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INTRODUCTION

Los Alamos National Laboratory requested that the Magnetic Measurements Engineer—
ing (MME) Group of the Lawrence Berkeley lLaboratory (LBL) evaluate the error harmonics
of four segmented Rare Earth Cobalt (REC) quadrupole magnets, .and reduce undesired
harmonics.

Using the procedure reported in LBL Electronics Engineering Note, MT 308,! the
amplitudes of the third, fourth, fifth, and1rea1 part of the sixth harmonic were 511

reduced to below 0.1% of the fundamental amplitude.

DESCRIPTION OF QUADRUPOLES

The quadrupoles are identified as P/N 62, 62-1, 62-2, and 62-3. For record
purposes, the quadrupole identified as P/N 62 was renamed S/N 62-0. Although the
physics of the design of these quadrupoles appears identical to that reported earlier,
the mechanical design is different. The sideways tolerances of the magnetic blocks
is really excellent and may be the reason why only one of the four quadrupoles needed
a second run.

I would recommend that the 1nﬁer ring not be stamped with the pole number aS
the stamping results in deformations that loosen the tolerances betweéh the inner
ring and the maghet blocks. Also, the inside diameter of the inner ring was deformed
such that the quadrupoles would not slide completely onto our mounting jig, requifing

slight machining of the jig.

HARDWARE AND SOFTWARE

The hardware and software are essentially the same as reported earlier with

the following exceptions.
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Minimal alphanumerics have been added to the plot of the raw data and the

LSI-11/23 microprocessor was used instead of the LSI-11/2.

Appendix A (which will be supplied upon request) is a directory to the disks

and programs used for these measurements and those reported upon in engineering

note MT 308.

RESULTS

The results of this program are summarized in Table I. The amplitudes of the

third, fourth, fifth, and real part of the sixth harmonic for each quadrupole were

reduced to below 0.1% of the fundamental amplitude. The shim schedules used to

"fix" the quadrupoles is given in Table II.

One might ask if there is a worsening of the higher harmonics after "fixing"

the third through sixth harmonics. A perusal of the amplitudes of the seventh

'through eighteenth harmonics does not reveal any strong systematic tendency. It

appears that they are just as likely to increase as decrease and the change is not

strongly dependent upon the harmonic number. Typically, harmonics above the four-

teenth are in the noise level.

Appendix B (which will be supplied upon request) contains computer output of -

the measurements and the shim calculation program.
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Quad. Iats Shim RI/RB2 E4/R2 RS/R2 Re B6/E2
S/N Set Sched. (%) (%) (%) A
62-0 02250A norie 1.246 1.043 0.684 "1.948
* 02250R 1 0.065: 0.080 0,126 0.018
. 02250C 2 0.039 0.022”: 0.014 0.009
62-1 022514 none 1,381 1,359 1.257 1.353
. 02251ER 3 0.044 0.071 02 0.007
62-2 02232A none 0.423 0.423 0.484 2.444
. 022352k 4 0.037 0.072 0.026 0.015
62-3 02253A none 0.376 . 0.254 0.602 1.916
* 022538 S 0.058 0.009 0,014 0.031
TABLE I Error Harmonic Ratios
Quadrupole Data Shim 'Pole Pole Pole Pole Pole Pole Pole Pole
S/N Set Schedule 0 1 2 3 4 5 6 7
62-0 022508 1 26 27 18 30 1 17 0 46
62-0 02250C 2 25 27 17 29 1 15 0 48
62-1 02251B 3 21 41 48 47 0 40 20 15
62-2 02252B 4 5 23 0 29 5 35 0 19
6 31 1 22 0 18

62-3 022538 5 10 20

TABLE II Shim Schedule (mils)

This work was supported by the U. S. Department of Energy under Contract
DE-AC03-76SF00098.
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M.I. Green
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01-Mar-82
ARRAY LFOR
RELLI LFOR
BELL1 L ORJ
CHMCVUFT.SAV
DASDMI « TXT
DEVTRL.TXT
DP2NTG.FOR

DF2NTG.0RJ

DRFTC
DRFTC +OEJ
FAFFT .OEJ
6 . COH
GMADD .FOR
GMFRD +FOR
GMFRI JLST
GMFRD +OBJ
GMSUE .FOR
GHTRA FOR
GFIE .ORJ
GTFRDN LFOR
HRDWR .FOR
HROWR .OBJ
INIT L FOR
INIT

INIT
Loc

+FOR

~OEJ
.FOR
MADD L FOR
MINV ,FOR
MTRTST.FOR
MTRTST.LST
MTRTST.ORJ
MTRTST.SAV
NMTRX1.DAT
FHAMFL,ORJ
FLOT1 .FOR
PLOT1 +OBJ
72 Files,

+LST

s8]

[
NP R UNVOOO0 D TN GO WO G D OGN G ) 0N O

rJ

595 Free blocks

MG 33

Appendix A

0} -TNec-79
12-Jun-81
27-Jul-81
05-Aud-81
03~-0ct-81
29-Arr-81
24-Jun—-81
27-Jul-81
16-Jun—-81
27-Jul-81
19-Mau-80
i8-lec-81
01-Tec—-79
01-Dec-79
23-Tlec-R1
23-Dec-81
01-Dec-79
01-DIer~-79
29-Arr—~81
01-Dwc-79
12-Jun-81
27-Jul-81

21-Dec~-8%Y
2i-Nec-81"

21-Dec-81
01-Dlec-79
01-Ttec-79

01-DIirc-79 -

29-Dlec~81
29-Ilec-81
29-Tiec-81
29-Dec-81
29-Tltec-81
19-Mau-80
19-Jun-81
27-Jul-81

219 Elocks

- BAVEZ2

MT 313

FLIOLE (ORJ
FHTRX1,DAT
ANATIIL (FOR
QUADJLLLST
QUATIIL DR
QnARJL . SAUY
QDADJ2  BAK
QDADJ2, FOR
QUATI2.LST
QLADJ2,0EJ
QUATII2  SAV

QLANAL.FOR

QUANAL LLST
QDANAL .ORJ
QDhANAL . SAV
GDSER .FOR
QDSER JLST
QISBR LORJ
RDOATA LFOR
ROATA JORJ
RTRV2 LFOR
RTRV2 .LST
RTRVZ .0RBJ
SAVEO LFOR
SAVEO0 .LST
SAVEO .OBRJ
SAVE2 LFOR
+LST
SAVE2 .0ORJ
SCALE LFOR
SCALE .ORJ
SCOIL1.FOR
SCOTL1Y0ORY
SCOIL1.TXT
SCOTL2.FOR
1228711 .DAT

Page A2 of Al12

Module Files, Backup Disk

R RNDUHNOUNONDN OO o O (4

26-Marv-81
29-liec-81
3i-Nec-81
I1-lec-81
Ai-Nlec-81
Ji-Nec-81
30-Ttec—81
31-DItec-81
Ji~Tiec—~21
31-Liec-81
2i-Tiec-81

~ 22-Liec—81

22-Tiec-81
22-Nlec~81
22-Tiec-81
22-liec-81
22-Tlec-81
22-Nlec-81
12-Jun-81
27-Jul-81
22-Ttec—-81
22-Dec-81
22-Dec-81
22-Dec-81
22-Ttec-81
22-Dec-81
22-Tiec~-B1
22-Tiec-81
22-Tlec-81

22-Maw-81

27-Jul-81
27-Ma=3-81
27-Jul-81
29-May-81
27-Jul-81
29-liec—-81

LSI-11/2 FORTRAN Source and Object
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01-Mar-82
CMCUFT.5AV
DASDM1.TXT
DSKOIRLWTXT
MTIRTST.SAY
NMTRX1.DAT
FHTRX1.DAT
QUATIJ1.S5AV
QUADJ2.SAY
QUANAL . SAV
REFRT1.BAK
REFRT1.TXT
1229A1.0DAT
122942, LAT
1229A3.DAT
122944,0AT
1229A5.DAT
122946 .DAT
1229047 «DAT
1230A1.1AT
1230A2.DAT
1230A3.DAT
41230A4,.DAT
1230A5.0AT
1230A6.DIAT
123047 .DAT
12304A8.0AT
1230EB1.0AT
1230B2.DAT
1230B3,.DAT
1230R4.,DAT
60 Filesy

"J

»

R VA O

PRI RIPI PRI IR R RN R KNI RO 5O M RN - W

323

MG 35

09-tug-81
03-0ct-81
29-Tlec-81
29-ler~-81
29-lec-81
29-llec-81
21-Tec-81
31-Dec-81
22-Tlec—-81
06-Jan—-81
07-Jan—-R1
29-Tiec-81
29-Tlec-81
29-Dlec~-81
29-Ttec-81
29-Nec-81
29-Tlec-81
29-Dec-81
30-Tlec—-81 .
30-0nc-81
30-Tiec-81
30-Dlec-81
30-Tlec—-81
30-Ilec-81
30~-Tlec~-81
30-DNlec-81
30-Tlec-81
30~Dec—-81
30-Titec-81
30-Itec-81

