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SUBMIT CORRESPONDENCE-QUESTIONS Toauren Q 1 tYCLOTnONHO BEflKtltV C«LIT 9*T» D BQI MtfllWfOMOnE CALit BUM 

ABB I 1S3 
RATED ORDER 

LC E2 

CERT. UNDER 
O.U.I. REQ. 

45224] 
SELLER COOE 

12245 
rou ARE REQUIRED TO FOLLOW THE PMVISIONSOP D H S 
REG > AND AIL OTHER APPLICABLE REGULATIONS OP THE 
DIIA DEPARTMENT OF COMMERCE IN 0»T AMINO CONTROLLED 
MATERIALS ANO OTHEJI PRODUCTS ANO MATERIALS NEEDED 
TO FILL THIIOROEft 

6/2/63* V I 
TERMS |AS COOCOI 

SEE ORDER 

• ' l M & T r i 4 H T H 
• •*%![} DAYS 
•*\ 15 DAYS 
• 1 » » 0 A Y S 
• U k i g t H t H T M 
•}% ID DAYS 
• l « I0TH PKX 
• \% 15TH 
l%30DATI 

) - ifcJODftVS 
f -i\ IQlHfcJiTH 
» • rt I0TH WO* 
Q - 7% U1M 

N-ftAOAVS 
« -ftXDAfS 
I . Ntjt 13 QUI 
• •AasHovm 

hillllAf C. ERCIECK & ASSOCIATES 
1 1225 TENTH STREET 
EERXE1ET, CA £4710 
ATTN: WABREN EUKEL 

SHIP TO 

p I S ICIT 01 OBIER 

UNIVERSITY OF CALIFORNIA 

PURCHASE ORDER 
FOR CONTRACT NO. W-7405-ENG. 41 

OR CONTRACT NO, DE-AC03-76SF0005I 
WITH THE DEPARTMENT OF ENERGY 

FOR RESALE • Stale Sain Tax should not be charged, u 
the University hold] Stale Salts Tan Permit C 135323 

MAIL INVOICE IN DUPLICATE TO: 
UNIVERSITY OF CALIFORNIA 

LAWRENCE BERKELEY LABORATORY 
Purchiia Ordif Administrator - fa 

1 Cyclotron Road, Builamo 9a» y 0 # C . 
Berkeley, California MF3D * " • " 

I payment processing I 

..• SHIP VIA (as coded] 
\ H 1 i v PICKUP 

X ! PARCEL POST 
T IUPS I. FEDER> OTM 

J MOTOR FREIGHT 
t. AIR FREIGHT 
7 AIR PARCEL POST 
a FEC:RAL GXP. ; 
«. AIR FRT FORWARDER 

TRANSPORTATION TERMS (as coded) 
• I ACCOUNT Of UNIVERSITY SEE ARTICLE V ON REVERSE 
I 1 ACCOUNT OF SELLER PAEPAIO 

* i SEE BOOT OP 0A0EA 

BEHKEinrW 

F O B . (as coded) 
I t. DESTINATION 
1 J SHIPPING POINT 
I 3 SHIP PT. FREIGHT ALLOWED 

DESCRIPTION TOTAL PfllCC 

WILLIAM K. 
CALIEE " 
EIBIILET 
"DCIH", 
CONDITIONS 

SEIIEH" 

TBI 

IN AND 
ONIVEH 

IROBECS & ASSOCIATES, HERE 
, AGREES TO FURNISH TC 

LABORATORY, HEREIN AND IN ATTACHMEN 
"~ I0L1CVIN6 IN STRICT ACCCftDANCE 

AND PRCVISICNS CF IBIS ORDER: 

I . SCOPE OF VOEXi 

n i 

ii 'i r| i 

• 

SillER SHAllI EDSNISH AIL LAROR, MATER 
FCR THE CCJI.CEFTCAL DESIGN CF IN EIECIRON 
ACCORDANCE WITH THE CRITERIA SPECIFIER 
ATTACHED AJKENDII A - SCOPE 0? WORE. 
II. FRICE, 
SEL1ER 
FOR THE 

SHAII 
H B P 

ACCEPTANCE AND PAYKENT: 
FEREORM THE fcCRK I K C P I f l t T HEBE 
H U E PRICE C F . , . . . . . . 

-CONTINUED CM 

IAIS AN 
BEAlf 

EIBEI 

PAGE !• 

N THE REIVERSE 
IIY'S IA 
S HERETO 
ITH THE 

HEREPF 
.Y'RENCE 
CALLED 
TERMS, 

ITEMS 
DIRECTC|R 
AND IN 

NECESSARY 
IN 

(THE 

$47,763.8 

The Terms and Conditions O n The Reverse Side 
Constitute A Part Of This Order 

Authorized by_ 

RL-21M (REV. 3/82) 760M42ST 
UNIVERSITY OF CALIFORNIA 

A-2 



SUBMIT CQHMSJ'ONPCHCE'OUCSTIONS TO IUTEH D i ctaOTHONBp BEFmmtv,c*iiF um D flOnMUllVEHMORE. CAW M»D 

1 

|MHH 

euvcn | cooc ORDER NO 

45224f'; 
SELLER CODE 

12345 
oirc 

6/2/e2"l""Y 
• J 

(ROW RECEIPT OF QOODS OR 
iNvOrCE WHICHEVER IS LATER 

0 • '•*% I0TH 1 JJTH J • i% M DAVS 
1 -XSlODAYS f • ZtlDTHtWITH 
A . * * IS DATS * » » 1DTH WOX 
» • MfcttCATS &2%ISTH 
C>1« IQTH1HTH S . » l O D A r t 
! • 1 M 0 DAYS H -MSODAVS 
1 •IfclOTHFWK 1 - n X O A Y B 
0 - i M i T M 7 • M T H O A V g 
1 • 1*»(3AVB 1 -ASSHOMI 

RATED ORDER 

tO E2 
CERT. UNDER 

O.HS. REQ. 

1 
TOU ARE RIOUlRCD TO FOLLOW THt FROVISIOW OF D V 5 
REQ 1 AND ALL OTHER APPLICABLE REOULATIOMS OF THC 
t>IU DEPMtUfNTOrCOMUtKC IN OBTAWINO CONTROLLED 
MATERIALS ANO OTHCN PRODUCTS AW MATERIALS NEEDED 
TO FILL THIS ONOCK 

I TERMS <«5 COOED] 

1 SEE ORDER 

(ROW RECEIPT OF QOODS OR 
iNvOrCE WHICHEVER IS LATER 

0 • '•*% I0TH 1 JJTH J • i% M DAVS 
1 -XSlODAYS f • ZtlDTHtWITH 
A . * * IS DATS * » » 1DTH WOX 
» • MfcttCATS &2%ISTH 
C>1« IQTH1HTH S . » l O D A r t 
! • 1 M 0 DAYS H -MSODAVS 
1 •IfclOTHFWK 1 - n X O A Y B 
0 - i M i T M 7 • M T H O A V g 
1 • 1*»(3AVB 1 -ASSHOMI 

p I I L I A K V.. BECIICX S ASSOCIATES 

•i SHIP TO r 
FAGS 2 

UNIVERSITY OF CALIFORNIA 

PURCHASE ORDER 
FOR CONTRACT NO, W-7405-ENO, 48 

• OR CONTRACT NO. DE-ACM-76SF0Q09J 
WITH THE DEPARTMENT OF ENERGY 

FOR RESALE • Si a l t Sa in TAX should not bo charged, as 
the University holds Slats Salts Tax Permit C135323 

MAIL INVOICE IN DUPLICATE TO 
UNIVERSITY OF CALIFORNIA 

LAWRENCE LIVERMORE NATIONAL LABORATORY 
Accounting Ollice - P 0 . BOX 5001 
LIVERMORE. CALIFORNIA 94550 

The Purchase Order Number shown above 
must appear on your invoice lo laciNtatQ 
payment processing. 

•:MM 
SHIP VIA (as coded! 

• 1. PICKUP 
X 2. PARCEL POST 
T 1 UPS 

•* I 4 FEDERAL EXP. I 

5. MOTOR FP.EIQHT 
0. AIR FREIGHT 
?. AIR PARCEL POST 
9. FEDERAL EXP. 3 
9. AIR FAT FORWARDER 

TRANSPORTATION TERMS ( u coded) 
• 1 ACCOUNtOHlMVE«SITrS[t»l!TIClCVON«EVEM£ 
I 1 AeCOUNI Or SUlEft PftEMIO 

w s SEE aoo»w omen 
EMIPf INO K M 

FO.B. (as coded) 
I 1. DESTINATION 
f ! . SHIPPING POINT 
I 3. SHIP PT FREIGHT ALLOWED 

DESCRIPTION 

ACCEPTANCE 
iASEI ON 

CF 'WORK AN! PAYMENT ONDE'R 
SATISFACTORY COMPLIANCE WITI 

THIS OB 
THE 10 

EH SHAII 
LOWING: 

BE 

A, SEL1EB' IS PERFORMANCE OF WCBZ AS SIT FCflTH 
A IN CONSONANCE H I H HIGH FROIESSIjONAI ST 
IITEBKIkEI BY I B L , ANE 

B. CCMPLEI 
I I I H I O V 

ICN CF THE IEVEI CF EFFCBT 
, AfJE 

IN APPEMDIX 
NIAEES AS 

SPECIFI :D IN PART 

r-
• l t J i 

<1 h n >\ C. COMPLIANCE WITH TEE REPORTING REQUIREMENT 
IN AFFEJNEIX A - SCCPE 01 WCHK. I 

s i r FOETIH 

SIILEB MAI 
HlRECNLER 
MINTS ARTUCIE R L - 2 3 5 8 F F . 

BEQUEST UNIVERSITY TO UU 
IN ACCORDANCE WITH THE ATIAICHEL 

PROGRE 

PROGRESS 
THE IASIS 
EIII-IKG W 
BY CAIEGORJY 

IAYKENTS IN THE AKOtJNT OF 9 
01 1EE COST INCtJRREI FOR 

CONTAIN TEE FOLLOWING DI 
OF LABOR, OTHER COSTS ANI 

MI 
TEE 
DITA 

^PR >GRE 

PERCEN ; 
PERIO 
IL BY 

OORHElkD 

I I I . IETEI CF EFFORT: 

IN THE FEEFCRMNCE OF TEE WORK STATED 
H I ' S CONTRACTING OFFICER, IN HIS SOIE 
ATJIII AND fiEQTJIfil TEE 5OLL0WING LEVELS 

—CCNTIJKOES CN 

HEREIN 
DISCE 
OF EF 

PAGE 

S PAYfEN 
SS PAY 

IS 

VILL EH 
BEING 

TASK: SAjIAR 

MALE ON 
flILLEL. 

IES 

SELLER 
TION, K. 
ORT. 

AGREES TEAT 
VERIFY BY KJW 

The Terms and Conditions On The Reverse Side 
Constitute A Part Of This Order 

Authorized b y „ 

RL-W54 (REV. 3/B2)760W42B7 
UNIVERSITY OF CALIFORNIA 

A-3 



SUBMIT CpaiESPONDENCM3UES7iON3 TO BUYER D * CYCLOTRON AO. BERKELEY CAlir t4TM 

CERT. UNDER 
D.M.S. REQ. 

1 

452241'" \ 12245 
YOU ARE REOUIRE0 TO FOLLOW THE PROVISION! OF 0 U 9 

•Ka 1 ANO ALL OTHER APPLICABLE REGULATIONS OF THE 
OIBA OEPAFITUENT OF COUUERCE IN OBTAIN INO CONTROLLED 
UAKRIALl AMD OTHER FROOUGTS AND IMTEAIAU NH0ED 
TO FILL THIS ORDER 

Q WEWULWRMOM.CALIF M M 

e/2/e3fio 
K..J 

FROM RECEIPT OF 0 0 0 0 5 OR 
INVOICE WHICHEVER 13 LATER 

TEAM* t U COOCD) 

SEE ORDER 

0-»»l»THIHTH 
I -AtJOAYS 
A • a* t J DAYS 
« . « BOATS 
C'KUOTHIHTH 
{ -1% 10 OATS 

• l» mil pfox 
0 • 1% tSTH 
c •inaoOAri 

_ 1HM0AYF, 
F -»I«THIMTH 
4 •moTKpnoH 
0-i»1STH 
i - it ltOATl 
M.J%»OAfS 
* .nVOAVS 
I -NEYHOAVI 
• .A3 SHOWN 

^ 

p i L l U K H. BRCIECK S ASSOCIATES 

SHIP TO 

' PAGE 3 

UNIVERSITY OF CALIFORNIA 

PURCHASE ORDER 
FOR CONTRACT NO. W-7i.05.ENG. 41 

OR C O N T R A C T NO. DE-AC03-76SFOOM8 
WITH THE OEPARTMENT O F ENERGY 

FOR RESALE - S t i l l SslM Tax should nol D« charged.« 
the Univaralty holds Stats Sales Tan Permit C 135323 

MAIL INVOICE IN DUPLICATE TO 
UNIVERSITY OF CALIFORNIA 

LAWRENCE LIVERMORE NATIONAL LABORATORY 
Accounting Office • P 0 . BOX SOOt 
LIVERMOHE, CALIFORNIA 94550 

The Purchase Order Number shown above 
musi appear on your invoice lo facilitate 
payment processing. 

'•M< • a 'I H i 
SHIP VIA (as codedl 

• 1. PICKUP 
1 ! PARCEL POST 
T 3, JPS 
F 4. FEDERAL EXP I 

5. MOTOR FREIGHT 
6. AIR FREIGHT 
7- AIR PARCEL POST 
B. FEDERAL EXP. i • 
». AIR FRT FORWARDER 

ITEM | 
NO 

TRANSPORTATION TERMS a i COdM) 
I I.ACCOUNTOFUNIVERSITVSEEARTiaEVONRCVtRSI 
I 8. ACCOUNT OF SELLER PREPAID 

• 3. SEE BODY OF ORDER 
SHIPPIHOROHT 

F.O.B. (et coded) 
I 1, DESTINATION 
f !. SHIPPING POINT 
' 3, SHIP FT. FREIGHT AUOWM) 

(Mil 

t-

U a CATALOG NO. 
IF APPLICABLE 

UFCN COMPLlIT 
FURNISHED 
SET FCRIH 
SILIJR SHAllI 
QUI2EI INI 
AN EQOITABII 
BIIVKN IffE 
H . Ill FBBSONNEL: 

ION OP WOES, SELIIK SHALL 
III N01.LESS THAN S2B NUMBER 
AECVE. NOTWITHSTANDING THE 

ALSO COMPLETE ANI EEIIVEjB 
IESCEISED HEEEIN. IN THE 

ADJUSTMENT IN TEE PURCHASE 
PARTIES. 

T; HUM: 
UNLESS CGIfL 
WITH AETIC 
FCEKID AND 

DESCRIPTION 

CATEGORY CF LABCR 

TECBNICAI ENGINEERS 
TECHNICAL SUPPORT SERVICE 

EF 

SEI1EB AGREES THAT F.C. TCUNGER Will 
THIS C5EER. NO REASSIGNMENT OR SUBS 
THE rCTUAll CONSENT OP IBE CONTRACTING 

ETELY PERFORMED THERETO OS SOONI 
IE XV - TERMINATION, THE WCBK IESC 
COMPLETED EY SEFTEt^EER 30, 1SE3. 

—CONTINUED ON 

563 
2S7 

£60 

TOTAL PRICE 

CERTIFf THAT HE 
OP MA IHOUHS IN 

LEVEL r.EPPCRT 
TO 12 • THE RESEARCH EFFORT 

EVENT A m S p B EFFORT IS 
CRD]? ^AMOUNT SEAII BE 

/ 

BE THE 
TITUTION 

PARTIES 

PAGE r 

ORT 
HOURS 
HOURS 
TOTAI EClURS 

HAS ACTUALLI 
THE CATEGPRIES 
SPECIFIED ABOVE, ., 

RE- W 
I I I ZED, •' 

NEGOTIATED 
UI 

RINCIPAL 
SHALL BE 

ASSIGNED rC 
MADE WITHOUT 

TERMINATED IN ACCDEIANCE 
IIBEE HEEEIN SHALL BE PEE-

r M ' 

Trie Terms and Cond i t ions On The Reverse Side 
Const i tute A Part 0 1 Th is Order 

Authorized by_ 

RL-23M (REV. 1112) 7E00-SA2B? 
UNIVERSITY OF CALIFORNIA 

A-4 
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SUBMIT COniESFQMPENCfr&UtSttpNS TO BUTEB 0 ' Cr&OTROh BO BERKELEY C*LlF N T » 

•Ttfi!. 

' AE*EI 1S2 45224f ') 
RATED ORDEfl 

10 E2 
CEBT. UNDER 

D.M.S. REQ. 

1 

SELLER CODE 

12345 
TOU AfiE HEOUIftED TO FOllOW 1HE PROVISIONS OF DM5 
flEG 1 AM) AU OtH£R A M U C A O L E REGULATIONS OF THE 
D I M DEPARTMENT OF COMMERCE IN OBTAINING CQNTROUED 
MATERIALS ANO OTHffl PflOOUCTS AHD MATEBJAtS NEEDED 
TOFlUTHlSOf iMA 

D BOS MIIUVEPMOBE CALIF W4M 

£ / 2 / £ 3 E f T 

J TERMS IAS CODEOI 

SEE OBDIfi 

mouRECEIPT Of o o o u s c * 
WVOrCt WHICHEVER >} LATER 

• l%30QIVS • ' • * 10TM • BTH 
•»M0O«VS 
• W I S DAW 
• H% W 0AT3 
• 1 * tOTHI !5TM 
» t * I0J3AVS 
• I t IOTH PnOX 
• tHISTH 

• i»ao»ra 

MWHltSTM 
• •!%10THITOX 

9 - Z* 10 (JAY* 
H - K n D A Y S «• !*»o*n 
r 'MET90CAV3 
• -AS SHOWN 

p i l I I A H H. BRCBECK S ASSOCIATES 

* 

• SHIP TO 

3 I — 

FAGS 4 

UNIVERSITY OF CALIFORNIA 

PURCHASE ORDER 
FOR CONTRACT NO, W-740S-ENG. 43 

OR CONTRACT NO. DE-AC03-76SF00098 

WITH THE DEPARTMENT OF ENERGY 

FOR RESALE - Stale Sain Tax should not be charged, as 

(he University holds State Sales Tax Permit C 13S3S3 

MAIL INVOICE IN BUPUCATE TO 
UNIVERSITY OF CALIFORNIA 

LAWRENCE UVERMORE NATIONAL LABORATORY 

Accounting Office - P 0. BOX 5001 
LIVERMORE. CALIhORNIA 94550 

The Purchase Order Number snown above 
nwsl appear on your invoice to iaciJitale 
payment processing. 

. n n j 

SHIP VIA m caaedl 

t i. PICKUP 
Z PARCEL POST 
1.UPS 
». FEDERAL EXP l 

5. MOTOR fftEKJHT 
6. AIR FREIGHT 
7. AIR PARCEL POST 
». FEDERAL EXP. S' 
9. AIR FRT FORWARDER 

TRANSPORTATION TERMS ( » coded) 
- i ACCOUNT Of UNirtasiry SEE AMICLE V ON REVERSE 

1 ACCOUST Of SELLER FflEPAlO 
S.St taODVOfOf lBtR f SHIPPING POINT 

F.O.B. (aa corJerJ) 

^
1 DESTINATION 
I SHIPPING POINT 
& SHIP FT. FREIGHT ALLOWED 

Hi-

LABCAIALOSNO 
I f APPLICABLE QUANTITY UNIT PRICE TOTAL PRICE 

PROMISED DEL 
TO CARRIER . . . 

Y I . BELEASI 01 mrOBMillOH: 

ll i ii n 

USE 01 IE 
RELEASES, 
BEIEASE 0I| 
BIBIENIEB 
uNiviasin 
? I I . PSOFi 

NAME Or THI UNIVEESITY 0? 
AB1SBfISIN6, SPEECHES, UCE 
IMIOBKATION B1GAREIKG THIS 

^AT NCI M Ht$ EXCEPT CPO* 

IIA 1*1 PUBLICATIONS 

U T A H DATA: 

TBI CKI1IBSITI ANI &0HBNMENT MAT MPIICAIB 
MANN1B AND ICE ANT FOHPCSE WEATSCEVEB 
FOBKAJIOS A M DATA DEIIVEBED DNZEB 
PCHTICN li'EJICH IS KABIEI SUBJECT 10 u 
ANE TATA WHICH ABE MASKED SUBJECT TO 
GCVEBNKENfl AGBES TO EZIRT IflEIB BESS 
ANT- INPCBMAIICM. NEVEETHELESS, IT IS 
THE DNIYIHiSlTT NOB THI GOVEBMINT 
INECHKATICI!, AND IATA. OB ANT PORTION 
BEEN EEIIVEBEE TO TEE ONITEBSITT CF 

—CCNTINCED ON 

CAIIIOB 
NICAL P f P f B , PEC(T06BAPBS A|NE 

DNEEET .KINS CE 
FBIQB IBIHIN 

O.SE OB 
OB HAI'E' .QTHIBS 

IKITAIIG 
LIMITAT 
HfOHTS 

jJIFPK 
SHAjLL n I 

TEEitlOr 
GC7EBNKI 

PAGE 

, NEWS, 
OIHEB 

DATA DEVELOPED 
APPEOVAL IBDM THE 

ALL 
ANT 
IK-

DISCIOSE IN 
SO DC, 

THlIS PDEC|AS1 OBDIlR EICEPT 
i'HAT INEOjSHATION 

ftJNIVEESITT 
THE BELEASI 

UNDEEtSTCCD TEAT 
THE HINT 
E PEIVIOiUSLT 
LIMITAT 

. AS 10 
ON, THE 
TO A70IE 
LT 
ABLE IN 
MICH 

T WITBCUfT 

THAT 
MAI 
AND 

Of 
NEITHEE 
THAT ANT 

HAVI 
IONS, 

ThB Terms and Conditions On The Reverse Side 

Constitute A Part Of This Order 

Authorized by_ 

t 
RL-ZJM (AEV. 3/SJ) 76f*S42B7 

UNIVERSITY OF CALIFORNIA 

A - 5 



SUBMIT CORflESPONGENCE'OLJESTlONS TO BUT Eft Q . CYCLOTRON BO . BERKELEY. CAltf W W Q BOXWiILIVERMORE. CALI* W W 

BUYER j ' 

• iShi 1S3 

* 

RATED ORDER 

io n 
CERT. UNDER 

D.M.S. REG. 

0BDEHN0 

45224Q 
SELLER CODE 

12345 
TOU MIE RtQUIREO TO FOLLOW THE PROVISIONS OP DM8. 
BED. 1 Uf f i AIL OTHER APPLICABLE REGULATION! OF THE 
DlkU DEPARTMENT OF COMMERCE IN OBTAIN INQ CONTROLLED 
MATERIALS AND OTHER PRODUCTS AND MATERIALS NEEDED 
TOFtLLTHOQrlDEfl, 

6/2/65' 5^1 
I TERMS. (AS COOEOI 

I S H ORDER 

FRCM RECEIPT OF OOO09 OR 
INVOICE WHICHEVER S LATER 
• > * i D T H i » T H 3 • >% 30) D*VS 

f • » I3TH 1 UTH 
• VADOAVS i • t% IQlH PR0K 
•Vrt.»OAYS 0 • 2H liTH 
•1»tOfTHI2STh s * » ID) DAYS 
• \% 10 OATS H ^ !% » &A*fl 
• I * IOTH. PRO* * • 2fc3C.OA.Vl 
• lUlSTH 1 • NET30OAV8 
• i » » 0 A T 8 1 -AS SHOWN 

plIIIIAK H. BHCEECI & ASSOCIATES 

| P SHIP TO 

PAGE 

UNIVERSITY OF CALIFORNIA 

PURCHASE ORDER 
FOR C O N T R A C T NO. W-740S-ENG. 41 

OR C O N T R A C T NO. DE-AC03-76SF0009B 
WITH T H E DEPARTMENT OF ENERGY 

FOR RESALE - Stats S a i n Tax should not tie charged. 1 
the University holds State Sales Tax Permit C 135383 

MAIL INVOICE IN DUPLICATE TO 
UNIVERSITY OF CALIFORNIA 

LAWRENCE LIVERMORE NATIONAL LABORATORY 
Accounting Office• PO BOX S001 
LIVERMORE. CALIFORNIA M550 

The Purchase Order Number shown above 
must appear on your invoice to facilitate 
payment processing. 

rpH SHIP VIA las codedl 
t, PICKUP 
1 PARCEL POST 
aure 
I, FEDERAL EXP 1 

1 2 1 f as 
T 4.1 

5. MOTOR FREIOKT 
1 AIR FREIGHT 
T. AIR PARCEL POST 
I FEDERAL E X P . ! , 
9. AIR FRT FORWARDER 

TRANSPORTATION TERMS (as codedl 
1 1 ACCOUNI OF UNIVERSITY SEE ARTICLE V ON REVEftSC 
I i ACCOUNT OF SELLER PREPAID 

+ 1 SEE 000V OF ORDER 

SHIPPING POINT t 
F.O.B. («s coded) 

1. DESTINATION 
2 SHIPPING POINT 
3. SHIP PT. FREIGHT ALLOWED 

UNITPHICE PROMISED DEL 
TO CARRIES 

Till. TIBfS AND CONDITIONS 
)ICNS 

* • 

ON 
TBI 

AND 

• 

IN A r i l T I C N TC THE TERMS AND CCNDIT 
THE 2ZVEBSE OF THIS PURCHASE DOCUMENT 

CR ARTICLES LISTED BELOW 
ATTACHED HERETO, ARE KAEI A PART OT TfHIS 
CSIIB ANE lARE EQUALLT H H T I N G . 

1 . jfiETJENDUif NC. 1 ( R L - 2 3 6 0 - l ) 
2. AIIENDUJK NO. 2 (HL-2360-2) 
3. AIIIBKiHIVE ACTION EOR IISABLED VETERANS 

CI THE 
.NI VETER|ANS 

4. DlILIZArllOlli 01 SMALL BUSINESS CONflERNS ANfl SMALL 
SOCIALLY. 

VIETNAM ERA (RL-235e W E ) 

iliSINES S CONCERNS OWED ANL CONTROLLED BT 
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APPENDIX A - SCOPE OF WORK to PURCHASE ORDER 4522410 

between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 

WILLIAM M. BR03ECK & ASSOCIATES 

I. INTRODUCTION 

As approved and directed by the University, the Seller will undertake 
certain engineering work for the conceptual design of &•> electron beam director. 
It is estimated that approximately 860 man hours of technical effort will 
be required to complete this program. This engineering work is to be closely 
coordinated with the scientific work being done by LBL staff members on the same 
project. 

II. PURPOSE 

The overall objective of the proposed effort is to perform conceptual design 
engineering work- leading to a final report that sets forth a conceptual design 
for an electron beam director and indentifies segments needing research and 
development. 

III. TECHNICAL SCOPE OF WORK ' 

The Seller shall perform the following tasks: 

TASK 1 Conceptual Design 

Select suitable configurations and perform engineering calculations 
establishing conceptual designs for the various segments of an electron beam 
director system including: 

. Magnet lattice 

. Vacuum ro*ary joints 

.' Vacuum or air transition 

. Vernier steering system 

. Mechanical mount and slewing system 

. Radiation effects 

. Estimates of size, weight and cost 

d6b/t25a/5-83/a 
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William M. Brobeck & Associates Page 2 
Purchase Order 4522410 

TASK 2 Liaison 

The Seller shall meet with LBL project staff Si-Monthly so thct' the 
engineering work hereunder is coordinated with that being performed by LBL 
staff members. 

TASK 3 Final Report 

The Seller shall prepare and submit drafts of those portions of the Final 
Report that pertain to the conceptual design engineering work undertaken here­
under by August 31, 1983. After review, a final draft of said portions of the 
F*nal Report shall be submitted by September 30, 1983. 

IV. REPORT SUBMITTALS AND DELIVERABLES 

The reports and deliverables required are those described in Section 
III, T?aks 2 and 3. 

Two (2) copies of the above reports are to be addressed and submitted 
to: 

University of California 
Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, CA 94720 
Attention: Dr. Edward P. Lee, Building 47-112 

One copy of the transmittal letter for each of these reports shall be 
furnished to the Purchase Order Administrator addressed as follows: 

University of California 
Lawrence Berkeley I Moratory 
One Cyclotron Road 
Berkeley, Ca 94720 
Attention: Mr. R. J. Arri 

The Seller shall not distribute reports of work, drawings, specifications, 
etc. under this purchase order to any individual or organization other Chan 
those indicated above without the prior written approval of the Purchase Order 
Administrator. 

d6b/t26a/5-83/a 
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• 
Page 3 

V. LIAISON 

A. University's Purchase Order Administrator is Mr. R. J. Arri, or his 
designee or successor. He will assure compliance with the terms and 
conditions of this order, process any contractual approvals required 
and monitor expenditures hereunder, He shall also be responsible for 
review of all invoices submitted under the progress payments provisions 
to assure compliance with the order requirements. 

B. University's Technical Director under this order is Dr. Edward P. Lee, 
his successor or designee. He will be responsible for monitoring 
technical performance under this order, approving the form and content 
of technical reports and accepting the final task reports. 

VII. ASSIGNMENT OF PERSONNEL 

Any substitution, reassignment, replacement or other change involving 
Seller's key technical personnel assigned to this work, shall be made 
only with persons of equal abilities and qualifications. Any such 
change shall be subject to prior University approval. 

• 

d6b/t27a/5-83/a 
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FIRST MODIFICATION TO APPENDIX A - SCOPE OF WORK 

to 

PURCHASE ORDER 4522410 

with 

WILLIAM M. BROBECK AND ASSOCIATES 

INTRODUCTION 

This First Modification to Appendix A - Scope of Work to Purchase Order 
4522410 issued to provide contract coverage for additional work to be 
performed. 

PURPOSE 

The purpose of this First Modification ia to add an additional work task under 
this order. 

CHANGES 

Appendix A - Scope of Work ia modified by mutual agreement of the parties as 
follows: 

TECHNICAL SCOPE OF WORK - is changed to read: 

Task 4 is added as follows: 

"TASK 4 consist of planning how the concepts and configurations 

developed in the following tasks can be carried forward to a success­

ful demonstration on ATA at Lawrence Livermore National Laboratory. 

- Magnet Lattice 

- Vacuum Rotary Joints 

- Vacuum-to-Air Transition 

- Vernier Steering System' 

- Mechanical Mount and Slewing System 

- Radiation Effects 

- Estimates of Size, Weight and Cost" 

All other provisions of Appendix A - Scope of work to Purchase orde>: 4522410 
remain unchanged. 

d6c/t23b/9-83/lf A-13 



ELEVENTH AMENDMENT 
to 

SUBCONTRACT 2700700 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 

BROBECK CORPORATION 

INTRODUCTION 

This Eleventh Amendment to Subcontract 2700700 is entered in to by and 
between The Regents of the University of Ca l i fo rn ia , hereinafter cal led 
"Universi ty" , and Brobeck Corporation, hereinafter cal led "Subcontractor". 

PURPOSE 

The purpose of t h i s Eleventh Amendment is to recognize a change in 
Subcontractor's name; to provide for addit ional Tasks under ex is t ing Part A 
• Organic Materials and to add a new Part E - Beam Director ; to increase 
the level of e f f o r t ; to increase the funding; and to extend the Subcontract 
term through February 29, 1984. 

NOW, THEREFORE, e f fec t ive upon Subcontractor s receipt of a f u l l y executed 
Amendment, Subcontract 2700700 between the University and the Subcontractor 
is hereby amended by mutual agreement of the parties as fo l lows: 

CHANGE OF HAME 

This Amendment acknowledges that University and Subcontractor have 
executed a CHANGE OF NAME AGREEMENT on November 22, 1983, recognizing 
the Subcontractor has changed i t s corporate name to BROBECK CORPORATION. 

ARTICLE I I - TERM - is changed, in par t , as fol lows: 

Delete "and shal l continue through December 31, 1983", and subst i tute 
in l ieu thereof "and shall continue through February 29, 1984". 

ARTICLE- I I I - ESTIMATE Of COST - Paragraph A. I n i t i a l Estimate of Cost 
and Fixed Keel delete as wr i t ten and substitute therefor : 

"The presently estimated cost of work under th is Subcontract i s THREE 
HUKDREO SEVENTY-SEVEN THOUSAND THREE HUNDRED FIVE AND NO/100 DOLLARS 
($377,305.00), exclusive pf Subcontractor's f ixed fee. Subcontractor's 
fixed fee i s THIRTY-SEVEN THOUSAND SEVEN HUNDRED TWENTY-TWO AND NO/100 
DOLLARS ($37,722.00). The aggregate of presently estimated cost and 
fixed fee is FOUR HUNDRED FIFTEEN THOUSAND TWENTY-SEVEN AND NO/100 
DOLLARS ($415,027.00)." 

11th Amendment 
S/C 2700700 
2/84 (2233N:30i) 



• 

• 

APPENDIX A - REIMBURSEMENT OF COSTS is hereby revised to add Paragraph 
C.3, as follows: 

"C.3. Notwithstanding Paragraphs C I and C.Z, above, the parties hereto 
agree that University shall not be obligated to pay any amount 
for General and Administrative Expenses (G&A) exceeding 30.0# of 
total direct cost and Overhead, for the period commencing January 
1,1984." 

APPENDIX'S - SCOPE OF WORK, is hereby revised as follows: 

Paragraph I I I . TECHNICAL SCOPE Of WORK, is revised as follows: 

Part A - Organic Materials, add the following: 

"Task XII 

"Initiate efforts to extend RDUCT to include additional procedures 
for transition computation including "microscopic" computations of 
internal cell heat transfer." 

"Task XIII 

"Provide support analyses in the area of weapons vulnerability, as 
requested and under the technical direction of the LLNL Technical 
Coordinator, or his designee." 

Add the following new task:-

"Part E - Beam Director 

"Initiate planning and preliminary design of three elements of the 
electron beam director system and detail design of the Vernier 
Steering and Achromat for the LLNL Advanced Test Accelerator (ATA) 
project. 

"The prioritized elements are: 

1. Vernier Steering 
2. Achromat 
3. Vacuum-to-Air Rotating Window 

"Work shall be performed as approved and directed by the University's 
Technical Coordinator, and generally as described in the WORK STATEMENT 
(4 pages) contained in Subcontractor's Proposal No. 8400-260-20A dated 
February 10, 1984." 

"The Final Report for this Part E shall be an informal summary of work 
performed, in form and content acceptable to the University's Technical 
Coordinator." 

Paragraph' IV. LEVEL OF EFFORT; is modified in i ts entirety to read as 
follows: 

11th Amendment 
S/C 2700700 
2/84 (2233N:30i) 
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"The allocation of effort under Subcontract is estimated to be: 

Type of Personnel 
Levet-of-Effort 

(Han-Hourst Cumulative) 

PART A 
Engineer 15 
Engineer 16 

1,412 
2,330 (increase 174) 

PART B 

Engineer 16 
Engineer 15 
Engineer 12 
Engineer 11 
Engineer Associate 7 

320 
861 
470 
610 
446 

PART C 

Engineer 16 35 
PART D 

Engineer 12 8 
PART E 

Engineer 16 
Engineer Associate 7 
Engineer Associate 5 

670 (added) 
358 (added) 

_2J£L" (added) 

Part VI. COORDINATION ' AND ADMINISTRATION, is revised to add ths 
foilowing: 
"The University's Technical Coordinator for Part E - Beam Director, is 
Coleman Johnson, or his designee." 

All other terms and conditions of Subcontract 2700700 shall remain in full 
force and effect except as amended herein. 
IN WITNESS WHEREOF, the parties have executed this Eleventh Amendment. 

ACCEPTED: 

BROBECK CORPORATION 

DATE 

Vice President 

AUTHORIZED: 
THE REGENTS OF T 
UNIVERSITY OFlCA 

TlTLE Deputy Contracts Manager 
Lawrence Liveni/org'National Laboratory 

DATE 
11th Amendment 
S/C 2700700 
2/84 (2233N:30i) 
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SUBCONTRACT 4368005 

between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 
and 

BROBECK CORPORATION 

IHTRODUCTION 
This Cost Plus Fixed Fee Subcontract is made and entered into by and 
between The Regents of the University of California, hereinafter called 
the "University", and Broberk Corporation, hereinafter called the 
"Subcontractor". 

The Regents of the University of California, a California corporation, 
have entered into a contract, W-7405-ENG-48 with the United States 
Government, hereinafter called "Government", represented by the Department 
of Energy, hereinafter called "DOE", for the performance of certain energy 
research and development work at the University of California Lawrence 
Livermore National Laboratory. This Subcontract is entered into in 
furtherance of the performance of the work provided for in the prime 
contract. 

In accepting this Subcontract, the Subcontractor agrees to perform the 
Subcontract work in accordance with the following documents which 
collectively constitute the Subcontract and are attached hereto and by 
this reference made a part hereof: 

Subcontract Signature Page 
Schedule consisting of 5 pages 
General Provisions dated July, 1983 
Exhibit 1 - Scope of Work 

(Revised 6/83) 

ACCEPTED: BROBECK CORPORATION AUTHORIZED: 

law: /WM4<%V&7&£z&S 

THE REGENTS 
UNIVERSITYyte^CMiflORNIA 

Na . _._ . 
Warren W. Eukel "** . ^ ^ L T ' H a i u n e n 

Title: Vice President '*" Contracts Manager 
Lawrence Livermore National Laboratory 

Date: February 29, 1984 ..„ 
— T-ZJ--

Schedule 
S/C 4368005 
2/84 (2242N:30c) 
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SCHEDULE 

ARTICLE 1 - SCOPE OF WORK 
The Subcontractor shall furnish the necessary facilities, supplies, 
equipment and personnel, except such as are furnished by the University or 
the Government, to conduct certain work generally described as a) Task I -
Analysis of Weapons System Explosives Component Vulnerability, and b) Task 
II - ATA Beam Director, to be performed by the Subcontractor at locations 
approved by the University and Subcontractor's facility at Berkeley 
California the nature and extent of which arc more specifically described 
in EXHIBIT 1 - STATEMENT OF WORK hereto, and shall also deliver such 
materials, products, supplies and incidental se.vices and reports as may 
be set forth in said EXHIBIT 1. 
The University and DOE stall have the right to inspect Government property 
and the work and activities of the Subcontractor under this Subcontract at 
such time and in such manner as they shall deem appropriate. The 
Subcontractor shall include in all subcontracts and purchase orders under 
this Subcontract involving research and development or fabrication, or 
where costs incurred are a factor in determining the amount payable to the 
vendor, a similar provision making this paragraph applicable to the 
Subcontractor or vendor. 
(Revised 6/83) 

ARTICLE II - TERM 
Unless completely performed prior thereto or sooner terminated in 
accordance with CLAUSE 14 - TERMINATION, the work described in ARTICLE I -
SCOPE OF WORK, shall begin March 1, 1984 arid shall continue through 
December 31, 1984 which is the current period of time estimated as 
necessary for completion of said work, provided that the term of this 
Subcontract shall continue for such period of time as required to comply 
with the reporting and close out procedures of this Subcontract. Neither 
party guarantees the aforestated estimate of time and work under this 
Subcontract and, except as necessary to comply with reporting and close 
out procedures, the term shall cease on the last date mentioned unless the 
University by written notice to Subcontractor extends, at its sole option, 
such period for such, time or times as it considers appropriate for 
completion of the work described in ARTICLE I - SCOPE OF WORK. Such an 
extension of time will not be a basis for a claim of additional fee by 
Subcontractor. 
(Revised 2/83) 

Schedule 
S/C 4368005 
2/84 (2242N:30c) 
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ARTICLE III - ESTIMATES AND FIXED FEE 
A. Initial Estimate of Cost and Fixed Fee 

The presently estimated cost of the work under this Subcontract is 
J96.2S7.0O exclusive of the Subcontractor's fixed fee. The 
Subcontractor's fixed fee is J9.618.00. The aggregate of presently 
estimated cost and fixed fee is J1O5.875.00. 

Cfask % 1 *52 310.00) 
B. Revised Estimate of Cost 

The presently estimated rost of the work under this Subcontract may be 
increased or decreased by written agreement of the parties. 

C. Limit on Total Amount of Allowable Costs 
Payments on account of costs shall not in the aggregate at any time 
exceed the amount of estimated costs specified in the Subcontract. 

0. Notice of Costs Approaching Subcontract Amount - Subcontractor Excused 
Pending Increase 
Whenever the Subcontractor has reason to believe that the total costs 
of the work under this Subcontract, exclusive of fixed fee, will 
exceed the estimated cost of the work then in effect, the 
Subcontractor shall promptly notify the University in writing. The 
Subcontractor shall also notify the University in writing when the 
aggregate of expenditures and outstanding commitments allowable under 
this Subcontract, excluding fixed fee, is equal to 75? (or such other 
percentage as the University may from time to time establish by notice 
to the Subcontractor) of the estimated cost of the work then in 
effect. When such expenditures and outstanding commitments, excluding 
fixed fee, equal 100? of such amount, the Subcontractor shall make no 
further commitments or expenditures (except to meet existing 
commitments) and shall be excised from further performance of the work 
unless and until the University shall increase the estimated cost of 
the work in accordance with paragraph B. above. 

E. The University's Right to Terminate not Affected 
The giving of any notice by either party under this ARTICLE III shall 
not be construed to waive or impair any right of the University to 
terminate the Subcontract under the provisions of CLAUSE 14 -
TERMINATION. 

F. Cost Information 
• 

The Subcontractor shall maintain current cost information adequate to 
reflect the cost of performing the work under this Subcontract at all' 
.times while the work is in progress and shall prepare and furnish to 
the 'University such written estimates of cost and information in 
support thereof as the University may request. 

Schedule 
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G. Correctness of Estimates not Guaranteed 
Neither the University nor the Subcontractor guarantees the 
correctness of any estimate of cost or estimate of time for the 
performance of the work under this Subcontract, and there shall be no 
adjustment in the amount of the Subcontractor's fixed fee by reason of 
errors in the computation of estimates or .differences between such 
estimates and the actual cost or time for the performance of the work. 

(Revised 2/83) 

ARTICLE IV - CONSIDERATION 
Payment for allowable costs, reimbursable in accordance with ARTICLE V -
REIMBURSEMENT OF COSTS, and of the fixed fee set forth in ARTICLE III -
ESTIMATES AND FIXED FEE, shall constitute complete compensation for 
Subcontractor's services, including profit and all items or kinds of 
expenses not allowable under the terms of this Subcontract. 
(Revised 2/83) 

ARTICLE V - REIMBURSEMENT OF COSTS 
A. The allowable cost of performing the work under this Subcontract shall 

be the costs and expenses (less applicable income and other credits) 
that are actually incurred by the Subcontractor, are applicable and 
properly chargeable, either as directly incident or as allocable 
through appropriate distribution or apportionment, to the performance 
of the Subcontract in accordance with its terms and are determined to 
be allowable pursuant to this paragraph. The determination of the 
allowability of cost hereunder shall be based on: 1) reasonableness, 
including the exercise of prudent business judgment; 2) consistent 
application of generally accepted accounting principles; and 3) 
recognition of all exclusions and limitations set forth in this 
ARTICLE V, or elsewhere in this Subcontract as to types or amounts of 
items of cost. This Subcontract recognizes that audit hereunder will 
be in accordance with this Subcontract and Contract cost principles 
and procedures of DOE (00E PR 9-15.50) in effect on the date of this 
Subcontract, as supplemented by Subpart 1-15.2 of the Federal 
Procurement Reflations (41 CFR 1-15.2) and in DOE PR 9-15.205-3 
"Bidding Cost""and 9-15.205-35 "Independent Research and Development 
(IR&D) and Bid and Proposal (B&P) Costs". The audit might be 
performed by the Government Agency having the preponderant workload. 
However, DOE reserves the right to conduct its own audit of 
expenditures under this Subcontract. 

(Revised 6/83) 
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B. OVERHEAD 
1. Pending final audit and determination of overhead, the 

Subcontractor shall be paid a provisional overhead rate, as 
approved by the University from time to time and authorized in 
writing by the University. Such provisional payments will be 
adjusted to the actual overhead costs and expenses determined as 
set forth in this ARTICLE V and principles herein established. 

2. When actual reimbursable overhead costs have been determined 
pursuant to this Subcontract, adjustment shall be made for the 
difference between the sum to be determined and the sum of the 
provisional payments made under Paragraph 1., above. 

3. Notwithstanding Paragraphs B.l and B.2 above, the parties hereto 
agree that University shall not be obligated to pay any amount for 
General and Administrative Expenses (G&A) exceeding 30.0% of total 
direct costs and Overhead, for the period commencing March 1, 1984. 

(Revised 2/83) 

AKllCLE VI - RIGHTS TO PROPOSAL DATA 

Except for technical data contained in pages (None) of the Seller's 
proposals dated February 10, 1984 which are asserted by the Seller as 
being proprietary data, it is agreed that as a condition of the award of 
this subcontract, and notwithstanding the provisions of any notice 
appearing on the proposal, the University and Government shall have the 
right to use, duplicate and disclose and have others do so for any purpose 
whatsoever, .the technical data contained in the proposal upon which this 
order is based. 

(Revised 2/83) 

ARTICLE VII - GENERAL PROVISIONS 
A. The Subcontractor shall comply with the CLAUSES set forth in the 

General Provisions dated July 1983 as may be altered or modified 
hereunder and in the ARTICLE VIII - ALTERATIONS and ADDITIONS. 

8. CLAUSE 31, paragraphs A.l, A.2, Authorization and Consent (page no. 26 
and 27), shall or shall not be applicable to this Subcontract as 
follows: 
Paragraph A.l is [X] is not [ ] applicable to this Subcontract. 
Paragraph A.2 is [ ] is not [X] applicable to this Subcontract. 
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C. CLAUSE 31, paragraphs B.l, B.2, Patent Indemnity (page no. 27), shall 
or shall not be applicable to this Subcontract as follows: 
Paragraph B.l is [X] is not [ ] applicable to this Subcontract. 
Paragraph B.2 ij [ ] is not [X] applicable to this Subcontract. 

