGLE 

--------------------BUCK~D COILS------------------
401016. COUNTS DRIFT OVER 129 POINTS WITH ~133. DRIFT PER POINT . 

MAXIUMUM AMPLITUDE IS 102457.4 COUNTS 

N S(N) B(N)/B(2) ANGLE 
(COUNTS) (*1000) (DEG) 

3 2219. 0.45 173.1 
4 537. 0.23 -52 .. 9 
r' 
~I 268~. 1. 73 163.2 
6 8254. 9.89 -88.1 
7 3193. to • 5 C7' 67.1 
8 1334. 4.93 -148.{! 
9 9 Q , . 0.64 23.0 

10 723. o -,,":, 
u+.:-...:... -8.1 

11 220. 4.35 -84.1 
12 61- 2 f 0·9 Q 0 

,_, ... 'I..' 

j 3 46. 2.71 '-1 t:" A -..;..-'" ..., 
14 119 • 12.10 -3.8 
l5 21. 3 .• 69 ':"'57.2 
16 'j ~, 6.4CJ -83.1 .... ...:... 

17 ~I L 12.78 -94.6 ,.;.. \-, . 
18 34. 29.01 -177.8 

Ha rIT'Ofi i c Anal~sis s2ved in di~-k file! 123lA3.DAT 

• • 
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Appendix B MT 308 Page B11 of B23 
LBID-520 

'" 



•.. ~) ( 

! 

( 

,rO ' 

LA rC t;.' S? - C 'J QUA;i FW F' 0;" E. :=. / t~ F: r 2 I c: e;, ~ c: h co i :: 
2ND REPEAT GF13:0S:54 

• ,. twlVU 

LBID-520 

THE OUAIIRUF'OLE' REFEi=;ENCE F:AIIJUf: !~. 0.03;';('00(' MFTEF.:S.
THE V/F IS ON THE 0.001 VOLT RANGE. 

---------~----------UNBUCKED COlL-----------------

rC1~e IjIZ of 823 

-49578. COUNTS DR1FT OVER i29 POINTS WITH ~-387. DR~FT PER POINT 
MAXIUMUM AMPLITUDE IS 105227.3 ·COUNTS 
DIPOLE STRENGTH = 0.000114, PHASE ANGLE = -40.68 

B'L(EFF) = 0.1583 TESLA, WITH PHASE ANGLE 0.31 

--------------------BUCKED COILS------------------
504286. COUNTS DRIFT OVER 129 POINTS WITH ~940. DRIFT PER F'OIN~ 

MAXIUMUM AMPLITUDE IS 102479.9 COUN1S 

tV S(N) B(N)/'B(2) r:NGLE 
(COUNTS) (*1000) (DEG) 

7 2218. 0.45 177.1 ~o 

4 701. 0.30 -56.9 
5 2541. 1 .64 159.8-
6 8325. S'~S'9 -88.3 
7 3175. ' Z:O' o. , . .! ,=. 67.1 
8 1280. 4.74 -149.7 
9 72. (;0.47 -6.1 

f r, 
..0. ,. 694. 7. -;00 -10. 1 
11 307. 6.08 -97.3 
1:2 8 0:' ... 3.07 -6 . ..::! 

:i.3 
...,.., 
/ , . 4.54 7- --_,I .. ,/ 

14 99. 10.08 c- ' ",., + ~ ... 

15 51- 8.88 -1]0 9.4 
1 i.. ,-. ~c:: 

';""\oJ t 7 7-' .<0.1":- -125 .. 9 
1 --; 15. 7.67 -128 .. 9 
1 c· .... " 46 • 38.74 -163.7 

Ha rn,on i c Aroal~sis saved in disk file! 12:31A4.DAT 

• 
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Appendix B MT 30H Page 814 of .B23 
LBID-520 

LAN L t,' S 2 - C 0 Q U ~I [! R U F' C: L ~ r E· / :·2 ~:::: ~ ;: r :: f. = r· c r:: (I i : 
3RD REPEAT OF 13:08:54 
THE [JUADRl\F'OLE REFEF:ENCE Rr;I:IU::: 1; (:0. 03~C'O~.(' METEF;S. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

-~------------------UNBUCKED COIL-----------------
39442. COUNTS DRIFT OVER 129 POINTS .WITH 308. DRJFT PER POINT 

MAXIUMUM AMPLITUDE IS 105205.8 COUNTS 
DIPOLE STRENGTH = 0.000123, PHASE ANGLE = -42.73 

B'L(EFF) = 0.1579 TESLA, WiTH PHASE ANGLE ('.29 

--------------------BUCKED COILS------------------
582346. CtiUNTS DRIFT OVER 129 POINTS WITH ~550. DRIFT PFR POINT 

MAXIUMUM AMPLITUDE IS 101880.3 COUNTS 

N S(N) B(N)/B(2) M!GLE 
(COUNTS) 0: 1 000) (lIEI3) 

3 2177. 0.44 179.1 
4 796. 0.34 -64.0 
c- ')-"1-' 1.76 161·.7' • 
~I .:../.:../. 

6 8354. 10·.05 -88.2 
7 3216. 6.66 " ~ o t: .• .:.. 

8 1321. 4.90 -14-;'.8 
9 139. 0.9(' 3'7'.9 

10 651. 7.43 -10.8 
l1 247. 4.<7'0 -83.2 
12 65. 2.24 28.2 
13 60. - c-

..j. _'~ 0.3 
14 51. 5.23 -8 + f: 
15 85. 14.85 -94.3 
1t. 39. ],1.64 -107.J. 
17 30. 15.14 167.0 
18 45. 37.78 -168.5 

Ha rrrion i c Anal~sis sa .... ed i rl disk file: 1231,~5.It';T 

• 
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Appendix B MT 308 Page B15 of B23 
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:: l-·DEC-·c 1 TT"'i;" 
.1. •• '-

Appendix B MT 308 Page tilb ot tiLj 
LBIO-520 

1 I~ ! ::.7 : ': 7 

LANL 6' S2-CC QUADRUPOLE~ S!~ R~~ :" search coi~ 
F" 0 LEO: S HIM, C< 8 ~ 1 -::: 2 8 ~ 2 <: 1 1. 3 <" 3:;. 4 -:: 1, 5:::::2, 6 -:::2, 7;:: :: .; 

.- THE QUADRUPGLE REFERENCE RADIUS IS 0.0350000 METERS. 
THE V/F IS ON THE 0.001 VOLT R~NGE. 