Elocks
631 Free blochks

Appendix A

1230R5 DAT
123086, DAT
123087 NAT
1230R8, DAT
123001 BAT
1230C2.DAT
1230C3 . NAT
1230C4,DAT
1230C5.DAT
1230C6.DAT
1230C7 . DAT
1230C8, DAT
123001 . DAT
123002, DAT
123003, DIAT
123004 . DAT
1230D5, AT
123006, DAT
123007 . DAT
123008, DAT
1230E1,DAT
123101, DAT
123142,DAT
1231A3.DAT
1231A4.DAT
1231A5.DAT
1231E1.0AT
1231R2.DAT
1231 B3, DAT
1231B4.DAT

MT 313

PRI R PR RN RPN MNP R RN PRI RN RN

LSI-11/2 Load Modules and Data Files,

Backup Disk

Page A3 of Al2

30--Tiec-81
30-Dec-81
30-Tlec-81
J0-Diec-81
30-Tiec:—-81
30-Niec-81
30-Nec-81
30-Lec-81
30-Tiec—-81
30-Liec-81
30-TNec-8R1
3J0-Tiec-81
30-Ttec~R1
30-Diec-81
30-Tlec-81
30~-TNiec-81
30-Tiec-81
30-Dec-81
30-Tiec—-81
30-Diec-81
30-Tiec-81
31-Tiec—-81
3i-Tiec-81
31-Tiec-81
31-TLlec-81
3J1-Tiec-81
3i-Nec-81
3i-DIlec-81
3i-Nec-81
31-Iiec-81
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March 1, 1982

01-Mar-82
CHCVUFT.5AV
NMTRX1.DAT
FMTRX1.DAT
QRIALLJL L SAY
QUDALIJ2.5AV
QIANAL . SAV
02250A.DAT
02250RB.DAT
02250C.0AT
02231A.0AT
02251EB.DAT
02252A.1AT
02252E.DAT
02253A.DAT
02253E.DAT
122941, DAT
122942, DAT
122943, AT
122944, DAT
122945 DAT
122946 .TIAT
122947 .DAT
123041 .DAT
123042, DAT
123043, 0AT
1230A44.DAT
123045.DAT
1230A6. AT
1230A7.DAT
1230A8. AT
1230E1.DAT
1230B2.DAT
64 Filesy
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IR N U

-
O O
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IAESRANAELEANSEAN S ANSEANSESEAISEANSE SRS S SN SIS

"

0S~-Aus~-81
29-Twc-81
29-Tiec-81
20-Jan-82

20-Jan-82

23-Feb-82
25-Feb-82
25-Feb-82
25-Feb-82
25-Feb-82
25-Feb-~82
25-Feb-82
25-Feb-82
25-Feb-82
29-Feb-82
29-lec—-81
29-TNlec-R1
29-lec-81
29-Tlec—-81
29-Dec~-81
29-Iiec-81
29-lec-81
30-liec—-81
30-Iiec—-81
30-Lec-81
30-Ttec—-81
30-Tiec—-81
30-DIec-81
30-liec—-81

30-Liec-81
30-Liec—-81
30~-Dec-81

314 Elocks
660 Free blocks

MG 38

LSI-11/23 Load Modules and ATl

Appendix A

1230R3 . AT
1230BA,DAT
1230R5DAT
1230B6.,DAT
1230R7 (DAT

"1230RE,DAT
1230C1LDAT

1230C2,.0AT
1230C3 . IAT
1230C4.0AT
1230C5.0AT
1230C6.DLAT
1230C7 . DAT
1230C8.,. AT
1220011 . AT
1220D2.DAT
123003, NIAT
123004, DAT
123005, 0AT
123006.DAT
123007.DAT
1230D8.0AT
1230E1.TIAT
1231A1.DAT
1231A2.DAT
123143, 0AT
1231Aa4.TAT
1231A5.0DAT
1231 B1.DAT
1231R2.DAT
1231R3.DAT
1221RB4.,.DAT

Data Files, Backup Disk

MT 313

PRI RPN RN NN R PR NSRRI RO RN I M

Page A4 of Al2

30~-Tiec:—-81
30-Tiec—-81
30-Nec—-81
30-TLiec~-81
30-Tiec:—-81
30-Dec-81
30-Tiec—-81
30-Dec-81
30-Tiec—81
30-TLiec—-81
30-Tiec~81
30-Tlec—-81
30-Tlec-81
3J0-Itec-81
30-Ttec-~81
30-Iiec—-81
30-Tlec—-81
30~-liec-81
30~-Tiec-81
J0-Tiec-81
30-liec-81
30-Iiec~-81
3I0-Iec~81
31-llec-81
31-Ttec—~B1
31-Niec-81
3i-Tlec—-81
31-DIec—-81
31-Neec~-81
31-Iiec-81
31-Tlec—-81
Ji-Itec-81
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0l-tfar-82
EELL1 .FOR
. BELL1 .LST
BELL1 .ORJ
ODF2NTG.FOR
DF2NTG.LST
DF2NTG.0RJ
ORFTC .FOR
DRFTC LLST
IDRFTC .ORJ
FAFFT ,0ORJ
G +COH
GHMFRD .FOR
GMFRD JLST
GHMFRDI .ORBRJ
HRIWR JFOR
HROWR «LST
HRIWR +OEJ
INIT .FOR
INIT LLST
INIT LORJ
MTRTST.FOR
MTRTST.LST
MTRTST.ORJ
NMTRX1.DAT
0 +COHM
FHAMFL.ORJ
FLOT1 .FOR
FLOT1 LLST
PLOT1 .ORJ
FL1OLE.ORJ
FMTRX1.DAT
QDADJL.FOR
64 Files)

(WY
I 0 VDN IIO O NNODONNNOG- D OGN0 0NN W

4]
o«

11

12-Jun-81
19-Jan-82
19-Jen-82
24-Jun-81
19-Jan-82
i9-J3m-82
15-Jun-81
19-Jan-82
19-Jarn-82
19-M34~80
19-Jan—-82
01-lirc-79
19-Jan-82
19-Jan-82
19-Jdarn—-82
19-Jan-82
19-Jan-82
22-Feb-82
22-Feb-82
22-Feb-82
29-Tlec-81
19-Ja3n—-82
19-Jdan-82
29-Lec-81

23~Feb-82 "

19-May-890
23-Feb-82
22-Feb-82
23-Feb-82
18-Jan-82
29-Ttec-81
31-lleec-81

897 ERlocks
77 Free blocks

MG 39

LSI-11/23 FORTRAN Source and Object

Appendix A

QUATIL (LGT
QDAL . 0RJ
QDATIIL SOV
QDADRJ2 . FOR
QNADI2 L ST
QDhADJ2.0ERJ
GIATIIZ  SAHV
QDANAL ,FOR

GDANAL (LST

QDANAL ,ORJ
QnSRR (FOR
QOSER .LST
QLEER .0OR.)
RIlIATA .FOR
RDATA (LST
ROATA OBJ
RTRV2 .FOR
RTRV2 .LST
RTRV2 ,0OR.J
SAVEQ .FOR
SAVEOQ
SAVEOQ
SAVER
SAVE?2
SAVED
SCALE
SCALE .LST
SCALE .ORJ
SCOIL1.FOR
SCOIL1.LST
SCOIL1.ORJ
SCOIL1.TXT

+ ORJ
+FOR
+LST
«OR
+FOR

Module Files, Backup Disk

+LST

MT 313

RNONDD UM WD OND00OWLM 00 L NI O

Page A5 of ‘Al2

.

19-Jan-§2
19-Ja3n-82
20-dan-82
31-Tiec-81
19-Jdan-82
19-Jar-82
20-Jan-82
22-Tlec-81
19-Jan-82
19-Jarn-82
22-Nec-81
19-Jan~-82
19-Jzn—-82
19-Jarn-82
19-Jdan—-82
19-Jan-82
22-Tiec-81
19-Jan-82
19-Jdan-82
22-Dec-81
19-Jan-82
19-Jarn—-82
22-Tiec-81
19-Jan-82
19-Jdarn-82
22-Mau-81
19-Jan—-82
19-Jarn—-82
27-Mau-81
19-Jan-82
19-Jan-82
29~-Mau~-81



M.I. Green Appendix A MT 313 Page A6 of Al2
March- 1, 1982 :

01-Har-82 , :
EA .SYS 7F 01-Har-80 LS (EYS 2F 0i-1a1r-80
EINCON.SAV 10F 01-Mar-80 MACRD ,SAv 51F 01-Mar-80
CREF ,SAV 4F 01-Har-80 NL (SYS 2F 0i-tar-80
I . CON 1F 29-Jan-80 FIF  .SAV 23F 01-Mar-80
DIR  .SAV 17F 01-¥ar-80 RESORC.SAV 15F 01-~Mar-80
DUNF  ,SAV 8F 01-Mar-80 KRT11SJ.SYS 67F 01-Mar-80
DUF  ,SAV A1F 01-Mar-80 C SETDAT(SAV ~ 2F 08-Jan-§2
oY .SYS 4F 01-Har-80 SRCCOM.SAV 13P 01-Mar-80
FORMAT.SAV 19F 01-Har-80 STARTS.COM 1F 08-Jan-61
FORTRA.SAV  174F 12-Feh-81 SWAF  ,SYS 25F 01-Mar-80
K52  .SAV 55F 01-Mar-80 SYSLIR.OEJ  200F 13-Feb-81
LIER .SAV 22F 01-Mar-80 SYSMAC . SHL A2F 01-Mar-80
LINK .SAV 41F 01-Mzr-80 . TT .SYS 2F 01-Mar-80