D. CLAUSE 31, paragraphs D.l, D.2, Patent Rights (page no. 28 or 36), 
shall be applicable to this Subcontract as follows: 
Paragraph D.l PATENT RIGHTS (LONG FORM) is [ ] is not [X] applicable 
to this Subcontract. 
Paragraph D.2 PATENT RIGHTS (SMALL BUSINESS FIRMS AND NONPROFIT 
ORGANIZATIONS, MARCH 1982) is [X] is not [ ] applicable to this 
Subcontract. 

E. CLAUSE 31, paragraph G, Rights in Technical Data, subparagraphs G 
(page no.41) and H (page no.41) shall or shall not be applicable to 
this Subcontract as follows: 
Subparagraph G is [X] is not [ ] applicable to this Subcontract. 
Subparagraph H is [ ] is not [X] applicable to this Subcontract. 

(Revised 6/83) 

ARTICLE VIII - ALTERATIONS AND ADDITIONS 
The following Optional clause is hereby incorporated into and made a part 
of this Subcontract. 
Clause 35 Cost or Pricing Data (page 48) 
In addition, the following Article is hereby incorporated into and made a 
part of this Subcontract: 
ARTICLE 38 - Foreign Ownership, Control, or Influence Over Contractor, 
Form LL 2358 F0C1-2 (8/83) 
Revised 2/83) 
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EXHIBIT 1 - SCOPE OF WORK 

t o 

SUBCONTRACT 4368005 

between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 
BROBECK CORPORATION 

I. INTRODUCTION 
As approved and directed by the University, Subcontractor shall 
provide technical and professional effort directed toward the studies 
specified in Part III - Technical Scope of Work. 
As provided in CLAUSE 3 - CHANGES, the University may direct, in 
writing, changes within this Scope of Work. 

II. PURPOSE 
The purpose of this work is a) to provide design and analysis for two 
phase hydrodynamic calculations, and to provide weapons vulnerability 
studies (Task I), and b) to provide planning and design engineering 
for an electron beam director vernier, achromat and window (Task II). 

III. TECHNICAL SCOPE OF WORK 
As approved or directed by the University, Subcontractor shall 
furnish all necessary personnel, materials and facilities, except as. 
may be provided for elsewhere herein, to conduct the investigations 
and Tasks described below: 

TASK I - CHEMISTRY DEPARTMENT SUPPORT 
" I. A Engineering Design and Analysis for Two Phase Hydrodynamic 

Calculations: 
Initiate efforts to extend ROUCT to include additional procedures for 
transition computation including "microscopic" computations of 
internal cell heat transfer. (Note: this is- a continuation of 
efforts initiated under Part A-Task XII of Subcontract 2700700.) 

Exhibit 1 
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l.B Weapons Vulnerability Studies: 
Provide support anaylses in the area of weapons vulnerability, as 
requested and under the technical direction of the LLNL Technical 
Representative. (Note: this is a continuation of efforts initiated 
under Part A - Task XIII of Subcontract 2700700.) 

TASK II - ADVANCED TEST ACCELERATOR (ATA) SUPPORT 
II.A Beam Director: 
Complete the planning and preliminary design of three elements of the 
electron beam director system and detail design of the Vernier 
Steering and Achromat for the LLNL Advanced Test Accelerator (ATA) 
project. 
The prioritized elements are: 

1. Vernier Steering 
2. Achromat 
3 Vacuum-to-Air Rotating Window 

Work shall be performed as approved and directed by the University's 
Technical Representative, and generally as descirbed in the WORK 
STATEMENT (4 pages) contained in Subcontractor's Proposal No. 
8400-260-20A dated February 10, 1984. (Note: this is a continuation 
of efforts initiated under Part E- Beam Director of Subcontract 
2700700.) J 

IV. LEVEL OF EFFORT 
The distribution and allocation of technical and professional effort 
under this Subcontract shall be approximately as follows: 

TYPE OF PERSONNEL HAN HOURS (ESTIMATED) 
Task I Task II 

Chemistry Support ATA Support 

Engineer 16 767 699 
Engineering Associate 7 83 

V. REPORTS 
Subcontractor shall prepare and submit the following reports to the ' 
University^, 

Exhibit 1 
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A. Financial Reports (Type A) - shall be submitted by the fifteenth 
of each month and shall include all costs incurred during the 
preceding month and outstanding commitments to the end of the 
month. In the event actual cost data is unavailable. 
Subcontractor's monthly financial report shall contain estimated 
expenditures, identified as such. Data shall be segregated and 
indentified by Task. "* 

B. Monthly Progress Reports (Type B) - shall be submitted by the 
fifteenth of each month and may be informal letter summaries in 
a format approved by the University's Technical Representative. 
These reports should contain a description of work performed 
during the month reported and work planned for the succeeding 
month. Data shall be segregated and indentified by Task. 
(Subcontractor mav elect to submit separate reports for each 
Task). 

C. Final Report (Type C) - shall be submitted upon completion of 
each Task and contain a comprehensive summary of all work 
results and conclusions. The form and content of Type C Reports 
shall be acceptable to the University's Technical 
Representative. If so requested, a draft copy of the Report 
shall be submitted to the University's Technical Representative 
for approval prior to final typing. 

0. Distribution of Reports 
Reports shall be separately addressed and transmitted to: 

University of California 
Lawrence Livermore National Laboratory 
P. 0. Box 5012 
Livermore, CA 94550 
Attention: (Intended Recipient) 

Type of Report No. of Copies Recipient 
A and B \ Diane Helendez 
A and B As Requested Technical 

Representative for 
Each Respective Task 

C As Requested Diane Melendez 
Subcontractor shall not distribute reports of work under this 
Subcontract to any individual or organization other than those 
indicated above or an authorized representative of the U. S. 
Department of Energy without prior written approval of the 
Contract Administrator. 

Exhibit 1 
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Interim Reports 
It is understood that there will be other information exchanged 
between the parties from time to time. These data may be 
exchanged directly between the parties concerned; formal reporting 
and distribution is not required in these cases. 

VI. COORDINATION AND ADMINISTRATION 
The University's Technical Representative(s) under this Subcontract as 
designated below, or their designee(s), shall represent the University 
in matters relating to the technical performance of the Scope of Work 
described herein. During the established term of this Subcontract, 
the Technical Representatives will interpret the technical 
requirements of the Scope of Work and will determine the emphasis and 
direction of the Subcontractor in the conduct of the work within the 
level and allocation of effort established herein. All other matters 
relating to the performance of this Subcontract are reserved to the 
Contract Administrator. Provided, however, any technical direction 
which will affect the estimated cost or time for performance of this 
work shall require prior formal amendment of this Subcontract or prior 
written direction from the Procurement Manager, or his designee, as 
provided in CLAUSE 3 - CHANGES of the Terms and Conditions. Technical 
direction resulting in work outside the general Scope of Work requires 
prior formal amendment of this Subcontract. 

Task Technical Representative 
Task I E. Lee 
Task II Coleman Johnson 

The University's Contract Administrator is Diane Melendez, or her 
designee. All matters relating to the interpretation and 
administration of this Subcontract shall be conducted through the 
Contract Administrator. Subcontractor will direct all notices and 
requests for approval to the Contract Administrator; and any notice or 
approval from the University to the Subcontractor will be issued by 
the Contract Administrator. 

VII. ASSIGNMENT OF PERSONNEL 
It is understood and agreed that Subcontractor's key technical 
personnel assigned to this work shall not be reassigned or replaced 
without prior University approval, except where such circumstances are 
beyond the reasonable control of the Subcontractor. 
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VIII. HEALTH, SAFETY AND FIRE PROTECTION 
The Subcontractor shall take all reasonable precautions in the 
performance of the work under this Subcontract to protect the health 
and safety of employees and members of the public and to minimize 
danger from all hazards to life and property, and shall comply with 
all pertinent health, safety, and fire protection regulations and 
requirements (including reporting requirements) of the University and 
DOE communicated to the Subcontractor. 
In the event the Subcontractor fails to comply with said regulations 
or requirements of the University or the 00E, the University may 
without prejudice to any other legal or contractual rights of the 
University, issue an order stopping all or any part of the work; 
thereafter, a start order for the resumption of work may be issued at 
the discretion of the University. 
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SECOND AMENDMENT 
to 

SUBCONTRACT 4368005 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 
and 

BR08ECK CORPORATION 
INTRODUCTION 
This Second Amendment to Subcontract 4368005 is entered into by and between 
The Regents of the University of California, hereinafter called 
"University", and Brobeck Corporation, hereinafter called "Subcontractor", 
PURPOSE 
The purpose of this Second Amendment to Subcontract 4368005 is to 
incorporate the following changed documents into this Subcontract. 
NOW, THEREFORE, by mutual agreement of the parties, the following 
Subcontract documents attached hereto are made a part of this Subcontract: 

Second Modification to Schedule 
Second Modification to Exhibit I 

All other terms, conditions and provision of Subcontract 4368005 shall 
remain in full force and effect, except as amended herein. 
In witness whereof, effective upon Subcontractor's signature acceptance of 
this Second Amendment, Subcontract 4368005 is hereby amended by mutual 
agreement of the parties. 

ACCEPTED: AUTHORIZED: 
BROBECK CORPORATION THEJtfGENTS OF THE 

UNIVERSITY OF CALIFORNIA 

BY MvuJ&tlJ • BY ^ / C ^ ^ 
' Warren W. Eukel M. R. Eaton 

«* ' • . . " " 

TITLE i/iro PruciHont TITLE Deputy Contracts Manager 
Lawrence Livermore National Laboratory 

DATE June 26, 1984 DATE C/V^vW 

2nd Amendment A~28 
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SECOND MODIFICATION TO SCHEDULE OF 
SUBCONTRACT 4368005 

between 

THE REGEFTTS OF THE UNIVERSITY OF CALIFORNIA 
and 

BROBECK CORPORATION 

INTRODUCTION 
This Second Modification to Schedule of Subcontract 4368005 between the 
University and the Subcontractor amends, by mutual a-^eement of the parties, 
the Schedule in the following particulars only: 

ARTICLE III - ESTIMATES AND FIXED FEE - delete paragraph A only and 
substitute therefor: 

"The presently estimated cost of the work under this Subcontract is 
ONE HUNDRED SIXTY-SEVEN THOUSAND, EIGHT HUNDRED NINETY-SIX AND NO/100 
DOLLARS ($167,896.00) exclusive of the Subcontractor's fixed fee. The 
Subcontractor's fixed fee is SIXTEEN THOUSAND, SEVEN HUNDRED 
EIGHTY-TWO AND NO/100 DOLLARS ($16,782.00). The aggregate of 
presently estimated cost and fixed fee is ONE HUNDREO EIGHTY-FOUR 
THOUSAND, SIX HUNDRED SEVENTY-EIGHT AND NO/100 DOLLARS ($184,678.00)." 

All other provisions of the Schedule of Subcontract 4368005 shall remain in 
full force and effect, except as amended herein. 

(£/*,*. S3%m4.oc) 
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SECOND MODIFICATION TO EXHIBIT I OF 
SUBCONTRACT 4368005 

between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 

BROBECK CORPORATION 

INTRODUCTION 
This Second Modification to Exhibit I - Scope of Work of Subcontract 4368005 
between the University and the Subcontractor amends, by mutual agreement of 
the parties, Exhibit I in the following particulars only: 

SECTION III - TECHNICAL SCOPE OF WORK is modified, in part, in the 
following particulars only: 
"Task II. C - Engineering Design and Detail for an Electron Beam Window 

The objective of this task focuses on the Vacuum-to-Air Rotating 
Window design study which concentrates upon the mechanical and thermal 
problems of the spinning disk and its support system. Critical design 
items: gyrodynamics, balance and stress. 
The Subcontractor's efforts shall be directed toward engineering 
design and detail drawings for fabrication of a prototype of the 
Vacuum-to-Air Rotating Window. 

In conduct of this task, the stresses due to high centrifugal force, 
thermal shock and vacuum loading shall be part of the design 
consideration. University acceptable combinations of material 
properties, dimension and configurations shall be selected by 
Subcontractor for design. Subcontractor shall calculate bearing 
friction, aerodynamic drag and turbo-molecular pumping loads to 
determine drive power and parasitic heat loads. Means for radiation 
and convection cooling of the rotating disk shall be evaluated. 

Upon ̂ completion of the engineering design for the rotating elements, 
Subcontractor shall complete the detail design for the Rotating Window 
and provide a set of drawings suitable for shop fabrication as the 
final documentation of this effort, acceptable to the University's 
Technical Representative. 
SECTION . IV"- LEVEL-OF-EFFORT - delete as written and substitute 
therefor: 

2nd Modification to Exhibit I 
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"The distribution and allocation of technical and professional effort 
under this Subcontract shall be approximately as follows: 

Type of Personnel Han Hours (Estimated) 

Task I Task II 
Chemistry Support ATA'Support 

Engineer 16 767 1049 
Engineering Associate 7 1160" 

All other provisions of Exhibit I of Subcontract 4368005 shall remain in 
full force and effect, except as amended herein. 

End Modification to Exhibit I 
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• 

• 

TELECON 

DATE: February 1 1 , 1985 F i l e : 730Q-962A 
7300-976^ 

FROM: Diane Melcndez - LLNL 

TO: Warren H. Eukel j | M 

S.JJECT: CONTRACT AUTHORIZATION 

Ms, Melendez gave verbal authorization to proceed with the long lead item 
procurement on a CPFF Contract #6551805. The to ta l amount authorized is 
$83,997. This is from our proposal 7300-962A. Our consolidated Proposal 
#7300-976 for $240,262 has not been approved because purchasing does not 
have a requisit ion for the proposal. 

WWErjw 

cc: K.H. Thomas 

• 

• 

• 

• 
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SUBCONTRACT 6551805 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 
BROBECK CORPORATION 

INTRODUCTION 
This Cost Plus Fixed Fee Subcontract is made and entered into by and 
between The Regents of the University of California, hereinafter called 
the "University" and Brobeck Corporation hereinafter called the 
"Subcontractor". 
The Regents of the University of California, a California corporation, 
have entered into a contract, W-7405-ENG-48 with the United States 
Government, hereinafter called "Government", represented by the Department 
of Energy, hereinafter called "DOE", for the performance of certain energy 
research and development work at the University of California Lawrence 
Livermore National Laboratory. This Subcontract is entered into in 
furtherance of the performance of the work provided for in the prime 
contract. 

In accepting this Subcontract, the Subcontractor agrees to perform the 
Subcontract work in accordance with the following documents which 
collectively constitute the Subcontract and are attached hereto and by 
this reference made a part hereof: 

Subcontract Signature Page 
Schedule consisting of 6 pages 
Exhibit 1 - Statement of Work 
General Provisions dated July 1983 

(Revised 6/83) 

ACCEPTED: 
BROBECK CORPORATION 

TITLE 

Warren U. Eukel 

DATE: TfyL It** 
FORM RL-236SA 

AUTHORIZED: 
THE REGENTS Of THE 
UNIVERSITY OF CALIFORNIA 

BY: ^/f-t>r 
M. R. Eaton 

TITLE: Deputy Contracts Manager 
Lawrence Livermore National Laboratory 
DATE: / A /r^ 

A-33 



SCHEDULE 

ARTICLE I - SCOPE OF WORK 

The Subcontractor shall furnish the necessary facilities, supplies, equipment 
and personnel, except such as are furnished by the University or the 
Government, to conduct certain work generally described as the procurement of 
long lead time materials for the beam director. Subcontractor shall specify, 
procure, coordinate and generally provide technical guidance during the 
procurement of critical materials for the beam director project to be 
performed by the Subcontractor at locations approved by the University and 
Subcontractor's facility at Berkeley, California the nature and extent of 
which are more specifically described in EXHIBIT 1 - STATEMENT OF WORK hereto, 
and shall also deliver such materials, products, supplies and incidental 
services and reports as may be set forth in said EXHIBIT I. 

The University and DOE shall have the right to inspect Government property and 
the work and activities of the Subcontractor under this Subcontract at such 
time and in such manner as they shall deem appropriate. The Subcontractor 
shall include in all subcontracts and purchase orders under this Subcontract 
involving research and development or fabrication, or where costs incurred are 
a factor in determining the amount payable to the vendor, a similar provision 
making this paragraph applicable to the subcontractor or vendor. 

(Revised 6/83} 

ARTICLE II - TERM 
Unless completely performed prior thereto or sooner terminated in accordance 
with CLAUSE 14 - TERMINATION, the work described in ARTICLE I - SCOPE OF WORK, 
shall begin February 11, 1985 and shall continue through December 31, 1985 
which is the current period of time estimated as necessary for completion of 
said work, provided that the term of this Subcontract shall continue for such 
period of time as required to comply with the reporting and close out 
procedures of this Subcontract. Neither party guarantees the aforestated 
estimate of time and work under this Subcontract and, except as necessary to 
comply with reporting and close out procedures, the term shall cease on the 
last date mentioned unless the University by written notice to Subcontractor 
extends, at its sole option, such period for such time or times as it 
considers appropriate for completion of the work described in ARTICLE I -
SCOPE OF WORK. Such an extension of time will not be a basis for a claim of 
additional fee by Subcontractor. 

(Revised 2/83) 
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ARTICLE III - ESTIMATES AND FIXED FEE 
A. Initial Estimate of Cost and Fixed Fee 

The presently estimated cost of the work under this Subcontract is 
SEVENTY-SIX THOUSAND THREE HUNDRED SIXTY-ONE AND 00/100 DOLLARS 
($76,361.00) exclusive of the Subcontractor's fixed fee. The 
Subcontractor's fixed fee is SEVEN THOUSAND SIX HUNDRED THIRTY-SIX AND 
00/100 DOLLARS ($7,636.00). The aggregate of presently estimated cost 
and fixed fee is EIGHTY-THREE THOUSAND NINE HUNDRED NINETY-SEVEN AND 
NO/100 DOLLARS ($83,997.00). 

8. Revised Estimate of Cost 

The presently estimated cost of the work under this Subcontract may be 
increased or decreased by written agreement of the parties. 

C. Limit on Total Amount of Allowable Costs 
Payments on account of costs shall not in the aggregate at any time 
exceed the amount of estimated costs specified in the Subcontract. 

D. Notice of Costs Approaching Subcontract Amount - Subcontractor Excused 
Pending Increase • 

Whenever the Subcontractor has reason to believe that the total costs of 
the work under this Subcontract, exclusive of fixed fee, will exceed the 
estimated cost of the work then in effect, the Subcontractor shall 
promptly notify the University in writing. The Subcontractor shall also 
notify the University in writing when the aggregate of expenditures and 
outstanding commitments allowable under this Subcontract, excluding 
fixed fee, is equal to 7531 (or such other percentage as the University 
may from time to time establish by notice to the Subcontractor) of the 
estimated cost of the work then in effect. When such expenditures and 
outstanding commitments, excluding fixed fee, equal 10055 of such amount, 
the Subcontractor shall make no further commitments or expenditures 
(except to meet existing commitments) and shall be excused from further 
performance of the work unless and until the University shall increase 
the estimated cost of the work in accordance with Paragraph S. above. 

E. The University's Right to Terminate not Affected 
The giving of any notice by either party under this ARTICLE III shall 
not be construed to waive or impair any right of the University to 
terminate the Subcontract under the provisions of CLAUSE 14 -
TERMINATION. 

F. Cost Information 
The Subcontractor shall maintain current cost information adequate to 
reflect the cost of performing the work under this Subcontract at all 
times while the work is in progress and shall prepare and furnish to the 
University such written estimates of cost and information in support 
thereof as the University may request. 
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6. Correctness of Estimates not Guaranteed 
Neither the University nor the Subcontractor guarantees the correctness 
of any estimate of cost or estimate of time for the performance of the 
work under this Subcontract, and there shall be no adjustment in the 
amount of the Subcontractor's fixed fee by reason of errors in the 
computation of estimates or differences between such estimates .and the 
actual cost or time for the performance of the work. 

(Revised 2/83) 

ARTICLE IV - CONSIDERATION 

Payment for allowable costs, reimbursable in accordance with ARTICLE V -
REIMBURSEMENT OF COSTS, and of the fixed fee set forth in ARTICLE III -
ESTIMATES AND FIXED FEE, shall constitute complete compensation for 
Subcontractor's services, including profit and all items or kinds of expenses 
not allowable under the terns of this Subcontract. 

(Revised 2/83) 

ARTICLE V - REIMBURSEMENT Of COSTS 

A. The allowable cost of performing the work under this Subcontract shall 
be the costs and expenses (less applicable income and other credits) 
that are actually incurred by the Subcontractor, are applicable and 
properly chargeable, either as directly incident or as allocable through 
appropriate distribution or apportionment, to the performance of the 
Subcontract in accordance with its terms and are determined to be 
allowable pursuant to this paragraph. The determination of the 
allowability of cost hereunder shall be based on: 1) reasonableness, 
including the exercise of prudent business judgment; 2) consistent 
application of generally accepted accounting principles; and 3) 
recognition of all exclusions and limitations set forth in this ARTICLE 
V, or elsewhere in this Subcontract as to types or amounts of items of 
cost. This Subcontract recognizes that audit hereunder will be in 
accordance with this subcontract and cost principles and procedures of 
Subpart 1-15.2 of the Federal Procurement Regulations (41 CFR 1-15.2) as 
supplemented or modified by DOE PR 9-15.2 (41 CFR 9-15.2) including DOE 
PR 9-15.205.3 "Bidding Costs" and 9-15.205-35 "Independent Research and 
Development (Ik&D) and Bid and Proposal (8&P) Costs", and as 
supplemented or modified by DOE PR 9-15.50 (41 CFR 9-15.50), in effect 
on the date of this Subcontract. The audit might be performed by the 
Government Agency having the preponderant workload. However, DOE 
reserves the right to conduct its own audit of expenditures under this 
Subcontract. 

(Revised 9/84) 
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• 

B. OVERHEAD 

•
1. Pending final audit and determination of overhead, the 

Subcontractor shall be peid a provisional overhead rate, as 
approved by the University from tiiK to time and authorized in 
writing by the University. Such provisional payments will be 
adjusted to the actual overhead costs and expenses determined as 
set forth in this ARTICLE V and principles herein established. 

I 2. When actual reimbursable overhead costs have been determined 
pursuant to this Subcontract, aojustment shall be made for the 
difference between the sum to be determined and the sura of the 
provisional payments made under Paragraph 1., above. 

3. Notwithstanding Paragraphs B.l and B.2 above, the parties hereto 
1 agree that University shall not be obligated to pay any amount for 

Labor Overhead exceeding 92.8% of direct labor, and General and 
^Administrative Expenses (G&A) exceeding 30.0X of total direct cost 
and Overhead, for the period commencing February 11, 1985. 

(Revised 2/83) 

ARTICLE VI - RIGHTS TO PROPOSAL DATA 

Except for technical data contained in pages (None) of the Subcontractor's 
proposal dated November 27, 1984 which are asserted by the Subcontractor as 

•
being proprietary data, it is agreed that as a condition of the award of this 
Subcontract, and notwithstanding the provisions of any notice appearing on the 
proposal, the University and Government shall have i'le right to use, duplicate 
and disclose and have others do so for any purpose whatsoever, the technical 
data contained in the proposal upon which this Subcontract is based. 
(Revised 2/83) 

ARTICLE VII - GENERAL PROVISIONS 

A. The Subcontractor shall comply with the CLAUSES set forth in the General 
Provisions dated July 1983 as may be altered or modified hereunder and 
in the ARTICLE VIII - ALTERATIONS and ADDITIONS. 

B. CLAUSE 31, parag-aphs A.l k A.2, Authorization and Consent (page no. 26 
and 27), shall or shall not be applicable to this Subcontract as follows: 
Paragraph A.l is [X] is not [ ] applicable to this Subcontract. 

Paragraph A.2 is [ ] is not [X] applicable to this Subcontract. 

C. CLAUSE 31, paragr ?hs B.l, B.2, Patent Indemnity (page no. 27), shall or 
shall not be applicable to this Subcontract as follows: 
Paragraph B.l is [X] is not [ ] applicable to this Subcontract. 

£ Paragraph B.2 is [ ] is not [X] applicable to this Subcontract. 
FORM RL-2365A A_ 3 7 



D. CLAUSE 31, paragraphs 0.1, D.2, Patent Rights (page no. 25 or 36), shall 
be applicable to this Subcontract as follows: 
Paragraph D.l PATENT RIGHTS (LONG FORM) is [ ] is not [X] applicable to 
this Subcontract. 
Paragraph D.2 PATENT RIGHTS (SHALL BUSINESS FIRMS ANO NONPROFIT 
ORGANIZATIONS, MARCH 1982) is [X] is not [ J applicable to this 
Subcontract. 

E. CLAUSE 31, paragraph G, Rights in Technical Data, subparagraphs G (page 
no.43) and H (page no.44) shall or shall not be applicable to this 
Subcontract as follows: 

Subparagraph G is [X] is not [ ] applicable to this Subcontract. 

Subparagraph H is [ ] is not [X] applicable to this Subcontract. 
(Revised 6/83) 
ARTICLE VIII - ALTERATIONS AND ADDITIONS 

The following Clauses shall be applicable to this Subcontract: 
Clause 35 Cost or Pricing Data (page no. 48) 
In addition, the following Articles are herby incorporated into and made a 
part of this Subcontract: 
ARTICLE 38 - Foreign Owership, Control, of Influence Over Contractor, Form LL 

2358 FOCI-2 <S783T 
ARTICLE 39 - Organizational Conflict of Interest 

A. The primary purpose of this article is to aid in ensuring that the 
Subcontractor is not biased in the performance of the woric under this 
Subcontract, and does not obtain any unfair competitive advantage over 
other parties by virtue of its performance of this Subcontract. 
However, nothing herein shall be construed to interfere with 
Subcontractor's right to the normal flow of benefits from performance of 
this Subcontract. 

B. In the event DOE, the University or the Subcontractor are of the opinion 
"that such bias or unfair competitive advantage may exist, or appear to 
exist, then, (1) the University or Subcontractor will notify DOE and 
supply information requested by DOE based on such potential conflict of 
interest, subject to proprietary rights of others, and (2) if DOE is of 
the opinion that applicable criteria in the DOE regulations, 00E or the 
University upon notice from DOE will promptly inform the Subcontractor. 
DOE, the University and the Subcontractor will then enter into good 
faith discussions concerning whether a conflict of interest actually 
exists, and if so what appropriate measures might be taken to eliminate, 
avoid or mitigate such conflict. 

FORM RL-2365A A-38 



EXHIBIT 1 - STATEMENT OF WORK 

to 
SUBCONTRACT 6551805 

between 
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

and 
BROBECK CORPORATION 

I. INTRODUCTION 

As approved and directed by the University, Subcontractor shall 
provide technical and professional effort directed toward the effort 
specified in Part III - TECHNICAL SCOPE OF WORK. 

As provided in CLAUSE 3 - CHANGES, the University may direct, in 
writing, charges within this Scope of Work. 

II. PURPOSE 

The purpose of this work is to provide technical guidance and 
engineering support to assure material acquisition and proper 
fabrication of long lead time items for the Beam Director. 

III. TECHNICAL SCOPE OF WORK 

As approved or directed by the University, Subcontractor shall furnish 
all necessary personnel, materials and facilities, except as may be 
provided for elsewhere herein, to conduct the Task described below: 
TASK I - Beam Director Long Lead Material 

Subcontractor shall initiate the procurement process to specify, 
procure, coordinate and generally provide technical guidance and 
engineering support during the procurement of the following material. 
. ACHROMAT - Permanent Magnets (1 lot) 
. Housing (Tooling & Material) (1 each) 
. VERNIER - Conductor (1 lot) 

IV. LEVEL OF EFFORT 
The distribution and allocation of technical and professional effort 
under this Subcontract shall be approximately as follows: 

Exhibit 1 
S/C 5551805 
3/85(1124Z:-3fc) 



TYPE OF PERSONNEL MAN HOURS (ESTIMATED) 
Engineer Senior 90 
Engineer Designer 60 

V. REPORTS 

Subcontractor shall prepare and submit the following reports to the 
University: 
A. Financial Reports (Type A) - shall be submitted by the fifteenth 

of each month and shall include all costs incurred during the 
preceding month and outstanding commitments to the end of the 
month. In the event actual cost data is unavailable, 
Subcontractor's monthly financial report shall contain estimated 
expenditures, identified as such. 

B. Monthly Progress Reports (Type B) - shall be submitted by the 
fifteenth of each month and may be informal letter summaries in a 
format approved by the University's Technical Representative. 
These reports should contain a description of work performed 
during the month reported and work planned for the succeeding 
month. 

C. Final Report (Type C) - shall be submitted upon completion of the 
work and contain a comprehensive summary of all work results and 
conclusions. The form and content of Type C Reports shall be 
acceptable to the University's Technical Representative. If so 
requested, a draft copy of the Report shall be submitted to the 
University's Technical Representative for approval prior to final 
typing. 

D. Distribution of Reports 

Reports shall be separately addressed and transmitted to: 
University of California 
Lawrence Livermore National Laboratory 
P. 0. Box 5012 
Livermore, CA 94550 
Attention: (Intended Recipient) 

Type of Report No. of Copies Recipient 

A and B 1 Diane Melendez, L-650 
A and B As Requested Dave Milani, L-544 

Coleman Johnson, L-544 
C As Requested Diane Melendez, L-650 

Subcontractor shall not distribute reports of work under this 
Subcontract to any individual or organization other than those 
indicated above or an authorized representative of the U. S. 
Department of Energy without prior written approval of the 
Contract Administrator. 

Exhibit 1 
S/C 6551805 
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• 

E. Interim Reports 

•
It is understood that there will be other information exchanged 
between the parties from time to time. These data may be 
exchanged directly between the parties concerned; formal reporting 
and distribution is not required in these cases. 

VI. COORDINATION AND ADMINISTRATION 

The University's Technical Representative(s) under this Subcontract 
are Dave Milani and Coleman Johnson, or their designee(s), who shall 
represent the University in matters relating to the technical 
performance of the Scope of Work described herein. During the 
established term of this Subcontract, the Technical Representatives 
will interpret the technical requirements of the Scope of Work and 
will determine the emphasis and direction of the Subcontractor in the 
conduct of the work within the level and allocation of effort 
established herein. All other matters relating to the performance of 
this Subcontract are reserved to the Contract Administrator. 
Provided, however, any technical direction which will affect the 
estimated cost or time for performance of this work shall require 
prior formal amendment of this Subcontract or prior written direction 
from the Procurement Manager, or his designee, as provided in CLAUSE 3 
- CHANGES of the Terms and Conditions. Technical direction resulting 
in work outside the general Scope of Work requires prior formal 
amendment of this Subcontract. 

•
The University's Contract Administrator is M. R. Eaton, or his 
designee. All matters relating to the interpretation and 
administration of this Subcontract shall be conducted through the 
Contract Administrator. Subcontractor will direct all notices and 
requests for-approval to the Contract Administrator; and any notice or 
approval from the University to the Subcontractor will be issued by 
the Contract Administrator. 

VII. ASSIGNMENT OF PERSONNEL 
It is understood and agreed that Subcontractor's key technical 
personnel assigned to this work shall not be reassigned or replaced 
without prior University approval, except where such circumstances are 
beyond the reasonable control of the Subcontractor. 

VIII. HEALTH. SAFETY AND FIRE PROTECTION 
The Subcontractor shall take all reasonable precautions in the 
performance of the work under this Subcontract to protect the health 
and safety of employees and members of the public and to minimize 
danger from all hazards to life and property, and shall comply with 
all pertinent health, safety, and fire protection regulations and 
requirements (including reporting requirements) of the University and 
DOE communicated to the Subcontractor. 

Exhibit 1 A" 4 1 
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In the event the Subcontractor fails to comply with said regulations 
or requirements of the University or the DOE, the University may 
without prejudice to any other legal or contractual rights of tha 
University, issue an order stopping all or any part of the work; 
thereafter, a start order for the resumption of work may be issued at 
the discretion of the University. 

* 

' » 

• 
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• 

i 

« 

A-42 

• 

Exhibit 1 
• S/C 6551805 

3/85(1124X:30c) 



tfS~(>0 -3<!>6 *- -Se)/ 

FIRST AMENDMENT 
to 

SUBCONTRACT 6551805 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 
and 

8R0BECK COROPORATION 

INTRODUCTION 
This First Amendment to Subcontract 6551805 is entered into by and between 
The Regents of the University of California, hereinafter called 
"University", and Brobeck Corporation, hereinafter called "Subcontractor". 
PURPOSE 
The purpose of this First Amendment to Subcontract 6551805 is to incorporate 
the following changed documents into this Subcontract. 
NOW, THEREFORE, by mutual agreement of the parties, the following 
Subcontract documents, attached hereto are made a part of this Subcontract: 

Modification to SCHEDULE 
Modification to Exhibit 1 - STATEMENT OF WORK 

All other terms, conditions and provisions of Subcontract 6551805 shall 
remain in full forca and effect, except as amended herein. 
IN WITNESS WHEREOF, effective upon Subcontractor's signature acceptance af 
this First Amendment, Subcontract 6551805 is hereby amended by mutual 
Agreement of the parties. 
ACCEPTED: AUTHORIZED: 
BROBECK C0RP0RTION THE REGENTS OF THE 

, , UNIVERSITY OF CALIFORNIA 
ixMriUi.Z^zJj. BY ^Lfl' ^%J=r 

s-. H. L. Halunen 

TITLF%2? M£$. TITLE Contracts Manager 
Lawrence Livermore National Laboratory 

DATE ?%bl /S, /ffiST DATE S // 'A ' 
/ ' / 

1st Amendment A"43 

S/C 6551085 
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FIRST MODIFICATION TO SCHEDULE 
of 

SUBCONTRACT 6551805 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 
and 

BRQ8ECK CORPORATION 

INTRODUCTION 

This First Modification to SCHEDULE of Subcontract 6551805 between the 
University and the Subcontractor amends, by mutual agreement of the parties, 
the SCHEDULE in the following particulars only: 

ARTICLE III - ESTIMATES AND FIXED FEE, delete Paragraph A only and 
substitute therefor:, 

"The presently eitimated cost of the work under this Subcontract is TWO 
HUNDRED EIGHTEEN THOUSAND FOUR HUNDRED TWENTY DOLLARS AND NO/100 
($218,420.00) exclusive of the Subcontractor's fixed fee. The 
Subcontrator's fixed fee is TWENTY THOUSAND SEVEN HUNDRED FIFTY DOLLARS AND 
NO/100 ($20,750.00). The aggregate of presently estimated cost and fixed 
fee is TWO HUNDRED THIRTY-NINE THOUSAND ONE HUNDRED SEVENTY DG'.LARS AND 
NO/100 ($239J70.00)" 

All other provisions of the SCHEDULE of Subcontract 6551805 shall reiain in 
full force and effect, except as amended herein. 

1st Mod. to Schedule 
S/C 6551805 
5/85i'1623X:30i'l 
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FIRST MODIFICATION TO EXHIBIT 1 
to 

SU8CON1RACT 6551805 
between 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 
and 

BROBECK CORPORATION 
INTRODUCTION 
This First Modification to EXHIBIT 1 - STATEMENT OF WORK to Subcontract 
6551805 between the University and the Subcontractor amends, by mutual 
agreement of the parties, EXHIBIT 1 in the following particulars only: 
SECTION III - TECHNICAL SCOPE OF HORK is modified, in part, in the following 
particulars only: 

Add TASK II: 

"TASK II - Engineering'Support, Fabrication, Assembly and Bench Test 
Vernier and Achromatic Magnet Assembly 

Subcontractor shall fabricate, assemble, bench test, and deliver to LLNL the 
Achromat Magnet Assembly and the Vernier Steering Magnet Assembly, In 
conduct of this work, Subcontractor's work shall include, but is not limited 
to the following: 

Procurement of materials, fabrication, selection, and supervision of 
specialty sub-subcontractors." 

SECTION IV - LEVEL Oh EFFORT, is hereby amended to add the following 
estimate of effort: 

"Type of Personnel Man Hours (Estimated) 
Engineer Senior 214 
Engineer Designer 398 
Engineer Associated 7 (Tech) 1314" 

Add SECTION IX - Materials, to this Subcontract. 

"SECTION IX - Materials 
Subcontractor shall deliver all assemblies to LLNL FOB Destination." 

All other provisions of EXHIBIT 1 of Subcontract 6551805 shall remain in 
full force and effect, except as amended herein. 
1st Mod. to Exhibit 1 A-45 
S/C 6551805 
5f85(1624X:30bl 



RFQ 

APPENDIX B. REQUESTS FOR QUOTATIONS (RFQ's) 

PART(S) PA AWARDED TO DATE 
4500-300-A 2-12-85 
4500-300-B 2-20-85 
4500-300-1 4-23-85 
4500-300-2 5-1-85 
4500-301-3 5-17-85 
4500-300-C 10-1-85 
4500-301-6 10-4-85 

Magnet segments 086 
Housing 110 
Segment carriers 122 
Magnet spacers, etc. 128 
Spool, coil spacers, etc 143 
Spare segment carriers 239 
Vacuum housing parts (253 

(254 
4500-300-7 10-9-85 Vacuum vessel parts 255 

Permag Sierra Corp. 

Edwards Enterprises 

Bennett-Hopkins 

Accurate Mfg. 

Diamond Tool 

Diamond Tool 

(Caral, Inc. 
(Schrader Scient i f ic 

Jensen Prototype 
Machines 

B-l 
I BROBECK CORPORATION 



BROBECK 
1-m-MMM-wM.umiLai 

ltd 
February 12, 1985 File: 4500-Mi-

[RFQ 4500-300-A] 

Ms. Gall Fernandez 
Permag Sierra Corporation 
1159 Sonora Court 
Sunnyvale, California 94086 

Dear Ms. Fernandez: 

You wi l l recall your Quotation No. 2761 of 9-4-84 for dipole and quadrupole 
magnets. You had been contacted by Mr. Francis C. Younger of our f i rm. 
Since then, there have been some minor changes which necessitate an updated 
quotation. 

We are requesting a quotation on permanent magnets shown dimensionally on 
our drawings: 

9601734 Dipole - 11 sets of 16 = 176 segments 
95D1733-1 Quadrupole Double Oefocusing - -

5 sets of 16 « 80 segments 
95D1733-2 Quaorupole Single Oefocusing — 

3 sets of 16 - 48 segments 
9501732 Quadrupole Double Focusing — 

6 sets of 16 = 96 segments 

400 segments 

Please note that some of the quadrupoles are long and some are short. 
This is described on the enclosed drawings. 

The magnets are to be made of a material having the magnetic properties of 
Crucible Magnetics Terrimag 7B." A residual induction of 3800 Gauss and a 
coersive force of 3500 Oersteds are required. The residual Induction and 
coercive force shall not vary by more than 2% from magnet to magnet and the 
direction of magnetization shall be as shown on the drawings plus or minus 
2 degrees. This requires that a l l the magnet segments shall be of the same 
b'rtch and shall be so certif1i?d= 

Please note that the ends of the dipole segments are not orthogonal to 
the sides whereas the ends of the quadrupole segments are orthogonal. 
This wi l l undoubtedly require special care 1n machining operations. 

The magnetic orientation of each finished segment must be clearly shown 
to fac i l i ta te proper assembly in the magnet housings. We prefer arrows 
showing North as is done in the drawings. Each segment shall be marked 
with the proper drawing number so as to assist the assembly operation. 

(415)524-6664 

1235 Tenth Stree! 
Berkeley.CA USA. 
9471M593 



Please quote promptly both as to price and delivery since we are anxious 
to fabricate the magnet assemblies of which these are a part. 

I f you have any questions, please call Mr. Vounger at 524-8664. . 

Very truly yourst, 

JTG:jw 

Enclosures. 

T. Gunn 
'Senior Mechanical Engineer 

• 

f> 

«l 
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February 20, 1985 F i l e : 4500-300 

FOR FILE: See attached mailing l i s t . 

[ADR] 

Subject: REQUEST FOR QUOTATION 4500-300-B 
ACHROMAT HOUSING 

Dear [NAME] 

We request your quotation on furnishing one (1) Achromat housing per 
Brobeck Corporation Drawing Number 95J1739, 
Because of budget constraints, the work is to be performed in two stages 
&s outlined below. Each stage should be separately priced and quoted as 
to required delivery time after your receipt of our order to proceed with 
each phase. 

Phase One - Tooling and stock procurement. 
a. Purchase aluminum stock. 

b. Machine parting line surfaces. 
c. Temporarily join the two halves. 
d. Machine outside diameter to finish size. 

e. Manufacture all jigs necessary for Phase Two. 
Phase Two - Fabrication. 

a. Perform all work necessary to produce the finished part per 
Drawing No. 95J1739. 

Prices should be based on delivery to Brobeck Corporation in Berkeley, CA. 
We would appreciate any constructive suggestions you care to make that 
will, in your opinion, reduce the cost without impairing function. 

(415)524-8664 

1235 Tenth Street 
Berkeley, CA U S A 
94710-1593 
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Your attention is particularly directed to Note 3 of Drawing 95J1739. 
This may require extra care in the machining, and annealing sequence. 
Please have your quotation in< .'.--(nation to Brobeck Corporat'on by March 
15, 1985. 

Very truly yours 

JTG:jw 

Enclosure: Dwg. No. 95J1739. 

[AA^WT^ 

Ja/k T, Gunn 
ior Mechanical Engineer 

B-5 
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BIDDER'S ADDRESS LIST 

RFQ 450Q-300-B sent to: 

[ADR] 1; 
Al l i ed Engineering Company 
2421 Blanding Street 
Alameda, CA 94501 

[ADR] 2; 

Bennett-Hopkins Company 
3592 Haven 
P.O. Box 53076 
Redwood Ci ty , CA 94063 

[ADR] 3; 

Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 
[ADR] 4; 
Edwards Enterprises 
8455 Cabot Court 
Newark, CA 94560 
[ADR] 5; 
Numeric Machine Company 
4439 Enterprise 
Fremont, CA 94538 
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April 23, 1985 File: 4500-300 

FOR FILE: See attached mailing l i s t . 

[ADR] 

Subject: REQUEST FOR QUOTATION 4500-300-1 
SEGMENT CARRIERS 

Dear [NAME] 

We request your quotation on the fabrication and delivery of the following 
items. 

Item 1. 8 each Segment Carrier - Dipole #9SC1737 

Item Z. 7 each Segment Carrier » Quadrupole, long #95C1736-1 

Item 3. 2 each Segment Carrier - Quadrupole, short #95Cl736-2 

DELIVERY: Two of Item 1, two of Item 2, and two of Item 3 within 6 
weeks AR0. 
Balance, 10 weeks ARO. 

Please quote according to above. 

Since these carriers are for the support of c r i t i ca l elements in a physics 
apparatus, i t is important that the form tolerances be met. If you have 
any reservations about meeting these requirements, please so indicate on 
your bid. 

We request your written quotation within ten (10) days of receipt of this 
letter. 

Very truly yours, 

• 

JTG:jw 

(415) 524-8664 

1235 Tenth Street 
Berkeley, CA USA 
94710-1593 

Jack T. Gunn 
snior Engineer 

8-8 
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BIDDER'S ADDRESS LIST 

RFQ 4500-300-1 sent to: 

[ADR] 1; 
Allied Engineering Company 
2421 Blanding Street 
Alameda, CA 94501 
[ADR] 2; 
Bennett-Hopkins Company 
3592 Haven 
P.O. Box 53076 
Redwood C i t y , CA 94063 

[AOR] 3; 

Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 
[ADR] 4; 
Coast Metal Cutting Company 
2500 Bay Road 
Redwood City, CA 94063 
[ADR] 5; 
Diamond Tool 8 Die Company 
508 - 29th Avenue 
Oakland, CA 94601 

[ADR] 6; 
Edwards Enterprises 
8455 Cabot Court 
Newark, CA 94560 
[ADR] 7; 
Numeric Machine Company 
4439 Enterprise 
Fremont, CA 94538 

(3006-2 Rev: 10-4-85) B"9 
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May 1, 1985 File: 4500-300 

FOR FILE: See attached mailing l i s t . 

[ADR] 

Subject: REQUEST FOR QUOTATION 4500-300-2 
MAGNET SPACERS + OTHER PARTS 

Dear [NAME] 

We solicit your bid on the following items: 

Quantity Name Drawing No. 
18 Magnet Spacer 95B1738 
1 Flange Ring 95C1744 
1 Adjusting Sleeve 95C1745 
1 Retaining Flange 95B1746 

1 Retaining Sleeve 95B1747 

2 Barrier Ring 95B1748 

Please quote based on delivery via UPS to Brobeck Corporation in Berkeley. 

Close of bidding is May 15, 1985. 

Please feel free to telephone ne to discuss any questions you may have 
regarding these parts. 

Very truly yours, 

Jack T. Gunn 
/Senior Mechanical Engineer 

JTG:jw 

Enclosures: Drawings. 

/ 

(415) 524-8664 

1235 Tenth Street 
Berkeley, CA U S A 
94710-1593 
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BIDDER'S ADDRESS LIST 
RFQ 4500-300-2 sent to: 

[1] 
Accurate Manufacturing Company 
4770 San Pablo Avenue 
Emeryville, CA 94608 

[2] 
August Manufacturing Company 
1466 36th Avenue 
Oakland, CA 94601 

[3] 

Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 

[4] 

International Precision Machining 
23839 Connecticut Street, Unit #5 
Hayward, CA 94545 

[5] 
McNeill Manufacturing Company 
2914 E. Seventh St. 
Oakland, CA 94601 

(3006-2 Rev: 10-4-85) B-ll 
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May 17, 1985 F i l e : 4500-301 

FOR FILE: See attached mailing l i s t . 