--------------------UNBUCKED COIL-----------------
-193355. CbUNTS DRIFT OVER-129 POINTS WITH -l511. DRIFT PER POINT 

MAXIUMUM AMPLITUDE IS 105274.9 COUNTS 
DIPOLE STRENGTH = 0.000125, PHASE ANGLE = -33.60 

B'L(EFF) = 0.1578 TESLA, WITH PHASE ANGLE 0.51 

--------------------BUCKfD COILS------------------
385914. COUNTS DRIFT OVER 129 pnlNTS WITH ~015. DRIFT PER pnlNT 

MAXIUMUM AMPLITUDE IS 101372.2 COUNTS 

N son B(N)/B(2) ANGLE 
(COUNTS) (;t;1000) ([lEG) 

:3 4601. 0.93 163.6 
4 1100. 0.48 -71.4 • co 
,) 406. 0.26 30.2 
6 7951. 9.57 -87.9 
7 3486. 7.23 58.5 
8 1258. 4.67 -153.2 
9 100. 0.65 57.8 

iO 780. 8.'7'i -16.S"' 
11 245. 4.86 c;. -: t:" - ~ ,. . -: 
12 71: .• 2.62 13.4 
13 43. ..., ~C" 

..:.. • _I ..... ' -175.3 
14 73. 7.42 2.9 
15 66. 11.40 -112.5 
1 t, 38. 11. 17 -71. 5 
17 5t;' • 29.5Ci -119.6 
18 60. 51.25 -177.0 

Har~onic Anal~sis saved in disk file! 1231B1.DAT 

• • 
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Appendix B MT 308 Page B 18 of B23 
LBID-520 

TIM:=- 1'-;!!) ,~, : ,~ 1 

LA~L 6" Sa-Co QUADRUPOLE, SIN R2, 2" search coil 
1 '5 T REF' EAT I] F 1 4 : 37 : .; 7 
THE QUADRUPOLE REFERENCE RADIUS IS 0.0350000 METERS. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

--------------------UNBUCKED COIL-----------------
-100085. COUNTS DRIFT OVER 129 POINTS WITH -782. DRJFT PER POINT 

MAXIUMUM AMPLITUDE IS 105095.6 COUNTS ~-

DIPOLE STRENGTH = 0.000119r PHASE ANGLE = -30.38 

B'L(EFF) = 0.1579 TESLA, WITH PHASE ANGLE Ci.45 

------~-~-----------BUCKFD COILS------------------
466928. COUNTS DRIFT OVER 129 pnINTS ~JTH 3648. DRIFT PER POINT 

MAXIUMUM AMPLITUDE IS 101136.4 COUNTS 

N son B(NjIB(2) ANGLE 
(COUNTS) (*1000) (DEG) 

~. 4513. o Q') . , .... 1.60.17' 
4 113f:. 0.49 -68.4 
5 365. 0.24 2~·. 6 • 
6 8030. 9.66 -88.4 ., 3519. 7.29 59.4 I 

8 l"iO-' .. , I • 4.81 -151.8 
9 71- 0.46 -7.4 

10 15t .• 8. t.3 -13.8 
11 290. co ~r 

,J • 1 __ ' -92.5 
12 27. 0.91 -23.8 
13 7::, t 4.43 -57.7 
j 4 98 .. 9.96 3.6 
1.5 • c:-(;. .... J. 11.34 -1-i1.8 
1 t. 24. 7.02 -52.2 
17 45. -)-} 7~ 

.:...a.:.. .. """oJ -14t,.5 
18 3t.. 30.57 -133.7 

Ha rrrlonic Anal'.:!sis sc:;ved in disk file! 1231B2.DAT 

I 

• • 
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Appendix B MT 308 Page B20 of B23 
LBID-520 

THE DATE:; 31-DEC-21 
-

LANL 6" Sa-Co QU~DRUPOLE~ SiN R2! 2" s~arch coil 
2'ND REPEAT OF 14:37:47 
THE OUADRUPOLE REFERENCE RADIUS IS 0.0350000 METERS. 
THE V/F IS ON THE 0.001 VOLT RANGE. 

-----------~--------UNBUCKED COIL-----------------
. 5699. COUNTS DRIFT OVER 129 POINTS WITH 45. DR~FT PER POINT 

MAXIUMUM AMPLITUDE IS 104611.1 CDUNTS .-
DIPOLE STRENGTH = 0.000112, PHASE ANGLE = ~37.89 

B'L(EFF) = 0.1574 TESLA, WITH PHASE ANGL.E 0.47 

--------------------BUCKFD COILS--------------~---
555059. COUNTS DRIFT OVER 129 pnINTS WITH 4336. DRIFT PFR POINT 

MAXIUMUM AMPLITUDE IS 101630.8 COUNTS 

H S(N) BUn IB (2) ANGLE 
(COUNTS) (*1000) (DEG) 

3 4479. 0.91 163.5 
4 1234. .0.53 -67.3 
5 370. • 0.24 38.0 
'6 8064. 9.73 -87.7 
-,. 3628. 7.54 59.0 / 

0 1303. 4.85 -150.1 u 

9 122. 0.80 36.t· 
10 788. 9.02 -8.7 
11 259. 5.16 -78.2 
12 65. '") '":' L 

..:...~u 3'7'.4 
13 48. 2.85 -80.C; 
14 105. 10.77 -2.0 
15 43. 7.48 -:85.7 
16 4 '7' • .14.60 -77.5 
17 -t:" 

,:).,;. 17.44 -174.0 
18 '")C'" 

.:.....J+ 20.84 -157.5 

Ha rlTrOr. i c Ar.al~sis saved in disk file! 1231B3.DAT 

• 
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THE LATE IS 31-D~:-Ei 

Appendix B MT 308 Page B22 of B23 
LBID-520 

LAN L - (;.' S c: - C (0 G U ~; rl f; U ;:. I] L E • =- iN E:2. ::' :- ~ 2- r c h co::' 1 

3'RD REPEAT OF 13:37:47 
THE OUADRUPOLE REFERENCE R~DIUS IS O.03~0000 MFTERS. 
THE V/F. IS ON THE 0.001 VOLT RANGE. 

--------------------UNBUCKED COIL-~---------------
64919. COUNTS DRIFT OVER- 129 POINTS WITH 507. DRJFT PER POINT 

MAXIUMUM AMPLITUDE IS 104472.1 COUNTS 
DIPOLE STRENGTH = 0.000101, PHASE ANGLE = -40.45 

0.1577 TESLA, WITH PHASE ANGI E 0.50 

--------------------BUCKED COILS------------------
606597. COUNTS DRIFT OVER 129 POINTS WITH 4739. DRIFT PER POINT 

MAXIUMUM AMPLITUDE IS 102291.1 COUNTS 

N sun B(N)/B(2) ANGLE 
(COUNTS) (*1000) (DEG) 

3 4552. 0.92 163.2 
4 1106. 0.48 -68.2 
r 304. 0.20 44>.7 • 
" 6 8043. 9.69 -87.9 
7 3547. 7.3t. 59.3 
8 1285. 4.77 -149.5 
9 161. 1.05 42.6 

10 795. 9.08 -16.3 
11 209. 4.16 -86.3 
12 78. 2.70 30.2 
13 49. 2.92 -37.5 
14 60. 6.07 1.1 
15 27. 4.64 -116.0 
16 34. 1 (0 • (J 6 -105.2 
:1.7 9. 4.73 -35.1 
18 ,,-.:. I • 22.62 -117.5 

Ha rlflorl i c Anal\:lsis saved in disk file! 1 2 3 1 B 4 • III~; T 
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LBID-520 

Appendix C 
F I L E NO. 