26 Filess 852 Blockhks
122 Free blocks

MME 16 LSI-11/2 Operating System Disk
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March 1, 1982 -

01-Har-82 .
ARRAY FOR 6 01-Ttec~79 FLIOLR OR.) 303 26-Mar-81
EELL1 LFOR 2 12-Jun-81 FHTRX1,DAT 2 29-Dec-81
BELLY ,ORJ 6 27-10ul-81 QDAL FOR i1 3i-Tec-81
CHCVUFT.SAV 29 05-Aug-81 QpoADJ1.LST 18 31-Dec-81
DPASDIML W TXT 3 03-0ct-81 QGLATLIL . ORY 12 3i-Tec-81
DEVTERL., TXT 1 29-Arr-81 ananJl,sav I2 3I1-Dec-81
LF2NTG.FOR 3 24-Jun-81 QDATII2 ( RAK 14 30-Tec-81
DF2NTG.0ORJ 7 27-Jul-81 ODADJ2,.FOR 14 3Z1-~Dec-81
IRFTC .FOR 3 15-Jun-81 QUIATIAZ.LST 21 3i-Tlec~-81
DRFTC .ORJ 6 27-Jul-81 QDADLJ2.0RJ 13 31-Dec-81
FAFFT .ORJ 4 19-Mau-80 QUATNJ2 84V 3% 3i-Tec-81
G +.COM 1 18-Dlec-81 QLANAL.FOR i1 22-Dec-81
GHADID .FOR 3 01-Tiec-79 : QDANAL LLST 19 22-Liec-81
GMFRD .FOR 3 01-Dec-79 QDANAL .ORJ 15 22-Dec-81
GMFRI! LLST 6 23-Tiec-81 QOANAL . SAV 20 22-Dec-81
GMFRD +ORJ 9 23-Dec-81 QDSER +FOR 3 22-Dec-81
GMSUE +FOR 3 01-Dec-79 QSRR JLST 6 22-Tiec-81
GHMTRA FOR 3 01-Den-79 RDSER .ORJ 6 22-Dtec-81
GFIE .ORBJ 11 29-Arr-81 ROIATA JFOR 5 12-Jun-81
GTFRDIr +FOR 3 0i-Dec-79 ROATA .ORJ 6 27-Jul-81
HRIWR JFOR 3 12-Jun-81 RTRV2 .FOR 5 22-TNec-81
HRIOWR .ORJ 9  27-Jul-81 RTRV2 LLST 8 22-Dec-81
INIT LFOR 3 21-ltec~81 RTRV2 .0RJ 7 22-Dec-81
INIT .LST 6 21-Dec-81 SAVEO .FOR 4 22-Dec-81
INIT _.OFRJ S 21-Dec-81 SAVEQ .LST 7 22-Tlec-81
LOC +FOR 4 01-De2c-79 SAVEO .ORJ 6 22-Dtec-81
MAaDRL  LJFOR 6 0Oi-Tiec-7% SAVE2 .FOR 3 22-Ttec-81
HINV .FOR . 8 0Oi-Dec-79 SAVE2 .LST 8 22-Dec-81
MTRTST.FOR 6 29-Tiec-81 SAVEZ .ORJ 7 22-lec-81
HTRTST.LST ? 29-Dec-81 . SCALE .FOR 3 22-Mau-81
MTRTST.DRJ 7 29-liec-81 SCALE .ORJ 5 27-Jdul-81
MTRTST.SAV 25 29-Dec-81 SCOIL1.FOR 4 27-Mau-81
NMTRX1 . THAT 2 29-lec-81 SCOIL1.0FRJ 7 27-Jul-81
PHAMFL.ORJ 2 19-Ma34-80 SCOIL1.TXT 2 29-Hau-81
FLOT1 .FOR 2 19-Jun-81 SCOIL2.FOR 1 27-ul1-81
FLOT1 .ORJ S 27-dul-81 1228A1.0AT 2 29-Dec-81
72 Filesy 919 EHlocks

355 Free blocks

MME 37 LSI-11/2 FORTRAN Source and Object
Module Files, Working Disk



M.I. Green

March 1, 1982

01-Mar-82
CHCVUFT.SAV
DASDIMI  TXT
DSKDIR.TXT
MTRTST.SAY
NHTRX1.,DAT
FMTRX1.DAT
QUIATIJ1 . SAV
QIADJ2.,SAV
QDANAL . SAV
REFRT1.+ERAK
REFRT1.TXT
122%2A1.0AT
122942,DAT
122943 .DAT
122904,DAT7
122905 .0AT
122946 .TAT
1229A7 . DAT
1230A1,DAT
1220A2.DAT
1230A3,.DAT
1230A4.0AT
1230A5.DAT
1230A6.DAT
1230A7.0AT
1230A8.DAT
1230B1.DAT
1230B2.DAT
1230RB3,.DAT
1230R4.DAT
60 Files:,

323

b

rJ

O o W

JMN RPN OMNRIDRRE NP RPN DO WM PN - D

Elo

651 Free blocks

MME 38

Oh-Aug-81
03-0ct-81
29-Tlec-81
29-Dec-81
29-Tiec—-81
29-0ec-81
31-Dec-81
31-Dec-81
22~-Dec-81
06-Jan-81
07-Jan—81
29-Nlec-81
29-Ttec-81
29-Iiec-81
29-Itec-81
29-Iiec~-81
29-Tiec-81
29-Ilec—-81
30-Tiec=-81
30-Tiec—81
30-Itec-81
30-Tiec—-81
30-Tlec-81
30-Tlec—-81
30-Tiec-81
30-Dec—-81
30-Dec-81
30-Dec—-81
30-llec-81
30-Tiec-81
che

Appendix A

1230R5 AT
1230R6,DAT
1230K7 AT
1230E8,DAT
123001 AT
1230C2,DAT
123003 DAT
1230C4.DAT
123005, AT
1230C6,DAT
1230C7.DAT
1230C8., DAT
123001, IIAT
123002, DAT
123003, DAT
123004, DAT
123005, DAT
123006, DAT
1230017, IAT
123008, DAT
1230E1.DAT
1231A1.DAT
1231A2.TAT
123143, DAT
123144, AT
1231A5,DAT
1231K1.DAT
1231E2.DAT

1231E3,TAT

1231B4,DAT

MT 313

P PIRI f\'; PRI MNP PRI PR NDNIRDN NN RN

Page A8 of Al2

.

30~-Tiec-81
30-liec-81
30-Tiec—-81
30-lLiec-81
30-Tiec—-81
30-Iiec-81
30-Ilec-R1
30-liec-81
30-hec—-81
30-hec-81
30-TIlec-81
30-Tiec~-81
30~-Tec—-81
3J0-lec-81
30-Tiec—-81
30-Dec-81
30-Tlec—-81
30-liec-81
30-Tiec-81
30-Niec-81
30-Tec—-81
31-Tiec-81
Ji-Tlec-81
31-Dec~81
3i-Tec-81
3i-llec-81
3i~-Nec-81
31-Dec-81
Ji-Tec-81
31-llec~-81

LSI-11/2 Load Modules and Data Files,
Working Disk
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March 1, 1982 '

. 01-Mar-82

EA +SYS 7F 01-Har-80 LINN  5aAav 4LF 0i-Mar-80
BINCOM.SAY 10P O01-Mar-80 L.S »SYS 2F 21-Ser-81
CMCLIE.ORJ 25F 13-TDec-78 MACRO (SAY SiF O0i-Mar-80
CREF .SAV AF O1-Mar-80 CHL »SYS 2P 01-Mer-80
DEVTERL . TXT IF 23-0ct-81 FIF « SAUV 23F 0i-Mar-80
iR + SAY 17F 01-Har-80 RESORC.SAV 1SF 01-Mar-80
IUMF . SAV 8F 01-Mar-—-80 RT11S.J.8Y8 67F O0i-Mz1r—-80
LurF +SAV A1F 21-Ser-81 SETDAT.SAV 2F 07-Jzn-82
ny +SYS 4F 21-Ser-81 SRCCOM.SAV 13F 01-Mar-80
FORMAT.5AV 19F 01-Mar-80 STARTS.COH. iF 15-Jan-82
FORTRA.SAV 129F 15-Jan—-82 SUAF (SYS 25F O0i-Mar-80
GFIB JORJ 11F 23-0ct-81 SYSLIE.ORJ 202F 15-J3rn—-82
INI +COHM iF 19-Jan—-82 . SYSMAC «SML A2F 15%-.lan-82
Ko2 +SAV SSF 01-Mar-80 TT +S5YS 2F 01-Mar-—-890
LIRR +SAV 22F 21-Ser-81