[ADR] 

Subject: REQUEST FOR QUOTATION 4500-301-3 
SPOOL, COIL SPACERS, AND OTHER PARTS 

Dear [NAME] 

We solicit your quotation on the following parts (drawings enclosed): 

GROUP A 

Number Name Qty 

95-#1707 Spool 1 
95C1708 Locknut 1 
95B1717-1 Clamp 4 
9581717-2 Clamp .4 
95C17E3 Power Flange 1 
95C17Z4 Cooling Flange 1 
95B1727 Spreader 1 
95B1729 Terminal 1 

Since somewhat different machining capabilities are involved, we would 
apprecla.; a separate quote on: 

GROUP B 

95C1712 
95C1713 

Y Coil Spacer 
X Coil Spacer 

Close of bidding i s Hay 31, 1985. Please quote separately on e i ther , or 
both, of Groups A and B. State terns and conditions and include del ivery 
to Brobeck Corporation via UPS. 

I am available to c l a r i f y any aspect of the drawings. We would appreciate 
your comments and suggestions as to how to improve the cost or the design 
of these par ts . Please fee? f ree to phone. 

WWE:jw 

Enclosures: 
{•415)524-8664 

1235 Temh Street 
Berkeley, CA U.S.A. 
94710-1593 

Drawings. 

Very t r u l y yours. 

>Vt-YV^ 

Jack T. Gunn 
'Senior Mechanical Engineer 

B-12 
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BIDDER'S ADDRESS LIST 

RFQ 4500-301-3 sent to: 

[1] 
Al l ied Engineering Company 
2421 Blanding Street 
Alameda, CA 94501 

C2] 

August Manufacturing Company 
1466 36th Avenue 
Oakland, CA 94601 
[3] 
Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 

[4] 
Diamond Tool & Die Company 
508 - 29th Avenue 
Oakland, CA 94601 

[5] 
Edwards Enterprises 
8455 Cabot Court 
Newark, CA 94560 

(3006-2 Rev: 10-4-85) B-13 
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October 4, 1985 F i l e : 4500-301 

• 

FOR FILE: See attached mailing 11st. 
[ADR] 
Subject: REQUEST FOR QUOTATION 4500-301-6 

VACUUM HOUSING PARTS 

Dear [MUG] 

He s o l i c i t your bid on the l i s t e d vacuum housing p a r t s . A l l parts are to 
be c e r t i f i e d leak f ree when t e s t e d with a helium mass-spectrometer leak 
detector and must be scrupulously clean f o r high vacuum s e r v i c e . A l l s e a l -
l i n g surfaces must be protected so as to be f ree of scratches and n i c k s . 

CLOSE OF BIDS: October 14, 1985. 

SCHEDULE REQUIREMENTS: Parts needed b,- November 6 , 1985. 

Please bid each item s e p a r a t e l y . We reserve the r i g h t to award bids on a 
piece-by-piece b a s i s . Telephone bids are encouraged. We welcome any sug­
gestions which w i l l make these parts less expensive without compromising 
t h e i r performance. 

Drawing No.. Name Qty_ 

95C1772 Cover P la te 

95C1771-1 Pumpout Spool 

95C1771-Z Pumpout Spool 

95C1770 Spool 

95D1769 2 Port Tank 

95C1724 Cooling f lange 

95C1773 Port Cover 

Drawings are enclosed.for bid purposes only . 

Very t r u l y yours , 

(415)524-8664 
Jack T . Gunn 

1235 Tenth SireB) 
Berkeley, CA U.SA 
94710-1593 

Senior Engineer 

JTGrw 
B-16 



« • 
BIDDER'S ADDRESS LIST 

RFQ 4500-301-6 sent to: 

[1] 
Accurate Manufacturing Company 
4770 San Pablo Avenue 
Emeryville, CA 94608 

[2] 
Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 

[ 3 ] 

Diamond Tool S Die Company 
508 - 29th Avenue 
Oakland, CA 94601 

[4 ] 

McNeill Manufacturing Company 
2914 E. Seventh St. 
Oakland, CA 94601 
C5] 
Schrader Scient i f ic Company 
2976 Arf Avenue 
Hayward, California 94545 

C6] 

Jensen Prototype Machines 
940 Lemon Street 
Martinez, California 94553 

(3006-2 Rev: 10-4-85) B-17 
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October 9 , 1985 F i l e : 4500-300 

• 

• 

FOR FILE: See attached mailing list. 
[ADR] 
Subject: REQUEST FOR QUOTATION 4500-300-7 

VACUUM VESSEL PARTS 

Dear [NAME] 

Ite s o l i c i t your bid on the fol lowing vacuum vessel pa r ts . Since they 
w i l l be in a high-vacuum environment, they must be scrupulously c lean . 
S t r ic t adherence to the drawing tolerances is required, par t icu la r ly to 
the concentr ici ty ca l l outs. 

CLOSE OF BIDS: October 17, 1985. 

SCHEDULE REQUIREMENTS: Parts needed by November 12 , 1985. 

Telephone bids are encouraged. Me we'icome any suggestions which w i l l make 
these parts less expensive without compromising t h e i r performance. 

Drawing No. Name Q& 
95B1777 Plate 2 

95B1778 Spool 1 

95B1779 Beari ng 1 

95B1780 Bar 2 

95C1774 Flange 1 

95C1773 Cover Plate 1 

95C1775 Adapter Plate 1 

95C1776 Bolt Ring 1 

Drawings are enclosed fo r bid purposes only. 

Very truly yours, 

{415)524-8654 

1235 Tenth Street 
Berkeley, CA U.S.A. 
94710-1593 

Jack T. Gunn 
Senior Engineer 

JTG:jw B " 1 9 



BIDDER'S 
RFQ 4500-300-7 sent to: 

[I] 
Accurate Manufacturing Company 
4770 San Pablo Avenue 
Emeryville, CA 94608 

[2] 
Al l ied Engineering Ccmpany 
2421 Blanding Street 
Alameda, CA 94501 

[3 ] 

Bennett-Hopkins Company 
3592 Haven 
P.O. Box 53076 
Redwood Ci ty , CA 94063 

[4 ] 

Caral Inc. 
578 Cleveland Avenue 
Albany, CA 94706 

[ 5 ] 

Diamond Tool & Die Company 
508 - 29th Avenue 
Oakland, CA 94601 

[6 ] 

Jensen Prototype Machines 
940 Lemon Street 
Martinez, California 94553 

(3006-2 Rev: .0-4-85) B 
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I APPENDIX C. PURCHASE ORDERS 

All purchase orders from the achromat and vernier design-and-build 

project are included here, in numerical order. The purchase orders are 

l is ted in Tables 9-1 (achromat) and 9-3 (vernier) in §9.0, Volume I . 

NOTE: The achromat is Job Number 300 (Account 4500-300) and the 

vernier is Job Number 300 (Account 4500-301). 

C - l 
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WILLIAM M. BROBECK A ASSOCIATES 
,«LL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

VENDOR " 

ADDRESS. 

, & esA&ff £jfaj£<udC 

ATTN. OF . 

uRTT~" DESCRIPTION |U5E 5EF 

• ̂ 7 f 
DATE NEEDED 

SHIP VIA 

DISPOSITION 

TYPE P.O. t MAIL 

ORDER WIRED 

^ • g f l i DER T E L E P H O N E D 

DATE PROMISEO 

/Z-3o 2-*s-f<-
DESCRIPTION |U5E SEPARATE REQUISITION FOR EACH VEHOOR) 

ESTIMATED 
I I M T w i r j 

ESTIMATED 
rnTii enirj 

NET UNIT 
' " I C E 

L M-^L '/<iMtj tsir-4 .£h***«e*Oh. r JSJ11 

'us j y sCffiC. / 3 C 

77 fyf t-

/%*-<• t.gtsv-M*'-

w Z^4 &&&^MJ^&JUA 2̂ •e^.. &*£** */&« > *=*• n 

7 JH "V? 
\*¥-

T ^ 
• / 

SALES TAX 

ESTIMATED TOTAL VALUE OF'ORDER MUST BE STATED BY REQUISITIONER •* t / J . ^ 1 

Suggested Sources 

Pfdvioui Purchase Older No. 

'or, IL 
C us' r^3' y 

IATE, 

BA-30 IREV 1-791 

ACCOUNTS PAYABLE 
C-2 



PURCHASE QRDE.R NUHqtR 

BROBECK CORPORATION C O P Y 

i:35 TENTH STREET • BERKELEY. CA 94710 • (415) 524-Bf*! 

080 
THIS rlUMIM MUIT AP*IU* 
ON ALL INVOICII. MCKABtl 
A WO •HIPFtHQ r * P I R I . 

To r 

ryWi 

Ship to: (PURCHASE ORDERl 
Lu_j_Li_ui_i_ i l l i i i i l i l l i i H n T I 

1 
PEfiMALrTER INC. 
1844 North Keystone 
Burbank, CA 91504 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

Harrylialker (213) 849-4543 JL 
»m»m UPS 

J 

2-20-85 
U R noma 

3-15-85. 4540-301 
atui.1 

tU M C.O.D. Advance 
Account Jrobeck JTG 

< « • »a, aomiTT 

2000 feet Aluminum Conductor Alloy EC-0 or 1100-0. 
0.020 inch X 0.250 inch cross section. 

5600/1ot $600.00 

* 

After s l i t t i n g , to be careful ly deburred and then 
insulated with e lect r ica l grade anodizing 0,002 inc i 
thick. To be wound on coils reels not less than 
6 inches inside diameter, Minimum length to be 
100 feet . 

Transportation charge 

CO.D, charge 

TOTAL I 628.60 

(PER TELEPHONE QUOTATION OF $600 PER 
HARRY WALKER ON 2-19-85) , 

RESALE NO.: SR CH 21-140517 

IMPORTANT 
TERMS AND CONDITIONS ON THE BACK OF THIS ORDER A M 
UAHE'ft FART OF THIS ORDER. SELLER AGREES TO THESE 
CONDITIONS BY ACCEPTANCE OF THE ORDER, 

K k D l f M i i nais\ •* 7*« *nhr for ibovr M l i r i i l md vlll Ruki iliipnint kcnrtliw U doUvtrr prw-
_ sn thU flrdir, *r » ftpta4. Acupuan af Mt »rdu Inpliw fmmvu* la prim a&d dlacauta IIMWB, 

^ r nmft loni in pritta la fca iadluud bf Ytndar and accampaniri by naLt af iKPiaaatian. Fitew amlltad 
la eriitnal a n la or Interim a* Ibia •cknowlrdfiainl by «]«*«, Cendiliana MI "Sinai i n madt * pan *f 

BROBECK CORroRATION 

tkia wrdnr U which Hilar ocrett r-7 acttptanca a? tRii ardar. 

VENDOBBY 

BY Original cignpH by 
M, Moshtaghi 

BLUE: RtqurJoi GREEK: Pmjcn File 

C-3 
VELLOW: Vendor AcknciwlaJfcnvert PINK: PurchiiMnp'Slipping GOLD; AHiwninf 



.0 
BROBECK CORPORATION 

1235 TENTH STREET • BERKELEY. CA 94710 • (415) 524-86M 

TO l~ 
. PERMAG 

1159 Sonora Court 
Sunnyvale, CA 94086 

C O P Y 

PURCHASE DHDER HUMBtft 

ON ALL tHVQiCKI. PACUQKI 
AMD • M t P f r t f l d r*AFlt11. 

Ship to: PURCHASE ORDER] 

. BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

L Alan Dawson J L UPS Mir m _ u r a 

J 

3-1-85 
m« no. «MTiTt wrr 

1. 

2. 

3. 

4. 

176 

80 

48 

96 

segments per Drawing 95D1734 per Quotation #2870, 2-22-85 

seperjts per Drawing 95D1733-1 per Quotation #2871, 2-22 

seperjts per Drawing 95D1733-2 per Quotation #2872, 2-22 

segments per Drawing 95D1732 per Quotation #2873, 2-22-85 

TOTAL 

MK noiun 
8-10 weeks 
Heed by 5-1-85 

l l M U 
TI l lW 

4500-300 Jb3JL 

RESALE NO.: SR CH 21-240517 

I M P O R T A N T 
TEMiS AND CONDITIONS ON THE BACI OF THIS OHDEB ARE 
HADI A PAST OS" THIS OHDEH- m m AGREES TO THESE 
CONDITIONS BY ACCEPTANCE OF THE OKDEB. 

$75.86 

56.86 

47.39 

56,86 

$13,351.36 

4,548.80 

2,274.72 

5,458.56 

$25,633.44 

i l , ftunn 

IVt uk»« l«dsB receipt rf roar ordar far aba.* malarial and will u l u ihlpatnt accaraing to diU'iry praav 
I aa LUs prdar. or fta oeud, AccapUnea at tkii *M« ImdliM u r H B t n u u prim u d dlacaaati i b a n . BROBECK CORPORATION 

TAia cameUona In prica to bi Iftdiciud -7 vfHdsr aba aceanpapitd Ir "to af akplaaaUftn. Prl«i amllUd 
n arlllnal ar« to it in.inad «« itUa itknevUdiaatt »rMidgr. Candluam tni andliul ara mult i pan •( o v f l v i t l i n a l «lfinpri hi/" 
IU, .rtir in -oliUli *ll=r oiraa bj atttpianri al 1M» trial. BI l u m i n a l 3 m»CU Uj • 

VENDOR BY C-4 
Kenneth M. Thomas 

WHITE: Vcnlnr BLUE' RtqitfMnr QSEEN- Pm,til File YELLOU'. Vtndot Acknmlpd{«Mil PINK: PurchMfSliippiiij GOLD. Amainun; 



# WILLIAM M. BROPOT & ASSOCIATES 
RESEARCH-DEVEL . MENT • ENGINEERING 

FOR 
INDUSTRY • BUSINESS • SCIENCE 

1235 Tenth St. Berkeley, CA 94710 (413)524-8664 

- • r i 
EWARD3 EnERPaiSF.S 

8455 CA30T COURT 

NiVAFX, CALIFOHNIA 9A560 

L t- BreitQUch J 

r 
PURCHAfl ORDER NUMBER 

no 
THIS NUKKft HUtr APKAH 
ON ALL INVOICE!, PACKAQtl 
AND IHIPPIHO PAFtm. 

PURCHASE ORDER 

SHIP AND BILL TO 
1235 Tenth Street 

Berkeley, CA 94710 

AI'Rll U , IflSi 
H T t n i i i n 

jr.r 2i, loss 
UCMIT 
4540-300 

T i m 
N i l 30 DATS JAC™"C7~ 

Aehronat hauskiE aaie-sbly, Peasi Director , 
per BroLeci. Corporation Praving nuii'ier 95Jt73 r >,;>e\ 2 
Copy of Quote Attached (:"'•:'!.•"•"•' , : : . ) : • 

i.nl 

# . 

T0TAI AMOUNT OF PURCHASE OR?F! . . $22,030.00 

IMPORTANT 
TOUIS AND CCNEITIO'S OH THE BACK OF THIS OBSZB ABI 
HAM A PAST OF TOB OHMS. SIUJB ACME3 TO THI3I 
CONDITIONS BY ACCEPTANCE OF TUB OBBEB. 

tUaai* 
Any ewrtctinu 
M orijftul u« 
Ikl* ANAT tu vh 

mist •< I M T M*r f « a i m auutial mil will u k i iklpwat I « H M ta MI'UT I IM-
I, <c •• MML Atcaptava at tUa traat lapUai unwiMtt ta trim aa! k M i atom. 
IM pricai t» a* taftoH *f aaaaor ud Koapulid br aatt «f uplautiaa. Plieaa whttd 
U St fnHrtaa «a ilia — a n U n o l kr Taaaar. CoiUOau aa •jtiiaal an audi • tut «f 
ich nlkc i m l j naaataaca af till altar. 

• VENDOR BY 

WILLIAM H. BROBECK & ASSOCIATES 

oy ory Icsl-1. t h l / .—-£"~^~ 
- — — — • ^ - • i — -

'"•ocouvtiru' 
MstHia viks rtomrei • uiuiio laaioa 

C-5 



* RESEARCH-DE VEI MENT - ENGINEERING i 
BROEECK ' »*R 
CorJORA'tO- INDUSTRY-BUSINESS-SCIENCE 

1233 Tenth St. Berkeley, CA 94710 (415) 524-8664 

•JRCHAI I ORDER NUMIER 

121 
THII NUMUR Hurr ArrtAft 
OH ALL INVOICC*. MCKAQEI 
AHP •H i rP IHf l PAfKftl. 

i 
. •.•ESTESfc PIPE & SJfGlJtEERISC 

465 YOCElIITE AVEKUE 

UAN FHANCISCO, CA 94124 

PURCHASE ORDER 

SHIP AND BILL TO 
1235 Tenth S tree t 

Berkeley, CA 94710 

L J 

-ay 7, i , S 5 
MTinUPfO 

KAT 3 1 , 1935 
ACCOM 

4555-303 Tl NET 30 JAC' CWi 

U. 

AB/wnci 

Achrosat Seaa Tube - - [TJtfinp J 95C 175? 

A-iiromat Watir Hani fold — ^rawing f 95C 1743 

FOR HESALR 
RE5ALI NO. H St! CR 21-14051? 

TOTAL ASCDKT 07 PUIKSAS' SFDEP 

IMPORTANT 
TEEHfl AMD CONDmONS ON TEE BACK OF THIS ORDER ARE 
MAPI A PAST OF THIS ORDER. aEIAEB AGBEE3 TO TKE3E 
CONDITIONS BY ACCEPTANCE OF THE OBDCB. 

],2<H 

4{5 

1.794.&0 

2,224.3." 

•Mi* nerid rf n u W iir •!•» uurlil u4 will mlu iW«uit Ktwtiaf to Miner pw>- WILLIAM M. BKUBEXIK A ASSOCIATES 
jcttaai to BUt- u k. MkkM H mitir i*i KcmiuM b r w . . ! uEdutlu. Prts. ultwi BROiSCr £0.!P 1KATI0N 

•a uitlMj n i k b i twttd a tMs icfauolWtaul kr ™4M. rmUHmi u uldmil art n d • Hri •( • » / , / j**—*—^ 
Uli OIWH lu w*U» "1*» « « • tr atapum tl UUi «*r, * y \ y *-? .'r--. 

UpTMl OAltO M 0 D « , - (UlLUiS l a f lOO 

C-6 



|#-WILLIAM M. BROBECK & ASSOCIATES ., 
I ,,, c RESEARCH-DEVEI MENT-ENGINEERING 

*OR 

r 

INDUSTRY • BUSINESS - SCIENCE 
1235 Tenth St. Berkeley, CA 94710 (415)524-8664 

3EU\KTT-liOPKNS CORPORATION' 

5592 HAVEN AVEVJE 

a r i r o o : C I T I \ CA 9WC2 

H 

PURCHASE ORDER NUMBER. 

122 
THII NUMIU HUtT » W A * 
OH AU. INVQlCU, PACKAOII 
A N D i H T M l N a F A f l M . 

PURCHASE ORDER 

SHIP AND BILL TO 
1235 Tenth Street 

Berkeley, CA 94710 

• L J 
•NIP VIA 

uri 

. • A Y 7, Mfi 

MTI nonius 

10 WF;£S 

ICCOtnT i iuu 1 n m 
i a | » 
J: ; Z T 30 

•At. RIQUUTOI 

mug. (MIKITY OBIT DMCMPTtOW UNIT MICI ITTIMIIOR 

• 
1 9 . ' .c- ir i^t Seg-int Carrier — 3rawinj •? 95*C 1737 

- 8 

3 
! • • = • 

A c i r a ^ t Se;nii ' t ("firricr — " r w i n i f 9SC 1736-1 

Act-'trmt Srj i«nt r (iTrier — r-ravir,* » 95C 1736-2 
• 

TO RTf/iLK 

^ A L F i;o. SF a 21-1MD3I7 

*t TCT. : - ( s>ri';i c r /.PCf..-:" S B ; _ . <5,378.00 

• 

• 

• 

• 
IMPORTANT 

TEEMS AND CONDITIONS ON TEX BUCK 07 THIS OEDtB AM 
MAM A PAKT OF THIS DUMB. SSLLIE AGBXE3 10 TSZSI 
oomrnoiis s? ACCSPTANCS or rax OBDXB. 

W | K » M n rod* ef r*ar n * r (or ibcr. uurtal u 4 will auk! aUmtm m M b i t> aeltrarrjnm- WILLIAM M.AROBECK £ ASSOCIATES 
IHI <• tkli •»•«. « M MtW, Ampunca at 1»la M4B: tatlUa wrnaaatt to Brltta eaJ d l n u atan. , . ,.,- , r i . . , T . . . 
A v O I K I B I In prim » la ladlond bj tiuiar ml KeaaMiurf «r uto ef upliutltii. Fried ntlttad "' •!>'-• I. U . i ••- - i - . 
an arifliaj art I* kt lnaan*4 ah Ihil eelutewlediaunu hj render. £aBdlt»au BD erJeteal an neee a part at 
tkla gi4ai tu wiicheiUer uraaVkr acceplwce at tliiaaidar. BY 

VENDOR BY UOTNII IUIC8 PtODIICT . (U l lMD 144000 

C-7 



• WILLIAM M. BRORECK & ASSOCIATES 
RESEARCH-DEVBi 'MENT-ENGINEERING 

l i^'ra; " FOB 
INDUSTRY - BUSINESS • SCIENCE • &o.-j.:ir. 

MJRCHAH ORDER NUM«H 

**•* 128 *** 
twa Numn mm w n u 
OH ALL INVOICES, PACKAOU 
ANO I H I f f i m » « » 

t 
1233 Tenth St. Berkeley, CA 9*710 (415)524-8664 

r i 
PURCHASE ORDER 

L 

RCCL.-WA:: M.-JITACTCRING CO. 

^773 Sl-l FWLO AVTNl''. 

^.Til'l'I'^AX, CA 94608 

SHIP AND BILL TO 

1235 Tenth Street 
Berkeley, CA 94710 

J 

uc-; i>, lr-5 
D A H m u i p 

JTOE 7, 19 $5 
Kceon 
4540-500 

Tint 
NET 30 

•tautaroa .. 
o . i . J 
r.C. YO! 

La 

Hogget Spacer 

flange Bins 

Adjusting Sleeve 

Retaisftig fl«Rg« 

Retaining Sleeve 

Barrier Rit»> 

Drawing No. 95B1738 

95CU44 

95C174S 

9501746 

9581747 

95B1748 

FISAL,- H . S'. C/ 2 I - l ^ H 7 

T<r.»i i'^.".'T •:.: PE;,'" .AT OF: 

IMPORTANT 
TLSHS AND ootmmoNs ON THB PJICI or rats OBDEE ABB 
VACl A PAST O? IBIS OEDEE. SELLSB AGBJSBS TO TBtZM 
OOHDHXONS 8T AOCXPTAHCS OF TBI OBBtt. 

S3SL.J0 
Lot 

n M K » * M n noipt x m i artn tor iaan anuria! art irUI >ah •MpaKnt accamjar H Mrncr f e w WILLIAM H. BROBECK & ASSOCIATES 
M «• tali araW, ar aa Ht«4 Amel ia" af tail ardar UaplMa a i u a n t a ta prim aarf aaraaafa ifcawi. 
Asa cartaetiaBi la, aria* t* to Miat«4 ay rail* aai aRMpaaita' ap aata «f uplaaatiaii, Tricar aralttari . . . , \ / 
KM •rtsiul u i t i M tamtal aa (hU «<*JMwMsmaat ay raMMr. faaaTHaaa an arlaiMl art lasfc a part of - v j „ . j . 

----- - — >-'-•. --•• , |y aaMptaaca of tali arcar, *>I ' ,y • ^ - • IkU orto (u »bira. MJJOT I 

VEHDOBBY 
1M0TMII M i t t MOBBCT • UlUHfr I l t tOQ. 

C-B 



WILLIAM M. BROBECK & ASSOCIATES 
ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

A 
vENI 

ADD 

ATTN 

r P P / A / / . - fj?& /'W «/ DISPOSITION 
vENI 

ADD 

ATTN 

™ IMoCiAtei) £&mk^±- < JATE NEEDED 
TYPE P.O. 4 MAIL 

vENI 

ADD 

ATTN 

JATE NEEDED 
TYPE P.O. 4 MAIL 

vENI 

ADD 

ATTN 

JATE NEEDED 

ORDER WIRED 

vENI 

ADD 

ATTN np %Jc S| )<-
HIP VIA ORDER WIRED 

vENI 

ADD 

ATTN np %Jc S| )<-
HIP VIA 

ORDER TElEPHONEO 

vENI 

ADD 

ATTN 

HIP VIA 

ORDER TElEPHONEO 
• " • DATE PROMISED ACCOUNt {PZS T A X A ^ E J TERMS FOB DATE 

i l l /.fir 
ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) 

ESTIMATED 
UNIT PRICE 

ESTIMATED 
TOTAl PRICE 

NET UNIT 
PRICE 

TOTAL 

fc 103^14 3ft,* J 

# S rpp//i/6 

• 
• 

m A 
RESALG /tf>. / > 

J 

• : c£- ^ .a/ -^osn fl^ 
.f 

J- 7 

ft / / - v / 

IT/!. 1 

- i \ ' / " • 
. . , * ' , , / • • 

* &>* ,r. 
w 

• ' * ' • * 

/ > ' ' ' / 
u 

^ 

* 
• 

SALES TAX 

ESTIMATED'TOTAL VALUE QF ORDER MUST BE STATED BY REOUISITIONER •* $ "gfi. 6^ 

Suggested Sources 

IT- t«.' 



WILLIAM M. BROBECK & ASSOCIATES 
J.L ITEMS PRINTED IN RED MUST 
SE FILLED IN BY REOUISITIQNER 

PURCHASE REQUISITION 

/ ^ 

TCN 

ADD 

ATTI> 

W vv. -u-^- i f - '^ i - ' - i ? f/K/'>(>«,>i (•• j" 2 1 i l n y DISPOSITION 
TCN 

ADD 

ATTI> 

HESS / • / ' ' • ' • .^.f1/;/-. ,• i t 
MTE NEEDED 

TYPE P.O. 1 MAIL 

TCN 

ADD 

ATTI> 

...I;-J ' .. V J V ' / J / V -' ,./ '/•*.:></ 

MTE NEEDED 
TYPE P.O. 1 MAIL 

TCN 

ADD 

ATTI> 

...I;-J ' .. V J V ' / J / V -' ,./ '/•*.:></ 

MTE NEEDED 

ORDER WIRED 

TCN 

ADD 

ATTI> i f * /. , /- .̂  . c i ./J,Ji/tri Y? ?-(-J i <~' 
rllP VIA ORDER WIRED 

TCN 

ADD 

ATTI> i f * /. , /- .̂  . c i ./J,Ji/tri Y? ?-(-J i <~' 
rllP VIA 

ORDER TELEPHONED 

TCN 

ADD 

ATTI> 

rllP VIA 

ORDER TELEPHONED 

""DATE PROMISED ACCOUNT TAXASL£. 1 TERMS 

«spo/j /if- J o 
O.B. DATE 

j 1 1 

ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE BEOUISlTION FOB EACH VENDOR) 
ESTIMATED 
UNIT PRICE 

ESTIMATED 
TOTAL PRICE 

NET UNIT 
PRICE TOTAL 

J__ 1 f. rnn\\*.a (JJX[ |y , i f Jr a<Tr r\^\-l 

• 2 ! c\_ 

1 - $}.*{jLl4 t f|J£),-j2n 

J 1 " * ? *# '"7 * I 
*r— 

4 
«"' 4 f. * . 1<-A/7J.L 
w -

TTAi. fd 4"'* i itjtt.' 

t* / . , 1 • t* \ t* 
A 9 .i* 

/*~K >,.^£ ) yJ 

f\ i Ar-\' C / v ' 
. ? l 

' * 
9~ •'•.£• / / , Q l - W C . / l 

• " 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATEO BY REQUISITIONER * $ / J c c j 

Suggested Sources 
DELIVER TO 

• REQUESTOR 

<M | Previous Purchase Ordar No. 
PURCHASING, , . DATE <M f APPROVED " ^ 1/ • . - DATE 

BA-JO |HEV 1-71) 

ACCOUNTS PAYABLE 
C-10 



• WimA»14I.̂ R0BECK^^SS0CIATES 
RESEARCH-DEVEI MENT-ENGINEERING 

H:;--tr- *OR 
CC1T j;*nc-- INDUSTRY • BUSINESS • SCIENCE 

12JJ Tenth St. Berkeley, CA 94710 (413)524.4664 

• ^ r 
To * 

. -"SAT'CIS HJJTHC 
Jh', - 7tli Street 
0«!.:.T..:', CA 54tj7 

I P-acdy Levia 

•UKCHAM aitBEK NUM»£»1 

** ,31* r 

T H I I KUU1CR MUVT AWCAH 
ON ALL I IJVOICH, PACKAQCI 
AND i n n ™ f.riMi-

1 
PURCHASE ORDER 

I M M M i M « M M * M l M M M M « i 

SHIP AND BILL TO 

1235 Tenth Street 
Berkeley, CA 94710 

J 

••by :\, 
MriMOWKB 

Jim* 7, i:>85 
team 
4540-301 STT 30 

r.o.1. iiBUtira* 

£e*!> 27' lonj, cf ' t .020 \lan». Conductor, 
Cnrtuctor to b? n.larV. Anodisfcc ,';0I - .002 thlcK 
• lec t r i ta l grad-. 

Conductor furnished Vy Sruteci'. Corporation. 
Pric* lccludca $650.00 tocliu; charge, , Tooliis 
beceirts property of ScoSecJ. Corporation upon 
tjorleticti, 

I'.XLCSU conductor v i l l be returned ta Froneci' Corp. 

fciS.-U.? NO. SS: H' 2J-H0517 

TCTAI. A?£t."« 0" ?l?;Hns:. JJU;Er 

IMPORTANT 
RBHB AND CONDITIONS ON TEX A/tCK OF THIS CttDEfi A&I 
UADIA FAST OP THIS OBDEB. SBtLEB AGRM3 10 THKI 
ooNDmoNS a i ACCEPTANCE o r t a s OBCXE. 

r . «tt*.»i«lf. w i n M ! • artu (tr i W » uur i i l utivil l aaka iklmnt u tua iu » M i n t r m a v " W n i b t M Jf; BKOBECK ft ASSOCIATES 
M a l U i tttto, « u H M . i n f l i M « t i J i « 4 I I lamtta IIHIIIHII M jrina uaf d m u i l m . 
Aar ctmetlau I* prieai Id k> Mleata4 br nftfer i&t IconpanM br Mt* ff tiglautlio. Prteai wltt*4 
•a orlslui In H M (•••ma' « l ib ukuwh4 |M« kf nafar. CoUlttau M *riflul i n sada • jart «f 
thia BE4W tw Ttaleb Hlitr amaa to aectTUau al tUa «1«>E. BY M 

VENDOR BY 
UOIMII manHoonn . MIUW mioo 

C - l l 



WILLIAM M. BROFECK & ASSOCIATES t&> 
RESEARCH-DEVEL *ENT • ENGINEERING V 

• r 

RESEARCH-DEVEL flENT • ENGINEERING 

INDUSTRY • BUSINESS - SCIENCE 
1235 Tenth St. Berkeley, CA 94710 (413)524*8664 

1 

n m c H A i i O R D E R N U M B E R 

TMII N U H m HU1T APf lM 
ON UJ. INVOICXI-, MCKAOM 
A M D i m r p i w a p A P t m 

PURCHASE ORDER 

SHIP AND BILL TO 
1235 Tenth Street 

Berkeley, CA 94710 

L J 
•NIP VIA 

M l • U J I F I O I I K * j iccMit , • B U I nta r.ai. •nanrai 

V ^~--^ 
R l l CIS. nUTITt 1 HIT Duciimra HIT met intiiioe 

• 6 2 in J lEpoxy dispenser — 4 oz. s ize 
Catal^M*. 754142.1 

6% Sales TiK 

$16.59 5 9 9 . ^ 

5.97 

• SltippiftJ FtC 

IDS. f l 

*t 
• 

• 

• 

• 
IMPORTANT 

TEEMB AND COKDITIONB OK I H I flACI OF THIS O E M R ADS 
HACK A FAST OF IBIS OEOKB. BELUK A G M B TO TOGS 
CONDITIONS BY ACCEPTANCE OF TOT ORDCB. 

Mwlwfei nertp % ef T—i «n Mr fir A i m n a u t i l i AM will •ate alnai imnt I f iaUwna-a-t. WILLIAM M. BKOBECK & ASSOCIATES 
IK4 -B tlU aitlir, Iff l ; . . . —, -.- ,- . ^ 
A v omctltlu [a aritaa I* *• lailMlaa tr Tutu ml MtMnaM >r HU »< a p l a i D n . PriHa aalUal 
•a iritlaal i n t» Li buuut w till Ktaw*lt<l|tlHU kr nadir. CantlUaaj as irittul i n a»4a • put of D v . 
lili artu hi whkl Hilar UMM hr Kaauaa if till arair. H i _ 

VEHDOHBY 
U0THI1 MIC* HOQDCT . CUtlUH ItSlOQ 

C-12 



WILLIAM M. BROBECK & ASSOCIATES 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

ADDRESS. 

<fr/*C 

ATTN. OF . -/;.UjZ*~fc' -H*~ 
TAXABLE 

• / ? . ? , 
DATE NEEDED 

SHIP VIA 

*d2 

DISPOSITION 

TYPE P.O. 1 MAIL 

ORDER WIRED 

5ROER TP- EPHONED 
•CATC PTOBISEO 

Vy^) ~J3M> A/'JQ 0 OJ). 
DATE 

• / * * * -

DESCRIPTION [USE SEPARATE BEOUISniOH FOB EACH VEHDOB) 
ESTIMATED 
MMTMim 

ESTIMATED 

— msi. n NET UNIT 
_ E H ! £ E _ 

A M AXf .ou^ /L..*^/*/ •$ : 4£. 
7? t ^ - W ^ - f C-̂ J 

~#>U« ^U rr 
/ / i f j ^ . ^ ^ , & 
jt-SLt t-rr-*-rr*f •-. -^r^f fc,^ fc/7 , y >»/-& 

^ / . •' f ?• 

* * / j ^ L g - .' S/f./3 

u\ yr JZ. 
a^L i 

SALES TAX 

ESTIMATED TOTAL VALUE O c ORDER MUST BE STATED Bf REQUISITIONER •* % /J y y1 

Suggested Scursft 
REQUESTOR / j _ -

• Previous Purchase Order No. 
S ^ 

A ^ - "' " 
^ 7 ^ - . •Tf 

BA-30(REV 1-7B) 

0 ACCOUNTS PAYABLE 

C-13 



PURCHASE OROEB hUMQER 

BROBECK CORPORATION c Q P Y 
i, n . ; i, ^ • • • • 

1335 TENTH STREET « BERKELEY. CA 94710 • (4151 524-8664 

143 
TMII NUWKR HUBT »W»M 
OM ALL IMVOICI I . PACIABCl 
AMD IWI^HHtt pfcMlll , 

To r 
Ship to: PURCHASE ORDER j| 

TOOL CO. 
5086 29th Avenue 
Oakland, CA 9460S 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

L ATTN: Don Holz JL 
•HIP V1» 

J 
UTI 

June 3 , 1985 
UJI p w i n 

5 wks ARO 
m a n 

4500-301 

IIUI 
in M 

X 1-10 N-30 

FA*, mvutei 

Oakland JTG 
ntr oucmmen • • I t MtlCI m n i i t i 

GROUP A -- S p o o l , e t c . 
1. ea 95C1707 $ 810 $ 810 
2. ea 95C1708 298 298 
3. ea 95B1717-1 ) 

95B1717-2 ) Lot 4. ea 
95B1717-1 ) 
95B1717-2 ) Lot 195 195 

5. ea 95C1723 485 485 
6. ea 95C1724 410 410 
7. ea 9581727 120 120 

• 
ea 95B1729 437 437 

• 

ea 
GROUP B -• COIL SPACERS 

B'f-9. ea 95C1712 B'f- 300 
10. ea 95C1713 

TOTAL 

6 ', 848 ea 95C1713 

TOTAL 

6 ', 

$ 4,403 

PRICES PER QUOTE BY DON HOLT -- COPY ATTACHED 
FOB: Oakland 
1-10 Net 30 
DELIVERY: 5 weeks ARO 

* 

IMPORTANT 
TEEMS AND CONDITIONS ON THE BACK OF TfflS OEEEB ABC 
MADE A FAST OF THIS ORBEH. 5ELLEE AGBEES TO TB£St 
CONDITIONS BT ACCEPTANCE OF TUB OHDEH, 

I n l t k « i4« , m u mIM. A H * * U « «f Ml «M« InpUu I f n q u u u tri?I4 M i 4UK4WU lh«v». 
»f earrttlit&l IB , « « • t« hf t i f t t tU* *T Mflnef *»td trompuitd ly MM «j ripluulitn. Pr im « 1 1 U 
h crl l tul u« ta b* laMR*4 on Ikk •ebn«»IUfMUM i r t.tufor. CendltMU M tfi i tsil an nU* » 0«t «l 

thi* itdtr ki wbirt Mlhr u n a br tcnpwu* e( l»li Qrdir. 

BROBECK CORPORATION 

VENDOR BY 

BY Original signed by: 
K. H, Thomas 

BLUE: Rtqurunt CREEK: Projca Fill 

C-14 
YELLOW: Vender AcLnctwIcdgeTCni PINK; PurchaMnf 'Shipping COLD. Accwniinp 



# WILLIAM M. BROBECK ^ASSOCIATES 
RESEARCH • DEVEI KENT - ENGINEERING 

Bta'3~.. ;K rOH 
INDUSTRY - BUSINESS - SCIENCE 

1235 Tenth Su Berkeley, CA 9*710 (415)524-8664 

' i 

PURCHAII ORDER NUMBCF 

THIS N U H K R HUtT JIPKAR 

on ALL iftvoiat, pACK^aee 

i 

pwwwmw** 
PURCHASE ORDER 

i :.C.IT;-J.r. !IA:U7ACT11ING CO. 

/77J SAi, P/.ELO AVE. 

r,~:xr\i:iz, CA 9W0O 

SHIP AND BILL TO 

1235 Tench S t r e e t 
Berkeley , CA 94710 

L J 
IHIHW 

J".T; I : , !• ,•,:• 

UTI FHIStD 

T^r. ?«, 1955 
•BOUT 

4340-300-21 
Tinu 

MET 30 DAI'S 

mvnroi 

J . T. C" 
ITIR M, ItlHTITT DUCMPTKM CCTHirOB 

' • 

* 

AchrciKt Ele:w?r.t Iteaaurir.r F ixture 
S:. $7 r ."- l , Bhects 1 6 2 . Quf.utit ies as ncceti 
or. r r i n t s . P r i n t s alr-ac'v at Accurate 

?OR BS5.\L,r. 
PJSALT V0. Sf. C 21-UC^7 

TCT1! A'-|."T'T JF nUCR.*r: On,f.i" 

I M P O R T A N T 
TXBHB AHD CONDITIONS ON TEX BACK OT THB OEDQARC 
MAM A PAST OT THIS OBLIS. ULLXR AGKEIS TO T t m u 
OOMOTT0K3 BY ACCDTANd 07 TBIOUBSB. 

Si.soo.oo 
LOT 

"WILtlAH H. BROBECK fi ASSOCIATES 
Mr einvUmTU 7 * " <• *• brtliud to nxiku U l KiaaiiuFMi hr M> «f" wJEMttm. Prtoi wiitid ' ' • • • ' '"•' ' • • _ . . . 
c= triitul n l a b iMKtod <a tto utauwtodnnl if »»*"• Cwlt&ai u trtjlMl ua «Ai • Hit •( D V ' 
'to »ri« In wklti aeUu H V to ttuiUnti si iMi u4n. Bl • 

_•» ! • •» n a i l * f l r a n K * r t » * " BlUrl*) ux' wUI auka ia inaat •curtlmf a M t w pna -
Ala crtor, ef tt aatai* AeeaaianM af tida erfat laiafca M H e M l a *t aricat B M i n o r t i afcain. 

•5? / i i _ 
• VEHPORBY U9THII qjLKd noDflCI - OULAK0 aiflBOO 

C-15 



• WILLIAM M. ^BROB IK & ASSOCIATES 
RESEARCH - DEVELOl-dENT • ENGINEERING 

a'no:*."1 FOR 
CCR?OJA::O. INDUSTRY- BUSINESS -SCIENCE 

13 3S Tenth St. Berkeley, CA 94710 (415)524-8664 

PURCMAK ORDER NUMBER. 

THTB NUKR* MUST APHAH 
QN ALL IWOICS*. FACKAQtt 
AMfl • HlPPtHfl PAPEH1. 

• 

[PURCHASE ORDER 
#w r 

PlfciALVSTEK, ISC. 

1S44 K. KEYSTIW AVE, 

B:-35«„ a 31304 

1 
SHIP AND BILL TO 

1235 Tenth Street 
Berkeley, CA 94710 

J 

JKS li , i?"ft 
HTI noEini Acaon 

J15E 30, 1935 4540-3IU 
titui nun 

N-33 J. T. Ca:: 
OUCIIrT Ml 

• l 120 

w 

Almiaia Conductor 0.25(£ .010 x ,020± .002 

Ar,:ieale^, Sounied edges, free of burrs, 
DD so . Anocil2« 

rot nrrALE 

HESAIX tin. sr a: 21-U0517 

T0CAL AMCLNT UF ?0. 

tic "ir K-?U:ATI 
Vl 

I M P O R T A N T 
TKKHS AMD CONDITIONS ON THB BACK OI ISIS OBDSB ABI 
MAD* A f A M 07 1HIS OSDSB. SWXm ACUXg ID THttJ 
OOWHTIOHB BY ACCOTAMOC Ot IBS OEMS. 

^ 

W n M i l l M UK Mfcr Mr u « n luurlll u 4 will nk> i l l w u l •earwc * 4dinrr m - WILLIAM H7BROBECR& ASSOCIATES 
W a l l « * » . CT n m i AtnH«M« " UU- •'*», i*rU- i n m n a prim gj t u n l i ifcra. "»•»*«"!" « ~ . ~ 
Aw »mrtl«ei I* iriHA » M U k a u l to ratir n i KnaMiM to • » if uaUutuo. Prion aaitttd • . - - . 
•a aifilmil m u l l liuwtt* M tkU u t a n M n i a i t to rcJ>ir. Cn*V(MU M «ri«ll«J i n «u4» < Hit :** DTT / A / . ~* 
IkU offer t»i whUa tllar ur*at *» *CM?UMI • ! tJbJa fritr. I l l ' ' / J ' ' • 

VENDORBY 
C-16 

WffTMt l*HO H00VCT - OHbMD 214100 



• WILUAM M. BROBECK & ASSOCIATES 
U. ITEMS PRINTED IN RED MUST 

BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

VEN 

ADC 

' ATT 

nn. J " £J0^ f/J JS/fo, rc7yy e jnMi,<J?\ '£\ /A? V DISPOSITION 
VEN 

ADC 

' ATT 

RESS-
3ATE NEEDED 

TYPE P 0 . 1 MAIL 

VEN 

ADC 

' ATT 

A)ji.sr/jJ*2 f/)'tJi)j 

3ATE NEEDED 
TYPE P 0 . 1 MAIL 

VEN 

ADC 

' ATT 

A)ji.sr/jJ*2 f/)'tJi)j 

3ATE NEEDED 

ORDER WWED 

VEN 

ADC 

' ATT —1 y, J J i '/- 7/ 0~' 
HIP V I * ORDER WWED 

VEN 

ADC 

' ATT —1 y, J J i '/- 7/ 0~' 
HIP V I * 

ORDER TELEPHONED 

VEN 

ADC 

' ATT 

HIP V I * 

ORDER TELEPHONED 
DATE PROMISED ACCOUNT TAXABLE 

^TEsJ NO 

TERNS FOB B A T E 

7 k- > r 
ITEM OUANTITV UNIT DESCRIPTION {USE SEPARATE REQUISITION FOR EACH VENDORI ESTIMATED 

UNIT PRICE 
ESTIMATEO 

TOTAL PR ICE 
NET UNIT 

PRIH TOTAL 

• / r>'\fkM i" ^t'atntfif J.a*ci*ft r'^f^t^-

J 
Spritl #mtr-t *A-4 '/p y%o 0 

• 

H t ' H J 

• 

- / 
t \ J/-

* _ ,-\ i^' l / r N 
rb^ W P~ \\J 

1 ". ' ' 

t 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER -» $ ty^f. f ^ 
I 
1 

A Suggested Sources 
DELIVER TO _ _ 

1 
REQUESTOR s 

1 \ Previous Purchase Order No. PURCHASING OAIE 1 
APPROVED — j p ^ - DATE 

ACCOUNTS PAYABLE 
C-17 



WILLIAM M. BROBECK & ASSOCIATES 
JO. ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

rk 
ADD 

i H /7< / A i / t r ( " ^ :„°> Z-7-2 •/ DISPOSITION 

ADD OPRB 
3ATE NEEDED 

TYPE P.O. 5 MAIL 
3ATE NEEDED 

TYPE P.O. 5 MAIL 

ATT 

3ATE NEEDED 

ORDER WIRED 

ATT 
s HIP VIA ORDER WIRED 

ATT 
s HIP VIA 

ORDER TELEPHONED 
ATT 

HIP VIA 

ORDER TELEPHONED 

IJJATE PROMISED ACCOUNT TAXABLE 

TES | ^ 0 

TERUS 

A/-: J> 
FOB 

v -3 - y r 
I K U QUANTITY UNIT DESCRIPTION |US£ SEPARATE REQUISITION FOB EACH VENDOH) ESTIMATED 

UWTPfllCE 
ESTIMATED 

TOTAL PRICE 
NET UNIT 

PRICE TOTAL 

* / -z C>r- / « <jrf f/f-llAm 1/S\i-S)l'r,f * .̂.£"ii 7 f l i 
• ' 

j? 74*1 £ It 

• " 

'i 1 
M ' 

• 

• 

• 
SALES TAX 

ESTIMATEO TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIOi i 1 ^ i 

Suggested Sources 

• 
r ( 

) •' <r 
Previous Purchase Order fio. 