~1T 308 
PAGE 

rvlofC12 
LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA 

ENGINEERING NOTE 
~S-UB-J-EC-T~~~~~---~~----~----~~~~~----~------·----~N~A~ME~-------~------~ 

Michael I. Green "FIXING" of a 6" LANL Rare Earth Quadrupole Magnet 
By The Halbach Technique 

APPENDIX C 

DATE 
Janua ry 7, 1982 

Computer Output From Quadrupole Adjusting;Progra~QDADJl 
.. ., .. (Decembef 31,1981 Update) 

Data Set 

1230Al No Shims 

1230Bl No Shims 

1230Cl No Shims 

1231A2 Schedule 1 Shims 
-

1231A3 Schedule 1 Shims 

1231A4 Schedule 1 Shims 

1231A5 Schedule 1 Shims 

1231Bl Schedule 2 Shims 

1231B2 Schedule 2 Shims 

1231B3 Schedule 2 Shims 

1231B4 Schedule 2 Shims 



~ 

Appendix C MT 308 
LBID-520 

Page C2 of C12 ,. 

file 1230Al.DAT~ date: 30-DFC-81, ti~Q: 1~:34:15 h~s b~en rctri~ved. 

( 
LANL 6· Sa-Co QUADRUPOLE, SIN R2, 2' search coil 

TIGHTENED ALL ADJUSTING SCREWS, NO SHIMS 
The single -coil attenlJation is 101.6., -the Vlf range i~-

The ~eference radius is 0.035000 ~etpr5. 

P.'L(eff) = 0-.1609 AT 1.1 degrees. 
.~ 

N I<{N)/I«2) ANGLE ROTATtII .. ~(N)/FI(2)*1000 
* 1000 DEG ANGLE REAL IMAGINARY 

3 10.35 -106.7 118.3 -4.90 9.12 
4 8.31 8.4 278.4 1.22 -9.22 
5 3.94 99.9 414.9 2.27 3.23 
6 19.54 . -33.9 326.1 16.22 -10.89 
7 4.29 55.5 460.5 -0.78 4~22 

8 3.61 -111.8 338.2 3.35 -1.34 
·9 0.@7 125.4 620.4 -0.15 -0.86 

10 2.46 30.7 570.7 -2.11 -1.26 
31 1.57 -69.0 516.0 -1.44 0.64 
12 2.02 153.1 783.1 0.91 1. 8t 

·13 5.02 -142.1 532.9 -4.'7'8 0.62 
14 7.65 .146.6 866.6 .!6.39 4.21 
15 12.29 -125.7 639.3 1.99 -12.13 
16 10.15 -163.4 646.6 2.90 -9.72 
17 12.16 -186.9 668.1 7.51 ":9.57 
18 32.50 -169.5 730.5 31.95 5.93 

-( 

The F'-nlatri~{ indentification is! 
F'MTRX1.DAT 81-dec-'29 

~ The "block· identification and ·npeded shi~s are! , 
BLOCK DELTA R ( 1) 