29 Filess 844 Blocks:
130 Free blocks

MME 39 LSI-11/23 Operating System Disk
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Mareh 1. 1982 pp X MT 313 Page A10 of Al12

01-Mar~-82

BELL1 JFOR 2 12-Jun-81 QAT (OR. 17 19-Jan-g2
RELL1 JLST 3 19-4dan-82 QDAlJ1 . SAV 33 20-Jan-82
RELL1 .ORJ 7 19-Jan-82 QIADI2 . FOR i4 3Ji-Tec-81
DF2NTG.FOR 3 24-Jun-81 QDALJ2.LST 21 19-Jan-82
DP2NTG,LLST 6 19-Jan—-82 QLiATII2 . QR 20 19-Jan-R82
DF2NTG.0RJ ? 192-Jan-82 QDADJ2.SAV 36 20-Jan—-82
IIRFTC .FOR 3 15-Jun-81 QDANAL .FOR 11 22-Tiec-81
DRFTC JLST 6 19-Jan—-82 QDANAL .LST 19 19-4an-82
IRFTC .ORJ 8 19-Jan-82 QRUANAL . ORI 20 1%9-Jan—-82
FAFFT .0ORJ 4 19-Mau-80 -QDSER .FOR 3. 22-Dec-81
G +COH 1 19-Jan-82 QUSER LST 6 1%-Jan-82
GHMFRLDI +FOR 3 01-Den-79 QLSER +0OBJ 7 19-Jan-82
GMFRD JLST 6 19-Jan-82 RIATA FOR 3 19-Jan-82
GHFRD LOBJ 7" 19-Jan-82 RDATA LLST 8 19-Jan-82
HRIWR JFOR 3 19-Jan-82 RDATA ORJ 8 19-Jan-82
HRDWR LLST 7 19-4a3n-82 RTRV2 .FOR S 22-Dec-81
HRDWR ,OERJ 8 19-Jan-82 RTRV2 JLST 8 19-Jan-82
INIT JFOR 4 22-Feb-82 RTRVZ2 .0OBRJ ¢ 19-Jsn-82
INIT .LST 6 22-Feb-82 SAVEO LFOR 4 22-Dec-81
INIT +0BJ 7 22-Feb-82 SAVEOQ .LST 7 19-Jan-82
MTRTST.FOR 6 29-Tlec-81 SAVEO .0OR.J 8 19-Jan—-82
MTRTST.LST ? 19-Jdan-82 SAVE2 .FOR 3 22-DLec-81
MTRTST.ORJ 10 19-Jan-—-82 SAVEZ2 JL&T 8 19-Jarn-82
NMTRX1.DAT 2 29-Dec-81 SAVEZ2 .0ORJ 10 19-4am-82
FPHAMFL.ORJ . 2 19-Mzy-80 SCALE .FOK 3 22-Mau-81
FPLOT1 .FOR 2 19-Jun-81 SCALE +LST 5 19-Jan-82
PLOT1 JLST 5 19-Jen—-82 SCALE .0RJ 6 19-Jan—-82
PLOT1 .ORJ 8 19-J3n-82 SCOIL1.FOR 4 27-Mauw-81
PLiOLE.OERJ 384 18-Jan-82 SCOILIL.ST 7 19-Jan—-82
FMTRX1.DAT 2 29-DIec-81 SCOIL1.0RJ ? 19-Jan-82
QUADLJL .FOR i1 31-Tec-81 SCOILI.TXT 2 29-#av-81
QDADJL . LST 18 19-Jarn-82

63 Filegsy B0 Blochks

84 Free blocks

MME 41

©1SI-11/23 FORTRAN Source and Object

Module Files, Working Disk
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March 1, 1982

0Ol1-Mar-82
CHCVFT.SAV
NMTRX1.DAT
FMTRX1.DAT
QDADJL.SAV
QIADJ2.SAV
QDANAL . SAV
OQQSOA.DAT
250B.DAT
0 250C.DAT
02251A.DAT
02251B.DAT
02252A.DAT
02252k, DAT
022534A.DAT
02253R. AT
122941 .DAT
1229A2.DAT
1229243 . DAT
122944, AT
12292A5.DAT
122946, DAT
122947 . DAT
12304a1.0AT
1230A2.DAT
1230A3,1AT
123044, DAT
1230AS.DAT
123006, AT
1230A7.0AT
1230A8. AT
1230E1,.TAT
1230B2.DAT
64 Filesy
660 Free

J
r S

&3]
O

[S
Ol
o o

rJ

PIMRMN RN PRRM RPN PRINPDIR PN PN R RN R

05-Aug-81
29-Nec-81
29-Tec—-B1
20-Jan-82
20-Jan-82
23-Feb-82
-Feb-82
25-Feb-82
25-Feb-82
25-Feb-82
25-Feb-82
25-Fzp-82
25-Feb-82
25-Feb-82
25-Feb-82
29~-lec-81
29-Tec-81
29-Tlec-81
29-Tiec-81
29-liec-81
29-Tlec—-81
29-Tlec-81
30-Tiec—-81
30-Liec-81
30-TLlec-81
30~-Dhec-81
30-Tiec-81
30-Iec—-81

30-Tlec-81

30-Dec-81
30-Tlec-81
30-Nac-81

314 BlocPs

tlocks

MME 42

Appendix A

1230R3 . AT
1230R4, AT
1230R5.DAT
1230R6.DAT
1230R7 . 11AT
1230E8.DAT
1230C1 AT
1230C2.DAT
1230C3.71AT
1230C4.DAT
1230C5 . TIAT
1230C6., AT
1230C7.1AT
1230C8.0AT
123001 . AT
123002, DAT
12303 .DAT

123004, AT

123005 . IAT

123006, DAT
123007 . AT
123008, DAT -

1230E1.DAT
123141, DAT
123142 TIAT
1231A3.DAT
1231AA4.DAT
1231A5.DAT
1231R1.0IAT
1231R2.DAT
1231R3.IAT
1231R4.0DAT

MT 313

PRI R RIRPD NP R RN RN RPN RN NN

Page A1l of Al2

30-TNec-81
30-Lec-81
A0-Te:—-§1
30-Dec-81
30-Tlec-81
J0-Tlec—81
30-Tiec—-B1
30-DIec-81
30-Tec-21
30-Itec~81
20-Tlec—-81
J0-Dec—-81
30~-Ttec:—-B1
30-Dlec-81
30-Tiec—-871
30-Dec—-81
30-Tlec—-81

~llec-81
30-Tlec-81
30-Dlec-81
30-Tec-81
J0-Dlec—-81
30-Tiec-8B1
31-Nlec—-81
3i~-Nlec-81
31-Tlec—-81
3i-Tiec-81
31-Tiec-81
31-Tiec-81
31-Dtec-81
31-Ttec-81
31-Tiec—-81

LSI-11/23 Load Modules and Data Files,

Working Disk
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March 1, 1982

01-Mar-82

EELL1 ,OkJ 7 19-Jan-82 FLOT1 .0OR.J 9 27-Feh-82
DF2NTG.OKJ 9 19-Jan-82 FL1OLE.ORJ 385 - 23-Feb-82
ORFTC .ORJ 8 19-Jan-82 QUATIJ1 ORJ 17 19-Jan-82
F .COHM 1 23-Feb-82 QDADJ2,.0RJ 20 19-Jan-82
FAFFT .OEJ 4 19-Mauw-80 QDANAL MAF 24 23-Feb-82
GMFRI .OERJ 7 19-Jan-82 QnANAL .ORJ 20 19-Jan-82
GPIE L,OEJ 11 23-0ct-R1 QUANAL , SAUV i00 23-Feb~-82
HRDOWR .ORJ 8 19-Jan-82 QDSER .ORJ 7 19-Jan-82
INIT .ORJ 7 22-Feb-82 RIIATA .OR.U 8 19-Jan-82
0 « BAK 1 23-Feb-82 RTRV2 .0ORJ 9 19-Jan-82
0 +COM 1 23-Feb-82 SAVEO .QORJ 8 19-Jan-82
FPHAMFL.OEJ 2 19-Mau-80 SAVE2 .ORJ 10 19-Jan-82
PLOT1 .FOR 4 23-Feb-82 SCALE .0RJ & 19-Jan-82
FLOT1 .LST '8 23-Feb-82 SCOIL1.0RJ 9 19-Jan-82