H :H«SING 

&L 
A P P R O V E D i / 

BA-MinEV 1-791 

ACCOUNT. PAYABLE 
c-ia 



WILLIAM M. BROBECK & ASSOCIATES 

r 
iLL ITEMS PRINTED IN RED MUST 
IE FILLED IN BY REOUISITIONER 

PURCHASE REQUISITION 

ilf 
ADD 

A n 

L PC.t1t\$7Te- f//<y (fifty/h// " i / 7 ? 
/ DISPOSITION 

ADD 

A n 

DOR •" 1 • -

RFS<t C 

)ATE NEEDED 
TYPE P.O. « MAIL ADD 

A n 

)ATE NEEDED 
TYPE P.O. « MAIL ADD 

A n 

)ATE NEEDED 

0 B D E 1 WIRED 

ADD 

A n 4l?.l/hl </j/J HIP VIA _ Ops 
0 B D E 1 WIRED 

ADD 

A n 4l?.l/hl </j/J HIP VIA _ Ops OROEH TELEPHONED 

ADD 

A n 

HIP VIA _ Ops OROEH TELEPHONED 

# FATE PROMISED ACCOUNT TAKA81E. {TERMS 0 8 DATE 

ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION TOR EACH VENDOR) ESTIMATED 
UNIT Pflrr.F 

ESTIMATED 
rnTu Pftirf 

NET UN It 
PRICE TOTAL 

- / _ / $ : ..,//., / / ^ f n.i; <J 7" / /- Coc/f 
• ' /j. 3/?^£ 37 

' , v •>•• <* d' 
/ ' V * 

• 

'4 I '4 

• 

• 

i 

• 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITlONER • * S / £ j £ 

Suggested Sources 
OELIVER TO - T / 

J ' t -
• flEOUEStOH ^ _ - _ _ / • 

4 \. Previous Purchase Order No. 
PURCHASING . 1 

W If , 
DATE 

/ - ) i 4 1 APPROVED ; y DATE 

BA-30 [REV 1-791 

ACCOUNTS PAYABLE 
C-19 



• .£• u I I 

BROBECK CORPORATION 
1335 TENTH STREET • BERKELEY. CA 94710 • (415) 524-8*64 

PURCHAII OKDtH NUMICIt 

THIf NUHI1M HUIT A M U * 
ON AU tNVOiCH, PACKA4M 
AHP._lHl»PtHq m K H 

To 
PERT1AG CO. 
1159 SONQRA COURT 
SUNNYVALE, CA 94086 

L 

Ship to: 

JL 
minu 

PURCHASE ORDER 
i 

j 

JULY 1 1 , 1985 
HO, MUTT ITT 

1CC0WT 

4540300 N-30 
•ntDTSI 

J.T.SUI 

Rework 64 permanent magnet segments by 
removing 0.0015" as discussed 4n meeting 
of <Jyly 1 1 , 1935. 

IMPORTANT 
I B I l t AMD CONDITION* ON T B I BACK Of THIS O B I t t AJU 
•IADI JL PAST OF HIIS OBMB. SXLLDt AOUZS TO m M I 
0OHM1TOWB BY ACGXPTAMCX OF THE OISXB. 

4.00 $256.00 

« : 

', uliajali i l i i raniat a< l a v atriav f « a&aat utartal Mad wiU aufca aUaaaal araariaa a> ialhaia ItaB. 
a* OVa artar. at aa M a t Aaaaplaaca al tall anal laallaa airainiata to arina ami aYataaata aaawa. 
auratUau is oHeai ta to kMlowl a? m i a r u i acnapaiM tr • » al ual imt lm. FrKa aalttaa 

(rttiaal a n la at laurtaa aa tali « * M ' M « K M tj naai i , CaaaHUaaa •» ariltaal a n Uaa a Hi t al 
Mta tu akiea r-Uar unm i f attCKUta al lUt atMI. 

BROBECK CORPORATION 

BY 

VENDOBBY 

BLUE: »«pjnw GREEN: Project Flic YFLLOW: Vredor Adu«iwlcd|tmHll 

C-20 
PINK: J\iirh*iin.[i.'5htppnf GOLD. Ai-nKintiAf 



• 

BROBECK CORPORATION 

1235 TENTH STREET « BERKELEY, CA 94710 • (4151 524-8664 

PUITCHAIC OHDEK NUMKR 

T* l i MUH»» HUtT A»KAIt 
9H ALL INVOICtk, >*AC«AM» 
AWD immune » » r i . 

To r 
Ship to: 

ir 
PURCHASE ORD^I 

* ELECTRICAL SPECIALTIES CO. 
SAM FRAMCISCO, CA 

L 589-9611 Hike J |_ 
I I H H 

1 

J 

July 11, 1985 
HTIHHUO 

4540-300 
to M 

x c.o.o. 

Ea Spools (1011b each) of Magnet wire - 18 Gage 
BsTden type 3076 or 8050 

@ 1.96 per Pound 

Sales tax 

C.O.D. & POSTAGE 

IMPORTANT 
i m t AND CONDITIONS ON THI BACK OF TH1B ORDXR U K 
HASS A FAST Of TII13 ORDER. " " " AGRBS TO THESE 
OOMSmONS BT ACCEPTAIICI Or THI ORDER. 

39.20 

tdarwidtn rmut si mx crfcr for «Wr. •uwrtsl i>4 will n t i I H M I V M u n i » M m n i n s -
n fftta Hdn. « u uad. AcnttiM* •! lkl« «nu tapUtt u n M H li vrirw iM dlMMta ifc*«m. 

. amcttau n >ri« « to. Mleuul to » « • « Ml m n a W Ir • » « i iuautlu. »nca aaltw 
wWaal i n u bt iMtrui *« tklf uiMaMfffCM to vw&r. CtMHhai w wtiriBal lit 
wife! hi wikfc «M*r tfitoo to w i l l u n a( 1W& «d«. 

BROBECK CORPORATION 
L men awttal . , » , 

VENDOR BY 

WH1TL. V CLUE; Rsqualw OREGN: Project Fill YELLOW: Vendor Acknowlal|amil 

C-21 
PINK: Purcfwunp'Shippinj GOLD: Al'MiNinp 



•"•Wf*\ h ^;•«**!<*•' ' . . 3T * *_ ,»«w» '»< i . - m *V« , - v * ' «w* . .> 1 -? * r^w»» '» r - f - - «^ T ^-^ -5» ( f i j ^^ * r " f W R n u HITil.ii. !.'." 

PUIICHMI ORDER NUM»K 

195 Chg. Order / 

BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY. CA 94710 • (415) 524-8664 

To 

Ship la: PURCHASE ORDER 

PERMALUSTER, INC. 
1S44 H. Keystone Ave. 
Burbsnk, CA 91604 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

L JL 
ATT.J: Hpnrv W a l W m / M M - M a ? m»m 

UPS 

i 

j 
HII 

11-25-85 
MTI mofun 

12-7-85 
«eant 

4500-301-20 
TU H 

X Net 20 irobeck 
Corp. KHT 

• 1. 1200 ft. Aluminum Conductor 0.250 - .010 x .020- ,0002 
Annealed, rounded edges, f ree of burrs 

TOTAL AMOUNT OF PURCHASE QRBEfi 

SHIPMENT MUST BE HADE folTHIN 5 WORKING DAYS OF THE 
RECEIPT OF THIS ORHiR AHA, IN NO CASE WILL IT BE 
ACCEPTED LATER THAN 12-10-85. 

$62S.60/Lot. 

C.O.D. SHIPMENT MILL NOT BE ACCEPTED ON ANY CONDITIO ;s. 

IMPORTANT 
I X U I 3 AND CONDITIONS ON T H t BACK OF IBIS OXDXB A M 
KADI A FAST OF TIIIS ORDDL m m AGBHB TO IBISJi 
OOIIDRIONE BY ACC1PTAHCX OF B I B OtOIK. 

.. 1 at r v artar far aaati matartal UNI wlU tuka lUaacM acaralaa 
! • ahta ariar, ar aa Data*. An**tuw« «r lau araai Jaallaa m i — i i m u ar im u4 

• M I C I I M la arieai u ki toaltstta to nttu a i l anaaatilad b H i al tsaUul lK . TiUm aMttM 
t r l f iu j i n u U I ron* * i t Ikli ackawtanaaiil kr raaaar. faailllaai M arlffanl I N u i i a tan al 

tkU araar h, wUtk Mllar afrau br atoratanei af tain araar. 

VENDOR BY 

BY 

BROBECIOfORPO NATION / , BROBEl 

J"l< ' 
WHITE: V a i » BLUE Rcqucslnr GREEN: Pmjcfl File YELLOW: Vendor Ackr»»lo)|nrcw 

C-22 

K. M. THOMAS 

PINK: Pureh*Mnp'SJnppinf GOLD: Amwniinf 

http://HITil.ii


WILLIAM M. BROBECK & ASSOCIATES 
.L ITEMS PRINTED IN RED MUST 

BE FILLED IN BY HEQUISITIONER 

PURCHASE REQUISITION 

•v>*w — , 

ADD 

ATTf 

1 ^:-^A,'-t< J-±A "''••'- '~? n o°> m J DISPOSITION 

ADD 

ATTf 

PDR " * -
RESS 

o°> m J DISPOSITION 

ADD 

ATTf 

PDR " * -
RESS c ATE NEEDED 

TVPE P.O. 4 MAIL ADD 

ATTf 

ATE NEEDED 
TVPE P.O. 4 MAIL ADD 

ATTf 

ATE NEEDED 

ORDER WIRED 

ADD 

ATTf 

5. Ml P V IA ORDER WIRED 

ADD 

ATTf 

5. Ml P V IA 

ORDEfl TELEPHONED 

ADD 

ATTf 

Ml P V IA 

ORDEfl TELEPHONED 
- D A T E PROMISED ACCOUNT TAKABLE 

ves 1 PC 

TERMS 1 F 0 B DATE 

ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) ESTIMATED ESTIMATED NET UNIT 
PRICE TOTAL 

JL - . f-L-'J ir; ^ouQ/cra/l ftbiapufc- (fU>^ • C 7 -

• 

• 

/ 
I 

$ • 
J v 

Q i fy î 1 

• 

• 

e 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER •+ $ f(/Q "Ji 

Suggested Sources 
DELIVER TO 

ft REQUESTOR — - •* / _ - ? 

9 Previous Purchase Order No. 
PURCHASING OATE 9 ) APPROVED DATE 9 

BA.30IF1EV 1.TI) 

ACCOUNTS PAYABLE 

C-23 



WILLIAM M. BROBECK & ASSOCIATES 
ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

& 
1 

ADD 

ATTI 

f \Vt',?c.*sJ SMMr Co. ™\ 2!L • D I S P O S I T I O N 

ADD 

ATTI 

JUK -
>ATE NEEOED 

T Y P E P.O, » MAIL ADD 

ATTI 

>ATE NEEOED 
T Y P E P.O, » MAIL ADD 

ATTI 

>ATE NEEOED 

O R D E R W I R E D 

ADD 

ATTI 
J / S 

HIP VIA O R D E R W I R E D 

ADD 

ATTI 
J / S 

HIP VIA 

O R D E R T E L E P H O N E D 

ADD 

ATTI 
HIP VIA 

O R D E R T E L E P H O N E D 

•DATE PROMISED ACCOUNT 

U -*••:--$ 0 1 

TAXABLE . 

YES l / N O 

.TEHM5 

1 / v / j j 

O.B. DATE 

ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) 
ESTIMATED 
nuiT Mire 

ESTIMATED NET UNIT 
PRICE TOTAL 

^L J. /"•- foo\ Infl Ca\ \ M/ /&p on 
^ Sut 

/-+ 
• 

• 

d v ^ 
-

1 S • 

f.i> A/ \.Awt\ 
i i ' / ,U-

9 t 

9 • 
SALES TAX — 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER •+ $ ///• f\,) 

Suggested Sources 
DELIVER TO 

• RE0UE5T0R ~f p C- i'.i.> 

(4. i Previous Pu Chaw Order No 
PURCHA5INC 

/ ' * 
DATE (4. / ' * 

*w APPflOuED £-' DATE £-' 

BA-30 (REV 1-7HI 

ACCOUNTS PAYABLE 
C-24 



WILLiAM M. BROBECK & ASSOCIATES 

iLL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUlSlTIONER 

PURCHASE REQUISITION 

rm. _. ... 
ADD 

An 

f HEKRIHGTON-OLSOri ?A 222 •/ DISPOSITION 

ADD 

An 

DOR -
„ « 769 22nd Street ' )ATE NEEDED 

fi-10-35 
TYPE P.O. & MAIL ADD 

An 

Oakland, CA 
)ATE NEEDED 

fi-10-35 
TYPE P.O. & MAIL ADD 

An 

Oakland, CA 
)ATE NEEDED 

fi-10-35 
ORDER WIRED 

ADD 

An 
s HIP VIA 

land delivery 

ORDER WIRED 

ADD 

An 
s HIP VIA 

land delivery X ORDER TELEPHONED 

ADD 

An 
— [ 

HIP VIA 

land delivery X ORDER TELEPHONED 
V Q A T E PROMISED 

_>10-S5 
ACCOUNT 

4500-301 
TAXABLE 

™ | N O 
TERMS 

Cash 

FO.B, DATE 

O.in.RC 
ITEM OUANTITV UNIT DESCRIPTION (USE SEPARATE REOUISITION f OR EACH VENDOR) 

ESTIMATED 
UNIT PPir.P 

ESTIMATED NET UNIT 
gfllCE TOTAL 

1. Photograph* S 221 25 
m 
w 

• 

f l \ 
^ ^ l 

• 

• ' 

• 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE ST 

Suggested Sources 
• 

ATED BY REQUISITIONER •* S ? ? 1 ? ( ; ESTIMATED TOTAL VALUE OF ORDER MUST BE ST 

Suggested Sources 
• 

DELIVER TO 
.larlr firinn 

ESTIMATED TOTAL VALUE OF ORDER MUST BE ST 

Suggested Sources 
• REQUESTOR 

m 1 Previous Purchnse Order No. 
PURdfaSfcCUniV \ / DATE m 1 APPROVED rW * »-i< ' O S T ! 

B*-»(fl£V 1-78) 

ACCOUNTS PAYABLE 
C-25 



WILLIAM M. BROBECK & ASSOCIATES 
U.L ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

/ + ~ , i, J -
VEN 

ADD 

ATTI> 

• 

f £ ^ n ( - . ' t h I'll ^ " > < - < " * • E l ^ ? * y DISPOSITION 
VEN 

ADD 

ATTI> 

• 

30H -c 
PFSS 

)ATE NEEDED 
TYPE P.O 1 MAIL 

VEN 

ADD 

ATTI> 

• 

€J .. AU f? a £--i:r sj-co 
)ATE NEEDED 

TYPE P.O 1 MAIL 

VEN 

ADD 

ATTI> 

• 

€J .. AU f? a £--i:r sj-co 
)ATE NEEDED 

ORDER WIRED 

VEN 

ADD 

ATTI> 

• 

HIP VIA ORDER WIRED 

VEN 

ADD 

ATTI> 

• 

HIP VIA 

* ORDER TELEPHONED 

VEN 

ADD 

ATTI> 

• 

HIP VIA 

* ORDER TELEPHONED 
W D » T E PROMISED ACCOUNT TAXABLE TERMS , , .OB. 

?•// fs-
ITEM QUANTITY UNIT DESCRIPTION IUSE SEPARATE REQUISITION (OR ?ACH VENDOR ESTIMATED 

UNIT PRICE 
ESTIMATED 

TOTAL PRICE 
NET UNIT 

PRICE TOTAL 

j_ IOC «^ C f a . h ' ^ ^ f * e i S-xkeT 
t H -? 4 J Ca/-• s o a u» 5 

^ -^c x ' lyu Z ^ / • ) - * * 

f t 

fi^ pJ<»ery-ufS ? ? 
* collect fQD. 

tr ) 
flO V ̂  ^ 
T * I T 

A , 1 ^ v-'1 

V 

• • 

J,X 1Q\ 
0 " 

SALES TAX -A 
ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY R E Q U I S I T I O N •+ S j( . ?-
Suggested Sourcos 

DELIVER TO J / • " 

• OEOUESTOfl , 

m k Previous Purchase Order No. 
PURCHASING , . / DATE m F APPROVED - 1 ri / i 

DATE 
I I • • ^ 

B# 1(R£V 1-78) 

ACCOUNTS PAYABLE 
C-Z6 



PUnCHAlE OPtOIB NUMUR 

£24 

BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY. CA «7!o • (415) 524-8664 

To r 
Ship to: 

ir 
TURCHASE ORDER 

"l 
ACCURATE MANUFACTURING CO. 
4770 San Pablo Ave. 
Emeryville, CA 

Art Western 
J L ' m J . Gunn wi l l pick up. 

9-12-85 
M T X F M U I t 

4500-301.24 IT N-30 
i m u n i 

JTG 
ITHW.I • u r n 

• • 

• 

ea Beam Director -Vernier M e r f s c e Flange 
Delete Silver Plating 

$ 1,035.00 

PER TELEPHONE QUOTE 9-12-85 

RESALE NO. SR CK 21-140517 

**C0NF«RMATI0NCflMlY** 
00 HOT DUPLICATE 

I M P O k T A N T 
1XRMS AND OOMLmoHS OH TOK RACK OF THIS O M B t ABE 
MADE A PAST O r Ti l l s ORQKR. ffrr.r.ga A G U E S TO T2S33K 
CONDITIONS I T ACCKPTAMCT Or tHS OKEEE. 

MtsiwMn renin »' r » n*» I " iton m»rlil a* MU n t i divxM Mamma <• M T U T ann-
a tMa arte. *r « Baea*. 1 M W M « I <»ja «*n InaVaa eiinaiiu H orina ad ajaocata A m 

•mini t» H U •* — r'—"— fitna , aamatlatia la i n ™ l» to M t o i d k» wn*»r _ , 
arlaiaat an la n imrrut at Itla ackaanMnBa a r , « * , Cattlttaai • • arUiaal an n a * 

• aran t» wikk niter at t tn ay atnauan «f |U> •rtsr. 

VENDOR BY 

. / BHOBECK CORPORATION 

President 

a*n*M / / (\[. r 

Kenneth M. Thomas, Pr 

WHITE; Vodca BLUE: Reajatnr (BEEN: Projttl File YELLOW: Vendor Ackixmlefiairra PINK: Purfllums'5hippinj COLD: Auiumuf 

C-27 



Vl* 

BROBECK CORPORATION 
I23S TENTH STREET • BERKELEY. CA 94710 • <4ISI 524-8664 

r 
ACCURATE MANUFACTURING CO. 
4770 San Pablo Ave. 
Emeryvil le, CA 

Ship to: 

PUKCHAII OftDtft NUMHR 

225 
THIS NUMOK MU.T APNAH 
DN ALL IMWOlCUt fACHAOti 

PURCHASE ORDER 
i 

* L 
Art Westman 

JL 
« " " » ,J. StIHKWILL PTHK.UP 

9-12-85 
• n n o o 

9-22-85 4500-301,24 N-30 
•IMUTOI 

JTC 
iraw. "wunnT 

ea 

•e 

Mounting Plate 
Drawing No. 95E1716A 

(you already have th is drawing) 

J975.QC $ 975.00 

RESALE NO: SR CH 21-140517 

••CONFUTATION ONLY* 
DO NOT DUPLICATE 

IMPORTANT 
ffUU AMD CONDITIONS ON TBI B A d OF IBM OISJB ABE 
KADX A FAST OF THIS OBDXK. » " " AOBHS TO TOBE 
OOHOniOMt IT ACCBTAHCt OF IBIORDB. 

/ JMOBECK CORPORATION 

Kenneth M. Thomas, President 

j y iilri[-| 
* ttWv < 

1 pnmr • d w U n naln It n«r t < n C»r ilw.1 Biurltl uri »UI cat, * m l m » i v 
._ ._ „ . . , _, . . „ niHiiitiri _.__ .__ 

t n u a tawitti M tUt I I ' I I I I I M I I W kr T«ar, Caaltau •• wuuil i n u * i | M ' mr 
amfllau l l intra « M m m nil by naat art i m » m y kr wto ,f gUmtBai. Fltat atttM 

jiriul t n It a bMIU4 M tUt *r±DMrta *~ 
«a r b irticS) alto u n a hr n a m i a < 

VENDOR BY 

WHITE: Vtaki BLUE: Review QUEEN: Project File YELLOW: Vendor AekiwfcilfaKn 

C-28 
PINK: Pufchfciifij'SJHppinj GOLD. AivtwmiBf 



WILLIAM M. BROBECK & ASSOCIATES 

^TWDOI 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

DOR 
ADDRESS 

JU 

ATTN. OF . 

% DATE PROMISED 

L. A, | ./w <—Tt f j f » _ . 

P.O 
wo. 

NEEDEff DATE NEEDEI 

5P 
7"r 

TYPE P.O. « MAIL 

ORDER W I R E D 

ORDER T E L E P H O N E D 

ACCOUNT T A U B I E 

NO 49 
TEAIAS 

tf- ?n 
DATE 

AA^ 
ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION WH EACH VgNOOm S r r l i w S TmyifpSfe "PRICE' T T 0 T M -

•f J . iUi s±u->—s r^'"i -/••• -ft. 
fc'sn\£z I -w fr>-Fr-*^.? 

.OS'ti P"f'f ,K .Cct-Q—CLJL 

S. 3—« £ Ttffr 4U Y • „ •?—•-+• r ^ ' T~o>Pt"> E — J * " 
M?—a.D. J( JiOia i *»/ /—{ i £ L T 
++T- <7u r - r /! . / / #=ft7yfe 

4 ^ £d 7"cA- F-U i M T s — f » j s\ E^ 4$a 
ci; -̂ y>.,i( n % *ff- ?M3 'J t 

I y > r̂ - rn- ' • • > r £ *-•» S S ^ w 

S Tf-r-
Unit. T<r*h—W-SO-TKhl s "/* 

JL. [,/hlpr' Htu w*5 £V j <, S ^ - r V 
#= J 7 ^ ft/3 • ^ = 2 1 

i iA . r̂  - r, a / ? . - ^ s +-b»"—< i i i i •><> 'i f-^—"—^ T ; — 7 
XjV •J- —&~z 

4-43- L ^ _ 

7Z •£-• ^ P — T -

y V " ' V ^ ^ ^ 7 ^ - -Wf 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER •* $ 

^"rc" Phiki, A"> 
y.<ff I 

SuogostedS 0 h V Or - a/ fry «f-fr J . Cr V-ii-tl-

fel -J—fc-y-4>i t 4 ^ e C - ^ ^ L (• 
PmvioiiaPurcmMOfdarWQ. 

^ • ( r >.'<•» >\ 

CL 
BA-XIREV. I-Tfll 

REQUISITIONER 

C-29 



WILLIAM M. BROBECK & ASSOCIATES 
UL ITEMS PRINTED IN RED MUST 
bE FILLED IN BY REQUISITIONED 

PURCHASE REQUISITION 

A 
ADD 

ATT 

1 LONG FILMSLIDE SERVICE p 
St 231 J DISPOSITION 

ADD 

ATT 

DOR 

I F " 
St 231 J DISPOSITION 

ADD 

ATT 

DOR 

I F " [ MTE NEEDED 

9-17-C5 TYPE P.O I MAIL ADD 

ATT 

MTE NEEDED 

9-17-C5 TYPE P.O I MAIL ADD 

ATT 

MTE NEEDED 

9-17-C5 
ORDEH WIPED 

ADD 

ATT 

S HIP V I * 

rrc pick up 
ORDEH WIPED 

ADD 

ATT 

S HIP V I * 

rrc pick up ORDER TELEPHONED 

ADD 

ATT 

\ 

HIP V I * 

rrc pick up ORDER TELEPHONED 
, V DATE PROMISED ACCOUNT 

4500-301-26 
TAKABLE 

VES 1 NO 

TERMS 

C.O.D. 
oe 

9-17-85 
ITEM QUANTITY UNIT DESCRIPTION (USE SEPARATE REQUISITION Fon EACH VENDOR) ESTIMATED 

UNIT PRICE 
ESTIMATED 

TOTAL PRICE 
NET UNIT 

PRICE TOTAL 

1. Films $57.51 

V 

• 

% W 

0 

i / *fa J ,/P \P 
• / / , 

. , 7 / /, </ 
/•'•y..? 

• 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY HEQUISITIONER • * J - ? ^ 

Suggested Sources 
DELIVER TO 

• REOUE&TOft 

J . T. GUNH 

1 Previous Purchase Order No. 
PURCHASING DATE 1 AP PO* s«e -7*— - &TE17'Q5 

J. . ' 

6A-30 (REV l-f i l 

ACCOUNTS PAYABLE 
C-3Q 



WILLIAM M. BROBECK & ASSOCIATES 

41 
VENDOR 

ADDRESS 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIQNER 

PURCHASE REQUISITION 

P - l y .3<?-A l V fl. W l C. i;> 3.33 

'"'•*• v ">• •*• •' o 

^ 
ATTN. OF . 1-5-7- /^6 

DATE NEEDED 

HI * 

J ^ . * 

DISPOSITION 

TYPEPO 4 MAIL 

ORDER WIRED 

ORDER TELEPHONED 

wr ' DA". PflOMISED 

(/^Y>-7n/~qk M-5o 
ITEM | QUANTITY | UNIT | DCSCfflPTirrf lUSt 5EfABATE REQUISITION FOB EACH VPIDOR) | UN'miCE 

- / . / / • >s 
ESTIMATED 

TOTAL PdlCE 
NET UNIT 

_SS££_ 

J t . «<V. V i / ^cA r i 7 , n - J O f U n a S £ T O aj.yo 
i j I W.*U^S !(, ft a / / y S A » " 2 3: 

XAZ 
4 s rkrkjejt.Jf~~S~.rS'(i<i 

Bajia 

.Can.fiir y~<- / *-/?/ 
Z-L 7 

3)[ Do A/r r — D w / ' / / rr t r£~ 

fW—^. ^ / ^ ^ 

,ML r 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY HEQUISITIONER * % 

Suggested Source; 

^ 
Previous Purchas* Ordtr No. 

• / G w h n 
J . tS^^-fr—,_ 

BA-30IREV l-r»l 

ACCOUNTS PAYABLE 
C-31 



BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY. CA W7I0 • (4I5> 524-8664 

rTo r 

-
* M C t U « I OfOlt l NUMItP 

236 
tnn KUMKfl HUtT APPCAR 
OH H i "IVQiCH, r ^ U O l l 

i64 

Ship to: [PURCHASE ORDER 
ir 1 

. WESTERN PIPE & ENGINEERING CO. 
I486 Yosenlte Ave. . 
South San Francisco, CA 1f/ir 

Keh- Freldman 822-6464 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

Jb"»n B r o beck Corp. w i l l pick up J 

Mil 
9-25-85 

uti imiiii 
lC-H-35 300-26 N-30 JTG 

ea Achroirat Beam Tube 
Brobeck Drawing 95C1752A (enclosed) 

' • 

Sales Tax 6.52 

TOTAL 

CONFIWKTION ONLY 
•DP NOT DUPLICATE* 

IMPORTANT 
TttHS AND CONDITIONS OH TBI BACK OF TBffl OBDB U S 
MAM A FAST OF THIS ORDCEL 8ELLEE AG8IX8 TO TSES8 
OONWT10HE n ACCWTAHCS OF TBI OBDXL 

jeoo.o)) $300.00 

52.00 

$352.00 

•t»>l»l3(ci nedit cl w trite ( ir t i n t aaui l t l at will B i t * P M M » » M W M I M (• 
•• •— ~ r i n t r t J * . VirTTiitlrir.irM iiii.:iMMHiti tu. tWtT l»rt« t S t W t T K , r l^~ .S « i 5 i ^ ' ' * £ £ / I BBO&ECK CORPORATION 

enter l» trtldi ulkt u w If M I I I M ti tU» trlfi, A Y . / ' "';• .M 1*2. " T " * ^ " 
KammtH M. Thoinis, Pires. 

VEHDCfflBY 

WHItE:Vcato CLUE: Beatww 0R££N: Ptojcn Fitt VBi-OW: Vwlw AdoowlolrOTna 

C-32 
PINK: Purcfcainf'Stiippinf COLD; AftHrttng 



• • » 

BROBECK CORPORATION 
1235 TENTH STREET » BERKELEY. CA 94710 • <4I5) 524-8664 

f U K H H t 0*0111 WUMM« 

| 23? 
THIB NUMIfR HUIT * W * « 
ON AU. INVQiCII. • ACKAtt i 

r 
• PERMAG SIERRA CORP. 

1159 Sonora Ct. 
Sunnyvale, CA 94036 

Atari Dawson _W8/738-1080 

Ship lo: PURCHASE ORDER 

JL 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94036 

UPS 

~l 

J 
9-26-85 

ta—wr 

4500-300-28 AVJ'N-30 
imuni 

JTG 
cnciimox 

Assy 

Assy 

Short Quadrupole Assemblies - BrobecK Drawing 
No. 95D1733-2B 
This i s 32 segments. 

01pole Assembly 
Brobeck Drawing No. 95D17I4B 
This 1s 16 segments. 

DRAMHGS NOTED ABOVE ARE ENCLOSED. 

6.5S Sales Tax 

TOTAL 

CONFIRMATION ONLY 
**D0 NOT DUPLICATE** 

NOTE: Prevfous Purchase orders 086 and 182. 

IMPORTANT 
T U B S AND COHDITIONS OH THIBAOC 0 7 THIS OQDSS ABE 
KADI A PAST 0 7 THIS OBDIK. SXLLBt ACMES TO THSSX 
OOHBITOHS BT ACCXFTAMCI OF THE OKDEL 

47.39 

75.86 

$1516.4* 

1213,76 

$2730.24 

177.47 

$2907.71 

Z3ROBECK CORPORATION 

"Kenneth M. Thomas, President 
• [t nlMi M M mart «f ( H I «i*jr t»r lto»t aalariu ni will w b t l w i l aamtaf to MJtur Mto-

' «• * ! ! . • * £ ° • ! " • • * ! 4 < H M I W J ( tu^«Hki taiVa w m w u H trim •>! « i L — n £ • * . 
• m m t» BiMn la to loilawi to mdir u l unaauMJ to a m «l vMcutla. Mga, m i n t 

jtaiiui in u w a»ntj4 * ikit Mtantatnni to «••». Cwtltlm •» *tat»i in u i t • HH «1 „• 
#f#ar iw «Ucfc ulkr aitH* to iwy»»nn •* tfcJ, iriH. D 

varooHBr 

WKTrt: Vcalw W.UE: ««|uau» GREBx: Projta Fill YEUOW: Vflldof AtknowlH!»B;«« 

C-33 
PINK: PurtlmmCShiB»ll| COLD. AtroiMBp 
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BROBECK CORPORATION 
1233 TENTH STREET • BERKELEY. CA 94710 • (415) 524-8464 

.#- r 

PURCHAIC OftQEft NUMlER 

239 
THIB MUHBCR HUIT APKAR 
OM AIA INyOICSI. PACK AUK 
AMD t H O I WO t»(.*l«». 

To 
DIAMOND TOOL COMPANY 
5035 29th Avenue 
Oakland, CA 94609 

Ship lo: 

ir 
BROBECK CORPORATION 
1235 Tenth S tree t 
Berkeley. CA 94710 

PURCHASE ORDER 
~l 

L 534-7050 J L UPS J 
I F l l 

October 1 , 1985 Nov. 1 , 1985 4500-300-30 N-30 
HtlDTQI 

JTG 
Htflfl. HUWT 

• 1. 

2. 2 

ea 

ca 

Segment Carrier Dlpole 
Drawing No. 95C1737B 

Segment Carrier Short Quadrupole 
Drawing No. 95C1736-2B 

LOT 

SALES TAX 6.52 
T0TALLLOT 

NOTE -- Drawings enclosed 

IMPORTANT 
3 AHB CONDITIONS ON I H I B A C I Or THIS O E D Q A S X 

KADI A P A W OF THIS OBDHt. 8 E L U R AGMXS TO 3HESI 
COHSTHONB S t ACCEPTANCE OF TBS O S M E . 

$1,626.00 

105.69 

$1,731.69 

* 

K&MWMO nnlM •< m wta l.r u * » aiuriil uti will Hlu •MMMM tcnHiH l» Mlwr H W 
m tut •»*». •» M »•«•*. l a w a a tf tkl. « w laillii N i m r a u wfcu u i <III.HU t W 

, mwmtOtv la orto- t. to H a d k tiMer u i n w u M if HU . [ utUiutlta. Plrito ialt£=l 
• W i l l i n u b» tnaud • • lUi M t u w M n u l H m * r . C««ill»Mi « trlitul >ro u k l u t c l 
«tMT W wMch ttlbtf ICTWM kv HMUMCi «t tal. cfta. 

BROBECK CORPORATION 

BY I ; fr . ' f / A , 
Kenneth M. Thomas 

TEKDOHBY 

WHITE: V a * n BLUE: Rcqunnr GREEN: "ram Filf YELLOW: Vmto /Mrovrrfpmn 

C-34 
PINK. Pufcriajiflf'Shtppinf COLO: Ansiynnnf 

http://Iii.hu%20tW,%20mwmtOtv%20la%20orto-%20t.%20to%20Hadk%20tiMer%20ui%20nwuM%20if%20HU%20.%5b%20utUiutlta.%20Plrito%20ialt�=l�Will%20in%20u%20b�%20tnaud%20��%20lUi%20MtuwMnul%20H%20m*r.%20C��ill�Mi%20�%20trlitul
http://Iii.hu%20tW,%20mwmtOtv%20la%20orto-%20t.%20to%20Hadk%20tiMer%20ui%20nwuM%20if%20HU%20.%5b%20utUiutlta.%20Plrito%20ialt�=l�Will%20in%20u%20b�%20tnaud%20��%20lUi%20MtuwMnul%20H%20m*r.%20C��ill�Mi%20�%20trlitul
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BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY. CA 94710 • (415] 524-8664 

. MDC CORPORATION 
23S42 Cabot Blvd. 
Hayward, CA 94545 

PUriCHAU OHDIK NUMIIP 

240 
THIf NUNKft HUIT A W U 
ON AU INVOICU. rUCMOIl 
AMD tHlPPIWt PIPKrTI. 

Ship to: PURCHASE ORDER 

BROBECK CORPORATION 
1235 Tenth S t r e e t 
Berkeley, CA 94710 

L 
m m i U"5 

1 

J 

10-1-85 4500-300-30 N-30 JTG 
n g to. i t o t m WIT 

1. 
2. 

3. 

• 

ea 

ee 

ea 

Centering Ring IK200-CR 

Clamp #K200-C 

0 Ring - V l t m #K2C0-0 

Sales Tax 6.5* 

TOTAL 

IMPORTANT 
TEEE8 AMD CONDITIONS ON THI B A d OF T B B O E M S AB£ 
HADE A PAST OF THIS OBDXR. SELLER AGBXn TO •nraire 
CONDITIONS BT ACCEPTANCE Or THI 0 I D X 2 . 

$5.00 

15.00 

5.00 

$ 5.00 

15.00 

20.00 

40.00 

2.60 

$42.60 

W« H t m M c t ncHpl «•" w arte ' • ' «W»t apurtoj u 4 *U1 Bob iklpaat P O M I M |p 
— ' pit. pr •> m i AWIPIUM •( t U i « " i»plt» M m n u prim u l «j 

_ l la. piiw <• PI Mfc"*! kr »t»4if uU i r a n u M t l M i l l npiautka. Prtnp Mltud 
v a ^ P? itmWwi A I U I pekfcpwIPUPMal I M M K . raai'llUpii «a tfigtmti i n napa p ppn if 

! uitr l» "Pitt ~llar apno Pr amplaxa «1 Ikla «*tr. 

VEHDOBBT 

BLUE: jtepttm GREEN: Projeti Fill YELLOW: VmlCT AtknmlolJCTCiil 

C-35 
PINK: PuTctttkinp'Shipping GOLD: Aunuminf 



WILLIAM M. BROBECK & ASSOCIATES 

(* 8av £«J 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY RSOUISITiONER 

PURCHASE REQUISITION 

VENDOR 

ADDRESS 

Co 
}?/<T/) \AA U/I..TO>N Ave. 

ATTN. OF . 

I^Ay^xyJ *m-7iu; 
-2A- 3<r 7-/700 

U*t-DATE NEEDED 

I0-2O 
SHIP VIA 

UPS & 

DISPOSITION 

TYPE P.O. 4 MAIL 

ORDER WIRED 

OROEB TELEPHONED 
'DATE PROMISED ACCOUNT TAXABLE 

ES~PNO JV-30 
DATE 

ITEM QUANTITY JNIT DESCRIPTION [USE SEPARATE REQUISITION FOB EACH VENDOR) SOTPSIW T n ' S c "IRICE' T T 0 T * L 

TOTIF-EBICE. PRICE 

4- ^ V >_i \r > •• ' 0 *-ih, 11/-.20 

/'/°*rk^ ^•3 tv -P sL5_ 

,#" ff-jrfr? , a J.u£ r^ 
- £ 0 <m / ) j U i Hi ^ r/ /l/C 74l-7£-

rO fl.n..* -f\rk^ J 2 ^ 

3 — • X^T 

3 5 A 7 ) /L f f r - /^Tfr • t -z 
±2L i £ *2£££ 

<*' 
:w* 

-fc Jk £-v r;/i.n / 45 - /vj<n* 
^ # - Q » ^ - y 7 » 7 ' 7 i r ' 

i^ 6*.?o 
?v' 

^ ^ j i jk_ ^ _ Mui 
AMiz&op-zy- ~j&r Jul 

6A-M1BEV 1-70] 

ACCOUNTS PAYABLE 
C-36 



BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY, d 94710 • (4lj) 5:4-8664 

• • T O r 

FURCHAM OMD»* NUMMR 

244 
THII HUM i t * MUIT APHAR 
OH ALL INVQICII. PACHA01B 

Ship to: PURCHASE ORDER 

HDC coaponoN 
23342 Cabot Blvd. 
Hayward, CA 945*5 

BROBECK CORPORATION 
1235 Tenth S tree t 
Berkeley, CA 94710 

L 

10-3-85 NOV. 4 , 1985 

JL 
nnptu DPS 

300-30 
m l no 

Xn N-30 

i 

j 

JTG 
PHCiirnon 

2. 

• 

ea 

ea 

Vacuum Feed thru 
IOBF-50 s i z e 1/2" 

Vacuum Feed thru 
JDSF-75 s i z e 3/4" 

6 .52 Sales Tax 

TBTAL 

IMPORTANT 
t AM) COMKTIONS ON IBM BACK Of I B S CTBBt ASt 

HAtdC A MET or THIS QU>BL SELLBl AOttttS TO I S E I 
CONDmONS «T ACCEPTANC* OF TBI 01DHL 

$100.0( 

100.0( 

$ 2GQ.0G 

100.00 

3GD.00 

IS . 50 

$ 312.50 

" " • T r — , /BROBECK CORPORATIDN 

« 

r« KkwrkHtf* m l * rt n » rt» far A W I I Mt«rUI M i vgj aaaat * i a M t i t n r i M to 
- M t t « attar, t r m aacat I m i i i w at tfela w i n h n w i aaraaamti to t r i m aari «t 

atmctkw la ariaai t» a» Jaatkaual a» m * t r an* M T M ^ U M hr M M «f atataaatlaau 
warfiaaJ i n i f b laaaitai am tali acfcaawMfauM fey »atWar, Cmltllmt m ariiaul a n 

w vhkfe atUar agnaa ay aaaaataara «f tail ariw. 
tennEth1 w. Thonar 

VBTOB8Y 

WWTC' VtaJor BLUE: ttopoloc GREEN: Project File YELLOW: Vo«k» AckmwtaljcnKM PIKH: Purttaumt'Shippras GOLD: At..uniinj 

C-37 



• 

BROBECK CORPORATION 
1235 TENTH STREET • BERKEUY. CA 94710 • (415) 524-8664 

I>U*CH»1I 0*0111 NUM1W 

246 
fHI> NVUKI HUtT AMKAR 
OH AIL INVQICII. PACKA4U 

to r 
Ship lo: PURCHASE ORDER) 

1 
OMEGA ENGR. INC. 
Box 4047 
Stamford, CONN. 0690? 

BROBECK CORPORATION 
1235 Tenth S t . 
Berkelsy , CA 94710 

(Ira) 359-16E0 
»"•««{; needed. 
10-31-85 

. * * » ITS 
J 

HTl 

10-4-85 301-24 Pre-pay 1% disc. JTG 
ITUMWI munm WIT 

12 ea Thermocouple Insulators #0RX1814 -6" long 

22 prepay discount 
TOTAL 

$ 6.00 J 72.00 

1 70.56 

(From 1984 Catalog, Pg. B-12) 

IMPORTANT 
RRKS AND CONDITIONS OH TBI BACI QT1SI8 OBDXI ARC 
MADE A PAJR 07 THIS OBOES. « T T J » M31EH TO TBlara 
ooHDmoNB R ACCXPTAKCS o r I B S oacs& 

ION 

VENDOR BY 
Kenneth H. Thomas 

WKTTEVtalK BLUE: RajTOor OBEEN: Pinpi Filt YEU.OW: Vendor Aclno»kdtonc« PINK: Ptircfaumf Shipping GOLD: Acw«irmr,{ 

C-38 



WILLIAM M. BROBECK & ASSOCIATES 

(fc, p*,.[f,t\ S<>"- /•&(£. 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

DOR 
ADDRESS L7S~ />.J>J< t m t Ac* J 

A n /W <? o C*f,F 
ATTN. OF . . T ? c - . r r Q f i l - ^ -

£J2_£. 
>DATE PHOMISEI 

• * ¥ - 7 
DATE NEEDED 

u£-M 

DISPOSITION 

TVPE P.O. » MAIL 

ORDER WIRED 

OROEn TelEPHONEO 
tE PROMISED woar fgH yi/er 0̂ /*X/i>r 

DESCRIPTION (USE SEPARATE REQUISITION FOB EACH UENDORI ESTIMATED ESTIMATED NET UNIT 
PRICE 

l£0 f-S. U ; A S / ^ g £>£Q 

y JU_ 21 } 7. S'O 

&*. 
s/y-»A*h flw/J-jS ? i" - f 'Q 

M. SSL K * 3 h*.fdL.\ S3 33. So 
- £ j - o i^oX 5S / J . . T . 

ILL 
,/4L 

4^ -» Muts— SJL 
* i - i *o _S_L 

3A, 
_LJL z jo± *>* ^ - ^ n y % <:cck.f NJ f i 4^-

/go Ji* . X^XtK 5 5 / ? - ^ 

# 

__£k_ J4~nxi -ft. 
12JL9 

SQ- £ a ^ 14^- Kfutc 5 5 3-30 

f 7 7 ^ : 

Co *£,*• „.,•• / f f y t ' i J 
3 

01 >r *•>£ 

f). AA r / ^ ^ f \ 

0 
/ , < & A L E S T A X 

ESTIMATED TOTAL VALUE OF OROER MUST BE STATED BY REQUISITIONER -» $ / A 9.^1 
, T 0 • • ' ~ - ^ * ^ r 

ILSLL. 
Y\.Vi 

Suggested Sources 

% 
Previous Purchase Order No. 

n 
B*»(RSV.1-™i 

A C C O U N T S PAYABLE 
C-39 
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BROBECK CORPORATION 
1235 TENTH STREET • BERKELEY. CA 94710 • (415) 5244664 

-0 • a - * • - • - •> -

•URCHAtt ORDER NU- I I .R 

252 
THII NUtttU Hunt AM**" 
ON ALL INVOICE*. "»M»* f • 

Ship (o: PURCHASE ORDER 
To r ir n 

OAKLAND VALVE COMPANY 
2487 Estand Hay 
Pleasant H W . CA 94523 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

• L J L UPS J 
10-14-85 

i i T i m i n 

Needed: 11-1-8B 4500-301-25 
ttuu 

IS - 10; Net 30 
r*«- i i n a n i 

JTG 
HUITITT DOCUFflM Pitrnici m m m 

• »• 8 ea Swagelock Unions Stainless Steel 3/16" 
fSS 300-6 

6.5» Sales Tax 

$ 6.55 $ 52.40 

3.41 
• TOTAL $ 55.S1 

•f 
OONFIRMTION ONLY 

• 
i 

** 00 NOT DUPLICATE •* / 

• NOTE: Appl i ca t ion f o r Credit with 
Credit References a t t a c h e d . 

• 

• 1 
IMPORTANT 

ITEMS AMD CONDITIONS OK THZ BACX or IBIS OKOIR ASE 
KADI A PART OF THIS OKOXX. S1LLHL AOtttt TO TStSt 
CONDITIONS BT ACCIFTANCX Of TUT OIDIaV 

n 

nimldti MW4 fl m nto In •»»• ••uHil o4wW Mki •Jw.i. nimui u M t a i n * 
, m tu, „ * , , at H uaaai, 4nr>u>e> «J •»« « " taiHni m a n i a ta artna iai aaaanta a m . 
aimdau ii. W«« t» to Miaul >r »«•">» u i icnaMJiM to •«• • ' utlanUak Print aUttal 

•riilul n u l i I m a m tUi itfcuaMCnnu t r m w . Oatitlau « •rtftMl in •*•> s tort n! 
*AK 1» akkk nlaf i n n to tcturWK* at tilt «rtu. BY 

BROBECX CJJCiPORAXION 

'Wte 
VEHDOHBY 

Tojffi) w m e , txec. Secltriry 

WHITC: V H * » BLUE: KtqgWW ffltEEN: Projcn File YELLOW; Vwtor Adoo-Wi™™ PINK: ftirduuMp'aippmp GOLD: Atnaisinf 

C-40 



• * * 
BROBECK CORPORATION 

1235 TENTH STREET • BERKELEY. CA 94710 • (415) 524-8664 

0 
•URCHAU OHDH HUMMR 

253 
TNII MUMDI MUST APFKAt 
ON « U IHWOiCIl, flCKAOI* 
AND | M I » » a H P I I I . 

To r 
Ship lo: PURCHASE ORDER 

CARAL INC. 
576 Cleveland Ave. 
Albany, CA 94706 

ATTCT Bob Sand 

BROBECK CORPORATION 
1235 Tenth St . 
Berkeley, CA 94710 

„ . » , . Brobeck Corp. w i l l plcCt up 

1 

J 
10-15-85 11-6-85 4500-301-25 N-30 

tumtroi 
JTG 

• *• 

• 

ca Two Port Tank - Drawing No. 95D1769 $2750.03 $2750.00 

6.52 Sales Tax 

TOTAL 

DRAWING ENCLOSED. 