(NO.) .(MILS) 
0 6.3 
j 26~4 
2 11 . i~ 
3 30.7 
4 1 .i 
5 1.7 
6 0.0 
7 24.1 

~~~;:--. 
t .:.0 .... <.:". ,',- .. 

~_: _f~/'-_ 

-.' , ':":'~.: :~ •... ~, •• ".-.'_~' ' .... ~ • ,,~ ... i'-...... ~:::':.,.." " .• :.._ .. " .. ' . ~._ 

- .• ____ ,,,,,".~, __ ' •• -":';~"-:--"".-.:::- .. :> ... ;,>':;~=~~.~~i~;..~::.::.:......: ........ _;; .. : .. .:...:-. -.- . ...:;::. .... , .':.:;..;:,-.:.:.-~ --

• , 
: ... :- .... ::.;..:.:. 

0.001 volts. 



( 

c .. · 

-~.~.- '. . 

file 1230Bl.D~T, d~tc: 30-DFC-8" 

AppendlX L MI jU~ page Cj or CI~ 
[810-520 

LANL 6" ~a-Co QUADRUPOLE, SIN R2, 2" 
NO SHIMS 

tirue: 11:16:33 has bpen retri~ved. 

search coil 

The single coil attenuation i$ 101.6, the V/f r~nge is 0.001 volts. 
The refererice radius is 0.035000 rueters. 

}i'L(eff) = 0~1609 AT -0.2 degrees. 
N B(N)/B(2) ANGLE ROTATED B(N)/B(2~*1000 

* 1000 IIEG ANGLE REAL IMf,GINARY . i 

3 10.29 -105.5 119.5 -5.08 8.95 
4 8.36 8.7 278.7 1.26 -Ef.26 
0::- 3.90 100.3 415.3 2.22 3.2j .J 

6 19.57 -33.8 326.2 16.25 -10.90 
7 4.14 56.2 461.2 -0.81 4.06 
8 3.68 -114.6 335.4 3.35 -1.53 
9 0.66 61.4 556.4 -0.63 -0.18 

10 2.03 32.8 572.8 -1.70 -1.10 
11 0.87 20.2 605.2 -0.36 -0.79 
12 3.11 167.2 797.2 0.69 3.04 

.13 6.02 -90.5 584.5 -4.29 -4.21 
14 3.j8 • 148.5 868.5 -2.88 1.76 
15 9.90 -101.7 663.3 5.44 -8.27 
16 2.73 ') 0::-

.:.. • .J 812.5 -0.12 2.72 
17 14.05 102~2 957.2 -7.62 -11.8t 
18 25.00 -138.5 761.5. 18.72 16.57 

The F'-nlatr.i~·: indentification is! 
PMTRX1.DAT 81-dec-i9 

The -block' identification and needed shirus ~re: 

BLOCK DELTA R(I) 
(NO.) .( MILS) 

0 6.3 
1 26.2 
2 11. 1 
3 30.4 
... 0.7 
r 

. .J 1 .6 
6 0.0 
7 24.2' 

" .' - ~. . .... ,- . - . 

. :., ... '''- ,-
' __ '4~""_.'. 

• o. 
. .. ~: ... - .~.~::.:....;:. 

,_ ... ·.4.: •. "' .......... ( ..... '. 

• • 



Appendix C MT 308 Page C4 of C12 
LBID-S20 ~ 

file 1230Cl.bAT, date: 30-DEC-Bl, tiffiP: 1~:53:00 h~s bpen rrtric~ed. 

( 

" 

( 

LANL 6" Sa-Co QUADRUPOLE, SIN R2, 2" search coil 
NO SHIMS 
The si~~le "coil attenuation is 101.6, the Vif rcn~e .i~ 
The reference radius is 0.035000 meters. 

B'L(eff) = 0.1608 AT 1.3 dE'~ref's. 
N B(N)/It(2) ANGLE ROTATED B(N)/It(2)'*1000 

* 1000 lIEG ANGLF RE~L IMf .. GINf1RY 
3 10.32 -105.4 119.6 -5.10 8.97 
4 8.38 8.4 278.4 1.22 -8.29 
5 3.70 103.1 418.1 1. 96 3.14 
6 19.58 -34.2 325.8 16.20 -11.00 
7 4.13 55.5 460.5 -0.75 4.06 
8 3.55 -113.6 336.4 3.25 -1. 42 

"9 0.93 88.1 583.1 -0.68 -0.64 
30 1. i8 85.1 625.1 -0.10 -1.18 
11 1.56 -21.4 563.6 -1.43 -0.62 
12 2.35 164.4 794.4 0.63 2.26 
13 6.95 -104.5 570.5 -5.99 -3.53 
14 4.44 135.3 855.3 -:;.15 3.12 
15 9.89 -78.5" 686.5 8.24 -5.46 
16 2.89 -110.8 699.2 2.70 -1. 02 
17 24.58 -196.4 658.6 11.78 -21.57 
18 26.14 -94.9 805.1 2.25 '21-..04 

The P-nlatrh: indentification is! 
PMTRX1.DAT 81-dec-29 

The • b lock' ide n t i-f i cat ion and nee d e d s hi nl ~. a r f.' : 

BLOCK DELTA R ( I ) 
(NO.) (MILS) 

0 6.7 
1 26.0 
'i .:.. 11.2 
3 30.6 
4 0.6 
5 1.8 
6 0.0 
7 24.1 

j ~~f$~"~~'~-~" 
4~<-~'~~ .~<~~ .. - ~ 
,~,"~",~ .. ": .• ,,"."." ". 

·...;,;·;..;;.'-..... c,· •. ~.:.... 

• 
-~ ...... :,,"- - .-. --.~-

0.0(11 volts. 
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Appendix C MT 308 Page C5 of C12 
LBID-520 

file 1231A2.DAT, date: 31-DEC-8t~ tim0: 1~:08:54 h~s b~cn rptrie~ed. 

LANL 6' Sa-Co QUADRUPOLE, S/~ R2, 2" search ceil 
( 

-, 
J POLE{SHIM, 0<6, 1<26<, 2<11, 3<:30, 4<0, 5<1, 6<0, 7-(24 

The single.coil attenuation is 101.6, the V/f range is 0.001 volts. 
The reference radius is 0.035000 meters. 

C"') 

B'L(eff) = 0.1580 AT 0.2 degrees. 
N B (N )/B (2) ANGLE ROTATETI 

-J * 1000 [lEG ANGLE 
3 0.42 170.6 395.6 
4 0.32 -60.4 209.6 
5 1.65 161.6 476.6 
6 9.99 -87.3 272.7 
7 6.50 67.9 472.9 
8 4.81 -149.3 300.7 

-9- 0.60 -18.0 477.0 
10 7.31 -8.0 532.0 
1 1 6.07 -98.1 486.9 
12 1.94 -15.8 614.2 
13 3.54 -48.0 627.0 
14 7.74 -3.2 • 716.8 
15 5.59 -70.3 '694.7 
16 12.56 -88.0 722.0 
',7 21.19 -93.9 761.1 
18 20.88 144.9 1044.9 

The P-matrix indentification 
PMTRX1.DAT 81-dec-29 

l" C' • _. 

B(N)/B(2l*1000 
REAL IMAGINARY 

0.34 0.25 
-0.28 -0.16 
-0.74 1. 48 

0.46 -9.98 
'") ---..:... :.a,.~ 5.99 
2.45 -4.14 

-0.27 0.53 
-7.24 1.02 
-3.64 4.85 
-0.53 -1.87 
-0.19 -3.54 

7.73 -~ .44 
5.06 -2.39 

12.55 0.44 
15.97 13.92 
17.08 -12.01 

The ·block" -identification and npeded shims a~e: 

BLOCK 
(NO. ) 

0 
1 
2 
3 
4 
.,... 
..J 

6 
7 

:-~~~:~~~'":':-' -

~:;~~$ ',~~~~:;,~ " 
':~"~"' ... ~: .. -
-'-7: .~~ •• :.< ..•. "": 