28 Filess 710 Blocks
264 Free blocks

MME 43 LSI-11/23 FORTRAN Source and Object
Module Files, Working Disk



(8L/6°A9Y) L9CV9-0udL BELTYH

LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA Book No. . FILE NO. P AGE
ENGINEERING NOTE 643 MT 313 B1
SUBJECT " N AME .
"FIXING" of Four More Rare Earth Quadrupole Magnets Michael I. Green
By The Halbach Technique DATE
Y niqu March 1, 1982
Pase Quad. Ilata Time Frosram lescrirtion
S/N Set
2-3 62-0 02250A 10:18:40 GDANAL No shimss harmonic znalusia,
4 62-0 . . QbanrJ1 Shim calculation.,
5-6 62-0 02250k 13:152:046 QTANAL Shim schedule 1y
harmonic analysis.,
7 62-0 * . QhAaDJ1 Shim c3lculstion.
8§-9 62-0 022500 14:48:12 QUANAL Shim schedule 2»
harmonic analysis,
10 62-0 . . QnAanJi Shim calculation.
11-12 62-1 022514 15:00:145 QNANAL No shimsy harmonic
an3lysis., :
13 62-1 . . QDADIJ1 Shim calculation.
14 - 15 62-1 02251ER 15142129 QTNANAL Shim schedule 3y
- harmonic ansalusis.
16 62-1 s ’ . onanJi Shim calculatior.
17 - 18 62-2 02252A 16:116:33 GUANAL No c<himey harmonic
analusis.,
19 62-2 . . ananJdi Shim calculation.
20 - 21 62-2 02252k 16139101 QDANAL Shim schedule 4,
harmonic analysis.,
\
22 62-2 ' . - QDADJY Shim czlculation.
23 - 24 62-3 022534A 17¢02:03 GDANAL No <himes harmonic
‘ ' analesis.,
25 62-3 ' . 0DADJ1  Shim calculation
26 - 27 62-3 022538 17:26:08 GIANAL Shim schedule S
. harmonic ana3aluysis.
28 62-3 . . QDADJ1  Shim calculation.

APPENDIX B
Computer OUtput




M.I. Green : Appendix B MT 313 Page B2 of B28
March 1, 1982

THE TATE IS 25-FER-82 TIME i0:18B:i40
2* searcih cnily LANL REC QUATRUFOLEs S/N 62- 0

ADJUSTING FHASE
THE QUADRUFOLE REFERENCE RANIUS IS5 G.0330000 HMETERS.
THE V/F IS ON THE 0.001 Y0OLT RANGE.

e e ST UNBUCKET COIL=-—===-=-—mmmm—me

-366647. COUNTS DRIFT NDVER 129 PNINTS WITH -2864., DRIFT FER FOINT
HAXIUMUM AMFLITUDE IS 107782.4 COUNTS
RIFOLE STRENGTH = 0.000027, FHASE ANGLE = -165.%96

E“L(EFF) = 01659 TESLA» UITH FHASE ANGLE -0.35

———————————————————— BUCKER GOIL§=—=-—==—=-———mmmmm e

51172, COUNTS DRIFT OVER i29 POINTS WITH 400 TIRIFT FER FODINT
MAXIUMUM AMFLITUDE IS 171183,4 COUNTS

N _ S(N) BINY/R(2) ANGLE

(COUNTS) (X1000) (DEG)
3 64542, 12.44 -63.2
4 25386, 10,43 -16.1
¥ 11105, 6.84 =529
6 17300, i9.81 10.4
7 2337, 4,61 38.8
8 691, 2.44 162.1
£4 678" .19 ~1&6ic4
10 742, 8,06 159.3
11 206.. 3.20 igo .7
12 720 2»37 "8304
13 19, 1.07 1506.2
14 71. 6:86 ~136.1
15 63¢ 10@43 -i46.8
16 95 26,81 =97.35
17 52, 24,72 -i53 .6
ig 69, 55038 "16700

Harmonic Analusis szved in disk file! O02250A.0AT
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M.I. Green Appendix B MT 313  Page B4 of B28
March 1, 1982 ' :

file 02250A.NATy date: 25-FER-B2r time! i0{i8{40 has been retrieved,
2' search coils LANL REC QUANRUFOILEs S/N 62- 0 :
ADJUSTING FHASE *

The single coil attenuation is 101.6¢ the V/f ranse is 0001 volts,
The reference radius is 0.035000 meters., . :

B’L(eff) = 0.16529 AT -0.5 desreec. .
N ER(NI/BR(2) ANGLE ROTATEDR RC(NY/B(2)%1000

¥ 1000 DEG ANGLE REAL  IMAGINARY
3 12.46 -463.2 161.8 -11.84 3.89
4 10.43 -16.1 253.9 -2:.90 -10.02
S 6.84 -592.9 2535.1 ~1.76 6461
6 19.81 10.4 370.4 19.48 3.59
7 4,61 38.8 4432.8 0.50 - 4.58
8 2.44 162.1 612.1 ~0.75 232
9 4.19 -161.4 ' 333.6 3.75 ~-1.86
10 8.06 1592.3 699.3 7,54 -2:.85 .
i1 3.90 180.7 7657 2.72 2.79
2 2,37 -83.4 ' 54646 ~2.39 -0.27
13 1,07 13042 825,2 = =-0.28 1.04
14 6.86 -136.1 _ 583.% ~4.,%4 -4.76
13 10,43 -1446.8 - 618.2 ~-2.13 -10.21
16 26.81 -97.9 71205 26.58 -3.50
17 24,72 -153.46 701.4 23.44 ~-7.88
i8 55.38 -167.0 733.0 593.95 1249

The P-matrix indentification is:
PMTRX1.LIAT B8l-dec-29 :

The "blochk' identification znd needed chims arel

BLOCK "DELTA RCI)
(NO.) (HILS)
26.1
27.8
18.2
30.8
1.5
17.3
0.0
46.9

N> O



M.I. Green Appendix B MT 313 Page B5 of B28
March 1, 1982 , ’

THE T'ATE IS 25-FEE-82 TIME 13i52:06
2* search coils LANL REC QUADRUFOLEs S/N 62- 0
FOLE<SHIMIO<26y 127, 2418, 3429y 4<1ly 54179 6405 7446
THE QUADRUFOLE REFERENCE RADIUS IS 0.0350000 METERS.

THE V/F IS ON THE 0.001 UOLT RANGE.

———————————————————— UNEUCKED COIL=-===—=———mommmem

-345934, COUNTS DRIFT OVER 129 FOINTS WITH -2703¢« DRIFT FPER FOINT
MAXIUMUM AMFLITUDE IS 105087.8 COUNTS _
DIFOLE STRENGTH = 0.000056»y PHASE ANGLE = -i19.77
E'L(EFF) = 03604 TESLAy WITH PHASE ANGLE 019
—————————————— —=—===BUCKEDN COTLS=====m—mmm—mm e ,

106712, COUNTS DRIFT OVER 129 FOINTS WITH 834. DRIFT FER FOINT

MAXIUMUM AMPLITUDE IS 96031.0 COUNTS :

N S(N) RINY/R(2) ANGLE

(COUNTS) (%1000) (DEG)

3 3235, 0.65 1.2

4 18840 0080 “"13¢1

] 1983, 1.26 . 51.8

6 3664, 4,34 87.6

7 688, 1,40 -4.,4

8 1493, 5.45 175.8

9 694 . 4.18 -i67.7

10 484, 5,43 15.3

11 327 ' 6.38 -i0%.5

12 130, : 4,472 -80.6

13 1060 6020 "‘84&3

15 22, 3.75 1iB.1

16 20, 5.89 18.8

17 16, 7.87 -48.2

18 50, 41.82 -106.4

Harmonic Analusis saved in disk file! 02250R. AT
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M.I. Green- Appendix B MT 313 Page B7 of B28
March 1, 1982 :

file O02250R.DATy datel 25-FER-82Z» time: 13(52{06 has been retrieved,
2" search cnils LANL RELC QUATIRUFOLEs S/N 62— 0

POLE<SHIMIO<R4y 1427+ 2418+ 3JI<29s 4<is 5171 &£05 7444

The sindle coil attenuation is 101.6y th=2 VU/f range is * 0,001 volts.
The reference radius is 0.035000 meters., ‘

B/L(eff) = 0.1604 AT 0,2 degrees.

N  R(N)/ER(2) ANGLE ROTATED  RB(N)/RB(2)%1000

X 1000 DEG ANGIE REAL IMAGINARY
3 0.695 1.2 22672 ~0.45 -Q.47
4 0.80 -13.1 256.9 -0.18 -0.78
S 1.26 51.8 366.8 1.25 0.13
b 4.34 87.6 447 .6 0.18 - 4,33
7 1,40 ~4.,4 400.6 1.07 0.91
8 9445 175.8 625.8 - =0.40 -5.44
9 4,18 -167.7 3273 .52 226
i0 .43 15.3 ~ 3559.3 -5.24 -1.43
i1 6.38 -109.9 47505 "'2(75 5076
12 4.42 -80.6 549.4 -4,36 o =0.72
13 6.20 -84,3 390.7 -3.93 -4.80
14 12.98 -32.2 687.8 10.99 -6.91
15 3.75 118.1 . 883.1 -3.59 1.09
16 35.89 18.8 . 828.8 -1.90 5.98
17 7.87 -48.,2 806.8 0.44 7.86
i8 41.82 -106.4 793.6 11.79 40.12

The P-~matrix indentification il
FMTRX1.DAT 81l-dec-29 '

The *block® identificetion amnd needer shims aret

RLOCK DELTA R(ID

(NO ) (HILS)
0 0.4
1 1.6
2 0.6
3 0.8
4 2.0
S5 0.0
6 1.7
7 3.3



M.I. Green Appendix B MT 313 Page B8 of B28
March 1, 1982

THE DATE IS 25-FER-82 TIME 14:4B812
2% search coily LANL REC QUAURUFOLE, S/N 62- 0
FOLE<SHIM: 0425, 1427y 2217y 3429 441is 54155 640 7<A4R

. THE QUADRUFOLE REFERENCE RADIUS IS 0.0350000 METERS.