PRICES PER BID IN RESPONSE TO 
RFQ 4500-301-6 DATED 10-4-85. 

IMPORTANT 
StKaM AMD CONDITIONS ON T B I BACI OF THIS O B S B AJtt 
KADI A PAST OF THIS ORUOU B I L L M A G U E S TO w 
OOHDmONB I T ACCXFTANOX 0 7 T B I O M m . 

12750.00 

17S.?3 

S292E.75 

y/ ^BOBECK COHfcaATlO! mimmi unrttM 
• « » prim m l UtatiTMT .cs: •sERX^Mft naaW af foai w a n fM atoft naurta! aaa Mil I 

m laJ afiar, i t af MH4. Awanaaai * I laU a l * . uavHai at r 

. <aincUau l» ariaa » ta tnUmW ai t«a*ai a*i aeranaaalaa kr aauj al ualautlaa. M a n » 1 m . 
aritaul a i l t a Inertia at tMt aakaaaMiaaal kr naaar. (Vaalli—• m ariffcul an feiia a •»-! al ™ , 
araar W a l i i * aUlat apaai k» a a e u w a at lab ariar, 0 1 

RATION 

VEMDOBBY 

WHITE V O * T BLUE: Requeuor GREEN: hojtn File VEUOW: Vendor Acknawlelfciunl 

C-41 

iwnnetn n. Thomas 

PINK: Purelmiflf 'Shipping GOLD Atuturainj 



f.lW J » W '•*»»" 1 > f \ > W W i J « i ! > « * T W " — v - ™ . — v « n " ' n , ' - ' H . V ^ . . • 1 r~qrara-nrrarK-amaf 

9 
To 

BROBECK CbRPORATION 
1235 TENTH STREET • BERKELEY. CA 94710 • (415) 524-8664 

PURCHAM ORDER NUMICR 

254 
TMil HUMID HUlT I M M 

r 
Ship lo: PURCHASE ORDER 

ATTNT 

SCHRADER SCIENTIFIC 
2976 Arf Avenue 
Kayward, CA 94545 

Bob Schrader 

BROBECK CORPORATION 
1235 Tenth Street 
Berkeley, CA 94710 

JL 

1 

J 

10-15-85 
Mtt m i n i 

11-6-85 4509-301-25 k" N-30 JTG 

• 1. 

2. 

3. 

• 4. 

5. 

ea 

ea 

ea 

ea 

ea 

ea 

Cover Plate - Dug. No. 95C1772 

Pumpout Spool - Dwg. No. 95D1771-1 

Pui.ipout Spool - Dwg. No. 95D1771-2 

Spool - Dug. No. 95D1779 

Cooling Flange - Dwg. No. 95C1724B 

Port Cover - Dwg. No, 95C1773 

$95.00 $ 1S0.00 

435.00 

435.00 

791.00 

220.30 

125.00 

6.52 E ies Tax 

TOTAL 

2196.50 

142.77 

» 2333.27 

DRAWINGS ENCLOSED. 

PRICES PER BIO IN RESPONSE TO 
RFQ 4500-301-6 DATED 10-4-85. 

IMPORTANT 
I W AMD COHOmoMB OH TBI BACI OF fflB OftDBt ABB 
MADE * PAST OF THIS OEMS. BELIES AGB2S3 TO TOSSS 
OOH9IT10NB I t ACCEPTANCE OF TBI 01DXH. 

IBS 
aakanMn nam m TWO mat to aaa»t uiarial ua\ Ml auk. aklaaiaat u r u i •» Mlm> » 
a *•> aim, a a mat, i m l l u i i at ikla i n i iaallaa i n t a M i la arina u j aiatanli i m 

Sw untntm H prisv t> t» maala W m>nr u l m w l H a> m i •( mliairlwt, Fitaai , 
•a ariitaal an u b mama a, lilt atortMtmm >r tautr, CauJIiaM M aitUul i n mta u n t i l 

l i n k tilth aatlar una ar l iaiimii al Iklaatu. 

J /1R0BECK OOUWU1IDK 

Kenneth i t I nomas 
VENDOR BT 

BLUE b q i H W GREEN: Projto f ilt VEJJ.OW: Vendor *cli»wltditmcr.i 

C-42 
PINK: Purchautn;.'ShJppifig COLO: Accounting 



" / • • • * 

• * — ' 
BROBECK CORPORATION 

•URCHAM 0(101* MlfMltK 

255 
THM M U « | I « MULVT AMCAft 
ON ALL fMVQlCU, P & O u O M 

1233 TENTH STREET • BERKELEY, CA 94710 • (4151 324-8664 
Ship lo: 

• • T O r - i r 
PURCHASE ORDER] 1233 TENTH STREET • BERKELEY, CA 94710 • (4151 324-8664 

Ship lo: 

• • T O r - i r 1 
. JENSEN PROTOTYPE MACHINES 

940 Lemon Street 
Martinez, CA 94553 

BROBECK CORPORATION 
1235 Tenth Street 

L John Jensen J L Brobeck Corp. w1l pick up. J 

10-17-B5 
wn ratio 

11-14-85 4500-300-30 Net 30 JTG 
ma • 

1. 
2. 
3. 

4. 
5. 
6. 
7. 

ea 
ea 
ea 
es 
ea 
ea 
ea 
ea 

Plate No. 95B1777 
Spool No. 95B1778 
Bearing No. 9581779 
Bar No. 95B1730 
Fiance No. 95C1774 
Cover Plate No, 95C1773 
Adapter No. S5C1775 
Bolt Ring No. 95C1776 

e .5t Sales Tax 

TOTAL 

DRAWINGS ATTACHED. 

Avwirded per bid submitted In response to 
RFQ 4500-300-7 dated 10-9-85. 

IMPORTANT 
1 AMD CONDITIONS ON T B I BACI OF THIS OBDSB ABE 

H A D ! A PAKT OF THIS O H O d , « M « AGME3 TO TS8SS 
ooNDmoHa a t ACCEPTANCE o r TOE OBOXB. 

1130 

55 

$ 260.00 
160.00 
90.00 
110.00 
680.00 
140.00 
405.00 
270.00 

2115.00 

137.48 

$2252.48 

# 

. iidniwIiwTi w * s i •) rmi 
' m Mi K*m. w » memL 
, atfTMtiM !• HlMi la bi 
'.tUlxit n u l i h 

i!*w b wildi itlkr 

•fin IH iM*t Murlml ud sill u k i •>!••*» M U M k> 
AMlllnm •> |W> Mti larks i i i—ml i m prim mi Oi 
WlaM W ' ! •*" u4 , « n a > u U t r u x l nmlmUis, Prtm eatul 
m tut manWapuu kr naitr. CM4IU*» — •riitul an iwit • »mn if » . 
• IT mmpma if tilt »r»n. BY 

, 'iJROBECK CORPORATION/ 

VBTOOBBT 

WHITE: VOts* BLU£ Rcquem ORELN: Propel Pile YELLOW: Vendor Ack]wwlai|ra«il 

C-43 
PINK; Purrtuuinj.'Shipping COLD; Ac«iiiMinj 



njKCHAI I ORDIR NUMWft 

259 

BROBECK CORPORATION 
1 3 5 TENTH STREET • BERKELEY, CA W 1 0 » (415) 524-8*64 

TO r 
. HERRINGTON-OLSON 

769 22nd Street 
Oakland, CA 94612 

Ship to: [PURCHASE ORDER 

HAND DELIVERY 

L 452-0501 JL HAND DELIVERY 

10-22-85 

1, 

10-22-85 

Photography 

wSScWf* C.O.D. 

Pr1nt^M4500-300-30^ 

SUdes [730DTI012) 

TOTAL {Tax Included) 

IMPORTANT 
1 AND CONDITIONS ON TH1BACI OT T H M O a D Q A M 

N A S I A PABT Or THIS OBDBt. SILLTJt AIKEEB TO TSCSC 
OOMDIBOIUII ACdFTANC* Of I B S O E M S . 

J 

JIM 

294J7 , 

34.61 

$ 32S.98 

Wi utTMli m m tt m irto fw i M uttftAl ml will Mfci i t l lHl MHMM «• MITHT M > 
M * M T M « « . m H w t I i « m w •! tui H«U IBIUH H I W I to ••*«• ml MIIUM mm. 

j E ~,nxiku i» »rtw u »J m«iM Ir «"*' •»* >»"!"W kr m rf U W I I M Prim a u w ( ^ML^'ai u u It iH«Ml « IM> HbntoAMt 67 n»*». Ctuttku •* virtu! in ufc • p«n «( n v I /- / • X b **kk ••liar una <? MWHa •! tUl «c*tr. BY V /- /.V 
w JoartTlftsti 

3R03ECK CORPORATION 

VBTOORBY 
Joanfi" 

W W I t Vrainr BLUE: Requeue* GREEN: Proiecl File YELLOW: Vendor Acknowlcdtemni 

C-44 
PINK: PurchiMDf'Shipping GOLD; Acvwjramp 



WILLIAM M. BROBECK & ASSOCIATES 

^ P U M S>I4JUX) Vdu/ziFrrTHtf-. 

*LL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

ADDRESS . f?g S?ax ST&4* i*^ 

ATTN OF U<!**7/F. <£ 7/j> -4/&Q 

^ O A T E P R O U I S E D 

• 269 
DATE NEEDED 

SHIP VIA 

us, >/c 

J DISPOSITION 

TYPE P.O. 1 MAIL 

ORDER WIRED 

ROER TELEPHONED 
mr 

"f?f- ?<? 
TAKASIE 

NO yj?l " I /C/'jO (A/4K**I Cxa.* 
ESTIMATED I ESTIMATED I NET UNIT 
UNIT PRICE TQT<1 PRICE PRICE 

WAvSt 
DESCfllPTION (USE SEPARATE REQUISITION FOR EACH VENDOR) 

J. JZ^ J&j_ fir A 0£7*?t- /-/"f &>& m^ 
<$-&tin -6-£6 

iSK. sgfLT C&4M.£cT(?f£ & * i - & 
aO 

zz-efffc 

• $ -

$$-?/£>-£ fp. &-5f 

m± 

J2^ 

Z& 9S 

Fkr JC£- 4<H$ 

^ 

jyi 
H^-

T ^ 
t 

SALES TAX 

ESTIMATED TOTAL VALUE OF OHDER MUST BE STATED BY REQUISITIONER •* f -?*7 n t J O 

DELIVER TO 
Suggested Sources 

-*£<*"• 

• J&/3KZ-
Pfovioua Purchase Order No. 

-t** ^ 

BA-30IREV 1-T9) 

ACCOUNTS PAYABLE 
C-45 



WILLIAM M. BROBECK & ASSOCIATES 

41 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

IOOR " 

ADDRESS -

n>j.',rs£T//• £b 
/sZ'ZTs.yjr. *r&/xv , ^ ) . 

ATTN. OF . -*>£//> ^ ^ - <~^y> 
ft DATE PTOUISEO 

• -271 
DATE NEEDED 

SHIP VIA 

DISPOSITION 

TYPE P.O. 4 MAIL 

ORDER WIRED 

ORDER TELEPHONED 
TOE — ' 

fr^? I*' 
TAXABLE 

NO If-SO 5%l' (/). -' 
ITEM I QUANTITV | WIT | DESCBIPnON |USE SCPARATE WQUISITIOW FOB EACH <EMOOHI | ujjjlTpfflCE ESTIMATED NET UNIT T n T . . 

TOTAL PBICE PRICE ° m 

JzL_ •£oa*£T 4/a ^/i/> Scfctxs •OL Z5± 
&-*2* */*<-<? ^T 

: - ' , MxM?.<6y£teu LL 13 *t 
>//.- tt-A z'/<tLr? « r 

Jz£_ / > ; / ^ f ///>. 6efi<£terus 2 H £ 
y^ .t^xzy? ,<- &T y z -• -^22 ££ /?£> /4?. <4f g#£'u/ ZJL 

A/<? -•&, s fy ts7 'i? 

ML UL Fu7 a&wr# fa? vr ^ • —— 

izz: ^ FLArftfasitF* %<?%r LJL AA 

7- M&- / *t /fc* A/ur 3/& -f/~ «/• ' - / ^ 

-tec LfL /k* MJT Y<?-2ft 'S-' " / 2% 

2 luU- &L tocc &/&&# '/if :cr O'B 
<2£l fc & 7 4 

Wf w-SALES TAX ; 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER •» % ^ 'J£_ 

Suggested Sources 

4 Previous Purchsw Older No 

~*-'-i'/ S/.L- r7i 

-U-
T.,u /?/. , ,y 

8A-»|REV 1-7B 

REQUISITIONER 
C-46 



WILLIAM M. BROBECK * ASSOCIATES 
I I I ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION : 
M% ^ — 

ADD 

AH 

' CAng'/fjQ f/t/c?. \i\ ~>-7? •/ DISPOSITION 

ADD 

AH 

DOR ^—) ^"/f/ f . -2 
R E S S -

3ATE NEcDED 
TYPE P.O. 1 MAIL ADD 

AH 

<^rr?J*is£?JI~/) S^r /j/t.:t/?~7 

3ATE NEcDED 
TYPE P.O. 1 MAIL ADD 

AH 

<^rr?J*is£?JI~/) S^r /j/t.:t/?~7 

3ATE NEcDED 

OR06R WIRED 

ADD 

AH u n c Tk'-c {?c'K) ~*<=&- /A6C 
HIP VIA OR06R WIRED 

ADD 

AH u n c Tk'-c {?c'K) ~*<=&- /A6C 
HIP VIA 

ORDER TELEPHONED 

ADD 

AH 

HIP VIA 

ORDER TELEPHONED 

CDATE pnowSED ACCOUNT TAXABLE 

«SjNO 

TERMS F.O.0, 

•20l#v/X 
ITEM QUANTIT* UNIT DESCRIPTION {USE SEPARATE REQUISITION FOR EACH VENDOR) ESTIMATED 

UNIT PRICE 
ESTIMATED 

TOTAL PRICE 
NET UNIT 

PRICE TOTAL 

-C //>0 f* (*%//»£ {gfty^c /4jSWja7io*< **?, _£• T" 
/*.{/- /- J& 

• 

• 

% % 

• 

1 

• 

t 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER • * $ £ ^ i /%£? ^ st~r 
Suggested Source 

DELIVER TO / ' 1 

• REOUESTOR - -

• 
Previous Purchase Order No. 

PURCHASING » • " • • * DATE 

• APPROVED DATE 

BA-30|REV 1-791 

ACCOUNTS PAYABLE 
C-47 



WILLIAM M. BROBECK & ASSOCIATES 
<LL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

/ * * -

ADD 

ATTT 

|L ^.<Zi/fir- ?-/i<6/x>€r£fr«S/Zy, \%\ ^ 7 3 • DISPOSITION 

ADD 

ATTT 

ftF'i'i 
)ATE NEEDED 

TYPE P.O. 1 MAIL ADD 

ATTT 

/j/^j&tf/iSZ. , £s7( 

)ATE NEEDED 
TYPE P.O. 1 MAIL ADD 

ATTT 

/j/^j&tf/iSZ. , £s7( 

)ATE NEEDED 

ORDER WIRED 

ADD 

ATTT SiS-f. JS1S-4 /PC** ^£> tfjZl^jf 
HIP VIA ORDER WIRED 

ADD 

ATTT SiS-f. JS1S-4 /PC** ^£> tfjZl^jf 
HIP VIA 

, ^ . « P D E R TELEPHONED 

ADD 

ATTT 

HIP VIA 

, ^ . « P D E R TELEPHONED 

DATE PROMISED 

• 
ACCOUNT TAXABLE TERUS FOB HATE 

TOM QUANTITT UNIT DESCRIPTION (USE SEPARATE REQUISITION K M EACH VENDOfll ESTIMATED 
[MTMi ra 

ESTIMATED 
rr iT i i M i r * 

NET UNIT 
PRICE TOTAL 

i- / Ar 4^«r C^r^^ L/EJtAjr&t >fe? ^<y 

• 

• 

a l > 

1 

* r\ <#>*' 

Mi 

« , 

t 
SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER <+ $ J^&f*) ^ f _ 

Suggested Sources 
DELIVER TO . , •• , 

P.EOUESTOR ( ' > / ' 

S Previous Purchase Order No. 
PURCHASING 6 [D*TE S i APPROVED . ' , DATE S _ 

BA-30IHEV 1-71) 

ACCOUNTS PAYABLE 

C-48 



WILLIAM M. BROBECK & ASSOCIATES 

LL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

*H,—"Z&rfr* > f&afiiy/C /Z&mcr 

PURCHASE REQUISITION 

ADDRESS. Qd@ &***•*> <? r 

.tffafcTf 44:2 , <* <?4&Z3 -7 ATTN, OF ^Jf, ?M<*.; J&VC £C *. •TA ) 
QtMTE PROMISED 

SZ8Z-
DATE NEEDED 

MAP 
SHIP VIA 

DISPOSITION 

TYPE P.O. 4 MAIL 

ORDER WIRED 

ORDER TELEPHONED 

•w^ a 
TEftUS 

IOL OJZ. rfj!,t*T 

DATE 

re <-:s> 
CEScmpnon [USE SEPARATE REQwsmo* FOR EACH VEHDOR) FOR EACH VEHDOR) LHITMUm 

ESTIMATED' 
TOTAL PfllCf 

MET UNIT 
_ E S ! E E _ 

4- UA tt/ic.(<>is*n &riQ 
6'AJ 7lc~<o PL<hv$£S # 
flcMtZo^nrt 7" 

0& 4- * * 

/QC.tJZOrtfr'Z-

m 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER •* $ €0 

Suggested Sources 

< * 
Prp-'icus Purcfirea Order No. 

DEufeno 

- U 4 ^ ̂ ŝ -

BA-30IfiEV 1-79) 

ACCOUNTS PAYABLE 
C-49 



WILLIAM M. BROBECK & ASSOCIATES 

ALL ITEMS PRINTED IN RED MUST 
BE FILLED IN BY REQUISITIONER 

PURCHASE REQUISITION 

/fr 
ADD 

ATTf 

1 Covae Yaeinm Services 
p 0 k 

o. t 292 
v> DISPOSITION 

ADD 

ATTf 

BOH 

R Fec P.O. Bo* 2531 

0 k 

o. t 292 
v> DISPOSITION 

ADD 

ATTf 

BOH 

R Fec P.O. Bo* 2531 c ATE NEEDED 

12/17/85 

TYPE P.O. 1 MAIL ADD 

ATTf 

Llvernore. CA 94550 

ATE NEEDED 

12/17/85 

TYPE P.O. 1 MAIL ADD 

ATTf 

Llvernore. CA 94550 

ATE NEEDED 

12/17/85 

ORDER WIRED 

ADD 

ATTf 
s HIP VIA 

del. 

ORDER WIRED 

ADD 

ATTf 
s HIP VIA 

del. OROEft TELEPHONED 

ADD 

ATTf 

HIP VIA 

del. OROEft TELEPHONED 
f W M T E PROMISED 

12/17/85 

ACCOUNT TAXABLE 

4500-300 \™\V> 

TERMS 0.8 DATE 

12/1 7/85 

ITEM OUANTITY UNIT DESCRIPTION IUSE SEPARATE REQUISITION FOR EACH VENDOR) 
ESTIMATED 
UNIT W W 

ESTIMATED NET UNIT 
PRICE TOTAL 

1 1 lot Leak check achrant assembly — 

• 5 hrs. t $42.50 212.50 

• 

• 

• 

•J | 
: 

^ ' 

- -

• 

t 

• 

SALES TAX 

ESTIMATED TOTAL VALUE OF ORDER MUST BE STATED BY REQUISITIONER - * $ 

Suggested Sources 
DELIVER TO 

• 
REQUESTOR 

- .Urn M i l l a r i Previous Purchase Order No. 
PURCHASING DATE i 1 APPROVED DATE i 

BA-XllREV 1-W 

ACCOUNTS PAYABLE 

C-50 



APPENDIX D. DRAWINGS: ACHROMAT 

A complete set of as-bui l t drawings for the achromat is included in 

th is appendix. 

Dipole Assembly 95C1751 
Quadrupole Assembly 95C1750 
Trim Coil Assembly 95C1740 
Water Manifold 95C1743 
Achromat Assembly 95J1749 
Interface & Vacuum Test Assembly 95(11781 
Focusing Quad 95D1732 
Defocusing Quad 9501733 
Oipole 95D1734 
Segment Carrier - quad 95C1736 
Segment Carrier - Dipole 95C1737 
Magnet Spacer 95B1738 
Housing 95J1739 
Manifold Fitting 1/2" 95B1741 
Manifold Fitting 1/4" 95B1742 
Flange Ring 95C1744 
Adjusting Sleeve 9SC1745 
detaining Flange 95B1745 
Retaining Sleeve 95Bl?a 
Barrier Ring 95B1748 
Beam Tube 95C1752 
Vacuum Transition Flange 95C1774 
Adapter Plate 95C1775 
Bolt Ring 95C1776 
Diaphragm Plate 95B1777 
Adapter Spool 95B1778 
Bearing 95B1779 
Alignment Bar 95B1780 
Downstream Mounting Plate 95B1782 
Spacer 95B1783 
Stud 95B1784 

D-l 

B BROBECK CORPORATION 
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aEVHHOMB 

FESCP1PTJPH 
Ac, BUILT 

g > ~ T O P — > 

BEAM DIRECTION 

£> 

r \ -<^-wlT) 

e > ^ -

N0TE.1 
[ H > SCRIBE THE PART HO. 1 A N ARROW In THE. 

BEAM D r R E C T I O N ON EACH ASSEM8LX, SAND SMOOTH. 
[ ? > SCPIBE "TOP" ON THE T O P OF EACH A"5SEMBl-X, SAND SMOOTH. 

3 . MAGNETIC MATER.CAL 15 FRAGILE. HAMDLE CAREFOLL-*. 

«*. EACH QUAD, Ati&V k^UST GOMrSIST^JP" PfZ^- «CL£CTEO S^«iMG>JT^, 
S E E B E Q B E c a o j E H S P E C S F K . - I se i_e<rr iOM peoc&icuse:. 

BEAM DIRECTOR 
AC H R O M A T 

Q U A D O U P O L E AS!.EMBCT 

c["""""'T95Cl75 0 A 
'•' NOME I 9 5 - ZB I '" 
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a 
« 

i— 
i 

(.T5)<J> 
I 
J 

- \ BREAK. CORNER m A\ AS, BUIUX ^pg* 

.fe\B/.bl4-if 

F. . 

- .13 -J I - .1 

1 1 E M ( T ) S.CALE l : t 

F INISH HjT-ALL OVER 

T l L » \ 

DRILL ftFTER 
W E L D I N G 

l t - > SECTION A - A 
T-fB FOR I T E M i (V) 4 ( jD 

NOT TO SCALE W 

MOTE S 
L t > A F T E R FORMING I T E M (5 ) DO THE. FOLLOWIIN6 I N SEQUENCE". 

O.SADDLE I T E M S (J) •* © ° N I T E M ® AND VJE.LO. 
b. D R I L L .40fc# HOLE THRU I T E M ® AND N E A R \NALL OF I T E M ( ? , . 
C. PRILL - I B S * HOLE THRO ITE.MC?) AND NEAR W A L L OF I T E M , * ) . 
d . REMOVE CHIPS FROM 1N&1DE I T E M © ~~ 
e . W H D I T & M © I N PLACE. 
£ HYDFLOTEW AT 300 PSIG FOR /0 Ml//. — £>o NOT EXCEEI> PFtESSVRr 

TVT 
i 3 uavn-r-u 
I fl I 9 5 B I T 4 T 

IQTVIPART KQ-

BAR. .15 <t> 304- SVT =_ 4-
TUBIMCl, -TE * I -Ofa 5 WALL 3 0 4 «5T 
MANIFOLD ( •TTT INb- K*" 

I Z I 9 5 B 1 7 4-L TJAMIFOLD F I T T I N G - T t ' 
D E S C R I P T I O N 

N O T E D 

PARTS L I S T 
ITEM 

left . \itoi6 0 \A 
afJINC LCK GALiraititt* 

BEAM DIRECTOR 
ACHROMAT 

WATER MANIFOLD (Fa ig) 

7 % C 17 4 3 A 

file:///NALL
file:///itoi6
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k « n 10WWN or TH.it mm. 
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I A A 5 t U « - T 

ait. weu>s TD S£ f<«. nejir. 7Zrr4t. to*" 
BATE TO 6C L£ttTVM I j- lO-^STO. ATM, 
CC/iCC JTJ Mtjt. &ASE PO£SS, OP I* tO~* 
meg. WHEAJ M?4it/eEO WITH A fJe.*iiKt 

[2> ft5<? ff&l-t, C£tf£0 HSTES4 "CIV- fJ"T 
SPEC .TrED, S£S v£3A//£J? STE£O0JCi 
4*46*s£T WST&LLA TKTJ On***- 957?723. 

7ws &0E car) 

- ——fe£MOi/£) 

^f 

7SSnt3 
! z z 

Q£M*V57W£JVI AI7&. &LAT£ 

AHJTi PC4fJVM£A 3/g~*& 

HUT, PUIN ~£ i % -So SST 

U/4CV££, PUT } 3 * 

wjsuat./^f %* 

-16A 2,',us. SST, I I* 

i 5C«u^ U£l.~0. S/s-l&* z't,(.C 1ST I 13 

I S£C£1V. USI. /-Q % -SO t '* Li iST i ll 

9SBfT79 

iscms 

t/n piar jvc asscajPTioN 

SCBCv/. SKT id. <f-33 

O-B/Mi P4BKEQ Z.I7Z VrTW 

0-I1IH4 pjoasjz s-s&v vnon 

IGUBPMltT 
ALKWfACHT BA£ 

8£Ja/Mi 

JDSPTEB SfK~' 

DtA&d&AM PLATS 

aat-TBlM, 

AQtDTEB PLATE 

WdC TZUlJSlTIOi Al^AJGr 

£.IST OF **4TEfftAl. 

v- —:• IL»F» »« -«c 

BEAM DIBECTO/5 
ACHBOMAT 
z/jreerA cs 4 VAC TESTASS^ 01 95DH£f A 
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NOTE: 
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{ MAGNETIZATION (ARROWHEAD INFLATES NORTH) 
2. ALL SURFACES TO BE GROUND l % ^ OR &ETTER.. 
J > FORM i POSITION TOLERANCES APPLT StCMtNT TO 

SEGMENT AMD ARE RFS. 

4. INDIVIDUAL M A S N & T SEGMENTS WILL BE SELECTED 
cae FiEuD STEESiVrU ^.(SZAIN CEEUTAT1CKJ, SEE 
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DETAIL A 
TYPICAL SEGMENT 
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- - 0 0 I 
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i , i v e i (BEAM D1P.ECT10N) 
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PAGE 
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CRlfNTtD 6RMK ffWITS Kin fl^HC NATL 
iFOU)JIN& QUADRdPOLL ASSEMBLY 

I •• 

JTTPART NO- DESCRIPTION 
J 1 
I1W 

PARTS UST 

BROBECK WHMUT MUMMM 

BEAM DIRECTOR 
ACHKOMAT 

FOCUSING 0UHD- DOUBLE 

95D173Z C 
w (OWE. '9S-£6 
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NOTE: 
K —»-INDICATES DIRECTION OF GRAIN ORIENTATION £ 

MA6NET!2AT]Dki (ARROWHEAD INDICATES NORTH) 
Z ALL SURFACES TO BE &ROUND " ^ O R BETTER. 
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SEGMENT AMD ASE RFS. 
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i APPENDIX E. DRAWINGS: VERNIER i 
A complete set of as-built drawings for the vernier is Included in 

this appendix. 

Coil Xi - Xc 95D1705 
Coil Yj - Y 5 95D1706 
Coil Assembly 95E1710 
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Interface Flange 95E1714 
Downstream Mounting Plate 95E1716 
Manifold Clamp 95B1717 
Manifold Fit t ing 1/2" 95B1718 
Manifold Fitt ing 3/16" 95B1719 
Supply Manifold 95D1720 
Return Manifold 95D1721 
Magnet Power Input Flange 95C1723 

fl Magnet Cooling Input Flange 95C1724 fl I Water Supply Connector 95B1725 fl Water Return Connector 95B1726 
Spreader 95B1727 
Magnet Power Terminal 95B1729 
2-Port Exp. Tank 95D1769 
Tank Spool (50 cm) 95D1770 
Pump-out Spool 95D1771 
Cover (6" Port) 95C1772 
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« g ) g — J g j VERNIER 5TKRM& MKtfT 

INSTALLATION 

J 

95J1728 B 



c 

•£.5.81 

3-b3# 

[ £ > SILVER PLATE AREA INDICATED .001 THK. MJN. 
. 2 . ALL CORNER .03 R. EXCEPT A4 INDICATE,!?. 

3. ALL SURFACES l§r EXCEPT AS INDlCATER 
g > H A R D BLK ANDWZE AREA INDICATED,ELECTRICAL ikiJULMION GRADE, .002 THK. 
[ £ > W/ffVBT MATBi WITH 9SC t?OB 

6 ALL PLATING SOLUTCHS Mi/fT B£ CWftSIZCf HStlTZAUteO tR&tOUS 2BW&. 

• 
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bl -r-

T 
1.000 $ 

1/1A i-D05| 

-A-

s/ 1 

pome *nz Atxioi2'fj&: 

=2°-3G-, SAHu 34.2ZS £M3G f-v 
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BflPSECt 

""'" BEAM DIRECTS^ 
VERNIER STEERING MAbNET 

COJL SPOOL 

95DH07 A 
95-Z& 
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"A"i.03 

M O T E : 
1, ALL B E N D R A D I I = . 4 4 -
2 . I T E M S 34-4- ARE. I W 5 T A L L E D PER MANUFACTURER'S 

I N S T R U C T I O N S U&IN& A & W A & E L O K PRE.-&WA&IN<3 
TOOL, . 

[ 5 > T H I S D l M E . U 6 ] O N I & W H M M O T A b A I N & T bWe.OE.D-OU 
FERRULE. ! . . 

BCVISIO*!^ 

t w w » « BUH.T 

^vD®© 

TABUL-AT IOrsJ 

RAC2 .T (s)= " -A ' 
•AMGiLE 

" B " 
t?-nc 

E E O ' D 
9 B C I 1 0 9 - I - 9 T 3 4 ° 2 
9 S C n 0 9 - 2 « . S 4 -*-+* £ 

AR 
QTY PART NO-

FRONT FENU/LE,SUMbEL0Kl£S-3O3-l i T l i 4j< 4-
BACK. fEBHUL£.^Wt.£LQ«.»S5-304 I JTIS vr 
N U T . Vn..^»W*&ELOH«SS-30Zl VTL4 ^T 
TUBING . 168 OOx.OZO WALL 3 0 t 5 S 

D E S C R I P T I O N 

rprr 
PARTE. L I S T 

ire* 

©socr • £ U £ L I f . <-AuroM*.-J 

.<!••/«*; B E A M D I R E C T O R 
~""g» I VERNIER STEERING N f t & N E T 

: COOLING* C O I L 

±Z _2£zia 
95c no? A 

i ' v 

http://bWe.OE.D-OU


SYM fc 
i n ~ A i ooifi 

1 1 J 

. 3AB/.34D f'*,) 

•«, / * » 2.4&/-ZS0 {-*,) 

V 

%&£. 

z-nto/z.i&s4 

S Y M , . EEL 

NOTES-
1. DCBUR.R4, BREAK. SHARP C o a w E R S . 
Z. TAfo ALL PltCE<, W I T H PART N O . ' i 
3. F IN ISH ALL OVER xt^~. 

GE^-PART &HA.LL BE. I t S I - E C T E D AFTER ALL SLOTS 
A R E MILLED BUT BEFORE T U B E I«. CL»T TO 
LENGTH AND PIE.CES SEPARATED-

5. HARD BLACK AMODIZE, £L£CTRrCAL INSULATION GRACE, . 002 TMK-. 

TABULATION 
PART NO- OlTY 

9SC17IZ-1 Z 
•rscmz-z 4-
9 5 C 1 7 l i - 3 4-
V5CIT I2 -4 - * 
9 5 C I T I 2 - 5 *• 
9S<N7fZ-4 2 

cuoj i : 

iTUEINCri.0 O0*.5OWALt->'16.0 ALbOMTfeStl 
Q T T T A B T NO- OEACRHTIPM 

">AR"tV L I S T 
In EH 

AH&TC& 

m$ 
B R O B f C K u s * 

BEAM DIRECTOR 
VERNIER STEERING V1A&KJET 

• V COIL <j»PA<LEfcS 

I 9 5 C J 7 ^ C 
" « * " : l ? * - ? a I ' 



S V M & 
| A.|.OQ2.| 

.Z4*/.Z5e (Ur,} 

.095/- * ° 5 B P « - S g > 

MOTES: 
1 DEBURR. \ &REAK SHARP COB.WER.S-
E. HARD BLACK ANODICE, ELECTRICAL INSULATION GRADE , .OOZ TMK -
3 . TAG ALL PIECES WITH PART WO'S-

3 > » MACHINE WITH A Îfa BALL-END END Mll_L. 
5. FINISH ALL OVER | £ ^ T 

f £ > PART ŝHALL BE. W W E O E D AFTER ALL SLOTS ARE MILLED 
BUT BEFORE TUBE IS CUT TO LEN6TH AWO PIECE* SEPARATED. 

TABULATION! 
PART NO. a T Y 
9 5 C n t 3 - l z. 
95c1713-e + •KCV7I3-3 4 
*J5CVM*-4 4 
95C1713S 4 
9<iC \1Yi-tm £ 

-A4.25 i . 1Z 

3 3 

.J31Q-

O.TV PART NO 
ITUBINC. 3.5Q ODK.500WAL1>16.0' 

D E S C R I P T I O N 
PART L I S T 

" • < * • 
Jyi^fe 

BHODECK 
SEAM DIRE 

VERNIER STEERll-
-X s COIL SP.*--

"T" 

I 9 s -ae 

file:///1Yi-tm


II_NOLC* E4. $r. 

• t •> " — ! E 

.o iai .cmi—- h" '-•oas MAX BREAK 
7 1 — ' f 

I PRSPjR.TlCi.At 4 FS*x "Tfti AP»LV H,Ft-
ff^SItvEK PLATE TWriFAtt. Wt MJH " « * . 
4 NACriinto ^U«f * t l «> '^ ' - tt££PT A*. ; N D J t " t p . 
I £ > w t i O t t r a m HW*»4f«j v»tL0 ^uST 6t vUi fJN TLirfT PtR 

LkNl JFCt Mtl"T70D13l* T31AV L(W K»Tt WAU. NffT CXttED 
I * 10 VT5 ATM tL /v« , A1 A NA* &A"JI TOMUKt CF U U ' » l O l l 
WMEM MtMuPtD WTTP > * i tLl(* i MA,>* * * E t f fcCNCTtfl. 

C. *LL £ * i e W « L CofcNLfcV OJH+J" C<*. CKCM" M IT*OtC*TCt«. 
* . At.1 IMTLRUAL CCRNCR-* t>*R fBCEPT M IHPJ4ATE3 
£ fc * FflOTCtT "THEM, yflfA&E* AfrAthS-T 0***t»C UlTt * W t A f t 
~"^ uuL-ti? ^** fvtwoap. 
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l f i r ^ — —METAI. STAMP 'TCP » " '>!» 

0- f \ «:S!» T..U 

" D AS 4MOW»4 / / / T- j > _ CH. -blS 1 0T°<> 
/ / / ' I Z M L £ S y » t t D 
/ / / ) I l^T^OOj sg PC 
' / / "~{?\ / MCI Atfl*.pcft«jJ 
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E - l l 

K)UC»f tm .MOOCl-VrcaJkLmi*- AloJfcirjSII I J 

T L J 
I n f tT t I_AQ " 5 » ? 
*TL«' t i.ca~*"j7 0 a 

_ A i . faJfcl T ^ i i 

ittft.Ah £U#J 

Z i z ^ = d ^ 
BEAM 01 RECTOR. 

VERNIER 5T££RI!M& MAONET 
INTERFACE Ft.A!>jCjE 

M ! g5E17.l4.Jl 

http://g5E17.l4.Jl
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J*i 

j£^.iiEM_£__ 

.43*- 4*} Z KX.C5. T H * U J \ 
•btS-*4TI_J__CB0ht .160-.+CD DtLP 1 

i 5001 p t t 

N0TE5 
U DIM** 4 TDwV « S AhSt X U i 
z P^^;T;?MAI. < rca* TDL> W I V * n 
5 [H LlldtHAL CMNLB^ .01- *S-*-
^>Fhrr ts \***n Mvi vtinitM. 4. Eiarr 

f0>- bLS-l MHULtD *Y* 
U > f « l IV &W» AtSuT HO* 12- « t i l l " FOU 

'AST K U I R . U A ' f I * * . " MAJIHES':* 

^ MUL BE. Ptt hCtiti ltATA'ROM^. BLuOvC TJU*i. 

0 APPif JLiOr.NL LMtHltfiL flLH TO FLAHbE-
<[4H Ul H*MP PJUNTIQI. 

9. MffTrtT FiknU. F*t£* *J|Tn MYl t f ytv91R> 

V/T.aT.O0j 

http://kuir.UA'
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'A' C*w*# -fisirftfa i ' 3 ' D>* ff«*J 7 * 4 ' J * * -

?=F 
! htil-lOU lltfUT WiJjIJIOLd STL1. H 
IHtimtLlW^aT <»-»«J7h II, Wfc. *l 

TTLKNii VECCJi.tS V,*i.i Al bCfcl-~« 
a*Te .in • u.a a 

i?i»c io.noa«.i»t <wfai. A U j y k 
ih*Tci.oo<no» 

HATtRtAL INI* 

HOTri ' 

S54Z 

•B3rr:" • i>l . l r ,u.»a u 

BEAH DIRttTOa 
VERNltH STEE.RIN6 MAONCT 
DOWNSTREAM MTli PL WE 

El J95E17I6* 
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—t5fe^ —+—IDIM.-&" FROM CATALOG.) 

.Z50/ .2foO R ; 

B R E f t H , C O R N E R 

SWAGE LOU TO MALE. PIPE. WE LP COtslNECTOR 
CATALOG I T E M # & S - S i O - i - f e M P W 

NOTE: 
I . UNLESS OTHERWISE SPECrFJED, S.URFACE 

F INISH l ^ J r - . 

g s c n z i 
9 5 D ^ z o 

APn ICATK>N 

STAMJLEtS S T L 

IW NOT tCAit I**W:T,C. 

^ 7 y?/g* 
.Sfai, 

BBOEECK • E d K C L E V , CALIFORNIA 
V** 

BEA.M DTRECTOR 
VERNIER STEERING M A & N E T 
MANIFOLD F I T T I N G , - >/2* 

aire COOL iDlNi H C 

B 
U*±*»I**G s ; 

95 BIT IS 
SCLT 2 . - 1 | 9 5 - 2 . S ! ST" 1 " t 



n£&>* <DIM'0" FROM CATALOG,) 

5-WACELOK. TO M&LE PIPE WELD CONNECTOR 
CATALOG ITEM *S^-3O0-l-ZMPW 

NOTO 
V ONLCbS OTHERWISE. SPECIFIED,SURFACE 

FINISH V&r. 

9 6 0 4 7 2 1 
Mtal « « * 

u u u i oi*4MnlE c i n r j f p ictmiuci ho n t M m u « H w INCHES 
1D4JAAMC4I U l 
IMCtwn* KCHUU M 0 U 1 

rei* 
STAlfclU£*S « T L 

BROSECK V M 

qi>»l. BEAM DIRECTOR 
^ £ i j VERMIER CTEERrVlfe MAGWET 

MANIFOLD FITTING- 3 / lb* 
talc 

B 
COOt HXNT NO DMWNC NO 

95Bni9 
0 0 HOT (CUE DMHING SCALf ?\ Cf^-Vfy IHttT 



V 

50 4 

ITEM © 
SCALE I* 

r 
, . iZS.FlNrtH 
I I . v P R t a AFTER WELDWS 

[ T > SECTION AlA 
TYP. FOK ITEMS( 

SCALE 2.5 

MOTES: 
J > A f T f R F0RMrN6 ITEM® DO THE FOLLOWING IN SEOUENCE: 

a SADDLE t T E M i ( j ) ( ® ON ITEM (D AND TO WELD-
D- DRILL -125 P THRU ITEM © \ NEAR WALL Of rTE^C?. 
C DRILL. Lib 9 THRU ITEM (p i NEAR WftLL OF ITEM (f-
J . fi£M0v£ A.L Cnl'5 FROM INSJDE OF [TEW ® . 
f -TIG WCLD ITEM. © I N PLACE, 
f. Hf PRa-TEST AT 100 B I S FOR /« Hill. 



V V TIC 

J*© 

I 4 Pi-dS 

PAGE 
E-16 

I BAtt-.50¥ 304*^ 
TJB1N6 ,50flK,O49wAiL 30't-L 5S 

4 '9561119 NANIFOLD FITTING-?ifc 
t .9561118 MANIFOLQ FiTTIKlCi • '/i 

QTY|PART N0| DESCRIPTION nil' 
PARTS U5T 

^sJiTza , 

.03 -fW 
— IRi> I SIM* BEAN DIRECTOR 

VERNIER STEERING NAGU 
SUPPLY MAMrPLD 

vn | i 

Dj 
«•" lit i * i - g 

95 D1710 
t - 1 



<v 

MBlinC* 

ITEM (?) 
SCALE l* 

DRILL «=TLR WELDIN3 

a-^-^nt, 

SFf.TrOM A-A 
TfPFDR ITEMS ffi^© 

SCALE U 

\:TES: 
^ -^FTER FORMING ITEM 3 IX) THE FOLLOWING IN SEQUENCE'. 

a. SADDLE ITEM I * £ O N ITEM® ANO TIG WELD-
p. DRILL .115 5 "HRU ITEM i $ NEAR WALL OF HEM @. 
C.DRlLL-We^THHUITEMjj* NEAR WALL OF ITEM®. 
d REMOVE ALL CHIPS FROM INSIDE OF ITEM®, 
e T)G WELD ITEM 4 IN PLACE, 
f HYDROTEST AT '00 PS16 FOR teflui. ' 



(V. «• PLC'S 

g s j - n z f ] 

PAGE 
E-17 

T 
I S*R • » » 30* SS 
ITUBIMj -50 «» 049 WAIL jtUlSS 

4 '5581719 i WNJFOLP FrTTlNCi- JW 
1 IW817H i MftMFOLp FITTING-W 

QTVlWlRT Ktt. ; OSJCWPTJON 
PARTS U S T 

rrw 

M R - M I • % « 

m *i' KMI t in'y 

Te» 1OT5T 
"•^ l*fc 

MOBEC* 

BEAM DIRECTOR 
VERNIER STEERING MA6NET | 

RETURN MANIFOLD 

95D1721 
•au \: 1 j TO- Zfl | w | « | 



&.00t.03<? 

5YMM % 

MOTE: 
LUklLE.S<, OTHERWISE SPECIFIED, SURFACE. FINI5H f~'t^~. 

[_̂ >- J^aorscr i*s*r. £~<S4̂ v<$ &&&&„;£: o^£w^ 

ooy. ou 

MOD1FM TO 

4 

.4se/.4si^-rnR.y 
t_HOI.ES EQ SPACED 
IT.OOOI tf &.C 

I •»! A I ^ .OtO I 

<,.WPA>.4lO* 

IQTV 

|MOC HF^IMC'KWIH FUAKtGfK-gOO- T 
KTET^SO « q.Pgl 3CH-SS 

DESCRIPTION 
T T -

I ITEM 
PARTS LIST 

3C3-«7?fl 

BnOPCCiZ miKLLST.cmLtromm* 

;***« f BEAM DIRECTOR 
i**S» I VERNU-R STEERING Mfi&ME-T 

I MAGNET FOWR. INPUT FIAM&E. 

95C17E3 A 
95 -ZO • 1 

http://t_HOI.ES


J*. E ^ : 
IS^g 

- « S / 4 S 3 # THRU 
b HOLES EO SPACED 

T.00 *> fc.C. 
| - » | A [ » .PIGTj 

/ , 

-.04 R MAX. 
\ Z PLC'S 

,—.1BB/.VJ3 

""T 
- - "' JOOS MAX BREAtc. 

7 .00 

NOTE; 
I, CORNER R.ADM .05 EXCtPT AS INDICATED 
Z. UNLESS OTMEKVJ1SE SPECIFIED, SURFACE FINKH l ' ? ' ^ 

fes- POSTEXTT VAC. ssaL/wa Gucmzsn DISOMO, 
SH1PPM4 + MAHDtJN*, 

DETAIL A - (O-RINC GROOVE) 
SCALE 2 * 

t>J3a/kH*B^ 

.53/.*+ 

_igcf»_ PART NO. 
DELRIN-

DfcSCIWTlON 
PARTS LIST 

TTEN 

TOT17f i£ 

1 « -

»ROBECK 
BEAM DIRECTOR. 

VERNIER STEE.RINC MAGNET 
MftfiUET COOHU6 lUPLtT FLANfeg 

95C1724 /g 
' 9&-Z.6 



I^>0®€> .4 4- R T Y F 

2.V4 T U R N ^ 

NOTE; 
| £ > THE^.E D I M E N S I O N S A R E W I T H N U T S AOATNST 

S*VACaED-ON FERRULES. 
Z- I T £ M 5 3 *4 - A R E I N S T A L L E D PER MFCR'S 

I N S T R U C T I O N S . USING. A SWAGE-LOV^ 
PRE-S\tfAC»tr«a TOOL. 