•••• ~.J, ... 

. . . :::- :~ .. " .. , .... 
____ "" .'.':- .. 

• 

DELTA R ( I ) 
(MILS) 

1.8 
1 .9 
0.0 
-z c:-w • ..J 

1 '"l . ... 
1.2 
2.0 
O. 1 

. -

• ~ OJ 

./ 

~ ,.... . 



Appendix C MT 308 Page C6 of C12 
LBID-520 ~ 

f~~e 1231A3.6AT, date: 31-DFC-81 r tiffie: 1~:05:20 h~5 been retrieved. 
~ANL 6' Sa-Co QUADRUPOLE, SIN R2, 2' search coil 

( R E-f' EAT 1 3 : 08 : 54 -
Tfu£' sin s 1 e -co i 1 at t e fa IJ a t ion i s 1 01 • 6, the \,I I f r <l n ~ e i ~; 
Tme reference radilJs is 0.035000 nleters. 

c. 

• P.' .... ;L(eff) = ,0.1585 AT 0.3 desrees • 
~ It(N)/B(2) ANGLE ROTATED 

* 1000 DEG ANGLE 
3 0.45 173.1 398.1 
~ 0.23 -:-52.9 217.1 
5 1.73, 1,63.2 478.2 
6- 9.89 -88.1 271.9 
7 6.59 67.1 472.1 
g; 4.93 -148.6 301.4 
fi' 0064 23.0 518.0 

10 8.22 -8.1 531.9 
11- 4.35 -84.1 500.9 
12 2.09 8.8 638.8 
13 2.71 -25.4 649.6 

12.10 • -3.8 716.2 14 
15 3.69 -57.2' 707.8, 
16 6.40 -83.1 726.9 
17 12.78 -94.6 760.4 
1B 29.01 -177.8· --,,,,,) 'j 

I~.:.. • .:. 

The P-matrix indentification 
PHTRX1.DAT 81-~ec-29 

l' - • ::> • 

B(N)/B(2}*1000 
RFAL IM~GJ.NtiRY 

0.35 0.'28 
-0.18 -0.14 
-0.82 1. 53 
0.32 -9.89 

-2~48 6.11 
2.57 -4.21 

-0.59 0.24 
-8.14 1.16 
-3.38 2.74 

0.32 -2.07 
0.91 -2.55 

12.07 -0.81 
3.61 -0.78 
6.36 0.77 
9.73 8.27 

28.99 1.12 

The 8block' identification and needed shims are: 

BLOCK DELTA R(I) 
<NO.) (MILS) 

0 1.9 
1 1.9 
2 0.2 
3 3.6 
4 1 'j . "'-
r 
.J 1.2 
6 ? '} 

- • 4-

7 0.0 

-.. -..... " ..... 
. -- .. ~.~. 

;i;~c~J,·· 
~ ~ ~;'-~~ ;:~-;;,-:.-:'- -- .. 
- "'*'~~ .... '~- _.: -..... . . . -. '- -- . 

-~-' .. 

~ •.. ;,:...-.:,~ ..... ~, <.=-' 
,;. -. '-':. :-.... ' .. :-' 

.. 
.. ~ ~"'...".. '- ".-. 

",'. ,.," 

0.001 volts. 

, ; 



It 

Appendix C MT 308 Page C7 of C12 
LBIO-520 

, f i I e 1 2 3 ~ .. II AT, d ate : 3 1 - II E C - 8 1 , t i nl e: 1 " : 07 ! 37 h a 5 to perl r P. t r i f' '~, cd. 
,.-_~, LANL 6" ~Co QUADRUF'OLE, SIN R2, 2" search coil 

(, '~ 2ND REPEA"'-:- DF 13: 08: 54 
_ The sin~r.e coil attenlJation i~ 101.6, the> V/f r~nge if, 0.001 volts. 

The refetr'erut:e rar.iilJs is 0.035000 Dieters. 

B'L(eff) = O~ 1583 AT 0.'3 degT'e~s. 

N B(N)/"re(2) ANGLE ROTATED B(N)/B(2)'*1000 

* l(l.(DU DEG ANGLE REf'tL JMAGINARY , t 

3 ,0 .. ~5 177.1 402.1 0.33 0.30 

4 O .. ~O -56.9 213.1 -0.25 -0.1.6 
5 1 ... ~4 159.8 474.8 -0.69 1.49 

6 9 .. Cfi9 -88.3 271.7 0.30 -9.98 
" . 6 .. 56 67.1 472.1 -2.47 6.08 7 

B 4.74 -149.7 300.3 2.39 -4.09 

9 0 .. 4'07 -6.1 488.9 -0.29 0.37 
10 7,.90 -10.1 529.9 -7.78 1.3~ 

11 6.08 -97.3 487.7 '-3.71 4.81 
12 3. f!)7 -6.4 623.6 -0.3'1 -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 B.eB -99.4 665.6 5.18 -7.22 
16 7.32 -125.9 684.1 5.93 -4.29 
17' 7.67 -128.9 726.1 ,7.63 0.81 

38 38.74 -163.7 736.3 37.18 10.86 

C~ 
The P-matrix indentification is! 
PMTRX1.I1AT 81-dec-29 

The "blockS identification and needed shims are! 

BLOCK DELTA R (1) 

(NO.) (MILS) 

0 1.7 
1 1.9 
2 0.1 

" 3 3.4 
4 1.2 
c-

,.J 
' 1. 0 . 2.0 6 

7 0.0 

• 



( 
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Appendix C MT 308 Page C8 of C12 
LBIO-520 ~ 

file 1231A5.bAT. date! 31-DFC-81, 
LANL 6' Sa-Co QUADRUPOLE, SIN R2, 21 

3RD REPEAT OF 13:08:54 

tiffie: 1~:09:50 h~s 

search coil 

The sin~le· coil attenuation i~ 101.6, the V/f ran~e i~ 

The refer~nce radius is 0.035000 ffieters. 

B'L(eff) .= 0.1579 AT 0.3 de~rees • 
N B(N)/B(2) . ANGLE ROTATED B(N)/BCn*1000 

* 1000 DEG ANGLE REAL- IMAGINARY 
3 0.44· 179.1 404.1 0.32 0;31 
4 0.34 -64.0 206.0 -0.3t -'0.15 
5 1. 76 '161.9 476.9 -0.80 1.57 
6 10.05 -88.2 271.B 0.32 -10.04 
7 6.66 66.3 471.3 -2.42 6.2l 
8 4.90 -149.8 300.2 2.4b -4.24 
9 0.90 39.9 534.9 -0.90 0.08 

10 7.43 -10.8 529.2 -7.30 1.39 
11 4.90 -83.2 501. 8 -3.85 3.03 
12 2.24· 28.2 658.2 1. 06 -1.98 
13 3.55 0.3 675.3 2.53 -2.50 

-8.8 5.17 • 14 5.23 • 711.2 -0.80 
15 14.85 -94.3 670.7 9.68 -11.26 
16 11. 64 -107.1 . 702.9 11.13 -3.43 
17 15.14 167.0 1022.0 8.02 -12.84 
18 37.78 -168.5 731.5 37.02 7.55 

The F'-lJlat r i x indentification is: 
PMTRX1.DAT 81-dec-29 

The "block' identification and needed shiffis ~rE: 

BLOCK DELTA R ( I ) 
(NO.)- (MILS) 

0 2.0 
1 2.0 
'j. 0.1 ~ 

3 3.6 
4 1 ~J . ~ 
5 1 • 1 
6 2.1 

··7 0.0 

.. -- ~ .. 

to f! E n r ~ t l' i c \: e d • 

o • 0 0 1 ·\l.o 1 t s • 

.1 . 

,' •. 
- -~: ," 

.. : .. -- . 
.. ~ ... "". -':"'~'''-- ~-' .... -' 

-." -: .-. . . ..... ~ 
. ,---

•. _ •.• .....,;.0: .. ' ... - .• " -
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Appendix C MT 308 Page C9 ot C1L 