THE V/F IS ON THE 0.001 VOLT RANGE.

m e m e - —UNBUCKED COIL-~—-~————mm—mmm -

-354889, COUNTS DRIFT OVER 129 FOINTS WITH -2773. DRIFT FER FOINT
MAXTIUHMUM AMFLITUURE IS 104623.,4 COUNTS
- DIFOLE STRENGTH = 0.000038, FHASE ANGLE = -i19.40
E'L{EFF) = 0.1603 TESLAEY WITH FHASE ANGLE = -0.54
———————————————————— RUCKED COILS-----——"—-——m——
26139, COUNTE DRIFT OVER 129 FOINTS WITH 751« DRIFT FPER FOINT
HAXIUHUM AMFLITURE IS ?4000.1 LCOUNTS
N S(N) RINY/ZR(2) ANGLE
(COUNTS) {%1000) (DEG)
3 1943, 0.39 ?9.9
4 927, 0,22 -139.9
5] 220, 0.14. 1565
] 3830. 4.54 . 88.9
7 538, 1.10 30.6
8 1562. .71 175.5
9 617 3.95 -164.9
10 436, 4.90 4.6
11 379« 7041 - "llcs
12 158. 9.37 -67-1
13 108, . 6433 -79.5
14 116, 11.44 -43,1
15 21, 391 8.9
16 63, . 180?9 "9901
17 . : 4,53 155.7
18 25, 20.84 173.0

Harmonic Analwsis.saved in disk file! 022500C,.TAT.



Page B9 of B28

o
—
o
T
=
[aa]

x
re
R

[

)

j=]

o
<L

aJ

<

(o))
< —
<)

Q L3

e r—
(€]
-y
e Q
— S
* O
==

---=-57100 HJ4Y3S J4340N8-----

~--=1103 H34835 IOH]IS----- cl:gvepl ---- 28-834-G¢

v



M.I. Green Appendix B MT 313  Page B10 of B28
March 1, 1982 :

file 0Z2S0C.IAT date: 25~-FER-82» time! 14048112 hae bheen retrieved,
2' search coily LANL REC QUAURUFOLEs S/N 62- 0

FOLE<SHIM: 0<23, 1427y 2417y 3429 4<1ls 50155 46<0y 7448 - ,

The sinmdgle coil attermuation is 101,46y the VU/f range is 0,001 volts.

The reference radius is 0.035000 metera.

B'L(eff) = 0.,1603 AT -0,1 dedrees,

N  B(N)X/R(2) ANGLE ROTATED R(NI/R(2)%1i000
' X 1000 IEG ANGLE REAL IMAGINARY
3 0.39 ?9.9 324.9 0,32 =022
4 e 22 "15909 11001 -0.08 0021
S 0.14 1856.5 471 .5 =003 0,13
6 4.54 88.9 448,9 0.09 4.54
7 1.10 "30.6 435.6 0.27 1.06
8 5.71 175.5 62545 -0.43 -3+69
9 3095 —]6409 33001 3042 I "'j.¢97
10 4090 406 J44.6 —4088 -0.39
i1 7.41 -111.5 4735 =2.96 6479
12 S.37 =-67.1 96249 ~4,95 ~-2.09
13 6,31 ~7%.3 5955 -3.97 -5.20
14 11.64 -43.1 576.9 8.50 -7.95
15 3.51 38.9 803.9 0.37 3.49
146 1i8.29 -2%9.1 S 710.9 18,06 . =2.90
17 4,53 155.7 1010.7 1.61 ~4 24
18 20.84 173.0 1073.0 20.68 -2.54

The P-matrix indemtification is!
PMTRX1.DAT 81-dec-29

The "block" identification and needed shime are!

BLOCK DELTA R(I)

{(NO.) (HILS)
0 0.2
i 0.3
2 0.0
3 0.5
4 0.7
] 0.9
6 0.6
7 0.1



M.I. Green Appendix B~ MT 313 Page B11 of B28
March 1, 1982 .

THE DATE IS 25-FEER-82 TIME i5:00:45
2* search coils LLANL REC QUADRUFOLEs S/N 62- 1
. NO SHIHNS
THE QUALRUFOLE REFERENCE RALIUS IS 0.0350000 METERS.
THE V/F 1S ON THE 0.001 VOLT RANGE. '

———————————————————— UNRBUCKED COIL-——---—==—=m—==—- _
~-331882, COUNTS DRIFT DUER 129 FOINTS WITH 2593, DRIFT PER FOINT

MAXIUMUM AMFLITUDE IS  101979.3 COUNTS

DIFOLE STRENGTH = 0.000058s FHASE ANGLE = 97,73

E'L(EFF) = 0.1549 TESLAs WITH FPHASE ANGLE 1.78

———————————————————— BUCKED COTLS-—=-=m———m——m—m e

119882, COUNTS NRIFT OVER 129 POINTS WITH 937+ NRIFT FER POINT
MAXIUMUM AMFLITUTE IS 149100,2 COUNTS :

N S(N) B(N)/R(2) ANGLE *
(COUNTS) (X1000) (DEG)
3 66795, 13.81 -i35.6
4 - 35434, 15.59 110.2 .
5 19066, 12,57 -127.7
6 12019, 14,73 © 23,3
7 466, 0.98 i50.6
8 1728§ . 6054 "9601
9 616,- . 4,08 41,1
10 373, . 4,34 38.5
11 131 .66 84,4
i2 61, 2,13 -134,4
13 68. 4,14 31.3
14 56 5.78 155.0
15 33, 5.81 139.2
16 56 16.80 -28.,6
17 73. 37.50 -i07.8
18 79, 48,05 -167.1

Harmonic Analusis saved in disk filei 02251A.TAT
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M.I. Green Appendix B MT 313 Page B13 of B28
March 1, 1982 .

. file 02251A.0IAT datei: 25-FER-82: time! i3:00845 has’ been retrieved,

2" search coily LAMNL REC QUARRUFOLEY S/N 62- 1
NO SHINMS '

The sindgle coil sttenuation is 101.65 the VY/f rande is 0.001 volte,
The reference radius is 0.035000 meters. ’

B’L{eff) = 0.,1549 AT 1.8 desrees.

N  EB(N)Y/R(2) ANGLE ROTATED R(N)/R(2)%1000
X 1000 LEG ANGL.E REAL IMAGINARY
3 13.81 -135.6 89.4 0.15 13,81
4 15,59 110.2 280,72 14.64 5.38
5 12.57 -127.7 187 .3 -12.,47 ~1.59
6 14.73 23.3 . 383,32 13.53 5,83
7 0.98 150.6 555.6 -0.95 -0.26
8 6.54 -96,1 , 352.9 6,50 -0.69
9 4,08 41,1 534.1 -4,07 0.2
10 4,34 38.5 578.5 -3.40 -2.70
11 2,66 - 84 .4 569 .4 1.69 -2.05
12 2.13 -134.6 . 495,4 -1.51 1.49
13 A.14 31,3 L 706.3 4,02 -0.98
14 5.78 155.0 B75.0 -5 24 2,44
15 5081 13902 90402 —5080 —0042
i6 16.80 -28.6 781 .4 8,03 14,75
17 37.50 -107.8 747 .2 33.36 17.14

18 68,05 -167.1 - 732.9 66.34 15.16

The F-matrix indentification isi
FMTRX1.IIAT 81-dec-29

The *"block® identificztion 2nd needed shims are!

ELOCK DELTA R(I)
(NO.) (HILS)

20.5
40.3
48.0
46.6
0.0
39.3
20.0
15.7

Nos-tds ol = O



M.I. Green Appendix B MT 313 Page B14 of B28
March 1, 1982 ’ _ :

THE NATE I5 25-FER-82 TIME 15:42:(29
2% search coils LAML REC QUADRUFOLE, S/N 62- 1

. REFEAT OF 15136113 AS DATA WAS NOT SAVED

THE QUADRUFOILE REFERENCE RADIUS IS 0.0350000 METERS.
THE V/F IS ON THE 0.001 VOLT RANGE.