A R 
QTV PART NO-

FROWT FERRULE-SWAfeELOK ^Ifo STL5 ST 
BACK F E R R U L E - SWA6ELOK ffc STLS ST 
N O T - S W A 6 E L O K ^ife' STLS, ST, 
T U B I M O - IB& OP X.Q2Q WALL 3Q4- SS 

D E S C R I P T I O N 
1 

I T E M 
PARTS L I S T 

<9<5T\-t*.B 

<*I%W iPICk'lED 

-.03 

DO NOT t C A l f OHAWIN3 

7 R A 
"i^gg -

17TSJ 
r^t 

BROBECK •EHJCCLEr, CALIFORmA 
U£A 

B E A M D I R E C T O R 
V E R N I E R STEERING MACKIET 

V-JATEP. SUPPCY COMUECTOR. 
Vlt. I COOt <OCHl H U IDMAWING MO 

B 95B m 5 M I 95-aa J . 



dp=<5®©^\ A * R. T Y P 

Z-Jfc TURKIC 

MOTE.'. 
H > - T H E S E D I M E N S I O N S ARfc W I T V I N U T S A G A I N S T 

SWAGiED-OM FE.R.RUUE.S-
I T E M S 344- ARE I N S T A L L E D PE.R MF&R'S 
I N S T R U C T I O N S . U b l N G A &SWA&E.LOK 
P R E - S W A G I N G TOOL.-

2 . 

A R 
aTY PART NO-

PROMT FERRULE-SWAbELOSt %(, ^ T L S ST 
BACK F L R R . U L E . S W A & E L O K ^ S T I S ST 
M U T - S W f t 6 L L O K ^/l(a' STLS. ST 
T U B I N G . 188 OD X .OZ.O W A L L 3 0 4 S«3 

DE&CRIPTION 
1 

ITEM 
PARTS L I S T 

g s m z e 

»iLt£tKr*t MCtltJ>.& A M C l i l 

no hoi «CME o«*m"K?. 

COTTHA&I f l i 

IRA 
**&^ 

Wfii 
anoBECK BCKKELEr. CALIFORNIA 

B E A M W R.ECT O R 
V E R N I E R S T E E R I N G M A G N E T 

WACTER. KETDRM CtH*JECTOR 
Ktrt 1 C O O M D t W N O 

B 9 5 E> 1726 
IHttT t 
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mess Co, sRetJ 
S7Z£L STAMP 

cms. 

-ist/tc-zs'*. 7eef? 
ancs 

\tf 

X 

3 L -
1 L__rsw^-

7B /fUTCUJia 
crrrcM 3 ,in. 



5£W DETAIL A 

SH3LCSS9.SP.CH 
Z<2CH,C,2PL 

• <9.3P£ 

—A y~—.ert 

(iz.av?) 

7PL. 

fVor&t: 

/. DMS. f TOL PCS ANSI Y-H. f, 1173 

£ ALL WCLDS TO 3£ VAC T&tT. 7STAL LE4t SATS IB S£ LESS T1AN It /C''°S7Z4J»! 
Z~'SCC »7 » •••«* A'St^ZSS, if " V 6 r rcs A/HEN A*E-y^C££> Hint A * j 
tfj>$ tttTCZveTSe.. AS—V ."£€ L£f! C*fZX££> AF^SX C~S**.fOM;'AuZk1c) 
7zsAT&t£vr'( ievPisrs. -sW'CArtetJ MOST as se/fVueP TO BacBOx OBF. 

•* SEB-MfO: /l£ppBZT-*">2liE2 5-Si) 
f. ft? PCB.T- fiA&iEB tnaSDB*34 

£ Cl£AH tW VAC, f£WK€ i CCVSl FLAMES FACES t tfW#"/t*fS3M«?//W»S«S 

FILM BSrivcE*/ •»£ <*v f Fi/)/&Es. 

Q~^> TIEZL STAMP PaiTut, '/f"cmBAcreJii. 
7. tlMLSSS CTUEZimSC SPBClFlED, SutFACS fWSM TO BE '^/, 

PAGE 
E-24 

Z StATES'THIC 

<frt 

AL. 6C6I-T6 

TUBE A"4*%W 

PLATE, t" 7HK 

PlPE,a.CPS*^syj. 

PESCBIPTIOM 

LIST OF MATCB-/AL. 

w « -

Sir mrsf 

<s* "JS 3- OIB 8R0BECK 

£L 8EAM DtRecTOZ 

2 POST EtPE&MMTAL TANK 

95Dt7& 
- * • » * «•.' / « / 



— .I97/.&* 

A/o-rse-
f 

z. 
Q/M>S 4 7e>i. pee AUS/ v-/4.s,/97£ 
4u- WEC0S 7ZS S£ V*C Tra*T. •TOT,*. L£M< £*7£ TOBB tSfY 7r*)V U a'"STO. 4?M, CC/SEC. 
AT s> M*X, B/>s£ Past*, OF- **&-*• 7E*e */*£*/ Afigjisija£D tv/n/ A JJS wist sfxr&>Mg7&Z, 
XHELOS TD BE cetue t^BcaED AFTEZ CUBA*. &IM(A140ME) 72&ir**£Hr / £ 6>*eL£.TE.. 
camwooT/crj /»c/rr as tuppij£.p 70 Basso* <2ae/> 
c»s#fKAt- F'ijf> fatcO'Ve) F&SH^e FACES (/svcu/Difjif a-z*j$ selves) tf«.v. 

SE<i MPO: 

CLEXAJ « a e •<//>(. SEZVICZ {• COTE& PUUJ&E FZCEi WITH '/+' PL* f WUie PUrt 3ETWE.EJV TslE 

fTSBU $7#Mt> PAST A/Z £ D4S"*J-, fy"CH4BALT&2S-
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APPENDIX F. MAGNETIC MEASUREMENTS REPORTS, LAWRENCE BERKELEY LABORATORY 

This appendix contains data provided by the Magnetic Measurements 
Engineering Group at Lawrence Berkeley Laboratory (LBL). Their report on 
the measurements of the individual magnet segments is included in its 
entirety. This is followed by excerpts from their reports on measurements 
of the quadrupole assemblies, dipole assemblies, and the vernier steering 
magnet. Full data reports are available from LBL upon request. 
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INTRODUCTION 

The purpose o-f this Engineering Mote is to document measurements 

and sorting conducted by the LBL Magnetic Measurements Engineering Group. 

This work was undertaken to provide a basis -for selectively distributing 367 

permanent magnets among 17 beam-line elements for the LLNL Advanced Test Ac­

celerator (ATA) Beam Director. The measurements described in this report 

fall into the fallowing three categories: 

I) Calibration measurements -for the Magnetic-moment Measure­

ment and Sorting System !MMSS), 

II) Measurements -for determining the accuracy and reproducibil­

ity ai the MMSS, and 

III) Measurements and sorting o-f 367 ferrite magnets - Results. 

Measurements of strength and quality o-f the beam^line elements will be the 

subject o-f a separate report. 

COORDINATE SYSTEM 

To simplify descriptions o-f the MMSS we introduce two coordinate 

systems and de-fine rotational error terms. Figure 1 represents a cross sec­

tion of a pair o-f coils, coaxial on the z-ay,is and located symmetrically with 

respect to the origin o-f a. cartesian coordinate system. We define the angu­

lar errors roll, pitch, and yaw as rotations about the z, a, and y a;;es ••e-3-

pectively - counter clockwise as viewed -from the positive axis toward the 

origin. Figure 2 shows .; serrond cartesian coordinate system (primed) for a 

typical magnet tested. The origin of the primed coordinate system is at the 

centroid of the magnet, y' is normal to the large rectangular base -formed 

by b2 and el; and +y' is directed as shown in figure 2. The z' axis is par­

allel to euge el. The z'-axis is directed outward -from the trapezoidally 

shaped end marked with an arrow signifying the easy axis '.->•( magnetisation). 
*» •* • * i 

+x' is defined such that x' x y' = s', i.e., such that the coordinate syst* / 
;, n „ ; „t..*-_h.,nr|r>H" .* 
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FIGURE 1. 

^ C - p r ^ Q 

X l i t at 
M M ' 

~- K fill 

A ntignitic dtpott (in) it tht origin of • 
MttMlw coordinate aytttm ctnttrad en • 
Hatmholtz coD pair; tht axial iipiration (Az) 
•quili tht mtin ndius ol tht cotl bundle (Rm) 

FIGURE 2. 
Ripnwntitivi mignat-ATA bairn director 
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I. CALIBRATING THE MMSS 

We have shown, for a pair o-f identical, coaxial coils whose common 

* a;;is is de-fined as the s-axis a-f a cylindrical coordinate system with its 

aricjin rcidway between the two coils, that Equation 1 describes the aquiv-

# alence a-f two ratios: 1) the ratio of axial magnetic moment at the origin to 

magnetic flux linking the coils, and 2) the ratio of current in the coils to 

the magnetic intensity at the origin. 

«i,<0,0,0> /^fra ) = I / H^CB,0,0,1) =/j,I / B 2<0,0,0,I) 

R * (1 + Z / R ) 7 n Cmeters] (1) 

where 

• 

m (0,0,0) = (axial,z, component of) magnetic moment at the origin CWbm] 

7tf<m ) - magnetic flux linkage due to m_(0,0,0) CWbJ 

I = current flowing in each coil CA3 

H_(0,0,0,I) = (a>;iaL,z, component of) magnetic intensity at the origin 

due to 1 tA/m] 

B-(0,0,0,I) = £<fH (0,0,0,1) = magnetic induction corresponding to H 

m 
«-' -"I 

, i = permeabil i ty of f ree space = 4f |10 CHenries/m.1 
n* 
n = number of turns in each coil Cdimensionless] 

R m - mean radius of the identical coils Cm] 

+/-Z_ = locations of coils Cm3 

The last expression in equation 1 describes the geometry of the coaxial 

coil pair. For Helmholtz geometry Zfi = R^/2, so (1 + Zp /F^> * •"1.398 
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r 
We calibrated the sensitivity of the MMSS coil pair to magnetic mo­

ment at the origin by determining the ratio (I/H _<0,0,0, I>. Fieviros 3 and 4 
illustrate the principles involved in the derivation of Eq. !. Table I des­
cribes the equipment used. We measured current with an accuracy ot B.1X by 
means of the current monitoring shunt. We measured B (0,0,0,1) with the 
search-coil and the electronic integrator . The coil/integrator combination 

3 
was calibrated with the Flux-Standard. 

In preparation -for calibrating the MMSS we verified the ratio nf 

•flux-linkage produced by the -flux-standard to the turns area of tna search 
coil ^VliMf^,^ ^eJltU1' U s i n 9 a Nuclear Magnetic Resonance (NMR) magneto­
meter as a standard -for magnetic induction and the LBL standard reference 
magnet as a transfer device, we verified that (^,4, / nAe»11?j I S t h e 5 a m B 

value (to +/- 0.2'/.> as when it was -first determined about 15 years ago. 
We concluded that «ur calibration of the MMSS was accurate to W.2X. 

Device 
Search Coil 
Flux Standard 
Integrator 

f 

DVM1 
Power Supply 
Shunt 
DVM2 
NMR Control Unit 
NMR Amplifier 
NMR Probe 
Magnet 

"BIG BERTHA" 
Mini scape 

Table I Equipment Used For Calibrating the MMSS 
Description DDE #, S/N etc. 
LBL, nA = 11.82 m Dl 
LBL Drwg. tt 5V4944 
Flux = 0.05499 CV sec3 42.05 
LBL Drwg. No. 6V1763 S/N 1 
R = 46,4 CkOhms], C = 0.1 CMF1, 
Attenuator = 10.0 [ 
Keithley Mad 177 
Elec. Prod. Shop Mod 49383 
Leeds Northrup Co. 
Keithley Mod 177 

S/N J 04 45 
AEC # 329 
S/N 10444 
S/N n.fp. 

S/N 27 
S/N 175 

LBL Drwg. No. 16V111P1 
LBL Dring. Na.l6VU2Pl 
LBL Drwg. No.l6V113Pl R. 4 
LBL Reference Magnet (Permanent) 

B-= 6.245 kG @ 21 Deo C 
NIS 7bd. MS 215 S/N 1975 
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DERIVATION OF H,(D 

7Z = Unit Vector in 
+Z Direction 

n Tums/Coil 

n Turns/Coil 

Hz(2nl) = H(2nl) • Z 

= 2n / 
2* !Rm

2d9 m' 
eio^R^+z^ 2 

nl 
R m d + (Zo/Rm) 2) 3 / 2 

Ra/no, Whihnery end V m CXizw. "Fields tnd Wives " Convnuncatons Electranics" (1967), p. 110. 
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FIGURE 4 . 

DETECTOR COILS DERIVATION OF v(m) 

t s Unit Vector 
In +Z Direction 

n Turns/Colt 

n Turns/Coil 

V(mz(0,0,0)) = 2n 0 B • ds 

2* K mzX(2Z 0

2 - r 2 ) * 
= 2 n I J" At* + I 2 ) 5 1 2 

drd6 

nmz 

* * 

R J 1 + (Zo/Rm) 2) 3 / 2 

* Dols, Nelson, "Point Dipole Approximation tor the Magnetic F*W ot t Solenoid" 
I B . Enfl. Note MT 253 (1976), E Q 1 . 

* * Nelson. Lie. "Proposal 1oi Measuring ind Softnfl Permanent Magnet Bocks" 
LBl Enrj Note MT 346 (1965), Appendix A. 
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II. DETERMINING THE ACCURACY AND REPRODUCIBILITY C- THE MMSS 
TG measure the accuracy and reprpoducibi li ty of the MMSS, we made 

(in addition to the calibration measuregents discussed previously! the fol­
lowing tc?sts: 
1. .:ero resolution tests - measurements of the noise level of a comp­

lete measurement sequence without a magnet installed in the posi­
tioning fixture, 

2. reproducibility tests - comparisons of repeated measurements of 
three components of magnetic moment of the same magnets, 

3. translation tests - measurements of the three components with the 
magnet translated S cm along the x, y, or z axes, and 

4. rotation tests - measurements of the three components with the mag-
netat the origin, but rotated 100 milliradians about the :;. y, or A. 
2 a«is. 
The zero resolution tests were made without a magnet in the posi­

tioning -fixture. The reproducibility tests were conducted witn two magnets 
one with its easy axis (of magnetisation) along the x-axis (s/n 105013) and 
tne othiarwith its easy axis along the y-a>:is (s/n 103003). The transla­
tion tests were conducted with magnet s/n 103(303. The rotation tests were 
conducted with magnet s/n 405253. The results of these teats are represented 
in Tables II - V. 

Since magnets have been reworked, i.e., demagnetized, ground to fit 
into sub-assemblies, and remagretized, the magnitudes of magnetic moment. 
arc not of interest. For this reason we present the test results in te us 
of percent of m^. (the magnetic moment amplitude in the >;'y' plane. For the 
reader's convenience we define terms used in Tables II - V below: 
(x,y,2) coordinates of Helmholtz coil-pair 
roll rotation about the 2-axis 
pitch rotation about the x-a;;is 
yaw rotation about the y-a;;is 
i >:',y',or z' (coordinate of) magnet 
mi ny, •/ °r (^'(component of maaneticimoment. tMaxwell cm!) 
< .05 less than 0.05 "/. of (iryy, = Jm£ + mfr) 

Glossary of Terms used in Tables II ~ V 



Table It Summary of Isra Resolution Tests 
'ineasursments with no maaret i.p the positioning fixture) 

k Quantity Tabulated 
IS Measurement Average 

IS Measurement Standard Deviation 

Maximum Deviation (from zero) 

Magnitude 17. of (12000. Maxwell cm) 3 

< 0.05 

0.05 

+/- 0.07 

Table III Standard Deviations of 10 Measurements o-f Each Quantity 

S/N of Magnet 

103003 

105313 

" v vaRFv 
[Max cm1 

1189B 

11861 

Component Tabulated 
S t d . Dev. C7. n u J 

V 
.05 .38 

.16 .02 

•if1 

.05 

.06 

Table IV The measured effects of Translation Errors (S/N 103003) 

» 
Error Terms Tabulated. 

j (moment) 
1.7. 

d e l t a m; 
m / cm ; y, -

d e l t a <nf * 
d e l t a y~* 

^ * d £ l t a m 
1 component (i> d e l t a >; 

m / cm ; y, -
d e l t a <nf * 
d e l t a y~* d e l t a z 

1 measured 
i 

1 

| +0.01 +0.01 +0.02 

• 

+0, 02 0.00 +0.01 

1 z ' 0.013 -0 .02 0.00 

Table V The Measured Effects of Rotational Errors (S/N 405253) 

(moment) 
component (i) 
measured 

Er ro r Terrn-s TabLdjjietL« c_ 
17. m^/, 100 mr ; m<(y, = JmJ + (iy= 15274 fkvc era3 

d e l t a m; ' d e l t a m/ •7' delta' m 
delta roll 

< .05 

< .05 

< .05 

delta pitch 

< .05 

-6.77 

< .05 

delta yaw 

< .05 

-0.62 

< .05 

• 



Ill MEASUREMENTS AND SORTING OF 367 FERR1TE MAGNETS — RESULTS 

Test Equipment 

Figure 5 is a block diagram of the MMSS. Table VI lists specific 

'equipment used for measuring 36? magnets tor the ATA Beam Director. Both 

the dat* acquisition and sorting codes are saved on a total of IP floppy 

discs. Hard copies of directories (of) and source listings (for) programs 

and subroutines on the floppy discs are filed, in LBL Engineering Data Book 

MME Bool fl 691-C. 

Thifflocffc*t 

ANALOG 
"DOTAL" 

IH T 
m 

WTEflFACE 

COMPlflER 

OPCIEEE 
«6US) 

FIGURE 6 . Mtgntttc-momtnt maasurtmtnt tnd sorting lystem 
(MMSS) KhtmMk digram 

*Sinc» Bevatron pulsing induced a signif icant ver t ical f i e l d at the location of the 
MMSS, we rotated the coi l pair 90° so the z-axis was horizontal as shown in Figure 1. 

• Device 

Coil Pair 
Positioning Stage 
Positioning Fixture 
Flux Standard 

9 Integrator 

• Data Acquisition S< 
Control Unit 
Computer 

Table Vl Equipment List 

Description DOE «, S/N etc 

tea) 3775 turns # 29 AWG, Rm = .363 Cm] None 
LBL Precision. Special Purpose None 
LEL Precisian Cube 5";c5":<.5" Aluminum None 
LBL Drwg. tt SV4994, Flu* = .05499 CV sec] S/N 42.8./ 
LBL Drwg. * 6V1763, R = 46.4 CkDhms3 

C = 0.1 fyFdl, Atten. = 10.B 
HP Mod. 3421 A 

LSI 11/23 

S/N 1 

DOE 532528 

DOE 532219(£>'! 

• 
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C 

Test Procedure (Minimizing Rotational Error Effect) 

Computer generated "prompts" instruct the operator to move the pos-

» itioning fixture a total of 20 times for measuring and recording flux-

linkage. Changes in flux-linkage (corresponding to 1813 degree rotations of 

the fixture about the y-axis of the coil-pair coordinate system) are exf'.rac-

ted from these data to determine three orthogonal components of magnetic 

roomer, t. 

Far each measurement sequence, magnet identification and raw data 

are saved along with the calibration constants needed to calculate magnet-

^ J i c moment from flux-linkage. At the end of the measurement sequence the r 
*~- program computes and displays information from which the operator may eva­

luate tfie data set. At any time the operator may restart or cancel the 

measurement sequence, fit the end of a measurement sequence, the operator 

has the option of saving or not saving the previous data, recalibrating, 

repeating measurements of the same magnet, measuring a different magnet, or 

terminating the data set (closing the file). 

• 
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A significant feature of our test-procedure/processing-algorithm is 

that it minimizes the effects of misalignment of the pasr' ianing stage with 

respect to the Helmholts coil-pair coordinate system (see figure 5). Outer 

surfaces of the positioning fixture (a precision cube) mating with the hor­

izontal and vertical surfaces of the positioning stage determine the orien­

tation of the magnet under test. Misalignment of the positioning stage 

introduces systematic angular errors which we have defined as roll, pitch, 

and yaw. We developed a measurement sequence and data reduction scheme that 

effectively cancels errors due to systematic pitch and yaw. (Because of the 

cylindrical symmetry of the coil-pair roll doesn't contribute significantly 

to measurement error.) In order to illustrate the procedure we first, write 

Equation 2 that describes the flux-liruage of one of the specified fixture 

positions (for other positions the equations the equations have the same 

form). Nest, we approximate th=j cosine terms by l.QQ, assumming roll, pitch, 

_^^and yaw are small and reduce Eq, 2 to Eq. 3. Equations 4-a — 4-d represent 

the flux linkages due to the 4 orientations of the positioning fixture far 

determining the K' component of magnetic moment. 

E(3) = m cas(pitch)cos(yaw) + m cos(roll)sin(pitch) + m cos(rall>sin(yaw) (2) 

E(3) " + \ ' + m sin(pitch) + m sinCyaw) (3) 

E(2) = E(4) ~ -<n„ + m sin(pitch) - m sin(yaw) (4a) X J" * 
E(3) " +m.,+ m sin(pitch) + m sinCyaw) (4b = 3) 

E(5) = E',7) "" -m , - m ain(pitch) + m sin (yaw) (4c) 

E(i) "" +m, - m sin(pitch) - m sin(yaw) (4d> 

Simultaneous solution of equations 4a -4d yields a value for m ,, while can-

celling the other terms. Table VII indicates the orientations of the posi­

tioning fixture during a measurement sequence, and suggests the way the data 

are combined to determine three components o-f magnetic moment. 

8 
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Table VII MMS3 20 Measurement Sequence Diaqram 

View 
of 
Cube 

4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20-

1 up 
2 up 
1 up 
1 down 
2 down 
1 down 
3 up 
4 up 
3 up 
3 down 
4 down 
3 down 
5 up 
6 up 
S up 
5 down 
h down 
5 down 

1st Moment 
Di-f-f (component) 

total 
drift 

<} EX1 
\ Mx' = 
/ G*CEXl+EX2)/2 

EX2' 

EYl-w 
^ My' = 
/ G*<EYl+£Y2)/2 

EY2' 
\ DRIFT/ 
/ SECOND 

E Z 1 V • 
^ G*(E21+EZ2)/2 

EZ2 X 

• < • TERM 

I 
Mi' 

EX1 
EX2 
EY1 
EY2 
EZ1 
EZ2 
G 

SYMBOL 

DEFINITIONS OF TERMS ̂ SYMBOLS 

DEFINITION 
t 

Sequence Number 
i-th component o-f Magnetic Moment 
i' ">!', y', or !' 
E<Mx') + E<Mz') * SIN(YAW) 
E(Mx') - E(M2'> * SIN (YAW) 
E(My') + E<Mz') * SIN(YAW) 
E(My') - E(Mz') * SIN(YAW) 
E(Ms') + E(My') * SIN (YAW) 
E(Mz') - E(My') * SIN(YAW) 
Multiplier to covert pot­
ential ta magnetic moment 

(NOMINAL) DIRECTION 
IN COIL-PAIR COORDINATE SYSTEM 

[UNITS] 

[Dimensionless] 
[Maxwell cm] 

r.v: 
[VI 
[V3 
[V] 
cvl 
[VI 

[Maxwell cm / Volt] 

f 
+y 
-y 

t 
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•
Test Results 

f- . We measured a total o-f 367 magnets -for the ATA Beam Director.. 
One or mare data sets for each o-f these magnets are -filed in a Magnetic 

s 
Measurements Engineering Data Book ond on Floppy Disks. Directories of 

* these Floppies and a (measurement & processing) log &re included in each 
book. 

Figure 6 is a copy of information printed while measuring magnet I.D. 
* 301217. Figure 7 is a copy of one page of sorted data that includes magnet 

I.D. 301217. The sorting program uses "RT Sort" to search data files and to 
order records by selected criteria. The 367 magnets-we measured were classi-

% -fied into 40 subsets like the two shown in Figure 7. Within each subset we 
sorted the magnets in order of decreasing magnitude of m.,̂ .. 

Table VIII is an updated version of the Test Summary Table from ref-
9 ^ ^ e r e n c e 2. (At the time of publication af reference 2, dipoles had not been 
{f measured.) 

Appendix A (distributed with the Nov. 85 status report; available 
Q on request) lists the sorted results of measurements of 36S magnets. 

Appendix B (available on request) is a record o-f the blocks selec­
ted for installation in 19 beam-line elements (dipoles and quadrnpoles). 

A Francis Younger of Brobeck Corporation selected the magnet blocks for each 
element and produced the list represented by Appendix B. 

Appendi:; C (not far general distribution) will document ths n-easure-
- ments o-f 80 magnet blocks to be kept as spares. These blocks have not been 

measured (they were recieved at LBL on 85 November 27). 
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FIGURE 6. 

SAMPLE DATA SET 

DATA TAKEN DN SS-JUL-15 AT 13i29i5L 

DATA SET AD2iB72JCt.ASC 

KG END AVE DIP 

EX tvo l t i ] -4,S7t3I -+.57786 -4.57721 0.MI31 
EV CvoKtl -I.B4146 -B.B4I72 -(.B4239 B.M226 
EZ IvolUJ •.•B651 « . M * K I . H S U •.BB166 
TIW- Idag C3 22.74SBB 22.757BB 22.751BB •.•12BB 

dri«t t«V/*tcond] B.BBB1B 

n* m tiz nxv TKTAXY 
CK*t»c«3 CK»::«C«3 CM«K*c»t3 IM*!:»C«lJ (dag] 

-22S3B.71 -143.B9 ' 19.46 22331. IB -174.63 

PX FY FZ 
( z t m m cxmxYU IJSUMYO 
-IBB. - 1 . fl. 

1 El tptad lntcgr t l o r 1 E l c p u d l f t tegrctor 
T i M Po ten t i a l T i n t P o t c n t i t l 

[ 1 ] tStconds) tVJ CO [Sacondt] CVJ 
1 B.B c.terse 2 B.3 3.ZS9BB 
3 13.7 -3.2B85B 4 19.6 3.287BB 

26 .1 3.28B1B 6 32 ,3 -3.29B2B 
7 SB. 8 3.2B72B B 46.6 B.B2B97 
9 54 .3 -B.B2B24 10 62 .1 B.B2I47 

11 69 .6 B.BI157 \2 77.6 -B.B2235 
i : 8 4 . 9 B.82SS1 14 91.4 B.BBB2B 
15 101.B B.B06B0 16 IBB, 4 a.aaase 
17 US.B -K .BK16 IB 121.6 B.6B445 
19 129.7 e.BD:ee 20 i;e.: B.B144B 

FACTOR * B.695 
HELMHOLTZ' RADIUS • B.3fcT 
HELUHDLTZ TURNS - 3775.BBC 
BLFS SENSIT1VITV - B.0&4997 
AVERAGE CALIBRATION • :B.727B4B 

GOOD 
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FIGURE 7. 

SAMPLE SORTED SUBSET 

—MAGNETIC MEASUREMENTS ENGINEERING 

MAGNETIC MOMENT SORTING PAGE 

MAGNETS 4. IBS INCHES LONG WITH EASY AXIS OF 
BAG ID »t* THTAXT MI 

CM»x-Oil CD»flr»M) CM*x-C»3 

iee.i DEGREES 
DATE TIME 

3 » t a i 7 ^ J 2 2 5 3 3 . - 1 7 9 . 6 2 8 . 
W t l s 22565. 176.1 -147 . 
M l 137 22689. - 1 7 6 . 9 254. 
381169 226S6. - 1 7 9 . 5 179. 
3 * i r a i 22683. -177 ,4 -212 . 
»ns; 22731. - 1 7 3 . 6 334. 
3 8 H 7 7 22883. 179.2 - 2 7 1 . 
M l 193 22987. - 1 7 8 . 5 416, 
361289 22933. -17B.9 -16B, 
301129 22936. - 178 .B 354. 
381161 22969. 178.4 337. 
301105 23871. -17B.4 net. 
381145 22SSBB. 176.1 - 1 5 9 . 
381145 222598. 176.2 -159 . 
391281 222653. - 177 .4 - 2 2 3 . 
381153 222788. - 1 7 3 . 6 332. 
381137 222815. - 176 . ? 243. 
381193 222091. -17B.6 424. 
381129 222992. - 1 7 8 . 8 r;42. 
381IBS 223869. - 1 7 8 . : 1896. 

23-JUL-BS 
23-JUL-8S 
19-JUl-BS 
I2-JUL-B5 
1B-JUL-B5 
23-JUL-B5 
12-JUL-B5 
10-JU.-85 
1B-JUU-B5 
17-JUL-B5 
I2-JUL-B5 
I2-JUL-B3 
2fl-JUN-85 
28-JUN-85 
•1-JUL-B5 
Bl-JUL-83 
2B-JUN-8S 
81-JUL-B5 
28-JUN-B3 
12-WL-85 

13:29.35 
13 i8* :81 
I 5 ) 8 7 > M 
12i52t46 
I 8 S S 8 I S 2 
14:82:18 
13:36:26 
H»13 t29 
• 9 t 4 4 : 3 6 
13t«a»24 
11:26:51 
15:81:81 
16:89:87 
16:13:47 
14:22>S2 
18:15:22 
1 5 : l B t I S 
13:28:31 
14:81:43 
I*-.51:33 

MAGNETS 4 . IBS INCHES LOI"G WITH EASY AXIS OF 
KAGIB fl«Y THTAXY Ml 

[ M M - C B J I D a g r M t ] tttas-C»] 

135.8 DEGREES 
DATE TIME 

3e; i7B 22572. 135.8 -189. 
382146 Z23B6. 136.8 14?. 
3821IB 22688. 137.7 -393 . 
382166 22614. 134.5 -126. 
382218 21629. 131,4 -222, 
38216: 22659. 125.3 59. 
3B5154 2266B. 139.2 377. 
382218 22793. 134.9 96, 
30219* 22887. 135.2 5 1 . 
382178 2ZB7B. 134,1 366. 
3B:2B; 22921. 134.2 377, 
382158 22951. 135.6 SB. 
382138 222SB:. 137.9 -399. 
38214a 2224 ; : . 136."? 133. 
582146 222654. 136.9 147. 
382154 2226B8. 139.4 359, 
382162 222B4T. 133.3 65. 
382138 222932. 135.7 79, 
382138 222958. 135 .8 87, 
312178 222992. 141.8 -49 , 

12-JOL-BS 
23-JUL-85 
I9-JUL-S3 
12-JUL-85 
23-JUL-B5 
82-AUG-B5 
23-JUL-B5 
23-JUU-S5 
81-JUL-B3 
B2-AUG-93 
Bl-JUL-83 
19-JUL-B5 
2B-JUN-B5 
a i -JUL-SI 
8I-.1W.-B5 
B1-JUL-B3 
12-JUL-83 
I9-JW.-85 
26-JUN-BS 
12-JUL-B5 

13:48:59 
13:89:27 
13:11:85 
15i85:4B 
15:34:87 
11:51:18 
14:87:81 
15:06:50 
13:29:26 
13:25:38 
14:2B:38 
13:59:47 
13:25:33 
89: H i 27 
89:86:14 
18:28:14 
1H34;B2 
13:52:26 
14:12:22 
12:56:54 
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i * 

^ ' .EroLieck) 
Wmrw3. No. 

Number 
measured 

Average 

Cm > y ] 
M a x w e l l cn>] 

Standard 
d e v i a t i o n 

Volu f re 

CV2 
Lc- ] 

Average 
i t iagnet isat io 

UfeyJ 
r 1Q Gauss] 

9SD1733--1 90 22626. 1.40 6 309 3.423 

• 95D1733-2 47 * 11336 3.73 .304 3.431 

95D1732 96 22725 0.87 6. 609 3.433 

95B173<J 144 15513 1.23 1-.421 3.509 

Table VIII Summary o-f Magnetic Moment Measurements 

One magnet block (Drug, No. 95D1733-2, S/N 106006) was damaged while 
being reworked. Its magnetic {moment m^(106006) = 3602 [Maxwell cm]} 
was not included in the average & standard deviation data in Table VII 

^ i i 

9 
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^ 0 INTRODUCTION 
• ^ ^ Ed Lee requested that the LBL Magnetic Measurements Engineering 

(MME) Group measure the characteristics of the ATA Beam Director Achromat 
Focusing and Defocusing Quadrupole Magnets (Brobeck Company Drawing 
Numbers 95D1732 & 9SD1733). Each magnet is fabricated from sixteen 
oriented-grain-ferrite permanent-magnet-blocks, arranged in a circular 
array to form a permanent magnet quadrupole. There are eight such 

• arrays with a length of 10.63 cm and two arrays with a length of 
5.315 en. Of the eight "long" quadrupoles, four are designated 
"focussing" quadrupoles (IF, 3F, 4F 4 5F) and four are "defocussing" 
quadrupoles (2D, 6D, 7D, SD). The beam tube aperature radius of the 
permanent magnet quadrupoles is 1.42 cm. 

• He have measured the strength, and azimuthal orientation of the 
quadrupoles. Also measured and analyzed are the error harmonics and the 
dipole content of the quadrupole field. The original data is stored in 
MME Log Book #700A and on floppy disks MG305, MME31&. 

• 2.0 HARDWARE 
The hardware used to measure the ATA Beam Director Permanent 

Magnet Quadrupoles was the MME small quadrupole system. 
The search coil drive mechanism used was one of the Magnetic 

#^feasurements Group standard systems and is documented on LBL drawing 17M3273. 
^Phis drive operated one of the Magnetic Measurements Group's standard search 

coils, known as the H2LAC coil #5. The parameters of this search coil are 
documented in the subroutine SCDSC3. Our standard data acquisition hardware 
(Search Coil Switching Module, V/f Module and NIM 3 Channel Up/Down Counter), 
and monitoring and control units were used. Details of the hardware used and 

• a block diagram detailing the system interconnections are given in Table 1 and 
Figure 1 respectively. 
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A TABLE 1: ATA PERMANENT MAGNET QUADRUPOLE HARMONIC ANALYSIS HARDWARE 

MAGNET 

COMPUTER 
MEMORY 
CLOCK CALENDAR 
LINE PRINTER 
GRAPHICS PRINTER 
CRT CONTROL TERMINAL 
FLOPPY DISC DRIVE 
HARD DISK DRIVE 
WINCHESTER CONTROLLER 
NCHESTER DRIVE #1 

WINCHESTER DRIVE #2 
PLOTTER 
HARDCOPY 
*GPIB INTERFACE 
*MPX 

*DVM1 

CAMAC CRATE & PS 

ft 

ATA BEAM DIRECTOR - PERMANENT MAGNET QUADRUPOLE 
BROBECK DWGS 95D1732 AND 95D17433 
DEC LSI 11/73, S/N SG14285641 
CAMINTONN 1 MBYTE RAM S/N 2155 
DIGITAL PATHWAYS, TCU-50DYR, S/N 16574 
DEC LA 120, DECWRITER III, DOE 51947B 
EPSON FX-185, DOE 534943 
GRAPHON GO160, DOE 534949 
DATA SYSTEMS DSD 440, DOE 519465 
DEC RL02, DOE 522851 
MTI MLV11M-2, S/N 16B7F 
RODIME MODEL R0 204, S/N 2403571 
RODIME MODEL R0 204, S/N 
TEKTRONIX 4051, DOE 504556 
TEKTRONIX 4631, DOE 504505 
NATIONAL INSTRUMENTS GPIB11V-1, S/N 145 
HEWLETT PACKARD MODEL 3495A SCANNER, 
OPTIONS 005, 100, DOE 517528 
HEWLETT PACKARD MODEL 3455A DIGITAL VOLTMETER, 
DOE 517459 
STANDARD ENGINEERING, MODEL 3472 CRATE & PS 
DOE 512946, PS S/N 2683 
STANDARD ENGINEERING, CCLSI-11, DOE 524892 
JOERGER MODEL IR-1 IN/OUT REGISTER, DOE 512965 

CHANGE-OF-STATE MODULE BI RA 3326 DIGITAL INPUT MODULE S/N 063 

CAMAC CONTROLLER 
INPUT/OUTPUT REGISTER 

[NARY INPUT MODULE STANDARD ENGINEERING PR604 DUAL I/P REGISTER 
S/N 0393 

• 



• 

, Q N A R Y OUTPUT MODULE 

RELAY SWITCH MODULE 

SEARCH COIL DRIVE 
MOTOR 
ROT.OFT.ENC. 
ADAPTER BOX 

NIH BIN 
NIM BIN PS 
NIM 3 CHAN UP/DOWN 
COUNTER 
V/F CONVERTER 
SCSM 

CABLE 1 

PAGE 4 

STANDARD ENGINEERING PR612 DUAL O/P REGISTER 
S/N 0326 
KINETIC SYSTEMS 3075-ElA RELAY OUTPUT REGISTER 
S/N 83 
LBL DWG 17M3273 
BODINE NO. 766HA5014, TYPE KYC-22T5, 2 RPM 
DISC INSTR. ROTASWITCH MODEL Bll-256-IBLS-TTL 

ORTEC 401B 
ORTEC MODEL 4020, S/N 2340 
LBL DWG 16V1323, S/N 1 

LBL DWG 16V120, S/N 1, DOE 521827 
SEARCH COIL SWITCHING MODULE, WITH PREAMP 
LBL DWG 16V121, S/N 1 
LBL DWG 16V124-1 

• S E A R C H COIL ARRAY & SUBROUTINE 
W SCDSC3 HILAC *5 

SOFTWARE QD2.SAV 04 NOV 85 -CONTROL PROGRAM 

• INDICATED DEVICES AVAILABLE BUT NOT USED WITH THIS SYSTEM 
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^ . 0 INTRODUCTION 
• ^ ^ Ed Lee requested that the LBL Magnetic Measurements Engineering 

vMME) Group measure the characteristics of the ATA Beam Director Achromat 
Dlpole Magnets (Brobeck Company Drawing Number 95D1734). Each magnet is 
fabricated from sixteen oriented-grain-ferrite permanent-magnet-blocks, 
arranged in a circular array to form a permanent magnet dipole. There 
are nine such arrays with a length of 9.00 cm. The beam tube aperature 

• radius of the permanent magnet dipoles is 1.42 cm. 

He have measured the strength and azimuthal orientation of the 
dipoles. Also measured and analyzed are the error harmonics and the dipole 
angular deviation. The original data is stored in MME Log Book O700B and 

• on floppy disks MG305, MME315. 

2.0 HARDWARE 
The mechanical hardware used to measure the ATA Beam Director 

# Permanent Magnet Dipoles was the MME small quadrupole system adapted for 
use in measuring the dipoles. The search coil drive mechanism used was 
one of the Magnetic Measurements Group standard systems and is documented 
on LBL drawing 17M3273. This drive operated a new search coil array, 
known as the "30mm.OD Dipole 2-pair search coil". This search coil was 
designed and fabricated specifically for these measurements. It and 

t£ks documented on LBL drawing 16V133, and it operating parameters are 
^Emmarized in the subroutine SCDSC7. Our standard data acquisition 
T:ardware (Search Coil Switching Module, V/f Module and NIM 3 Channel 
Dp/Down Counter), and monitoring and control units were used. Details 
of the hardware used and a block diagram detailing the system inter­
connections are given in Table 1 and Figure 1 respectively. 
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£ TABLE 1: ATA PERMANENT MAGNET DIPOLE HARMONIC ANALYSIS HARDWARE 

MAGNET 

COMPUTER 
MEMORY 
CLOCK CALENDAR 
LINE PRINTER 
GRAPHICS PRINTER 
CRT CONTROL TERMINAL 
FLOPPY DISC DRIVE 
HARD DISK DRIVE 
WINCHESTER CONTROLLER 

WINCHESTER DRIVE #I 
WINCHESTER DRIVE *2 
PLOTTER 

I 
HARDCOPY 
GPIB INTERFACE 
MPX 

I 
DVM1 

CAMAC CRATE & PS 
i 

CAMAC CONTROLLER 
INPUT/OUTPUT REGISTER 

, CHANGE-OF-STATE MODOLE 

B I N A R Y INPUT MODULE 

ATA BEAM DIRECTOR - PERMANENT MAGNET DlPOLES 
BROBECK DWG 95D1734 
DEC LSI 11/73, S/N SGI4285641 
CAMINTONN 1 MBYTE RAM S/N 2155 
DIGITAL PATHWAYS, TCU-50DYR, S/N 16574 
DEC LA 120, DECWRITER III, DOE 519478 
EPSON FX-18S, DOE 534943 
GRAPHON GO160, DOE 534949 
DATA SYSTEMS DSD 440, DOE 519465 
DEC RL02, DOE 522851 
MTI MLV11M-2, S/N 1687F 
RODIME MODEL R0 204, S/N 2403571 
RODIME MODEL R0 204, S/N 
TEKTRONIX 4051, DOE 504556 
TEKTRONIX 4631, DOE 504505 
NATIONAL INSTRUMENTS GPIB11V-1, S/N 145 
HEWLETT PACKARD MODEL 3495A SCANNER, 
OPTIONS 005, 100, DOE 517528 
HEWLETT PACKARD MODEL 3455A DIGITAL VOLTMETER, 
DOE 517459 
STANDARD ENGINEERING, MODEL 3472 CRATE & PS 
DOE 512946, PS S/N 2683 
STANDARD ENGINEERING, CCLSI-11, DOE 524892 
JOERGER MODEL IE-1 IN/OUT REGISTER, DOE 512965 
BI RA 3326 DIGITAL INPUT MODULE S/N 063 
STANDARD ENGINEERING PR604 DUAL I/P REGISTER 
S/N 0393 

• 
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•
INARY OUTPUT MODULE STANDARD ENGINEERING PR612 DUAL O/P REGISTER 

S/N 032S 
RELAY SWITCH MODULE KINETIC SYSTEMS 3075-ElA RELAY OUTPUT REGISTER 

S/N 83 
SEARCH COIL DRIVE LBL DWG 17M3273 

§ MOTOR BODINE NO. 766HA5014, TYPE KYC-22T5, 2 RPM 
ROT.OPT.ENC. DISC INSTR. ROTASWITCH MODEL 811-256-IBLS-TTL 
ADAPTER BOX 

NIM BIN ORTEC 401B 
9 NIM BIN PS ORTEC MODEL 4020, S/N 2340 

NIM 3 CHAN UP/DOWN LBL DWG 16V1323, S/N 1 
COUNTER 
V/F CONVERTER LBL DWG 16V120, S/N 1, DOE 521827 
SCSM SEARCH COIL SWITCHING MODULE, WITH PREAMP 

LBL DWG 16V121, S/N 1 
SEARCH COIL ARRAY & SUBROUTINE 

SCDSC7 30mm OD DIPOLE 2-PAIR SEARCH COIL; 
0 ^ LBL DWG 16V133 

SOFTWARE DPS.SAV 20 sov 55 -CONTROL PROGRAM 
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MV* 

FIGURE 1. HARMONIC ANALYSIS MEASUREMENT HARDWARE 
BLOCK DIAGRAM 
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A 1.0 MTBODDCTIOH 
* Id Lee requested that the LBL Mafnetie Measurements Engineering 

Qroup measure the operating characteristics of the ATA Beam Director 
Vernier Steering Magnet manufactured by the Brobeck Company. This 
ironless magnet consists of two perpendicular dipole ooils approximately 
40 c» long, wound on a 2" X.D. bore tube. 

We have Measured the transfer function, harmonics, asimuthal 
orientation, effective axial position, and coil power requirements. The 
original data is stored in MME Leg Book #694 and on floppy disks 
MG272, HMK282. 

2.0 HARDWARE 
The hardware setup used to Measure the ATA Beam Director Vernier magnet was a variation of a typical setup used for Measurement of e superconducting dipole. The magnet's inner and outer coils were powered alternately using ar adjustable 40 volt, 50 amp power supply. The search coil drive mechanism used was borrowed from the Supercon Group, and drove an obsolete Supercon Group search coil array. Our standard data acquisition hardware (Search Coil Switching Module, V/f Module and HIM 3 Channel Op/Down Counter), and monitoring and control units were used. Our universal water manifold was used to provide low conductivity water 

•
for magnet cooling. Details of the hardware used and a block diagram detailing the system interconnections are given in Table 1 and Figure 1 •respectively. 
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TABLE 1: ATA VIRHIIB DIFOLI BARHOKIC ANALYSIS HARDWARE 

# MAGNET 
COMPUTER 
MEMORY 

t CLOCK CALENDAR 
LINE PRINTER 
CRT CONTROL TERMINAL 

# FLOPPY DISC DRIVE 
BARD DISK DRIVE 
WINCHESTER CONTROLLER 

Q ^ WINCHESTER DRIVE 
^ PLOTTER 

BARDCOPY 

# GPIB INTERFACE 
MPX 

DVM1 

CAMAC CRATE & PS 

CAMAC CONTROLLER 
# INPUT/OUTPUT REGISTER 

CHANGE-OF-STATE HODULE 
BINARY INPUT MODULE 

# BINARY OUTPUT MODULE 
W RELAY SWITCH MODULE 

DP MOTOR DRIVE 
• INTERFACE BOX 

ATA BEAM DIRECTOR - 2 DEGREE VERNIER DIPOLI 
DEC LSI 11/73, S/N SG14285641 
CAMINTONN 1 MBYTE RAM S/N 2156 
DIGITAL PATHWAYS, TCD-60DYR, S/N 1657* 
DEC LA 120, DBCWKITER III, DOE 519478 
DEC VT100, DOE 626336 
DATA SYSTEMS DSD 440, DOE 519465 
DEC SL02, DOE 522851 
MTI HLV11M-2, S/N 1687F 
RODIME MODEL R0 204, S/N 2403571 
TEKTRONIX 4051, DOE 504556 
TEKTRONIX 4631, DOE 504505 
SATIONAL INSTRUMENTS GPIB11V-1, S/N 145 
HEWLETT PACKARD MODEL 3495A SCANNER, 
OPTIONS 005, 100, DOE 517526 
HEWLETT PACKARD MODEL 3455A DIGITAL VOLTMETER, 
DOE 517459 
STANDARD ENGINEERING, MODEL 3472 CRATE 4 PS 
DOE 512846, PS S/N 2683 
STANDARD ENGINEERING, CCLSI-11, DOE 524892 
JOERGER MODEL IR-1 IN/OUT REGISTER, DOE 512965 
BI RA 3326 DIGITAL INPUT MODULE 5/N 063 
STANDARD ENGINEERING PR604 DUAL I/P REGISTER 
S/N 0393 
STANDARD ENGINEERING PR612 DUAL O/P REGISTER 
S/N 0326 
KINETIC SYSTEMS 3075-ElA RELAY OUTPUT REGISTER 
S/N 83 
LBL DWG 16132 (SMALL PORTABLE BOX) 
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MOTOR DRIVE ELECTRONICS 
MOTOR INTERFACE 

MOTOR CONTROLLER 

MOTOR 

SEARCH COIL DRIVE 
ROT.OPT.ENC. 