LBID-520 

file i231Bl.rlAT, date! 31-DEC-8l, tj~£: 14:37!~7 h~~ been rctri~ved. 
LAN Lt.· Sa - C 0 QUA [I R U F' a 1_ E, 5/ N R2, ::" sea r c h co i 1 

POLE(SHIM, 0(8, 1(28, 2(11, 3(33, 4(1, 5<2: .6(2, 7(24 
The sinSlecoil attenuation is 101.6, the ,V/f ranse is 0.001 volts. 
The reference radius is 0.035000 ffieters. 

B'L(eff) = 0:1578 AT 0.5 degrees. 
N B(N)/B(2) ANGLE ROTATErl B ( N) I B ( 2.) -* too 0 

* 1000 DEG ANGLE REAL IMAGINARY .1 

3 0.93 163.6 388.6 '0.82 0.45 
4 0.48 -71.4 198.6 -0.45 -6.15 
5 0.26 30.2 345.2 0.25 -0.07 
6 9.57 -87.9 272.1 0.35 -9.56 
7 7.23 58.5 463.5 .... 1.69 ·7.03 
8 4.67 -153.2 296.8 2.11 -4.17 
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 -97.5 487.5 -2.96 3.86 
12 2.62 13.4 643.4 0.61 -2.55 
13 2.55 -175.3 499.7 -1.95 1.65 • 14 7.42 2.9 722.9 7.41 0.38 • 
15 11. 40 -112.5 652.5 4.36 -10.53 
16 11.17 -71.5 73·8.5 10.60 3.54 
17 29.50 -119.6 735.4 28.45 7.82 
18 51. 25 -177.0 723.0 51.18 2.68 

The F'-ffiatri~{ indentification is! 
F'MTRX1.DAT 81-dec-29 

The 'block' identification and n~eded shiffis ~rc: 

BLOCK [lELTA R(I) 
(NO. ) . (MILS) 

0 o ., .-
1 0·.9 
'"l 0.9 "-

3 1.9 
4 2.2 
5 1.2 
6 0.0 
7 0 •. 7 

l. - - ._ _, _. ~:. ':. :,"_. 

- . 
~ . ~- '~. " . .:'_ .... '. 

.: ':" or; .~. __ ._ .' .•.. :..~_ ~ ... _ ..• : 

'--'-:"- ... _- ,-- '. 
.', "-';':"'-',",. ~. -' . 

'. -: .'~: -:' -'.' ';, _. ( '.- . . . ,..- .. -~ "."". -... ." .... , ........... - ~ .. . 

.. . ., ...... ~ . . , 

- - ...... -

... ~ ...• -. 
" ... .. ':.: " 



C·,', 

.".. ",UO t'age L.IU OT L.I'::: 

LBIO-520 

file 1231B2.bATl date: 31-DE(-81, 
. LANL 6' Sa-Co QUADRUPOLE, SIN R2, 2" 
l J ST REPEAT OF 14:37:47 

tiffie! 1~:~0:~1 has b~Qn rptri~ved . 
search coil 

The single.coil attenuation is 101.6, the Vlf range i~ 
The reference radius is 0.035000 ffieters. 

B'L(eff) =O~1579 AT 0.5 dE'grep.s. 
·N B(N)/B(2) ANGLE ROTATED B(N)/B(2-}*1000 

* 1000 DEG ANGLE RF~L IHr.:GINARY 
3 0.92 160.9 '385.9 0.82 0.-40 
4 0.49 -68.4 201.6 -0.46 -0.18 
5 0.24 29.6 344.6 0.23 -0.06 
6 9.66 -88.4 271.6 0.27 -9.66 
7 7.29 59.4 464.4 -1.81 7.07 
8 4.81 -151.8 298.2 2.27 -~.24 

9 0.46 -7.4 487.t. -0.28' 0.37 
10 8.63 -13.8 526.2 -8.38 2.05 
11 5.75 ":"92.5 492.5 -3.89 4.24 
i2 0.91 -23.8 606.2 -0.37 -0.83 
13 4.43 -57.7 617.3 -0.97 -4.32 
i4 9.96 3.6 723.6 9.94 0.62 
15 11.34 -141.8 623.2 -1.34 -11.26 
16 7.02 -52.2 757.8 r C"r 

...J • -r '" I 4.30 
17 22.35 -146.5 708.5 21.91 -4.45 
18 30.57 -133.7 766.3 21.10 22.12 

The P-ntat r f:.~ indentification is! 
PMTRX1.DAT 81-dec-29 

The 'block' identification and needed shims are: 

BLOCK DELTA R (1) 

(NO.) (MILS) 
0 0.2 
1 0.7 
2 0.8 
3 1.8 
4 2. 1 
5 1 • 1 
6 0.0 
7 0.6 

0.001 volts. 

, .~ ~:~ ~ -........ 
• -'~ •• __ .- ,4" .f."'. ~- .. -' :: : .-: ~ ":. , - -

.. ~: .~ . ..;._: .-:.~,;.~~ -7-"''-
-.. ~.'. 

'.'::~~:='~ ~,:._ .~!_,_. . ..•. •.• _.~., ... ~"''t_r:..;.;; ",,;;: .• ;' 

• ~ .• :"_"'~_''';''' .• i.' • ..;, -.: .:.:.-.• ,," 

"." . :.:"~~;q;~ .. :L·~;r~~~~~gs~;?~·:; " . 
.. ·:·~~~~";--:~fl~~·~:.~::~.,-,.·~'-.~~·':-~.:.·-<'. .:(~~~=.~~.z~:~'';';:.:;'!;7. ... - -'. . ~ .' '~~'.', • 

~_ ' •• > ........ ·.~:u..:.;.v.:~~~7.r'~-.;·'.'"~:~::~:· ~ .. ~.~.:~. ·.~.:-:'~;~:~~:-~~i;:-:'"':~·-·~. ...... '-~, -'.- ·.·I".'~-"." -. • 

-.- ...... ,._".-.. 

- -'-' -:".-
. . - ........ -~ 

~ .: •. .-:,-:....:~. : ~ .......... 



Appendix C MT 308 Page Cll of C12 
• • I . ...:; 

L~ID-520 
~ 

file 1231B3.DAT, d~te: 31-DEC-81, t i TIl c' : 14:·'15:1)(1 h<::;s been r(-'trirvcd. 

( , 
LANL 6' Sa-Co QUADRUPOLE, SIN R2, 2' 

2'ND REPEAT OF 14:37:47 
sea r'ch coil-

~he si~~le roil attenuation i~ 101.6, the Vlf rnn~e i~ 
The reference radius is 0.035000 ffieters. 

The 'block" identification and needed shi~s sre: 

BLOCK DELTA R(I) 
(NO. ) , (MILS) 

0 0.3 
1 0.9 
2 0.8 
3 2.0 
4 2.2 
5 1.2 
6 0.0 
7 0.7 

>.;",...- ••.• ' '-
--- .. 

bi2e
, .. . -:X~&~:~~:; .. "·;i.:.:·.~ ." ". " 

.. - , . ~". -,;, .. -

. ,,- :J ,,~ _. "-.' .~~ ... '-'''- - .. " 
~,~~~:~... . .. "- - -:'"-"r-_ 
:~~, • • ~'f-~':;1:~_ 

,,::---~ .... ~ -; . -,' -':--- . 

• '~"~' :;'.. • < - "-

0.001 volts. 

.~ f ~ .• - -- " . 

. . . ...........-... .. -



Append; x C MT 308 Page C12 o(,Cl Z 
._. I •• 

LBID-520 

.~" file 1231B4.tIAT, d~te: 31-:-IIFC-8~" 
. ~ .. \ LANL 6' Sa-Co QUADRUPOLE; SIN R2, 2· 
(; 3'RII REPEAT OF 13:37:47 

timc! 14:~8:08 ha~ bQcn rrtrirvcd • 
search coil 

;--. 

~ .. : 

The sin~le- coil attenuation i~ 101.6, thE' V/f r~n!::E' i" 