———————————————————— UNBUCKED COIl--—===m—m——m—m e :
-274850, COUNTS DRIFT OVER 129 FOINTS WITH  -2147. DRIFT FER FOINT

MAXIUMUM AMFLITUDRE IS 96840.8 COUNTS
DIFOLE STRENGTH = 0.000045, FHASE ANGLE = 75.33
E‘L(EFF) = 0.i1483 TESLAs, WITH FHASE ANGLE 193
———————————————————— RUCKED COILS~-m—m——m e m e m
163053, COUNTS DRIFT QVER 129 POINTS WITH iP74. DRIFT FER FPOINT

MAXIUMUM ANPLITUDE IS 88444.9 COUNTS

N S(NY  R(N)/EB(2)  A&NGLE '

(COUNTS) (%¥1000) (DEG)

3 2148, 0.46 2.6

4 1548, 0.71 166.7

5 4260 00?9 "’70(0

b 44465, 5.72 - 89.3

7 2872, 6.34 -50.9

8 715, 2.82 -45,7

? 684, - 4.73 27.3

10 1532, 18,62 7.0

11 198, 4,19 -i38.2

12 . D67, 9.80 123.4

13 94( 5.93 “'"?11:1

14 37, 4,04 -16.7

15 67 12,49 -200.4

16 40, 12.65 -169.2

17 24, 12.60 ~167 4.7

18 45, 40,95 -178.6

Harmonic Analusis saved in disk file! OPZGIR.DAT
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M.I. Green Appendix B MT 313 Page B16 of B28
March 1, 1982

L file O02251R.NATS date! 25-FER-82; time! 1iDHi42:29 has-been retrieved.
2" search coils LANL REC QUANRUFOLEsY S/N 62- 1

REFEAT OF 15136113 AS DATA UAS NOT SAVED -

The single rcoil sttermusztion is 101.6y the V/f ransge is 0,001 volts,
The reference radiuc is 0.035000 meters, ' '

E’L(eff) = 00,1483 AT 1.9 dedrees.

N  R(N)/B(2) ANGLE ROTATED  RINY/R(2)%1000
¥ 1000 DEG ANGILLE REAL IMAGINARY
3 0046 206 22706 -0 31 —0(34
4 0.71 1646.7 A36.7 0.16 0.69
5 0.29 -70.0 - 245,90 -0 12 =027
6 .72 89.3 ) 449,3 0.07 .72
7 6.34 -50.9 354.,1 6,30 ~0.65
8 2,82 -A5.7 404.3 2.02, 1.97
9 4,73 27.+.3 . 522.3 ~4.:51% 1.44
10 18.62 7.0 547.0 ~18.48 =2.26
12 9.80 123.46 - 753.6 - B.16 J.42
13 5493 -121.1 CG53.9 ~5.76 -1.42
14 4.04 -16.7 703.3 3.87 ~-1.16
15 12.49 -200.4 964.6 -11.35 -9.21
16 12.65 ~-169.2 640.8 2.38 -12,43
17 12.60 -167.7 687 .3 1060 -6.81
18 40.93 -178.6 . 721.4 40.94 0.98

The P-matri indentification is?
FMTRX1.DAT 81-dec-29

The "block® iderntificztion and needed shimes are:d

BLOCK DELTA R(ID
(NO.) - (MILS)
0

NS
ot et OO ks
* @ S ¢ & 4 &+ =
SV O O W
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M.I. Green

March 1, 1982

THE TATE TS5
search coily

NO SHIMS

THE QUADRUFOLE REFERENCE RANIUS IS
THE V/F IS ON THE

25—

FER-82

0.001 VUNDLT RANGE.

Appendix B 'MT 313 Page B17 of B28

TIME 16:16:33
LAMIL. REC QUARRUFOLE,

S5/N 62- 2

0.,0350000 METERS.,

———————————————————— UNRUCKED COTL-—-—---————mm—em

-337105. COUNTS URIFT OVER 129 POINTS WITH ~-2634., DRIFT FER FOINT
MAXIUMUH AMFLITUDE IS8 106116.4 COUNTS
DIPOILE STRENGTH = 0.000034y PHASE ANGLE = 68.86
B'LCEFF) = 0.1630 TESLA» WITH FHASE ANGLE 0.64
———————————————————— RUCKED GOIL§====—=——m—m—mmm e

1174069, COUNTS DRIFT OVER 129 FOINTS WITH 917 LRIFT FER POINT

MAXIUMUHM AMFLITUDE IS -124502.1 COUNTS

N S(ND R(NY/R(2) ANGLE

(COUNTS) (x1000) (DEG)

3 213855, 4.23 130.3

4 10111, 4,23 -136.1

9 7723, 4.84 ~-131.5

6 21332, 24.85 10.4

7 1947, 3.91 131.8

8 644, 2.31 P52

? 1187.- 746 64 .2

10 377 4,16 4646

i1 158. 3.04 1351

12 132, 4,42 160.2

13 49, 2.82 32.9

14 132, 13.04 -133.4

15 560 9038 —10404

16 380 10093 “2403

17 33 15.89 =-55.9

18 53. 43.30 -176.3

Harmonic Analdysis saved

in disk file!

0225204 AT
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M.I. Green ' : Appendix B MT 313  Page B19 of B28
March 1, 1982

file 02252A,.0LAT: datei 25~FER-82Z:s timed 16116133 has been retrieved,
2' search coils LANL REC QUANRUFOLEs S/N 62— 2

NO SHIMS ' \

The single coil attenuation is 101,65 the V/f rande is 0.001 volts.,
The referernce r3dius is 0.035000 meters.

B/L(eff) = 0,1630 AT 0.6 dedgrees.

N B(NY/B(2) ANGLE : ROTATED  B(NY/B(2)X1000
¥ 1000 DEG ANGLE REAL TMAGINARY
3 4.23 130.3 355.3 4,22 -0.34
4 4023 -136.1 132.9 "2(93 3.095
9 4,84 -131.5 183.5 -4,83 -0.29
6 24,85 10.4 370.4 24.44 4.49
7 3.921 131.8 536.8 -3.90 0.22
8 2,31 P52 545.2 -2.31 -0.21
9 7+46 6402 . . 5999.2 -7.05 -2.45
10 4,16 46.6 986446 -2.:.Ré -3.07
12 4,42 160.2 790.2 1,49 4,16
13 2.82 32.9 707 .9 2.746 -0.59
14 13.04 -135.4 584.46 -9 29 -9.15
15 . 2.38 ~104.4 660.6 4.78 -8.07
16 10,93 -24.3 © 78547 4,50 ?.96
17 15.89 -355.9 799.1 3.00 15.60

The F-matrix indentification isi
FMTRX1.IIAT 81-dec-29

The *block® idemtificztion and needed <shims are:

ELOCK DELTA R(I)

(NO ) (MILS)
0 9.0
1 23.1
2 0.0
3 29.3
4 4.7
5] 3541
) 0,1
7 18.9



"M.I. Green ' . Appendix B MT 313  Page B20 of B28
March 1, 1982 : . :

THE DATE IS 2S5-FER-82 TIME 16132:01
2* search roily LLANL REC QUAUDRUFOLEs S/N 62- 2
FOLE<SHIM! 0<5, 1423, 2«0y 329, 4«5 543Gy 60, 7419 MILS
THE QUADRUPOLE REFERENCE RADIUS IS 0.0350000 METERS.
THE V/F IS ON THE 0.001 VOLT RANGE.

———————————————————— UNBUCKED COIL=======—==—m——mm | :
-337495. COUNTS DRIFT OVER 129 FOINTS WITH  -2637., DRIFT FER FOINT

MAXIUMUM AMFLITUDE 1S  103775.1 COUNTS
DIFOLE STRENGTH = 0.000038, FHASE ANGLE =  74.28
BE'LCEFF) =  0.i593 TESLAs WITH FHASE ANGLE 0,39

———————————————————— BUCKED COIL§--—=-===————mmm—m e

117827, COUNTS DIRIFT OVER 129 FOINTS WITH 921 . DPRIFT FER FOINT

MAXIUMUM AMFLITUDE IS 93420,4 COUNTS .

N S(N)  RB(N)/E(2)  ANGLE

(COUNTS) (¥1000) (DEG)

3 1845, 0.37 -11.0

4 1694, 0.72 23.6

5 402, 0.26 -61.9

6 4130, 4,92 91.7

7 ‘54, 0411 39.6

8 462, 1,70 37.4

9 1224, 7.88 67,9

10 914, 10,34 14.6

11 173, 3.40 i43.8

12 130, 4,43  -152.3

13 88. 5,16 175.0

14 110. 11.07 -58.5

15 a1, 7,05 -122.3

16 62. 18,24 S5.8

17 67 « 33.44 ~74.2

18 23, 19,44 154.6

Harmonic Analusis séved in dick filet OR2252B.DAT
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N M.I. Green : Appendix B MT 313 Page B22 of B28
March 1, 1982 : o o

file 02252R.TAT datei 25-FER-82: Lime! 16{392:01 has been retrieved,
2* search coily LANL REC QUADRUFOLEs S/N 62- 2 ’

FOLE<SHIM: 0<5s 123y 240y 3<29: 4<5Hy S<3S5,y 4640, 719 MILS i

The single coil 3ttenuation is 101.4r the V/f rande is 0.001 volts,
The reference radius is 0.,035000 meters. '

"B’L{eff) = 0.1593 AT 0,4 dedgrees.