NIH BIH 
HIM BIH PS 
NIH 3 CHAD OP/DOWN 
COUNTER 
V/F CONVERTER 
SCSM 
SEARCH COIL ARRAY 
DIPOLE PS 

CONTROL VOLTAGE PS 

PS SHUNT 

INNER COIL SHORT 

OUTER COIL SHUNT 

DVM2 

WATER MANIFOLD 

FIELD MAPPING MOTOR REVERSING BOX 
LBL DWG 13W567 
MINARIR MODEL TR9020 (old out 84 oct 25) 
(new in 64 oct 25 1400 * Ubelftd) 
ELECTRO CRAFT CORP. MOTORMATIC MOTOR GENERATOR, 
PART HO. 0650 00 072, S/N B 03860 (out 64 oct 25) 
S/N B 05002 (in 64 oct 25 1400 hours) 
LBL DWG ???????? 
DISC INSTR. ROTASWITCH MODEL 811-256-IBLS-TTL 
ORTEC 401B 
ORTEC MODEL 4020, S/N 2340 
LBL DWG 16V1323, S/N 1 

LBL DWG 16V120, S/N 1, DOE 521827 
SEARCH COIL SWITCHING MODULE, WITH PREAMP 
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ABSTRACT 

A design of an electron beam director*has been conceptualized and 

analyzed. Its performance objecti'-: is an ability to rapidly and accurately 

direct a high-intensity pulsed-beam of high-energy electrons to any desired 

target spot within a 60 degree heIf-angle cone. The bean director has a 

number of elements which can be separately analyzed, but which must all be 

integrated to give a suitable overall design concept. The separate elements 

of the design study are the following.' 

- Magnet Lattice 
- Vacuum Rotary Joints 
- Vacuua-to-Air Transition 
- Vernier Steering System 
- Mechanical Mount and Slewing System 
- Sadiation Effects 
- Size, Weight and Cost Estimate 

The magnet lattice design has been reviewed for acceptable beam optics, 

achromaticity, mechanical integrity and quality materials availahility. A 

review of vacuum requir-Stents was made with due consideration to rotary joints 

in the tube, beam loss to vacuum wall causing outgassing, and feasibility of 

a rotating foil mechanism at the exit end of the beam director. 

Analysis of a typical mount and associated vibration was made using 

slewing rates fast enough to respond to firing multiple pulses anywhere in 

a 60 cone within one second. Electronic fine tuning and mechanical sensors 

have been considered for accurately controlling the beam director within the 

short time period. 

Radiation has been studied to the extent it affects the vacuum and 

mechanical operation. 

An estimate of size, weight, and cost has been made for the conceptual 
design. 
* This effort has been coordinated with Dr. Edward P. Lee, Lawrence 
Berkeley Laboratory, and we acknowledge hla valuable advice and 
guidance. 
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Since this is a conceptual design, unusual problems have been 

identified as areas requiring further research and development. The Vacuum-

to^Air Transition and the magnetic lattice are two most critical areas 

requiring near term effort. The success of the design is highly dependent 

on these elements. 

The mechanical mounts and slewing system needs a great deal of design 

optimization if the desired high slewing rates are to be realized. System 

weight and vibration are seen as problems that will require a substantial 

development effort. 

There arc no technical reasons to doubt that a successful development 

can be achieved. Ho new materials are required. Existing technologies 

can be extended to meet the identified needs of the program. 

-2-
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1.0 INTRODUCTION 

The object of this conceptual design study is the selection and 

integration of suitable design concepts which can provide a very rapid and 

accurate Reflection of a high-intensity pulsed-beam of high-energy electrons. 

The performance objective for the beam director is to accurately direct the 

electron beam to any target spot within a. 60 degree half-angle cone and to 

be able to rapidly redirect it to any new target spot within this cone in a 

few tenths of a second. High, accuracy and high slewing rates are required. 

It is desirable to keep the weight and size of the bean director at a 

minimum to achieve the desired high slewing rates with a minimum drive 

power. 

The use of a system of permanent magnet devices for bending and 

focussing the electron beam is a way to minimize weight and to simplify the 

design. Alternative complicated electro-magnetic systems and their 

associated power supplies, cooling systems and electrical connections seem 

very difficult to accommodate in a director subjected to high rotational 

accelerations. 

Since the system must be designed to handle electrons of some high 

energy yet to be determined (probably well in excess of 10 MeV), the dipole 

bending magnets and quadrupole focussing magnets must have fairly high 

magnetic fields. The conceptual design should approach the limits of 

technology. The best available materials and methods for achieving the 

objectives of the conceptual design should be explored. 

The conceptual design must provide an exit window or transition for 

bringing the electron beam out of the vacuum system into the air. It also 

must have an accurate electromagnetic steering system for providing precise 

-3-
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adjustments in the final exit angle of the beam. This steering system must 

he able to compensate for small aiming errors and to cancel the adverse 

effects of mechanical vibrations. 

The study effort was divided into three tasks: 
Conceptual Design 
Liaison 
Final Report 

The first of these tasks, Conceptual Design, consisted of selecting likely 

concepts and configurations and performing those engineering calculations 

required to evaluate the suitability of these concepts. The conceptual design 

engineering work included the following segments of the electron beam director: 

- Magnet Lattice 
- Vacuum Rotary Joints 
- Vacuum-to-Mr Transition 
- Vernier Steering System 
- Mechanical Mount and Slewing System 
- Radiation Effects 
- Estimates of Size, Weight and Cost 

-4-
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2.0 CONCEPTUAL DESIGN 

The conceptual design for the beam director is shown in Figure 2.0-1, 

This director consists of a pair of magnetic bending and focussing systems 

which are mounted and supported on rotatable structures. The direction of 

deflection of the bean is dependent upon the orientation of the bending 

system and the angle of bend of each system. Since each bending system is 

supported on its own rotatable structure, the orientation can be continuously 

changed to provide any desired resultant direction of the exit beam within 

a limited cone angle equal to twice the bend angle of each system. 

The conceptual design shown in Figure 2.0-1 also illustrates the 

drive systems for rotating the two structures and certain necessary auxiliary 

equipment. Most important of the auxiliary items are the Vacuum-to-Air 

Transition Section and the Vernier Steering System. The Interior of the 

bending and focussing systems is held at a moderately high vacuum* by a suit­

able set of vacuum pumps. A high vacuum in this beam transport system is a 

necessity and, therefore, the rotary joints must be vacuum tight. Since the 

election beam must come out of the evacuated bending system and enter the 

atmosphere, a suitable transition vacuum/air section is required. This 

transition section has vacuum on one side and atmospheric pressure on the 

beam exit side. It must be nearly vacuum tight and must be provided with 

sufficient vacuum pumping capability to handle any leaks which may be 

inherent in the system. The transition section must also be nearly trans­

parent to the high energy electron beam hecause any significant blockage of 

•approximately 10" J torr 
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the beam will cause an extremely high heat load, the heat load is potentially 

high enough to melt or otherwise destroy most materials. 

The final element at the exit of the beam director is a Vernier 

Steering System. This system consists of electrical coils designed to give 

sufficient magnetic field to bend the beam slightly in any desired direction. 

This system will provide "fine tuning" of the beam exit angle and must have 

very rapid response so that it may be useful in compensating for any 

residual vibration in the mechanical structure. 

The direction of the beam leaving the beam director is dependent upon 

the rotation of the bending systems as illustrated in Figure 2.0-2. 

Rotation of the upper structure through an angle Oj about Axis 2 produces 

angular displacement 6 measured downward along a meridian through the e axis 

(Axis 2^. This rotation txz, also produces the 6 component of azimuthal 

displacement, 0, about the s axis. The rotation of the lower structure 

through an angle oi about Axis 1 produces additional aziauthal displacement. 

The total azimuthal displacement, 0, is given by 

« - B 1 + 3-« 1 + tan~l f^L2 ) 
I cos y(cos 02 + 1 ) / 

Inhere T is the bend angle for a single bending system. 

The downward displacement, 8, is given by 

9 = 1 . _ gin"1 (sin y (l + sin f (l - cos a 2)Jj 

Selecting y having a value of 30 degrees gives 

0 oj + tan " / 2 (sin o 2 ) \ 
V * ^ cos o 2-l / 

and 

9 - y - - sin"1 (.75 - .25 cos o 2) 

The value of 9 will vary from 0 to 60 degrees (ir/3). The value of 9 will 

cover a full 360 degrees (2w). 
-7-
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FIGURE 2.0-2 BEAM DIRECTION IN SPHERICAL COORDINATES 9 AND 0 
SHOWS DEPENDENCE ON ROTATION aj AND 02 
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2.1 Magnetic Lattice 

The high energy electron beam is bent and focussed by a series of 

permanent magnet dipules and quadrupoles. These must be arranged to produce 

an achromatic bend and sufficient focussing to keep the beam size small 

enough to avoid collisions with the wall of the beam tube. The magnetic 

strength required Is dependent upon the beam energy and the desired radius 

of curvature in the bending section. A characteristic value for the bending 

and focussing system is the magnetic rigidity of the electron beam. This 

value can be expressed aB the Br product where B is the magnetic field in 

tesla and r is the radius of curvature in meters. The Br value may be 

tound from 

Br = [ T (T + 2 Wo)J I 3Q0 
flhere T and Wo are respectively the kinetic energy of the electrons and its 

rest mass, both in Me?. For highly relativistic electrons, the Br value 

approaches a linear function of the kinetic energy. 

In order to achieve a bend with a radius of curvature of one 

meter, the required magnetic field is as follows: 

T,_MeV 

10 
50 
100 
200 
500 
1000 

Achieving a field much in excess of 1.67 tesla will be difficult using 

permanent magnets; so a radius of curvature greater than one meter will be 

required if a beam of energy greater than 500 MeV Is desired. 

B, Tesla 

.035 

.168 

.335 

.668 
1.668 
3.335 
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The best energy for which a beam director should be designed is 

not known, but the conceptual design can, in principle, be applied to any 

energy value within the range of 10 to 1000 MeV.* Without loss of general­

ity, a specific example can be selected for illustration of the basic 

concepts. The specific example will use a Br value of 1.666667 tesla meters. 

The general arrangement of dipoles and quadrupoles is shown in 

Figure 2.1-1, where a 30° bend is achieved using an array of 8 dipoles and 

16 quadrupoles grouped in four Identical combinations or cells. A cell 

consists of 4 quadrupoles and 2 dipoles arranged with mirror symmetry to 

give a focus, bend, defocus, defocus, bend and focua. This arrangement of 

elements to make up a single cell can be made to produce a 90 phase advance 

per cell if the magnetic properties and dimensions are properly selected. 

The combination of mirror symmetry and 90 phase advance per cell 

will give this syLtem the advantage of maintaining a tightly focussed beam 

and will assure acceptable achromaticity. The total bend of 30 will have 

a 360 phase advance. 

A baseline design case was selected for which the dipoles 

occupied one-third of the length- along the beam path. For this baseline 

case, the dipole strength, was selected to give a bending radius of curvature 

of one meter and a bend angle per dipole of 3.75 . The quadrupoles occupying 

two-thirds of the length had their gradient set to achieve a 90 phase 

advance. 

The method of calculation involved a determination of the matrix 

elements for the focussing and defocussing quadrupoles and performing the 

necessary matrix multiplication to find the overall transformation matrix 

for a beam transversing the bending system. A simple program was set up so 

*For energy values greater than 1000 MeV, the moments of inertia 
appear to be too great to permit slewing on a useful time scale. 



that a number of trial calculations could easily be made and that after the 
baseline case was calculated, numerous alternative cases would be easily 
examined. 

The matrix analysis was made for the vertical plane so that the 
dipole regions could be treated as drift spaces. The transport matrix 
equations are then aB follows: 

For focussing quads 

y 

a 

cos 9 | s i n ft 

X 

'"1 

y* -K sin 9 cos ft 'i 
For di i f t 

For defocussing quads 
cosh 8 ~ sinh 9 

K sinh 9 cosh 9 

Where K = C_ and 9 
Br 

KJl 

S • Drift length 
G = Magnetic gradient 
B » Magnetic field 
r * Bend radius 
% • Length of quadrupole 

y, y' • Particle coordinate and angle 
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For the baseline case, the magnetic properties and dimensions 

for the dipoles and quadrupoles were found to be as follows: 

Dipoles 

Field 
Radius of curvature 
Length 
Bend angle 

1.66667 tesla 
l.OQQ meters 

65.44 mm 
3.75 degrees 

Quadrupoles 

Gradient 
Length 

123.50 tesla/meter 
65.44 nut 

This gives a total length for a 30 bending section of 1.57 meters. 

A variety of design approaches for the dipoles and quadrupoles 

ware examined.* Designs using permanent magnets are desirable. Designs 

using permanent magnets are clearly possible at the field and gradient 

values required. Designs using soft Iron pole tips and Iron flux return 

paths appear to require slightly less permanent magnet material than do 

ironless designs. However, designs using soft iron are heavier overall and 

appear to present some serious fringe field problems which are avoided in 

the ironless design. 

The ironless designs for dipoles and quadrupoles are based on 

the design methods given by Klaus Halbach, LBL8906. His method assumes that 

a linear superposition of fields is valid. This is a reasonably valid 

assumption for most rara-earth-cobalt magnets and for some oriented 

ferrites. An Important criteria for validity of this assumption is that 

the demagnetization curve for the permanent magnet must be linear ever the 

range of B values used In the design and that the value of intrinsic 

magnetization, B-H, be nearly constant over the design range. 

*The selected lattice has separated focussing and bending elements. 
Lattices with combined functions were analyzed and found to be less 

desirable than those with separated functions. 
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Figures 2.1-2, 2.1-3, and 2.1-4 show demagnitization curves for 

some rare-earth-cobalt candidate material.* Of the9e, the Cracore 30 has 

the highest BxH product which is conventionally used as a figure-of-merit 

for permanent magnets. However, the demagnitization curve is not linear 

over the entire quadrant. The intrinsic magnetization (B-H) remains nearly 

constant for a while but it drops off rather sharply above 5 kOe. The 

Crucore 26 has a lower BxH product but has much better linearity than the 

Crucore 30. There are other rare-earth-cobalt materials such as Crucore 18 

which have excellent linearity with a high residual induction B , 

Figure 2.1-5 shows the demagnetization curve for an oriented 

ferrite material, Ferriaag 7B, which has very good linearity making it a 

good candidate for an ironleas dipole or quadrupole of the style analyzed 

by Halbach. The ferrites have much lower residual induction than the 

rare-earth-cobalt materials but they are much less expensive and they have 

lower density. For an electron beam with an energy less than 200 MeV, this 

Ferrite material would be a very good candidate. 

The lronless design concept for the quads and dipoles use 16 

trapazoidal pieces arranged as shown in Figure 2.1-6. Each piece is 

magnetized in the direction shown with an arrow. The magnetic field in the 

gap is given by Halbach as follows: 

Dipole 
B = .974 B. 

Quadrupole 
BCr a) 1.875 B r A - Il\ 

*The three materials shown here are given merely as examples of the kinds 
of properties available. Sin.3 new and stronger materials are continuously 
being developed, there is no doubt that stronger permanent magnet materials 
will be available in the future. 

-14-
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Where B r " residual induction (from demagnetization curve) 
r| B radii shown in Figure 2.1-6 

Using these equations for dipoles and quadrupoles of the baseline 
lattice structure having an inside radius rj = 11 mm and using Crucore 26,* 
the outside radii and weights were found as follows: 

Dipole 
il = 11.0 mo 
r, » 56.13 ran 
1 = 65.44 mm 
W t = 5.17 kg 

Quadrupole 
t\ « 11.0 DBQ 
t2 = 35.48 nci 
1 * 65.44 mm 
W t - 1.94 kg 

Ways of decreasing the weight of the baseline case were explored. 
It was clear from the Halbach equations for lronless permanent magnet 
dipoles and quadrupoles, that the weight of these elements depend upon their 
field strengths and upon the properties of the material used. Since the 
material selected for the baseline case is nearly the optimum available 
material, the only practical way to reduce the weight is to lower the 
magnetic fields. Lowering the field requires an increase in the length of 
the bending elements. This can be done without increasing the total length 
of the system if the quadrupoles are shortened while the dipoles are 
lengthened. 

A variety of cases were calculated to assure that suitable beam 
transport properties were retained as the dipole lengths were increased. 
Figure 2.1-7 shows the decrease in dipole weight associated with decreasing 
*Crucore 26 with B r - 10.5 kG, H c = 9.0 kOe, BH,„ax = 26 MGOe and 
p = 8.3 g/cm^ is used as an illustrative example. Clearly, 
alternatives with greater linearity are available. 
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its field, To retain proper focussing, the quadrupole strengths had to 

be Increased which required an increase in the quadrupole weights. These 

increases are also shown. By comparing total weights and component 

diameters, a compromise case was selected. The compromise case is nearly 

at the minimum weight condition, but has a more favorable diameter ratio 

than does the minimum weight case. Table 2.1-1 shows the various 

properties of the calculated cases. 

The values shown are for a 500 MeV system. Obviously, these 

would not be the proper specific values of a diverter for an electron beam 

of different energy. However, the method of calculation and the general 

design concept is valid and can be applied to other energy levels. For 

lower energy, It would be possible to use systems which are shorter and 

lighter in weight. 

At 50 MeV (ATA, for example), a beam diverter using ferrite 

appears to be practical. Such a system could use a peak field in the 

dipole of about .141 tesla and have an overall length of each 30° bend of 

about 1.57 meters. 

The bending system using permanent magnet material requires 

sufficient structural strength and rigidity to accurately hold the permanent 

magtiet wedges. A suitable concept for assembly of system and for support of 

the evacuated beam tube is also required. Figure 2.1-8 shows a conceptual 

design for this support. It consists of two curved stainless steel shell 

pieces bolted together at the midplane. This concept allows the bending 

system to be assembled in two halves which are assembled around the beam 

tube. This outer shell is then attached to larger frame type structure 

which transmits the dynamic loads associated with rapid slewing of the 

system. An evacuated stainless steel inner tube of about 1 mm thickness 
carries the return current. 
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TABLE 2 . 1 - 1 SUMMARY OF LATTICES CALCULATED 

*q *a G q Bo W t q W r d Wt t o t a l * * 
C a s e H o . cm cm G/cm JQ k g ( e a c h ) k g ( e a c h ) fcg 

2 5 . 3 6 6 8 . 9 1 4 0 0 0 1 2 2 6 0 3 . 4 4 2 . 8 1 7 7 . 4 3 

4 5 . 6 0 8 . 4 3 2 1 3 6 6 0 1 2 9 3 7 2 . 9 8 3 . 0 7 7 2 . 1 9 

E q u a l d i a . 5 * 5 . 8 4 1 7 . 9 5 0 1 3 2 6 9 1 3 7 2 1 2 . 5 7 3 . 4 2 6 8 . 4 8 

C o m p r o m i s e 6 5 . 9 5 7 . 7 3 2 1 3 H O 1 4 1 0 7 2 . 4 4 3 . 6 1 6 7 . 8 2 

M M l n . W t . 3 6 . 0 0 7 . 6 3 2 1 3 0 4 4 1 4 2 9 3 2 . 3 8 3 . 7 0 6 7 . 7 4 

7 6 . 1 0 7 . 4 3 2 1 2 9 2 0 1 4 6 7 5 2 . 3 0 3 . 9 0 6 7 . 9 4 

B a s e l i n e 1 6 . 5 4 4 6 . 5 4 4 1 2 3 5 0 1 6 6 6 7 1 . 9 4 5 . 1 7 7 2 . 4 2 

*Case 5 gives equal diameters for quadrupoles and dipoles. 
**Thls Is the weight of permanent magnet material. A stainless 

steel shell for support and alignment will add about 45 kg. 
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FIGURE 2.1-8 SECTION OF BENDING AND FOCUSSING SYSTEM 



2.2 Vacuum Rotary Joints 

The bending systems for the electron director must be rotated 

about their respective inlet axes in order to alter the direction of the 

exit beam. There are two bending systems in the conceptual design. Each 

of these must be provided with a support structure and a means for rotating 

these two structures about their axes. A rotary joint is required for each 

of these systems. These joints must provide accurate alignment and must be 

nearly vacuum tight. It is believed that it will be impossible to provide 

an absolutely vacuum tight seal, so some provision for minimizing leakage 

and for vacuum pumping must be provided. 

In detail, the requirements for the rotary vacuum joints are the 

following: 

1. Permit 360° rotation. 

2. Provide a good vacuum seal with a very low leakage rate. 

3. Provide adequate vacuum pumping ports for rough vacuum 
pumping and for high vacuum pumping. 

4. Maintain accurate alignment, concentricity, and angularity, 

5. Provide sufficient strength and rigidity to withstand the 
dynamic loads due to 180° slewing in .3 seconds. 

6. Provide electrical current path for beam tube counter current. 

7. Provide support for the drivo mechanism with strength for 
the rotational torque reaction and for the overturning 
torque. 

The rotary vacuum joint for the upper bending section must carry 

all the dynamic loads of the upper structure. These loads include the 

dynamic force associated with rotation about Axis 2 (See FiguTe 2.0-1) and 

also those associated with rotation about Axis 1. The rotational load due 
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to turning about Axis 2 can be nearly balanced. However, the rotation about 

Axis 1 produces dynamic load that must be carried by this rotary joint. A 

discussion of these dynamic loads will be made In the section dealing with 

mechanical mounts and sieving system. Suffice it to say here that the 

dynamic loads on the upper joint are much lower than those on the lower 

joint because the loads on the' upper joint superimpose upon those associated 

with rotation of cbe lower structure about Axis 1. 

A conceptual design for the upper rotary vacuum joint is shown 

in Figure 2.2-1. The lower joint will be similar but stronger. The vacuum 

seal and counter current flow paths are shown conceptually. The vacuum seal 

consists of 0-rings with an intermediate pump-out port. The double O-ring 

is for two-stage pumping, but three-stage pumping may prove to be necessary 

in practice. These seals must be lubricated to minimize friction and 

vacuum leakage. 

The counter current flow path is through a spring loaded 

contactor connected to a squirrel cage conductor. This open squirrel cage 

also permits vacuum pumping. 
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Second bending and focussing system 

I 

FIGURE 2 . 2 - 1 UPPER VACUUM ROTARY JOIMT 



2.3 Vacuum-to-Air Transition 

The electron bean is transported in a high vacuum and must be 

brought out of the director into the air. An abrupt transition from vacutnn-

to-air is desired, A thin foil window strong enoug'n to withstand the differ­

ential pressure would provide an ideal transition if it were sufficiently 

transparent co high energy electrons. Most potential foil materials will 

permit a very large percent of the electron beam to pass through; however, 

the very small percent of the beam energy that is lost in the foil will deposit 

a great amount of thermal energy into the foil. If the energy is concentrated 

by a small diameter beam, the local heating could be great enough to melt or 

otherwise destroy the foil through thermal shock and spallation. 

To obtain a preliminary evaluation of potential foil materials 

and to illustrate the severity of the thermal problem, a simple calculation 

of the heating of a wide range of materials was made. For this calculation, 

the stopping range for 50 MeV electrons and the specific heats of :he 

materials were assumed as constants, independent of temperature. These 

calculations were made for a one-centimeter diameter, 50 MeV beam having 

35 x 10 3 joules per pulse (based on ATA 70 ns pulse). Table 2.3-1 shows the 

results of these calculations. 

As can be seen in this table, the temperature rise par pulse 

increases rapidly with an increase in atomic number. A single pulse passing 

through an aluminum foil would raise the temperature to a value more than 

three times its melting point.* A simple pulse through a copper foil would 

raise its temperature to almost six times its melting point.* 

*Hon-linearity of the specific heat curve and latent heats of 
melting are ignored so this is not absolutely accurate! 
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TABLE 2.3-1 CALCULATED TEMPERATURE RISE FOR VARIOUS ELEMENTS. 
(One cm diameter SO MeV Electron Beam of 10 kA and 70 ns Pulse). 
Specific Heats from Table 3-173 Perry's Chen, Eng. Handbook 
Melting Points from D-190 CRC Handbook of Chera. Physics 61st Edit. 
Range Data from UCRL-2426 Vol. II (1966 Rev.) 
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The only materials which appear to have any practical value as 

foil windows are those using elements with low atomic numbers. Pure elements 

such as beryllium of carbon are obviously attractive, although beryllium may 

present seme special radiation problems, the high strength of beryllium and 

its light weight make it especially attractive. Combinations such as silicon-

carbide or boron-carbide are also reasonable candidates. 

The values in the table are for heating by a one centimeter dia­

meter 70 ns beam pulse with 10 kA of current at 50 MeV. These are the values 

expected for ATA. For higher beam energy, the thermal deposition will not 

change significantly. A shorter beam pulse, say 10 ns will have a very 

significant reduction in the heating per pulse. A 10 ns pulse at 10 k •. ! 1i 

cause one-seventh of the temperature rise of a 70 ns pulse, Reduc1.!'-

beam diameter will also have a significant thermal effect. Changing the 

diameter from one centimeter to one-half centimeter will cause the tempera-

tare rise to increase by a factor of four (ignoring non-linearity of the 

specific heat function). 

Taking into account the non-linearities of the specific heats and 

assuming that ATA pulses can be chopped to 10 ns and focussed to 4mm diameter, 

the single pulse temperature rise for carbon and beryllium are calculated to 
be the following: 

For beryllium 41 = 654°C 
For carbon AT = 1164°C 

For any case requiring a multitude of pulses closely spaced in time, 

the temperature rise would be excessive unless the material in the path of the 

electron beam is Bomehow renewed or cooled. The scheme considered for the 
*Taking into account the non-linearities of the specific heat 
results In a lover temperature rise than would otherwise result. 
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conceptual design is one In which, the foil is rotated at a high speed to bring 

a new portion of the foil into the path of the beam for each pulse. Figure 

2.3-1 shows the conceptual design for the Vacuum-to-Air Transition Section. 

A rotating disk is shovn in the path of the beam. For a beam having a dia­

meter of leas than 5mm and pulsing In the frequency range from 1 to 33 kHz, 

a tangential speed of the disk at the beam spot of 150 meters per sec assures 

that the disk has travelled the full width, of the beam between pulses. This 

speed is subsonic and will not cause excessive stress in a lightweight disk 

made of beryllium. 

The high, rotational speed of the disk can be used to aid in 

purging air from the space around the disk. By suitable design, the 

rotating disk can be made to function as a turbo-molecular pump. A suitable 

roughing pump and pumping ports will be required. 

Of course, there are other possible schemes for a Vacuum-to-Alr 

Transition Section. A larger diameter beam can be brought through a non-

rotating foil. Such a beam can result from defocussing in the vacuum 

upstream of the foil and then be refocussed after passing through the foil. 

Refocussing the beam in air or other gas at atmospheric pressure has 

potential problems which need to be studied. 

At thlB time, the rotating foil concept appears to be a viable 

one which will add very little to the system moment of inertia. 
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Vacuum—to—Air 
Transition Section ^ 
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FIGURE 2.3-1 VACUUM-TO-AIR TRANSITION WITH HIGH SPEED ROTATING DISK. 



2.4 Vernier Steering System 

A Vernier Steering System to provide electro-magnetic steering of 

the beam after it has traversed the Vacuum-to-Air Transition Section is 

desired. This steering system will provide "fine tuning" of the beam director 

to correct for vibration and small aiming errors. The total correction to be 

provided is one degree. This one degree bend can be in any direction. Thus, 

two sets of mutually perpendicular coils are required. Figure 2.4-1 shows 

the Vernier Steering System mounted downstream of the Vacuum-to-Air Transition 

Section. 

This system would be 500mn long for a 500 MeV beam and would be 

capable of giving a one degree bend. This bend will require a very modest 

magnetic field of 58.2 mT. A bend of one degree in a length of 500mm will 

take the beam off the axis of the steering magnets a distance of 4.3mm. 

Thus, the magnetic field in the steering system must be fairly uniform. It 

was at first thought that a four-wire system could be used for the Vernier 

Steering Sy3tem, but it does not now appear that such a simple system will 

provide a magnetic field of sufficient uniformity. 

The system shown in the figure uses two sets of coils which are 

interwound. Each provide a nearly cosine variation in amp-turns. Such a 

variation will give good field uniformity. Figure 2.4-2 shows the coil 

crass section. The coils labeled, X, operate on one power supply to give a 

very uniform vertical field. The coils labeled, Y, operate on a separate 

power supply to give a very uniform horizontal field. By adjusting the 

current in each set of coils, a resultant field of any direction and magnitude 

(within limits) can be obtained. The steering magnet contains no magnetic 

iron and can be operated at high frequency with very little hysteretic or 

eddy current losses. 
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FIGURE 2 . 4 - 1 VERHIER STEERING MAGNET 



Horizontal deflection:oils x . , x,, x., and x 4 require one power 
supply and vertical deflection coils y , y 2, y,, and y^ another 

-2 x scale 

FIGURE 2.4-2 STEERING MAGNET COIL CROSS SECTION 
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2,5 Mechanical Mounts and Slewing System 

The "slewing system" refers to the structures and drive systems 

needed to point the beam. It's design and structural characteristics are 

discussed here. Gyrodynamic loading calculations and structural response 

calculations are Illustrated and described. 

The prinicpal beam director mechanical subassemblies are the 

two C2) 30° bending magnet arrays used to point the beam, together with the 

necessary supporting structures, vacuum system elements, and drive system 

elements. Hereafter, these will be discussed as the "Axis 1 System" and the 

"Axis 2 System." Also, In referring to the location of components along the 

beam line, "upstream" means towards the accelerator and "downstream" means 

towards the beam exit. 

The Axis 1 System attaches to the end of the Beam Transport 

System CUTS) and rotates about the BTS beam line which is coincident with 

"Axis 1 . " The downstream beam line out of the Axis 1 System is rotated 30° 

with respect to Axis 1, and is coincident with "Axis 2." The upstream beam 

line of the Axis 2 System coincides with the downstream beam line of the 

Axis 1 System. The downstream beam line of the Axis 2 System is rotated 30° 

with respect to Axis 2. This general arrangement is illustrated on Figure 

2.0-J. Ayis i, coincident with, the BTS beam line, is a fixed datum axis. 

Axis 2, coincident with the Axis 1 System downstream beam line, is tilted 

30° with ifispect to Axis 1 and rotates about it. The Axis 2 System "spins" 

about Axis 2 which in turns "whirls" about Axis J. The Axis 1 System 

"whirls" about Axis 1. 
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The Axis 2 System is supported on a multi-load bearing normal to 

and centered on Axis 2, located at the downstream beam line exit from the 

Axis 1 System. The Axis 2 System is to be both dynamically and statically 

balanced for rotation about Axis 2. The distribution of mass and flexibility 

along Axis 2 in the vicinity of the transition section attachment may be 

selected to reduce structural rotation at the beam line exit. The Axis 2 

System Includes the transition section, means to pump the transition section, 

driye gear and support bearing, plus associated structure and balance weight. 

The Axis 1 System is supported on a multi-load bearing normal to 

and centered on Axis 1, located at the downstream beam line exit from the 

BTS. This sytem may be "over balanced," to support the Axis 2 System in a 

way that compensates for both- structural rotation and translation of the 

exit beam line at the transition section. Such ...".chanical "tuning" is not 

free; it is associated with, increased system weight and drive power. The 

Axis 1 System includes the Axis 2 System drive, means to pump the rotating 

vacuum joint, drive gear and support bearing, plus associated structure and 

balance weight, 

Description of Calculation Strategy 

Sketch DN132-165-1 (Appendix A) illustrates "pipe truss" 

representations for both, the Axis 1 and Axis 2 Systems. Sketch DN132-165-1B 

(Appendix E) is a full-scale schematic of the rotary vacuum joint that 

supports the Axis 2 System. It shows a full sized multi-load support bearing 

and a general arrangement for a vacuum seal and electrical feed through. 

Neither drawing represents a r".commended mechanical design; it is too early 

in Che design process for that. Both drawings were used as a basis for weight 
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estimates, gyrodynamic loading calculations, and structural response 

calculations. So far, only a "beam bending" type structural response has 

been estimated. Each supporting truss is comprised of a circular pattern of 

eight (8) pipes that surround the 30° bending magnet arrays. These pipes 

terminate in welded housings. Two sets of calculations were performed for 

assumed steel trusses and for assumed aluminum trusses. The axis 2 System 

used 3 inch diameter tubes with .094" wall thickness. The Axis 1 System used 

6 inch diameter tubes with ,094 wall thickness. 

Tables 2.5-1 and 2,5-2 summarize the components and weights used 

for both, the Axis 1 and Axis 2 Systems. In this study, the cargo component 

weights were not varied. The structure component weights, initially for 

steel, were then reduced by a factor of three to represent an aluminum 

structure. The Axis 1 System category titled "Balance, Vacuum System, Plus 

Other" was varied to illustrate how the balance of the Axis 1 System affects 

the translation and rotation of the transition section, and the associated 

trade off with drive power. 

A three (3) step process was followed in estimating dynamic 

structural response. 

1. The non-axisymmetric structures of DN132-165-1, IB 
and Tables 2.5-1, 2 were divided into several mass 
stations for calculation of gyvodynamic loMs versus 
time. For this, the structures are assumed to be 
rigid. 

2. Then, the peak value gyrodynamic loads were applied 
to simplified, flexible beam model representations 
to calculate static structural deflections. The 
first mode vibration frequency was estimated from 
these static structural deflections and the model 
distribution of mass and inertia. 
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TABLE 2.5-1 
WEIGHT SUMMARY 50R AXIS 2 SYSTEM 

St'i AJt 

CARGO ) (lbs) (lbs) 

Transition Section 11. 11. 
Roughing Punp 
Vacuum Pump #1 
Vacuum Pump #2 
Bearing Ring and Gear 
Magnet Assembly 

50. 
50. 
50. 
73. 

250.8 

SO. 
50. 
50. 
73. 

250.8 

Subtotal 484.8 484.8 

STRUCTURE 

Transition Plate 42.4 14 13 
Structural Tubes and Stiffeners 158.12 52.61 
Base 138.00 46.00 

Subtotal 338.52 112.84 

TOTAL 823.32 597.54 
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TABLE 2.5-2 
HEIGHT SUMMARY FOR AXIS 1 SYSTEM 

.St'H n 
CARGO (lbs) (lbs) 

Magnet Assembly 
Hydraulic Drive and Motor 
Axis 2 Brg Inner Pace 
Base Gear 

250.8 
125. 
75. 
753. 

250.8 
125. 
75. 

753. 

1203.8 1203.8 

STRUCTURE 

Upper Brg Support 
Center L Strut Support Plate 
Tubes and Upper Structure 
Tubes and Lover Structure 

BALANCE, VACUUM SYSTEM, PLUS OTHER 

138. 46. 
82.5 27.5 

218.35 72.78 
1253.0_5_ 417.68 

Case (.1) 
Case (2) 
Case (3) 

AXIS 2 SYSTEM 

1691.9 

-0-
U129.0) 
(2258.0) 

563.96 

-0-
(776.0) 

CL552.0) 

823.32 597.54^ 

Total Qase (1) 
Case (2) 
Case (3) 

3719.02 2365.30 
(4848.02) (3141.30) 
(5977.02) (3917.30) 
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3. The static responses were then multiplied by a dynamic 
multiplier hased on the gyrodynanic load signature as a 
function of tine, and the natural periods of the flexible 
beam model representations. 

Calculation of Gyrodyniimic Loads 

For the non-axisymmetric structures considered here, it proved 

convenient to approach the computation of gyrodynamic loads in a very 

primitive way, i.e., many mass stations were set up, each identified by axis 

position, radius normal to the axis, and angular orientation about the axis. 

The rigid body, absolute accelerations of these mass stations were then 

calculated as functions of spin and whirl kinematics. The associated gee 

loadings were then combined to find cross-section forces and moments, 

bearing loads, and drive torques. 

The calculation model for station acceleration is illustrated on 

Figure 2.5-1, The associated component acceleration equations are tabulated 

on Table 2.5-3. The derivation leading to these equations followed the 

format of a similar derivation involving constant whirl and spin velocities. 

General Integral equations for spin and whirl kinematics are 

included on Table 2.5-3. For the calculated results here, it was assumed 

that spin and whirl velocities started at zero, increased at a constant rate, 

and then decreased at the same negative constant rate until the velocities 

were again zero. This scheduling is built into the equations stated on 

Table 2.5-4. The numerical results of this study assume a 180° total angle 

change in 300 ms for each axis. The peak angular velocity is 200 rpm. The 

angular accelerations are ± 139.6 rad per sec per sec. 

In calculating Axis 2 System loads, the tilt angle, 9, was set 

at 30°. The calculation input for this system is listed on Table 2.5-5. 

*Amold & Mander, "Gyrodynamlcs and Its Engineering Applications," 
Academic Press, 1961, pp 60-64. 
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Axis 2 

FIGIRE 2.5-1 GYRODYNAMIC LOAD CALCULATION SCHEMATIC DIAGRAM 

X, Y, Z Fixed coordinate system 

x, y, z Whirling coordinate system; Plane ZOz (zOx) 
Whirls about Axis 1 with angular velocity u. 
a ia the whirl angle. 6 is the tilt angle between Axis 1 and 2. 

i, j, k Unit vectors along x, y, z 

I, r, 0 Coordinates of point P that spins about Axis 2 with angular 
velocity p. B is the spin angle with respect to whirling 
plane zQx. 
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TABLE 2.5-3 
ABSOLUTE ACCELERATION OF POINT P 
IN WHIRLING «yz COOEDIHATE SYSTEM 

See Figure 2.5-1 

a * a j i + a.^ + a^ k 

a^ » -r(p+mCos8) coa $- £u£sin9cosa - r (p + It ces9) sin 8 

a 2 = -r(p+wcos9) sin £ - rw 2ain 28sln0 + r (p + ucos9) cos 3 
+ ltd sln9 

a, = - r (2pw+u) coaft) sln6cos3 - lt» 2sin 26 - ru> sin9sin B 

Where 

oi = ti i t 
o» 

J P d t 

• a. + J a • a •* <* (i) dt o o 
» B + J p dt 

o o 

For the present estimates, equal constant values were assumed for 
both whirl and spin angular accelerations. 
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TABLE 2.5-4 
WHIRL AND SPIH KINEMATICS 

WHIRL 

A = /<i| 

For o < t < T/2 

m = A 

"> = At 

li = a 0 + A y 

For T/ 2 < t < x 

a) = -A 

A (t - t) 

a + A 
o 2 4 

SPIN 

Ifl 

At 

*4 

p - - B 

B (T - t) 

/ 2 2' 
+ B Tt - t - T 2 4 
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No.. Length Radius Orient. weight 
1* 97.67 17. BO +0.00 11.00 
2 92.59 14.90 •0.00 131.28 
3. 66.39 15.40 +0.00 5.95 
4 • 69.89 14.29 +24.50 6.15 
5 6B..19 11.19 +48.55 6.55 
& 69.09 6. IB +73.40 6.95 
7 69.59 0.55 +1BO.00 7.10 
8 69,09 6. IB +286.60 6.95 
9 68.19 11.19 +311.45 6.55 
10 66.89 14.29 +335.50 6.15 
11 65.69 0.00 +0.00 30.00 
12 39.69 0.00 +0.00 226.87 
13 83.89 1.97 +180.00 10.90 
14 44.19 16.80 +1BO.O0 6.00 
15 49.59 12.70 +180.00 4.40 
It 70.07 10.85 +180.00 2.12 
17 31.15 O.OO +0.00 73.00 
18 70.19 20.80 +180.00 50.00 
1? 59; 69 22.40 +180,00 50.00 
20 63.89 11.50 +180.00 50.00 
21 65.26 4.04 +0.00 125.40 

823 .32 l b s 

ALUMINUM STRUCTURE 

No. Length Radius Orient. Height 
1 , 97.67 17.80 +0.00 11.00 
A. 92.59 14.90 + 0.00 B5.46 
3 66.39 15„40 +0.0,0 1.9B 
4 69.89 14.29 . +24.50 2.05 
5 6B.19 11.19 +4B.55 2.18 
6 69.09 '6.18 •+73.40 2.32 
7 69.59 0.55 +180.00 2.37 
8 69.09 6.18 +286.60 2.32 
9 6B.19 11.19 +311.45 2.18 
10 66.89 14.29 +335.50 2.05 
11 65.69 O.OO + 0.00 10.00 
-12 39.69 0.00 + 0.00- 117.42 
13 83.89 1.97 +180.00 3.63 
14 •64.19 .16.80 +180.00 2.00 
15 49.59 12.70 +1B0.00 1.47 
16 70.07 10.85 +180.00 0.71 
17 31.15. 0.00 +0.00 73. 00 
18 70.19 15.80 +1BO.00 50.00 
19 59.69 17.40 +1BO.O0. 50.00 
20 63. B9 11.50 +1B0.O0 50.00 
21 65.26 4.04 +0.00 125.40 

597.64 lbs 
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For the Axis 1 System, the tilt angle, 9, was set at 0°. Since the Axis 2 

System is both dynamically and statically balanced, it is represented by a 

single mass station in the Axis 1 System computations. The calculation 

input for the Axis 1 System is liBted on Table 2.5-6. 

Static Structural Response Calculations 

Figure 2.5-2 illustrates the model used, co estimate flexible 

static load response for the entire system. The forcesT., V., and M., are 

in the Axis 2 System which is considered here to be a straight beam-like 

structure tilted at 30° along Axis 2. The actual Axis 2 structure on one 

side tilts off Axis 2 and is balanced both statically and dynamically by 

additional structure Chat is oppositely located. The forces T», 1L, and 

M, are in the Axis 1 System pipe truss which is considered to be a curved 

beam-like structure. The balance weight, W„, exerts a tension on the mass 

station located where the Axis 2 System attaches to the Axis 1 System at 

the location of the Axis 2 support bearing. The equations that correspond 

to this representation are illustrated on Figure 2.5-3. 

The lengths listed in Table 2.5-5, for the Axis 2 gyrodynamic 

calculation, are measured from the intersection of Axis 2 and Axis 1. The 

CG of che Axis 2 System was computed to be at 60 ins. All items located at 

a length greater than 60 ins were lumped to produce end loads T , V , and 

M . All items located at less than 60 ins. were lumped into the station so 

at the Axis 2 support bearing. 

The lengths listed in Table 2.5-6, for the Axis 1 gyrodynamic 

calculations, are measured from the bottom support bearing Illustrated on 

DN132-165-1. In terms of this list, the heavy base Items 12 to 19 are 
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TABLE ? . 5 - 6 
GYRODYNAMIC CALCULATION STATION INPUT 

STEEL STRUCTURE 

Length 
69.50 
66.43 
65.30 
63.00 
56.00 
*t9. 00 
46.70 
4?. 00 
56.00 
63.00 
29.50 

30 
30 
30 
30 
30 
30 
30 
30 

33.50 
77. 0( 
9B.50 
9H.50 

Radius 
15.60 
13.80 

8.40 
1 3 . 9 7 
20 .39 
23 .99 
24 .20 

, 23 .99 
20 .39 
13 .97 

4 . SO 
24 .20 
24 .20 
24 
24 
24 
24 .20 
24. 20 
24.20 

4 . 5 0 
1 2 . 5 0 
3 0 . 3 7 
3 0 . 5 0 

20 
20 
20 

Orient. 
+ 0.00 
+ 0.00 

+1B0.00 
•flOB.36 
+68.5B 
+33.54 

+ 0 . 0 0 
+ 3 2 6 . 4 6 
+ 2 9 1 . 4 2 
+ 2 5 1 . 6 4 

+ 0 . 0 0 
+ 1 8 0 . 0 0 
+ 1 3 5 . 0 0 

+ 90.00 
+ 4 5 . 0 0 

+ 0 . 0 0 
+ 3 1 5 . 0 0 
+ 2 7 0 . 0 0 
+ 2 2 5 . 0 0 

+ 0 . 0 0 
+ 1 8 0 . 0 0 
+ 1 8 0 . 0 0 

+ 0 . 0 0 

Weight 
7 5 . 0 0 

2 0 0 . 7 0 
28.63 
28.20 
27.22 
26.28 
25.92 
26. 2B 
1 7 . 22 
2E. 20 
B2.50 

254.72 
253.63 
250.69 
247.87 
246.79 
247.87 
250.69 
253.63 
IBB 
125 

0 

10 
00 
00. .No balance weight 

623.00 

3718.34 lbs 
ALUMINUM STRUCTURE 

Length B a d i u s Orient. Weight 
6 9 . 5 0 1 5 . 6 0 + 0 . 0 0 7 5 . 0 0 
6 6 . 4 3 1 3 . 8 0 + 0 . 0 0 1 0 B . 7 0 
6 5 . 3 0 8 . 4 0 + 1 8 0 . 0 0 9 . 5 4 
6 3 . 0 0 1 3 . 9 7 +10E.36 9 . 4 0 
5 6 . 0 0 2 0 . 3 9 +68.5B 9 . 07 
4 9 . 0 0 2 3 . 9 9 +33 .54 B.76 
4 6 . 7 0 2 4 . 2 0 + 0 . 0 0 a. 54 
4 9 . 0 0 2 3 . 9 9 + 3 2 6 . 4 6 8. 76 
5 6 . 0 0 2 0 . 3 9 + 2 9 1 . 4 2 9 . 07 
6 3 . 0 0 1 3 - 9 7 + 2 5 1 . 6 4 9 . 4 0 

. 2 9 . 5 0 4 . 8 0 + 0 . 0 0 2 7 . 5 0 
4 . 3 0 2 4 . 2 0 + 1 8 0 . 0 0 1 4 7 . 7 2 
4 . 3 0 2 4 . 2 0 + 1 3 5 . 0 0 1 4 7 . 2 9 
4 . 3 0 2 4 . 2 0 + 9 0 . 0 0 1 4 6 . 3 1 
4 . 3 0 2 4 . 2 0 + 4 5 . 0 0 1 4 5 , 3 7 
4 . 3 0 2 4 . 2 0 + 0. 00 1 4 2 . 0 1 
4 . 3 0 2 4 . 2 0 +315 .00 1 4 5 . 3 7 

. t . 3 0 2 4 . 2 0 + 2 7 0 . 0 0 1 4 6 . 3 1 
4 . 3 0 2 4 . 2 0 + 2 2 5 . 0 0 1 4 7 . 2 9 

3 3 . 5 0 4 . 5 0 + 0. 00 i ee . io 
7 7 . 0 0 1 2 . 5 0 + 1 8 0 . 0 0 1 2 5 . 0 0 
9B.50 3 0 . 3 7 +1B0.00 0. 00^— No balance weight 
9 8 . 5 0 3 0 . 5 0 + 0 . 0 0 5 9 8 . 0 0 

-47" 2365.51 lbs 
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ignored and Item 22 representing 3/4 of the magnet array mass also is 

ignored. These items are very heavy, mostly centered about Axis 1, and are 

located at the base of the cantilever system in very stiff structure. They 

will not load the Figure 2.5-2 flexible cantiliver beam system to a 

significant degree. All the other items are lumped at the Axis 2 support 

bearing. 