The reference radius is 0.035000 ffieters • 

ft'L(eff') =0;1577 AT . 0.5 de~reps. 
N B(N)/B(2) .ANGLE ROTATED B(N)/B(J}*1000 

* 1000 !lEG ANGLE RE(,)L JM(1GINARY 
3 0.92 163.2 _ 388.2 0.81 0.-44 
4 0.48 -68.2 201.8 -0.44 -'0.18 
r::- 0.20 44.7 359.7 0.20 -0.00 ..J 

6 9.69 -87.9 272.1 0.36 -9.68 
7 7.36 59.3 464.3 -1.82 7.13 
8 4.77 -149.5 300.5 2.43 -4.11 
9 1.05 42.6 537.6 -1.05 0.04 

10 9.08 -16.3 523.7 -8.72 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 -37.5 637.5 0.38 -2.89 
j4 6.07 1.1 • 7·21.1 6.07 0.11 
15 4.64 -116.0· 619.0 1.51 -4.39 
16 10.06 -105.2 704.8 9.71 -2.64 
17 4.73 -35.1 819.9 -0.81 4.66 
18 22.62 -117.5 782.5 10.44 20.06 

The P-lJlat ri x indentification is! 
PMTRXl • IIAT 81-dec-29 

The ·block· identification and needed shims ~rE': 

BLOCK DELTA R(I) 
(NO. ) (MILS) 

0 0.2 
1 0.8 
2 O.B 
7 
~. 2.0 
4 2.0 
5 1.1 
6 0.0 

·7. 0.6 

. -. ~ ~ ... 
.... :~ .. :~.: .. :.:.:-.:- .<' .-.~ 

'. 

. . 
.••.••. ..l.._ • _~ .••• ;...~ •. 

• 
;" ~. ~ .. ',:- :.- - .. 

(l.001 volts. 

- '. 
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., 
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Appendix U MI JUtl ~age UL or uo 
LBID-S20 

f i 1 e 1 230 A 1 • If AT, d ate: 3 0 - II E C - 8 1 , t i RI e: 1 ~ : 3 4 ! 1:, h ~ s b 2· NI r ".. t T' i r v e d : 
LANL 6' Sa-Co QUADRUPOLE, SIN R2, 2' search coil 

TIGHTENED ALL ADJUSTING SCREWS, NO SHIMS 
The single coil attenuation i§ 101.6, the V/f ranseis 0.001 volts. 
The ~eference radius is 0.035000 meters. 

B'L(eff) = 0·.1609 AT 1~1 degrees. 
·N B(N)/B(2) ANGLE ROTATED J{(N)/J{(2~*"000 

* 1000 DEG ANGLE REAL IMAGINARY 
3 - 10.35 -106.7· 118.3 -4.90 9.12 
4 8.31 8.4 278.4 1 •. 22 -8.22 
5 3.94 99.9 414.9 2.27 3.23 
6 19.54 -.33.9 326.1 16.22 -10.89 
7 4.29 C"r ... 460.5 -0.78 4 ..,~} 

.J.J • .J . .:.. .... 
8 3.61 -111.8 338.2 3.35 -1.34 
9 0.87 125.4 620.4 -0.15 -0.86 

10 2.46 30.7 570.7 -2.11 -1.26 
11 1.57 -69.0 516.0 -1.44 0.64 
12 2.02 153.1 783.1 0.91 1.81 
13 5.02 -142.1 532.9 -4.98 0.62 
14 7.65 146.6 866.6 -6.39 4.21 
15 12.29 -125.7 639.3 1.99 -12.13 
16 10.15 -163.4 646.6 2.90 -9.72 
17 12.16 -186.9 668.1 7.51 -9.57 
18 32.50 -169.5 730.5 31.95 5. 9:~ 

The N-matrix indentification 
-NMTRX1 t DAT 81-dec-29 

is! 

The block identification and added shims are! 

BLOCK DELTA R(I) 
(NO.) (MILS) 

0 6.3 
1 26.4 
2 11. 4 
3 30.7 
4 1.1 
5 1.7 
6 0.0 
7 24.1 

MEASURED tiEL T~ RES U L T (·d'!! 
*1000 *1000 *1000 
~4.90 -4.90 -0.00 

9.12 . 9.13 -0.01 
1.22 1;23 -0.02 

-8.22 -:-8.22 0.00 
2.27 ... 2.28 -0.01 

·3.23 3.22 0.01 
16.2' 16.22 0.00 

. - ..•. " '-' ..•. :." ~ -

-" .............. y-.••.• ~- •••• ""-.- - ~. - . --:.,.- .-'",", , .... 

. . ", .-- .. . ... -~ ~ 

• • 

.. 1 



Appendix 0 MT 308 
LBID-520 

Page 03 of 06 

file 1231A2.I1AT, date! 31-IIEC-81, tinle: 13:08:54 h;::s bpen rctr-ir-vF'o. 
, LANL 6" Sa-Co QUADRUPOLE, S/N'R:, 2" search coil 

-

r' .... 

POLE<SHIM, 0<6, 1(26(, 2(11, 3(30, 4(0, 5(1, 6(0, 7(24 
-The single coil attenuation is 101.6, the V/t range is 0.001 volts. 
The r~ference radius is 0.035000 meters. 

B'L(eff) = 0.1580 AT 0.2 desrees. 
N B(N)/B(2) ANGLE ROTATED B(N)/B(2)t.l000 

* 1000 DEG ANGLE REAL IMAGINARY 
3 0.42 170.6 395.6 0.34 0.25 
4 0.32 -60.4 209.6 -0.28 -0.16 
5 1.65 161.6 476.6 -0.74 1.48 
6 9.99 -87.3 272.7 0.46 -9.98 
7 6.50 67.9 472.9 -2.53 5.99 
8 4.81 '-149.3 300.7 2.45 -4.14 
9 0.60 -18.0 477.0 -0.27 0.53 

10 7.31 -8.0 532.0 -7.24 1.0:-~ 

11 6.07 -98.1 486.9 -3.64 4.85 
12 1.94 • -15.8 614.2 -0.53 -l.8t' 
13 3.54 -48.0 627.0 -0.19 "l' r· -'l.J. _'At 

14 7.74 -3.2 716.8 7.73 -0.44 
15 5.59 -70.3 694.7 5.06 -2.39 
16 12.56 -88.0 722.0 12.55 0.44 
17 21.19 -93.9 761.1 15.97 13.92 
18 20.88 144.9 1044.9 17.08 -12.01 

)he N-matrix indentification is: 
NMTRX1.I1AT 81-dec-29 

The block identification and added shims are! 

BLOCK 
(NO. ) 

o 
1 
2 
3 
4 
5 
6 
7 

!IELTA R(I) 
(MILS) 

2.0 
2.0 
0.0 
3.0 
1 .0 
1 .0 
2.0 
0.0 

MEASURED 
*1000 

0.34 
0.25 

-0.28 
-0.16 
-0.74 

1.48 
0.46 

DEi....TA F~ESUL TMH 
;+:1000 *10~)(! 

0.1 i 0.23 
o ")7 .... ~ 0 .. 0:; 

-0.31 0.03 
0.00 -O.le. 

-0.72 -0.02 
1.45 0.03 
0.25 0.21 
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( . file 1231A:::,.DAT, date! 31-IIEC-81, 
LANL6' Sa-Co QUADRUPOI_E, SIN. R2, 2" 

REPEAT 13:08:54 

time: 11\:05:20 
search coil 

has hcenretrirved. 
" . ..; 

The single coil attenuation is 101.b, the V/f range i~ 0.001 volts. 
The reference radius is 0.035000 meters. 