N ERN)/R(2) ANGLE ROTATED RN /EB(2)%1000

¥ 1000 DEG ANGLE REAL IMAGINARY
3 0037 -11.0 21400 “0(3l "'0021
4 0.72 23.6 293.6 0.29 -0.66
5 0.2 -41,9 : 253.1 -0.07 -0.25
6 4,92 9107 43107 “0015 4092
7 0.11 39,6 4446 0.01 0.11
8 - 1.70 37.4 487 .4 -1.03 1.35
9 7.88 67.9 562.9 =726 -3.06
10 10.34 14,6 554.4 ~-10.00 -2.60
11 3.40 143,8 : 728.8 3.36 0.52
12 4,43 -152.3 A77 .7 "‘.'..006 3092
14 11,07 -38.5 . 661.5 S5.78 -9.44
15 7,05 -122.3 642.7 1.54 -6.88
16 18.24 55.8 865.8 -15.08 10.26
17 33.44 ~-74.2 780.8 16.30 29.20

18 19.44 154.46 1054.6 17.56 ~8.33

The F-matrix indentification is?
FMTRX1.DAT 81-dec-29

The *block' identification and needed chims aved

BLOCK DELTA R(I)

(NO.) (MILS)
0 009
1 0.0
2 1.1
3 0.8
4 0.2
5 0.2
6 1.0
7 1.6



M.I. Green : Appendix B MT 313  Page B23 of B28
March 1, 1982 _

_THE DATE I8 25-FER-82 TIME 17:02:03
2* search coils LANIL. REC QUADRUFOLEs S/N 62- 3
NO SHIMSs SCREWS TIGHTENED ,
THE QUADRUFOLE REFERENCE RADIUS IS 0.0350000 METERS.
THE V/F IS ON THE 0.001 VOLT RANGE.

———————————————————— UNBUCKED COIlL=—-==—=—=mmmmmee

-309688. COUNTS DRIFT OVER 129 FOINTS WITH -2419. DRIFT FER POINT
MAXIUMUM AMFLITUDE IS 106311,7 COUNTS
DIFOLE STRENGTH = 0.000027y FHASE ANGLE = ~37.42
B'L{EFF) = 01636 TESLA, WITH FHASE ANGLE 0.51

———————————————————— RUCKED COTL§~=—===—m==—————mmm

157708, COUNTS DRIFT OVER 129 FOINTS WITH 1232¢ DRIFT FER FOINT
MAXIUMUM AMFLITUDRE IS 114992.6 COUNTS

N S(N) B(N)/R(2) ANGLE

(COUNTS) - (%1000) (DEG)

3 12199. 3.76 -141.9

4 6090, 2,54 -31.4

6 16333, 19.19 "301

7 2977, 9.95 122.2

8 16922, 6.06 A7 .8

K4 594, 3.72 -149.2

10 274, 3,02 -50.1
11 67, 1.29 -28.8
12 115, 3.82 116.4
i3 40, : 227 -94.6
14 154, 18.12 -173.9
13 84. 14,07 -924.6
16 6. 1.78 126.9
17 22, 10.87 70.0
18 ?3. 76437 -169.9

Harmonic Anzalusis saved in disk file! 0O022534.DET
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M.I. Green
March 1, 1982

file 02252A.NDAT> date

2

search cnily
NO SHINMS»

A5-FER-825

Appendix B MT 313 Page B25 of B28

{im

LANL REC QUADRRUFOLEs S/N
SCREUWS TIGHTENED

et 17:02:03 has been retrieved,
62— 3 '

The sindle coil asttenuation is 10i.6y 1lhe V/f ronge is 0.001 volts.
The reference radius is 0.035000 meters, '

B'L{eff) = 0.1636 AT

N

O OO U

E(N)/B(2)
¥ 1000
3.76
2.54
6.02
19.19
F3.995
6.06
3.72
3.02
1.29
3.82
2.27
15.12
14.07
1.78
10.87
76437

The P-matrin
PMTRX1.D0AT 81l-dec-29

The

BLOCK
(NO .

ANGLE
IIEG
-141.9
"31 04
-1392.6
"'301

47.8
-149.2
-50.1
-28.8
116.4
-26.6
-173.9
"‘9496
126.9
70.0

—16909

0.9 degrees.,

ROTATED
ANGLE
83.1
238.6
17544
356.9
92742
497.8
345.8
489 .9
556.2
746 .4
- 578.4
S546.1
670.4
936.9
225.0
730.1

indentification is?

B(N)/R
REAL
0.45
-1 032
-6.00
19.16
-5.80

~4.49

J3.61
"1094
_1 023

3,42

-1.78
-15.03
?.11
-1.42
-%.85

75.18

(2)%1000
IMAGINARY
3.73
""2«17
0.48
“l¢02
1,32
4.07
"0092
2.32
"‘0‘36
1.70
"1041
"'1(61
-10.71
_] 007
""4060 .
13.44

"block® identification and needed shims are!

No s W= O

DELTA RCI)
(MILS)

9.8



M.I. Green ’ -Appendix B MT 313 Page B26 of B28
March 1, 1982

THE DATE 1S 25-FER-§2 -TIME 171{26:08
2" search coils LANL REC QUADRRUFOLEs S/N 62- 3 :
FOLE<SHIM!: 0<10, 120y 2<6» 3<3iy 4<is 5422, 6<0» 7<iB MILS
THE QUADRUFPOLE REFERENCE RADIUS IS 0,0350000 METERS.,
THE V/F IS ON THE 0.001 VOLT RANGE.

———————————————————— BNRUCKED €OIL-—-—m—m—mmm—mmmmm

-293901, COUNTS DRIFT QUER 129 FOINTS WITH -22946. NRIFT FER FOINT
MAXIUMUM AMFLITUDE 1S 104686.,9 COUNTS
DIFOLE STRENGTH = 0.000047, FHASE ANGLE = 3457
B‘LCEFF) = 0.1601 TESLAs WITH FHARSE ANGLE 0.99
e RUCKED COILS-—=-=—-————mmm o

170198, COUNTS DRIFT OVER 129 FOINTS WITH 1330 DRIFT FER FOINT

MAXIUMUM AMPLITUDRE IS 93437,46 COUNTS *

N SN E(N)/R(2) ANGLE

(COUNTS) (%1000) (DEG)

3 2915, 0.58 59,0

4. 210, 0,09 173,11

5 2150 0014 "'0306

6 612, 0.73 -64.,7

7 1404, 2.87 94,8

8 1305, 4,78 S5.7

9 456, 2.972 -i49.0

10 786, 8.85 -15,2

11 168. 3.29 -85.9

12 77 2.62 157.3

13 68. 2.98  -ib60.9

14 47, 4,76 -22.6

15 11, 1.86 -i04.8

16 S1. 14.77 -19.,9

17 40, 19.71 -i91.64

18 74, 51,50 -186.5

Hzrmonic Analusis saved in dizk filei 02253RB.NAGT
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M.I. Green . Appendix B . MT 313 Page B28 of B28
March 1, 1982

file 0Z253R.NATy date! 20-FER-8B2» time! 17i26i{08 has been vetrieved,
2*' search coils {_ANL REC QUANDRUFOLEs S/N 62- 3 ‘
FOLE<SHIM: 0<10» 120y 246y 3431y 41y 5422y &40y 7418 HILS .

The sindle coil attenuation is 101.4y the V/f ransge is 0,001 volts,

The reference rezdius i 0,035000 meters,

B'L(eff) = 0.1601 AT 1,0 dedrees.

N B(NI/ER(2) ANGLE ROTATEDY RB(N)/R(2)%i000
¥ 1000 DEG ANGLE REAL IMAGINARY

3 0.58 52.0 284.0 0.14 -0.57
4 0.09 173.1 443,1 0.01 0.09
S 0.14 -103.6 21144 -0.12 -0.07
6 0.73 - =64.7 '295.3 0.31 -0.66
7 2.87 ?4.8 499.8 -2.,19 1.85
8 4,78 595.7 ° 505.7 - =3.94 2.69
-9 2.92 -149.0 346.0 2.83 =071
10 8.85 -15.2 524.8 -8.54 2.31
11 3029 "8509 49901 “.'..048 2;16
12 2.62 137.3 787 .3 1.01 2.42
13 3098 —160'9 51401 “'3058 1074
14 4.76 -22.6 497 .4 4,40 -1.83
15 1.86 -104.8 660.2 0.93 ~1:640
146 14.77 -19.9 790.1 5.03 13.89
17 19.71 -191.6 66344 10.84 -ib6.46
18 61.50 -186.5 713.5 61,11 ~6.+93

The F-matrix indentificztion is!
PMTRX1.DAT 81-dec-29

The "block® identification and needed shims ared

BELOCK - DELTA RCOID
(NO.) (MILS)
0.4

*

NOUTDdWR=Q
SO OO OO
N0 BT DS O W

.« e
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