- B'L(eff) = 0.1585 AT 0.3 degrees. . -
N B(N)/B(2} ANGLE ROTATED B(N)/B(2)*1000 

* 1000 !lEG ANGLE REAL IMAGINAF:Y 
3 0.45 173.1 398.1 0.35 0.28 
4 0.23 -52.9 217.1 -C,, 18 -0.14 
5 1.73 163.2 478.2 -0.82 1.53 
6 9.89 -88.1 271.9 0.32 -<;'.89 
7 6.59 67.1 472.1 -2.48 6.11 
8 4.93 -148.6 301.4 2.57 -4.21 
9 0.64 23.0 518.0 -0.59 0.24 

10 8.22 -8.1 531.9 -8.14 1.16 
11 . 4.35 -84.1 500.9 -3.38 2.74 
12 2.09 • 8.8 638.8 0.32 -2.07 • 
13 2.71 -25.4 649.6 0.91 -2.55 
14 12.10 -3.8 716.2 12.07 -0.81 
15 3.69 -57.2 707.8 3.61 -(\.78 
16 6.40 -83.1 726.9 6.36 0.77 
17 12.78 -94.6 760.'! 9.73 8.27 
18 29.01 -177.8 722.2 28.99 1.12 

~he N-matrix indentification is: 
NMTRX1.DAT 81-dec-29 

The block identification and added shirTlS cl1'e! 

BLOCK 
(NO.) 

o 
1 

DELTA R(I) 
(MILS) 

2.0 
2.0 

2 
3 
4 
5 
6 
7 

RE B(3)/B(2) 
1M B(3)/B(2) 
RE B(4)/B(2) 

_.1 M . I< ( 4 ) II< (2) 
_ _~ REB(5)/B(2} 
i :::~1:~~Itt :I< (5) II< (2) 
· . ~'·_.:RE I< ( 6 ) II< ( 2 ) 
i;;·~~:~~~~S~~ .;::~ - ... ~ _. . 
! --'~:[i~'L··,=...~; . 

· <f·:~~~:~:---'.'-;· . 
· .. ' '~~:~~':':-". ~ 

". ". ·.··oj 

0.0 
3.0 
1.0 
1 • (, 
2.0 
0.0 

MEASUF:ED 
*1000 
0.35 
0.28 

-0.18 
-0.14 
-0.82 

1.53 
0.32 

riEL T (\ RESULTMn 
*1000 *1000 

0.11" 0.24 
0.23 0.05 

-0.31 0.12 
0.00 -0.14 

-0.72 -0.09 
1.45 0.08 
0.25 -0.07 

·,1 

.. 
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file 1231A4.ItAT, date: 31-DEC-81, ti~e: 1~:07:37 has been r~tri~vcd. 
LANL 6" Sa~Co QUADRUPOLE, SIN R2, 2" search coil 

2ND REPEAT OF 13:08:54' 
The sin~le coil attenuation is 101.6, the Vlf r~n~e is 
The reference radius is 0.035000 meters. 

B.lL(eff) 0.1583 AT 0.3 de~rees. . -= 
N B(N)/B(2) ANGLE ROTATED B(N)/B(2»)j:1000 

* 1000 DEG ANGLE F~EAL IMAGIN"'F:Y 
3 0.45 177.1 402.1 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 -9.98 
7 6.56 67.1 472.1 -2.47 6.08 
B 4.74 -149.7 300.3 2.3S' -4.09 
9 0.47 '-6.1 488.9 -0.29 0.37 

10 7.90 -10.1 529.9 -7.78 1.39 
11 6.08 -97.3 487.7 -3.71 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 8.88 -99.4 665.6 5.18 -7.2? 
16 7.32 -125.9 684.1 5.93 .,.4.29 
17 7.67 -128.9 726.1 - 7.63 0.81 
18 38.74 -163.7 736.3 37.18 10.86 

"The N-matrix ind~ntification is: 
NMTRX1.DAT 81-dec-29 

The block identification and added shims are! 

BLOCK / DELTA R(I) 
(NO. ) (MILS) 

0 2.0 
1 2.0 
2 0.0 
3 3.0 
4 1.0 
5 1.0 
6 2.0 
7 0.0 

MEASURED 
*1000 

0.33 
0.30 

-0.25 
--0.16 
-0.69 .. 

--- 1.49 
0.30 

..... ;,. ~ ..... 
'," _ ... ,. -~'. -: 

• '-c. 

-',', ":" . 

DEL Tfi 
~1000 

0.1"1 
o 'i"1 .~....., 

-0.31 
0.00 

-0.72 
"1.45 - .. 
'O~ 25 

RESUL TMn 
*1000 

0.08 
0.06 

-0.16 
. 0.03 
0.04 
0.05 - ~-

" , ..".:. .. ~ .. :" - . 
. . 

_; ~~a·~·· ...... ·," ;,.; .. _":::';;:4~';:':~;-'._' 

0.001 volts. 

. ' . 

~ 

• 

. , 

. , 
" ~ ~.'. ~ .. ..-
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file 1231A5.DAT, date: 31-DEC-8', time: 1~:09i50 has b~en r~tri~ved. 
LANL 6" Sa-Co QUADRUPOLE, SIN R2, 2" search coil 

3RD REPEAT bF 13:08:54 
The sin~le coil attenuation i5 101.6, the V/f r~nge i~ 

The reference radius is 0.035000 rueters. 

lI'L(eff) = 0.1579. AT 0.3 degrees. . ~ 
N B(N)/B(2) ANGLE ROTATED B(N)/B(2)¥1000 

* 1000 DEG ANGLE REAL 1MAG1Nt':RY 
3 0.44 179.1 404.1 0.32 0.31 
4 0.34 -64.0 206.0 -0.31 -0.15 
5 1.76 161.9 476.9 -0.80 1.57 
6 10.05 -88.2 271.6 0.32 -'0.04 
7 6.66 66.3 471.3 -2.42 6.21 
8 4.90 -149.8 300.2 2.46 -4.24 
9 0.90 39.9 534.9 -0.90 0.08 

10 7.43 -10.8 529.2 -7.30 1. 39 
11 4.90 -83.2 501.8 -3.85 3.03 
12 2.24 28.2 65~.2 • 1. 06 -1.98 
13 3.55 0.3 675.3 2.53 -2.50 
14 r ")7 

...J.~"",, -8.8 711. 2 5.17 -0.80 
15 14.85 -94.3 670.7 9.68- .,.., 1. 26 
16 11.64 -107.1 702.9 11.13 -3.43 
17 15.14 167.0 1022.0 8.02 -12.84 
18 37.78 -168.5 731.5 37.02 7+55 

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

The block identification and added shims are: 

BLOCK 'DELTA R(I) 
(NO.) (MILS) 

0 
1 
") , 
3 
4 
5 
6 
7 

RE B(3)/B(2) 
1M B(3)/B(2) 
RE B(4)/B(2) 
1M B(4)/B(2) 

".~RE·: I!(S)/B(2)
~j~~:,,_lt1. Ie (5) /f! (2) 
.:~'7' RE . B ( 6 ) '1B ( 2 ) 

~40}:~-.· _.c __ ~_ .... 

~-':--.'.' 
'. t.:·.: __ ' " ~~ -.,~:... . 

.: "'::,', ~'\_.: . 

2.0 
2.0 
0.0 
3.0 . 
1.0 
1 .0 
2.0 
0.0 

MEASURED 
*1000 

0.31 
-0.31 
-0.15 
-0.80 

1.57 
0.32 

DEL Tt. RESUL TM'!T 
*1000 *1000 
0.11 0.20 
0.23 

-0.31 
0.00 

-0.72 
1.45 
0~25 

0.08 
-0.00 
~0.15 

-0.08 
0.13 
0.07 

0.001 volts. 

·,1 

~ 

.' 

. .'; .: 
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