The flexible length of the Axis 2 straight beam representation 

is 61.44 ins. The flexible length, of the Axis 1 curved beam representation 

corresponds to a radius of 300cm (.118 ins) swept over a 30° arc. The beam 

crossection properties correspond to the sections illustrated on Figure 2.5-4. 

The dimensions were scaled from the intermediate circular tube truss patterns 

illustrated on DN132-165-1. All influence coefficient computations include 

terms for transverse shear in addition to beam bending. 

The coefficient matrices and loading vectors for input to the 

equations illustrated on Figure 2.5-3 are listed on Table 2.5-7 for the steel 

structure, and on Table 2.5-8 for the aluminum structure. Loading vectors 

are illustrated for three difference Axis 1 balance weights. The loading 

level corresponds to 44 gees at the Axis 2 mass station at the tip and 19 

gees at the Axis 2 support hearing. 

A prior preliminary study was made of the Axis 2 System as a 

3-station, 6-degree of freedom cantilever beam. That model is illustrated 

on Figure 2.5-5, and the associated equation matrix is illustrated on 

Figure 2.5-6. These early calculations are of interest only insofar as they 

illustrate considerable stiffness in the Axis 2 System when it is canti-

levered from a datum plane. Much larger deflections are calculated when the 

Axis 2 System is cantilevered off the Axis 1 System because the combined 
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FIGURE 2.5-4 STRUCTURAL CROSS SECTIONS FOR ESTIMATION 
OF BEAM LIKE FLEXIBILITIES 
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TABLE 2.5-7 
STEEL STRUCTURE 

MATRIX COEFFICIENTS AND LOAD VECTORS 

61.44 
* 2.890 E-07 
a 1.217 E-05 
B 2.504 E-07 
Y 8.477 E-07 
All 2.318 E-07 
A12 -3 .037 E-07 
A13 -3 .575 E-09 
A22 1.500 E-06 
A23 1.995 E-08 
A33 6.603 E-10 

Matrix Coefficients 
1 set 

10428 
-18040 
22484 

I S1 "" 9803 
-Vsl+VB1 _ 1 6 9 8 ° 
Ms! 45496 

^so+aV, 
so 

10428 10428 > 
18040 -18040 
22484 22484 

9803 
j 1.A=^ yormrs 

9803 
22484 
9803 

41760 100500 3 sets 
45496 45496 

TABLE 2.5-8 
ALUMINUM STRUCTURE 

MATRIX COEFFICIENTS AND LOAD VECTORS 

A 61.44 
<l> 8.670 
a 3.651 
B 7.812 
Y 2.543 
All 6.954 
A12 -9.111 
A13 -1.055 
A22 4.500 
A23 5.985 
A33 1.981 

E-07 
E-05 
E-07 
E-06 
E-07 
E-07 
E-08 
E-06 
E-08 
E-09 

Matrix Coefficients 

1 set 

T so 7832 7832 

" Vso -13552 -13552 
Mso+aVso 15896 15896 
Tsl 6072 6072 
"Vsl+V B 1 -10516 29876 
*sl 28160 28160 

7832 
-13552 
15896 
6072 
70268 
28160 

Load Vectors 

3 sets 
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• system is much longer and much heavier. Th£ Axis 1 System illustrated on 

DN132-165-1 does not achieve the values for "foundation stiffness," i.e., 

K. and K-, necessary to limit the deflection? to those previously estimated 

for the Figure 2.5-5 System. 

Dynamic Multiplier Estimate 

Figure 2.5-7 illustrates gee load versus time at the location 

of the Axis 2 support bearing. Note that the orientation of the load 

relative to the structure shifts a total of 180 as the structure rotates, 

with a sudden 35 shift when the angular acceleration goes from plus to minus 

when angular velocity is at its maximum value. Such a sudden angle shift 

would lead to a mechanical impact. This means that an acceleration schedule 

different from that assumed here probably will be selected. Tne selected 

schedule will reflect a trade off where higher absolute values cf angular 

acceleration mitigate the intermediate angle shift impact. 

Figure 2.5-8 illustrates triangular pulse dynamic multipliers 

for single degree of freedom undamped vibration systems as a function of the 

ratio between pulse time and response period. Table 2.5-9 tabulates dynamic 

multipliers for the structural cases studied here. 

A real system will have many flexible modes. Also, the values 

tabulated in Table 2,5-9 do not consider any variation in load orientation. 

Therefore, we choose to apply a dynamic multiplier of 1.75 to all static 

responses calculated in this preliminary study. 

Calculated Results 

The results plotted and tabulated here indicate that slewing 

system mechanical deflections can be maintained within a range that can b> 
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FIGURE 2.5-7 GEE LOAD VERSUS TIME AT AXIS 2 SUPPORT BEARING 
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FIGURE 2.5-8 DYNAMIC MULTIPLIERS FOR TRIANGULAR PULSE VERSUS 
RATIO OF PULSE TIME TO NATURAL PERIOD 
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TABLE 2.5-9 
TABULATION OF DYNAMIC MULTIPLIER DATA 

Dyuaiaic Multipliers Triangular Pulse 

w(Hz) T(ms) T<ms) T / T VXs V X

3 v x

a 

1.29 775 300 .387 1. 1. 1. 
1.57 637 300 .471 1.25 1.25 1.25 
2.49 402 300 .746 1.5 1.5 1.5 

.9 1111 300 .270 1. 1. 1. 
1.05 952 300 .315 1. 1. 1. 
1.75 571 300 .525 1.3 1.3 1.3 

• 

TABLE 2.5-9 TABULATION OF DYNAMIC MULTIPLIER DATA 
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compensated by the Vernier Steering System. Both the Axis 1 System and 
Axis 2 System can be "tuned" mechanically to limit deflection translation 

and rotation at the transition section exit, because the magnitudes of the 

tangential, radial, and axial gyrodynamic load components directly depend 

upon mass distribution. The mechanical designer has considerable control 

over the distribution of mass and structural flexibility. 

Pefer now to Figure 2.5-2, the schematic diagram of the Axis 1 

System response computations, v., w., and J. represent deflections at the 

transition section. Figures 2.5-9 and 2.5-10 show how variation in the 

Axis 1 balance weight, W_, affects the system. Overbalancing the system can 
D 

eliminate transition section translation at a cost in system weight and 

drive power. Figure 2.5-11 shows a quite flat variation for transition 

section angle with the transition section translation. This means that a 

balance weight btructure acting at the transition section could be positioned 

to significantly reduce the absolute level of transition section rotation. 

Table 2.5-10 summarizes calculated mechanical loadings for the 

cases studied here. The Axis 2 bearing load is consistent with the size of 

the selected bearings. The large Axis 1 support bearing is oversized by a 

factor of 2 for the highest load case. Structural stiffness, not bearing 

load, is the reason for the large diameter base of the Axis 1 System. The 

tabulated structural loads, stresses, and deflections all assume a dynamic 

multiplier of 1.75. 

Structural models with many mass degrees qf freedom and flexible 

connections, tend to have higher calculated frequencies and lower stresses 

than the very simple two and three mass representations calculated here. 
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TABLE 2 . 5 - 1 0 SUMMARY DP ESTIMATED PEAK W%£HANlCAl, RESPONSES 

1 S U u C t u t e 
Type 

A * i s 2 
S y - Wt 

l b a 

A x l i 1 
B a l - He 

l b , 

T o t a l 
By > HL 

Lb* 
Peak P o u a t 

hp 

A x l e L 
p e a k P o u e r 

h P 

Bee Hew 
Lb - i n a 

Ax I . L 
Brg Hon 
lb - I D B 

A K I * 2 
S t c e s a 

p . 1 

A x i s 1 
S t r e s s 

T r a n s i t i o n S K C I I D D 
&QDdlng 
Pvequeacy 

S U u C t u t e 
Type 

A * i s 2 
S y - Wt 

l b a 

A x l i 1 
B a l - He 

l b , 

T o t a l 
By > HL 

Lb* 
Peak P o u a t 

hp 

A x l e L 
p e a k P o u e r 

h P 

Bee Hew 
Lb - i n a 

Ax I . L 
Brg Hon 
lb - I D B 

A K I * 2 
S t c e s a 

p . 1 

A x i s 1 
S t r e s s r r a n n l a t I o n 

Lorn 
R o t a t i o n 

Bad 

&QDdlng 
Pvequeacy 

s t * a fl?3 -o - T719 1 1 1 2 4 1 4 1404B4L 5D3152Q 5 5 2 4 3 3*277 0 . 6 7 0 0 . 0 2 1 1 .29 

S t e e L 8 2 3 1129 4d4a 1 1 1 3 6 1 0 1404841 1356143 55243 103LB 0 - 3 9 0 0.02% 1.S7 

S t e u l 6 2 3 2 2 5 9 597? 1 1 1 4 8 0 6 L404841 B405642 55243 63945 0 . 1 1 2 0 . 0 2 ? 2 , 4 9 

A1 urnl nun 5 9 8 - 0 - 2363 7 1 1 5 2 9 U 7 3 6 3 4 399200L 4 6 2 3 1 3 0 3 7 0 1 . 4 7 9 0 . 0 4 7 0 . 9 

Aluminum 5 9 8 7 7 b 1141 7 1 2 3 5 1 117 5654 B53279 4 6 2 3 1 6491 O.B9B 0 . 0 5 1 1 .05 

Aluminum 5 9 8 1*52 39 LI 7 1 31T2 117 5654 5698641 46231 43352 0 . 3 2 4 0 .O55 1 . 7 5 



On the other hand, the pumps, motors, transition section, gear drives, and 
other components have increased in size since being initially selected. The 
pipe truss bending model may or may not possess enough structural weight to 
limit deflection modes that have not yet been calculated, such as torsional 
modes, Clearly, these numerical results can only be used as a rough guide 
for understanding the mechanical nature of the slewing system. 

Refer now to Tables 2.5-1, 2 and Table 2.5-10. Overall stiffness 
varies with structural weight and overall loading varies with the sum of 
structural plus cargo and balance weights. If loading geometry and time 
signature does not change, then additional calculated responses can be 
estimated by raticing the values in Table 2.5-10. 

11 + 
W c +

 HB 
new 

new 
|1 + C * B 

x A old 

old 

Where H , W , and W are cargo, balance, and structure weights from Tables 
2,5-1 and 2. In the case of 2.5-2 for the Axis 1 System, the items for 
"tubes and lower structure" should be left out of the above calculation. 

The additional power requirement will also vary with the above 
weight ratio equation. 

CONCLUSIONS: The structural weight and stiffness will determine 
the vibrational frequencies and, dependent on the slewing rates, these will 
also determine the dynamic deflection. 

' Adequate structural rigidity can be provided to limit the 
deflection of structure to a tolerable amount as determined by the following 
two principal limiting criteria for tolerable deflection: 
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(1) Maximum aiming erro^ that can be compensated for by 
the vernier steering magnet and 

(2) maximum structural misalignment of the magnetic 
components of the achromat. 

Since the achromat can accommodate a significant (.12!) 

variation in energy, it will also be able to accommodate a limited (1%) 

structural deflection. 

Increasing the stiffness of the structure requires an increase 

in its weight and drive power. Since all of these increases very rapidly 

with increasing energy, the weight and power will become so large that it 

will be very difficult to achieve useful slewing rates for beam energy in 

excess of 1000 MeV. 

-65-

. WH.UAN u. nroaiciri AMOCIATM. 



2.6 Radiation Effects 

The main radiation effects are those associated with collisions 

of the high energy electrons with the wall, exit foil and gas molecules. 

There will also be some synchrotron radiation due to bending the beam in a 

magnetic field. The synchrotron radiation is given by the following equation: 

„ . 8.85 x ID" 3 2 XSOSJI 
r 

Where U = energy loss ev/rev 

W/e = energy of electron in ev 

r = bending radius in meters 

For a 500 MeV electron beam being bent through a 60 degree angle 

with a bend radius of curvature of 1 meter, the energy loss is only 922 ev. 

This is a very saall fraction of the total beam energy. For the 

very high beam currents contemplated for the electron beam director, the 

total radiation from the source may amount to otily a few joules for a:multi-

pulse burst. The peak radiation would be in the far ultraviolet region and 

would be mostly tangential to the beam path. 

The radiation due to gas scattering in the vacuum chamber is 

expected to be extremely small if a high vacuum is maintained in the bean 

tube. At a pressure of 10 torr, the beam loss due to gas scattering will 

be insignificant. 

Radiation due to collisons with the wall of the vacuum chamber 

will be extremely high if the beam is not well behaved in its transmission 

through the beam director. Collisions with the waLl by even a small fraction 

of the beam must be avoided because an excessive amount of radiation would 

be produced. It will be necessary to "trim" the beam upstream of the beam 
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director to limit its size (.in phase space) to assure that it does not spread 

out far enough to scrape the vails. The limiting bean radius is 5mm. 

The radiation due to the bean passing through the exit foil will 

be unavoidably large. It will consist of high energy x-rays with a very 

strong forward distribution due to momentum conservation in the electron-

electron impacts. The x-rays will have a continuous spectrum characteristic 

of bremsstrahlung with a maximum energy equal to the energy of the electron. 

The half-angle in the forward direction which includes all but 1/e of the 

intensity is given by 

Where Wo = rest mass of electron 

W " energy of beam 

For a 500 MeV electron beam, the half angle is about one quarter 

of a degree, for a low emittance beam. Bigh emittance will increase the spread. 

The total amount of radiation due to passing the beam through 

the exit foil will depend upon the foil thickness and its density. A very 

thin foil of low density will minimize the radiation effects. For a carbon 

or beryllium foil one millimeter thick, the beam loss is expected to be less 

than .5% of the total beam energy but it does represent a large amount of 

radiation.* 

Figure 2.6-1 shows the radiation loss for the beam passing through 

an exit foil of either beryllium or carbon and the loss in air. This figure 

shows the loss for collisions and for radiation. Clearly, t'.ie radiation loss 

increases with energy. The loss due to collision is a very weak function 

of energy. 

*The essential point is that strong forward distribution assures that 
the bulk of the radiation from the foil does not intersect the coils 
of the vernier steering magnet, and that this must be confirmed in any 
actual design. 
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2.7 Size, Weight and Cost Estimate 

The size, weight and cost of a 500 MeV electro beam director 

were calculated. All these values are dependent upon the jeam energy. A 

range of energies from 10 to 1000 MeV were considered for the conceptual 

design and the concepts presented are considered to be applicable tc any 

energy within that range. Some simple scaling law would be desirable. For 

example, it would be nice to be able to say that doubling the energy would 

double the length of the bending systems and that this, in turn, would cause 

some easily extrapolated increase in weight and cost. Within narrow limits, 

sone sore of extrapolation based on energy ratios is reasonable because the 

same permanent magnet material would be used for a limited range of energies. 

For beams with very high energies, a rare-earth-cobalt with a high residual 

induction would be used. For low energies, oriented ferrites would probably 

be selected and, for intermediate energy's, rare-earth-cobalts of inter­

mediate residual induction may be selected. 

For a given permanent magnet material, an increase in energy will 

require a proportional increase in length and weight of the bending system. 

The weighf. of the support system will increase approximately with the cube 

of the energy as it must not only increase in length but also in the 

transverse directions. The moments of inertia will not only increase with 

weight but also with the ;;quare of the offset dimension. The moment of 

inertia has a strong influance upon the design of the mounting and slewing 

system. From the increase in dimensions and weight associated with 

increasing beam energy, it appears that the moment of inertia wili increase 

by at least the 4th power of the energy ratio.* Thus, the required drive 

power for a given slewing rate will also increase by at least the 4th power. 

L 
*The exponent probably approaches the 5th power at high energy. 

-69-
^ _ a _ _ » - ^ _ _ _ B — ^ _ _ _ _ m _ a i _ _ _ _ ^ _ » O T _ _ WILLIAM M. MOIICK a At«Oci»T«. 



The values given below for the 500 MeV beam director are based 

on an unproven conceptual design. As stated above, within limits, these 

values may be scaled up or down for different beam energies. 

The results of uhe size, weight and cost analysis are summarized 

in Table 2.7-1. The costs are the unit costs in production and do not 

include development costs. 

TABLE 2.7-1 SUMMARY OF SIZE, WEIGHT AMD COST 

« 

ITEM Dimension 
Meters 

Weight Cost 

Beam Bending System 3.14 length 227 152 
Support Structure 3.14 * 2.9W 10E 2700* 154 
Drive System — 4000** 501 
Vacuum System __ — 81 
Vacuum/Air Transition .25 25 105 
Vernier Steering .5 50 40 
Sensors and Control _ 

7000 

100 
Total 3.89 x 2.9 Wide 7000 $1133 

* Weight of rotating structures (5S00 lbs) includes upper drive motor. 
** Weight of stationary portion of the drive system includes lower 

drive motor, hydraulic pumps, accumulators and foundation 
structure {8800 lbs). 

4 
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3.0 RECOMMENDED RESEARCH AND DEVELOPMENT 
The conceptual design of an electron beam director contains elements 

which require developmental effort. To support the development will require 

research to provide basic data on behaviour of material and interactions of 

the heam. There is reed for a design and development effort associated with 

many elements of the system, but some elements are more critical than others. 

Single quadrupoles and dipoles using permanent magnets in an ironless 

configuration have been designed and built, A long string of such elements 

as shown in the conceptual design has not yet been built and tested. 

Air-to-Vacuum Transition devices as shown in the conceptual design 

utilize known technologies but these have not been proven in the specific 

application shown in the conceptual design. 

Procedure for analyzing the dynamic response of structures to various 

types of loads are well known, but specific structures to support a beam 

director have not been sufficiently well defined nor has a complete slewing 

system been designed. The brief examination of a support and a slewing system 

concept indicates that a great amount of design and optimization will be 

required in order to achieve a practical design. A light weight structure 

with high rigidity is required if high slewing rates are to be achieved. 

The steering magnets for the Vernier Steering System are of a 

conventional design, but the tracking and concrol system needed to assure 

that the required accuracy and vibration compensation is achieved is yet to 

be developed. An additional problem associated with the design of the 

steering magnet is the potentially high radiation which may occur just down­

stream of the Vacuum-to-Air Transition Section. The radiation problem is 
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treated conceptually hy simply providing enough iperture to permit the 

radiation which is directed strongly forward, to pass through without great 

interaction with the material of the steering magnet. Some critical 

experiments of the beam/air interaction will be required to verify this 

approach. 

Probably, the most critical items in the conceptual design are the 

Vacuum-to-Air Transition Section and the permanent magnet bending system. 

Design and development work on these two items should be started soon. Both 

systems can be tested using the electron beam from ATA CAdvanced Test 

Accelerator) at Lawrence Livermore National Laboratory. 

The rotating foil approach, to the Vacuum-to-Air Transition could be 

built, tested and refined using presently available technologies. The 

development of such a device would permit the running of many critical 

experiments dealing with beam/air interaction. The development of this 

rotary foil device will require the development of a well-balanced rotor, a 

suitable vacuum pumping system and a suitable bearing system. In the final 

configuration, the gyrodynamic behaviour of the device must be suitably 

accounted for, but, for the initial developmental device, the gyroscopic 

loading of the disk and bearings can be avoided by simply testing in a 

static configuration. 

A permanent magnet bending and focussing system should be built for 

testing at ATA. This should be designed so chat it can be rotated to 

direct the beam in various directions. A continuous rotation may be 

desirable but not absolutely necessary. Discrete steps should be all right. 

The main thing to explore in this design and development is the character­

istics of the permanent magnet bending system. The problems of accuracy of 
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mechanical and magnetic alignment needs study. How reliable are the 

magnetic property projections? Uhat are unique fabrication problems? 

Uhat sort of optical aberations will occur? What are the consequences of 

vibration and misalignment? Building and testing a system will provide 

answers to these questions. 

For the beam energy at ATA (.50 MeV), a bending and focussing system 

using an oriented feriite auch as Ferrimag 7B should be built. This material 

will give a lower field than that obtainable with rare-earth-cobalt. The 

lower field is desirable for a 50 MeV electron beam because it gives a 

greater length of the system. 
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4.0 CONCLUSIONS 

In the engineering effort on the conceptual design of an electron 

beam director, a variety of components and concepts were examined, and found 

to be promising. There were no technical reasons for believing that a 

suitable design could not be devised for handling high intensity pulsed 

electron beams in the 10 to 1000 Me" energy range. Of course, there are 

problems which must be solved, and there are limits imposed by material 

properties which must be recognized, 

Achieving high slewing rates will be difficult but not impossible. 

Special design efforts will be required to produce a sufficiently lit;ht 

weight support structure having adequate rigidity. 

The most critical elements of the design appear to be the Vacuum-to-

Air Transition, the permanent magnet bending and focussing system, and the 

support structure. The design of the first two of these items has a strong 

influence on the design of the support structure, because the weights and 

alignment requirements of these components determine the key design criteria 

for the rest of the system. 

Presently, available permanent magnet materials appear to have suitable 

magnetic properties to satisfy the design requirements for bending and 

focussing of the beam. Whether these materials have the required physical 

strength and uniformity is not certain, but there are no fundamental reasons 

why good quality control procedures cannot assure adequate uniformity nor 

why existing physical properties cannot be utilized by careful design of the 

magnet support and containment assembly. 
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The aperture of the beam tubes can be made sufficiently large to insure 

that the beam loss by collisions with the wall will be insignificant and that 

adequate vacuum pumping will be possible to prevent excessive beam loss due 

to gas scattering. This will be necessary to minimize radiation. 

The vacuum rotary points will have some leakage but, by proper design 

with at least two stages of pumping* the leakage rate can be made tolerably 

low. The joints can be made sufficiently strong to provide adequate rigidity 

and alignment. 

Radiation effects can be minimized by good design and suitable 

shielding. The radiation from the beam passing through the Vacuum-to-Air 

Transition Section will be unavoidably large but, at this point, the 

electron beam/air interaction may be so great that other radiation effects 

may seem insignificant. 

The calculated size of the total structure does not appear excessively 

large although the weight uf seven tons does t.2em high for a 500 MeV beam. 

It is believed that this weight may be significantly reduced after design 

optimization for a specific set of beam requirements. It seems premature 

to begin detailed design until a specific value of beam energy has been 

selected. 

Using a value of 50 MeV would permit the use of a much lighter 

structure than would be needed for a 500 MeV beam because the weight is 

expected to increase by about the third power of energy. Thus, a factor ̂ : 

10 increase in energy would require about 1000 fold increase in the weight 

of the support structure. 

*The rotary vacuum joints were initially thought to present serious 
design problem, but do not now appear to be excessively difficult. 
It appears that lubricated vacuum seals with intermediate pump-out 
ports are viable. 
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BEAM DIRECTOR COMPONENTS FOR ATA TESTS 

A system for directing a high-energy electron beam had been studied 

earlier and a conceptual design had bi=en developed. Several key components 

of this design were identified and targeted for verification tests using 

the high intensity electron beam from ATA. This report covers two of these 

components—the achromat and the vernier steering magnet which were built 

for testing at ATA. 

The achromat is a major beam transport element of the beam director. 

It is designed to provide a 30 degree achromatic bend of a 45 MeV electron 

beam using a combination of permanent magnet dipoles and quadrupoles. The 

dipoles provide the beam bending and the quadrupoles provide focusing to 

assure achromaticity to a f i rs t order. Since higher order chromatic 

aberration may be present, a system of trim coils is provided to permit 

' adjustments in the quadrupole gradients to compensate for beam energy 

variations. The permanent magnet elements are made from a relatively weak 

oriented grain ferri te magnetic material. As a beam bending and focusing 

device, i ts most unique feature is its light weight, which 13 required to 

permit the rapid slew rates needed for a beam director. Testing at ATA is 

expected to show the extent to which the achromat is sensitive to the space 

charge associated with high intensity beams and to permit an evaluation of 

the vacuum requirements for successful steering and focusing a high inten­

sity beam. 

The vernier steering magnet is an electromagnetic device for producing 

a finely controlled angle of bend for the electron beam. The device has two 

sets of coils for bending the beam. One set bends the beam in the horizontal 
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plane and the other bends the beam in the vertical plane. By suitably 
energizing both sets of coils, the direction and magnitude of the bend can 
be controlled. The device is designed to produce a maximum bend of two 
degrees in any direction. The peak magnetic field required 'r fairly low 
so that iron is not required to provide a flux return path. A major 
requirement of the design is that it be light weight so that high slew 
rates may be achieved. For the tests at ATA, the vernier steering magnet 
is installed in a vacuum tank so that the environment can be controlled. 
The tests at ATA should provide answers to critical questions on the suit­
ability of this type of vernier steering element operating with a high 
space charge beam and/or with ionized gases in the magnetic aperture. 

' • 
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\ REQUIREMENTS 

. • 
The vern ier s teer ing magnet i s designed to produce a 2 degree bend of 

a 45 HeV e lec t ron beam using two orthogonal sets of c o i l s which can he 

separately energized to contro l the d i r ec t i on and magnitude of the bend 

angle. Table 1 l i s t s the ta rge t spec i f i ca t i ons and shows a s - b u i l t valises 

based on magnetic measurements. As may be seen, the required current i s 

somewhat lower than targeted because the e f f e c t i v e magnetic length i s longer 

than in i t ia l l y projected. The coil resistance is slightly higher; conse­

quently, the required voltage is only slightly higher than the design ob­

jective. 

The achromat is designed to produce a 30 degree bend of a 45 MeV 

electron beam using permanent magnet dipoles and quadrupoles in a latt ice 

structure designed to give a 360 degree phase advance. The target charact­

eristics for the design are listed in Table 2. The arrangement of the 

dipoles and quadrupoles are shown in Figure 1 and the arrangement of perma­

nent magnet elements required to produce dipole and quadrupole fields are 

shown in Figures 2 and 3. The focusing characteristics are shown in Table 

3. 

The magnetic strength of the permanent magnet sectors varies slightly 

from element to element. Also, the alignment of the magnetic easy axis nay 

vary slightly from the exact location desired. To account for the varia­

tions in alignment and magnetic strength and to minimize any adverse effect 

these may have upon the achromat, each segment was separately measured for 

magnetic moment and orientation of magnetic axis by the Magnetic Measurement 

Group at Lawrence Berkeley Laboratory (LBL). Using these measurements, the 

elements were sorted prior to the assembly in dipoles and quadrupoles. 
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TABLE 1. VERNIER STEERING MAGNET CHARACTERISTICS 

COIL LENGTH 
MAXIMUM FIELD 
MAXIMUM BEND 
DIRECTION 

PROJECTED VALUE 
COIL RADIUS - inches 
NUMBER OF COIL TURNS 
COIL RESISTANCE - ohm 
CURRENT FOR 2° BEND - amp 
VOLTAGE - volts 
INDUCTANCE - mH 
MATERIAL 
WEIGHT - pounds 

AS BUILT VALUES FOR 45 M&V 
CURRENT FOR 2° BEND - anp 18.3 15.25 

RESIST 1.00 .95 
VOLTAGE 18.3 14.5 
EFFECTIVE MAGNETIC LENGTH - cm 46 45 

40 cm 

147 gauss * .5* 
* 2 degrees * .5* 
X or Y 

X - COILS Y - COILS 
1.5 1.25 
78 78 
.766 .736 
22.8 19.0 

17.5 14.0 
1.26 l.ns 
ALUM ALUM 

1.6 1.5 
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TABLE 2 
ACHROMAT CHARACTERISTICS 

FNERGY US MEV ELECTRONS 
LATTICF («F P £>D QD R OF ) x * 
MAGNET DEVICES PERMANENT MAG. DIPOLES PERMANENT MAS. QUADRUPOLLS 
BEAM TUBE APERTURE 2.8*t CM 
MAGNET APERTURE 3.?4 CM 

OIIADRUPOLF CHARACTERISTICS (16 OUADS) 
GRADIENT . m i G/CM LENGTH 5-315 CM 

R] 1.6? CM 
p? 2.36 CM MAGNET WT 8-85 KG 

DIPOLE CHARACTERISTICS (8 DIPOLE) 
B 1101 G LENGTH 9.00 CM 

R] 1«62 CM 

PERMANENT MAGNET MATERIAL 
MAGNET WT 

FERRIMAG 
BR He 
w M RFV 

TRIM COIL CHARACTERISTICS 

COOLING 

• 

A GRADIENT CURRENT VOLTAGE POWER INDUCTANCE 

WATER COOLED FLOW REQUIRED 

2.23 CM 2-60 KG 

7B 3800 G 3500 OE . 
4.8 G/CM 5 

1.05 - 1-07 

25-6 G/CM (2?) 10.8 AMP 
105 VOLT 
1134 WATT 
1.5 MH 

0.7 GPM 
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FIGURE 2 . PERMANENT MAGNET DIPOLE 

CENTER 
OF 

CURVATURE 

16 PERIW1ENT MAGNET SEGMENTS 

ARROW'S SHOW DIRECTION OF MAGNETIZATION 
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'FIGURE 3. PERMANENT MAGNET QUADRUPOLE 

CENTER 
OF 

CURVATURE 

16 PERMANENT MAGNET SEGMENTS 
ARROWS SHOW DIRECTION OF MAGNETIZATION 
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The assembled dipoles and quadrupoles were also measured at LBL. The 

measured dipole fields were all slightly higher than the desired UI17 

gauss. The maximum value was 1126 and the minimum was 1115 gauss, On the 

average, the fields were about \% high; however, the effective magnetic 

length was, on the average, about 3.5S longer than desired. As a conse­

quence, the optimum energy for transmission through the achromat is 46 MeV 

rather than 45 MeV. 

The measurements of the quadrupoles showed that the integration of 

their gradients over their length gives an effective B' x leff from 1.379 

to 1.400 Tesla. This compares with a design objective of 1.362 Tesls. 

Thus, the achieved gradient x length products are about 2% high on the aver­

age. This is consistent with the error in the dipoles. The trim coils 

will provide about 4.555 adjustment in effective gradient. 

The dipoles and quadrupoles were located within the achromat assembly 

in such away to distribute the magnetic errors to minimize their influence. 

-10-

* aagesKsasKajiaBSssigEisssE^^ BROBECK CORPORATIOH J 



zs^ss^i'zs&^&zss&nzz^^&is&^wsEg&aa 

DESIGN DRAWING 

The drawings for the vernier and achromat are l isted in the Appendix. 

<ft 

• 
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MEASUREMENT ANR SORTING OF P.M. SEGMENTS 

Permanent magnet styments were measured for magnetic moment and direct­

ion of magnetic axis at LBL. An example of data from these measurements is 

shown in Table 4. The MAGIO nuwars identify the segment and indicate i ts 

type and position by the f i rs t three digits, ••'or this example, the f i r s t 

uree digits of MAGID indicates that these segments are for the short quad­

ruples and for positions 1 and 2. These positions are shown on the design 

drawings. At these positions, the angles THTAXY should he 180 and 135 

respectively. As may be seen from the table, the angles deviate significant­

ly from the desired values. It is also clear that there is a significant 

variation to the magnetic moments MXY and HZ.* Ideally, MZ should be zero. 

I t was anticipated that there would be significant variation inspite of 

steps taken to minimize the scatter in magnetic properties and orientation 

of magnetic axes. Because of these expected variations, extra segments 

were obtained so that, through a selection process, the best arrangement of 

segments could be mad'i. Segments with large deviations would be rejected. 

Values of MZ were generally ignoitid, even though a large value would indi­

cate some fabrication error. 

Using a rather simple algorithm, the segments were assigned to a 

specific quadrupole or dipole in such a way as to minimize the variation 

in total magnetic moments for each type of element and to minimize the 

summation of vertical and horizontal components of the magnetic moments. 

*The table shows some values from early measurements which should be ignored. 
The additional digit in front of the MXY value indicates data that has been 
updated. 
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TABLE 4 
DATA PRINTED FROM SORTED DATA FILE: AD2-3S16C0.SRT 

-MAGNETIC MEASUREMENTS ENGINEERING 

—MAGNETIC MOMENT SORTING PAGE 1 

MAGNETS 2.393 ! CHE3 LJMG \il TH EASY AX 
MAG ID MXY TKTAXY MZ 

CKass-Cir.] CEsgreics] CMas-Cffll 

131209 11251. -179. 9 177. • 
131317 U264. -179.7 -213. 
101041 11279. -179,1 -48. 
101333 11285. 179.7 -157. 
131B2S 112EB, 178.7 113. 
101301 11305. -176.7 524. 
131339 211342. -179.7 193. 
101017 211342. -179.5 -219. 
101041 211343. -179.1 -45. 
131041 211346. -179.1 -56. 
131333 211331. 179.7 -153. 
131025 211356. 178.7 U6. 
101333 211361. 179.8 -125. 

MAGNETS 2.093 INCHES LONG WITH EASY AXIS QF 
MAQID HXY "HTAXY HZ 

CMax-Cir.] [Degress] C Max-Cm 3 

-128. 
339. 

-231. 
-253. 
593. 

-481. 
-487. 
533. 
• j J C a 

354. 
-123. 
-257. 
-432. 
-457. 

102326 11250. 134.5 
132034 11289. 136.3 
132013 11337. 137.1 
122202 i. 1 J'J I a 133.2 
102010 11337. 132.9 
102342 11413. 132.6 
1220-12 11419. 132.6 
132013 111392. .33.3 
132234 211313. 136.2 
i 2223''- 2U331. 136.1 
1132326 211369. 134.6 
152Z32 211*33. 135.3 
1323-12 211542. 132.7 
102042 211543. 132.S 

• 
-13 -

103.B DESREE3 
DATE TIi'E 

4-AUG-S5 
14-AUG-S5 
16-AUG-95 
16-AUS-83 
14-AUG-83 
23-JLN-85 
21-JUN-35 
19-JUN-S5 
20-JUN-85 
21-JUN-85 
20-JLIN-S5 
20-JUN-85 
21-JUN-35 

9:52:15 
10:59:48 
13:11:33 
11:44:31 
11:34:49 
14:4fls34 
14:49:17 
13:17:59 
11:13:44 
07:25:46 
11:35:53 
14:55:17 
37:17:19 

135.3 DEERE: iS 
DATE TINE 

14-AUG-35 11:44:33 
16-AUG-35 11:49:35 
19-JUM-85 13:26:27 
14-AUG-85 09:23:31 
21-JUN-3S 38:11.54 
16-AUG-35 13:16:39 
16-AUG-65 13:23:49 
2E-JUN-35 11:27:57 
1=-JUN-S5 14:34:23 
23-.JL'N-35 08:43:59 
19-JUN-95 13:31:12 
20-JUN-S5 11:23:47 
19-JUN-B5 14:11:33 
19-JUN-85 14:17:15 



II 

Ideally, the summation of horizontal and vertical components should be 
zero. Because the angular orientations deviate from the ideal values and 
the mag"^tic moments are not uniform, the vector summations do not yield 
zero values. 

The final assignments for segments for the short quadrupoles is shown 
in Table 5. The segments for this table were presorted to eliminate those 
with the greatest deviation in angle or moment. The segments selected have 
an average magnetic moment, MXY, of 11311.9 with a standard deviation of 
52.97. This is less than 0.5%. Each segment can be used in any of two 
places and in either quadrupole (SI or S2). The ideal positions for the 
segments are those which give the lowest average vertical and horizontal 
component. The segments are systematically moved from position-to-position 
to bring these averages to their lowest values. 

The assignments of segments for the long quadrupoles are shown in 
Tables 6 through 9. The method for selection is the same as that for the 
short quadrupoles explained above. 

-14-
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TABLE 9 

I 
1 

o 

SE6HENTS SERIES' 300 0 UADRUPOU : 1 6CJ-FI SUADRUPOLE f ail-FI 
I TEH NO. Jlir 111 rural* DEL AIV SEE. NO. HIV BLOi.AHB VERT. HGRIJ. iEB. m. HIV 6L0B.ANB VERT. HORIZ. 
20120V 22933 -160 -I7B.9 -256.7B1 301209 22933 --7B.9 -440.254 -2292B.7 
301193 22907 416 -17B.5 -230.7at 301193 22907 -358.5 599.6353 22B99.1S 
301217 22533 20 -179.6 143.21B7 301217 22533 -179.6 -157.30B -22532.4 
30112V 22936 354 -17B.S -259.7B1 301129 22936 -35B.B -480.335 22930.96 
302146 22656 147 136.9 20.21B7S 302146 22656 114.4 20632.44 -9359.29 
30213B 22600 -393 137.7 76.21875 J0213B 22600 -64.B -20449.0 9422.611 
302210 22793 96 134.9 -116.781 '302210 22793 -67.6 -21073.1 B6B5.737 
302130 Z295I BO 135.8 -274.781 302130 22951 113.3 21379.26 -907B.16 
303219 22692 693 90.7 -15.7812 303219 22692 45.7 16240.49 15848.43 
303139 22469 469 BB.2 207.2IS7 303139 22469 -136.8 -13381.0 -16J79.1 
303211 22722 -65 B9.6 -45.7B12 303211 22722 44.6 15954.32 16178.65 
303131 22417 -17 91.3 259.2187 303131 22417 -133.7 -16206.7 -15487.5 
J0414B 22519 195 44.7 1S7.2IB7 30414B 22519 157.2 8726.463 -Zi759.4 
304132 22561 -19B 45.5 95.21B75 304132 225BI -22 -B45B.99 20934.73 
304140 22629 -116 44.6 47.2IG75 304140 22629 -22.9 -BB05.48 20B45.50 
304204 22955 -244 44. fl -27B.78I 304204 22955 157.3 6858.473 -21176.8 
305221 22534 41 -0.5 122.2107 305221 22554 -90.5 -22553.1 -196.818 
305197 22504 -101 0.7 172.2187 305197 22504 89.3 22502.32 274.9313 
305205 22590 60 -0.2 B6.21B75 30S205 22S90 -90.2 -225B9.8 -78.6536 
30S213 22669 -327 -0.3 7.2IB75 305213 22669 89.7 22668.68 118.6940 
306222 22597 -140 -45.1 79.21B75 306222 22597 -157.6 -8411.04 -20891.9 
30615B 22630 -195 -43.4 46.21875 30619B 22630 -155.9 -9240.51 -20657.4 
306142 226B7 162 -44.2 -I0.7B12 306142 226B7 23.3 8973.740 20836.79 
304150 22747 -246 -44.1 -70.7812 304150 22747 23.4 9033.923 20B7A. 16 
30721S 22763 534 -83.4 -86.7612 307215 22763 136.6 15640.17 -16539.0 
307151 22722 J17 -90.7 -45.7812 307151 22722 -45.7 -16261.9 15869.39 
307223 22764 -612 -91.1 -B7.7BI2 307223 22764 133.9 16402.62 -I57S4.5 
307H5 22B33 -13B -91.4 -156.781 307135 22833 -46.4 -16535.0 15746.0B 
30B216 22545 22 -135.4 131.2187 300216 22S45 67.1 20748.12 B772.799 
308200 22535 -104 -134.5 141.2187 308200 22535 -112 -20B94.0 -B441.75 
306160 22577 109 -134.9 99.21B75 30B160 22377 67.6 2l,i73.47 8603.425 
30B224 22629 57 -135.7 47.21875 30B224 22629 -113.2 -2079'.1 -8914.51 

AVERAGE 22676.21 0.006454 146.3659 IS4.220B 22664.75 3.360111 -13.355B 137.1088 22687.6B -2.32187 3.320605 



™ ^ssffia3&~jgff":^.aTJi^":re^ 

The assignment of segments for the dipoles are shown in Tables in 

through 14, The process for selection is similar to that explained for 

quadrupoles except that any segment can be used in only one position, but 

in any dipole. Thus, the allowable trade-offs are from dipole-to-dipole. 

Because the segments were received in batches sufficient for assembly of 

only a few dipoles, the extent of the trade-offs was limited. As was the 

case with the quadrupoles, segments with large deviation were eliminated 

early on and a batch of 32 segments were sorted into two dipoles each with 

about the same total magnetic moment. 
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TABLE 14 

•Ei«£STS :E?!£E= 4v0 IIFCLE i 29! > 
!TEB ffi. W «: -i*Sir JELiW 5E3. H2. «r O . . W 3 YUT. KU. 

-01361 13B73 -236 179.7 -345.875 401361 13873 179.7 81.113*5 -13372.7 
4013*50 •6053 706 -173.0 -52!.373 
4023300 15965 725 161.2 -437.875 
402362 15737 -157 157,0 -259.87! 402362 13787 -134.5-11260,0-11065,2 

4033310 15534 2̂2 134.8 -56.875 
403363 15713 237 137.0 -1B5.875 403I6J 13713 -92 -13703.4 -549.373 

4043320 15410 -5 l U . 1 117.125 
404364 15498 37 110.2- 29.123 404364 1349B -42.7-10310.1 UIB9.70 
405365 15376 38 97.6 131.125 405363 13176 -7.6 -2033.37 15240.9! 

4053490 15391 -117 93.7 136.123 
406366 15477 327 69.6 50.125 406366 15477 42.9 10535.5! 113:7.56 

4063500 15136 -33 68.8 341.123 
407367 15513 370 43.8 9.123 407367 15513 91.2 15514.39 -324.934 

4073510 15395 5B4 43.0 132.125 
403368 15233 -15 Z1.4 244.123 406368 15283 136.1 10597.26 -11012.1 

4033520 15356 721 23.3 171.125 
409369 15459 -315 3.0 69.125 409369 1545B 177 309.3092 -154:6.3 

4393530 15322 -40 -4.3 205.125 
410370 15513 253 -21.7 14.125 410370 15513 -135.8 -10815.1 -11121.4 

410354O 15512 149 -21.7 15.123 
411371 15271 487 -43.1 254.123 411371 15273 -91.3 -15267.7 -199.300 

4113550 15362 -1129 -4I.J 165.125 
412372 15458 -351 -71.4 69.125 412372 1545B -41.1 -10161.7 11643.5B 

1123560 15229 -122 -66.5 293.123 
41337J 15457 167 -94.0 70.125 413373 15457 4 1073.225 15419.34 

4133570 15376 -III -91.0 131.125 
414374 1549a -115 -110.7 29.125 414374 13498 43.2 1C4C9.1I Ji;97.55 

4I435B0 15597 -77 -111.9 3). 125 
415375 15779 -1123 -132.0 -231.375 413373 15779 87 15757.37 325.309J 

+153590 15B2a -945 -135.0 -300.375 
4163440 59 -159.1 0.12! 
416376 15914 •;j4 -15B.1 -326.575 416376 15914 135.4 11134.44 -1170.1 

-AicSSGE 15527.12 0.014130 219,4025 ' 91.3093 1 5554.68 22,92794 0.454377 
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MAGNETIC MEASUREMENT ON ASSEMBLIES 

The dipole and quadrupole assemblies were measured at LBL. The data 

on the quadruples is summarized in Table 15. The values of B lef f shown 

in the table should be compared to the design objective of 1.362 for the 

long quadruples and 0.681 for the short quadruples. All of the units 

show a slight offset of the SC axis. This offset translates to a superim­

posed dipole. Taking into account the direction and magnitude of this 

offset for each quadrupole, i t was possible to arrange the distribution of 

quadruples to minimize the bean deflection due to this very small offset. 

The data for the dipoles is summarized in Table 16. The values B lef f 

should be compared with the design objective of 100996 (.1107 x .09). The 

maximum angular error is about 1 degree. The quadrupole content is small 

but the sextupole content is perhaps higher than desired. To minimize the 

influence of the sextupcle content, the dipoles were arranged to distribute 

this component along the beam axis. 
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TABLE 15. QUADliUPOLE ASSEMBLIES MEASUREMENTS SUMMARIZATION 

• " PHATASET CUAD 
ID 

ORIENT SC AXIS 
OFFSET 

SC AXIS 
ANGLE 

B ' l e f f QUAD 
ANGLE 

ALPHA D PLwff 

(•»> < de-si) <Tesla> Cclesi) <des) <tJ-H) 

1106C0 8D Nor* 0 . 1 6 9 8 . 3 1 .379 4 .4 0 . 1 2 5 0 . 2 2 1 
1106C1 BD Horn 0 . 1 6 9 7 . 9 1 .379 4 . 4 

• 1106C2 8D Rev 0 .17 - 1 1 1 . 9 1 .379 - 1 7 5 . 1 
1106C3 8» Rev 0 .17 - 1 1 1 . 9 1 .380 - 1 7 5 . 1 

1125A0 IF Norm 0 .06 2 7 . 2 1 .387 5 *Z 0 . 1 0 0 0 . 0 8 3 
1125A1 IF Norn . 0 .06 2 8 . 0 1.386 5 . 5 0 . 0 8 3 
1125A2 IF Rev 0 .04 - 1 4 7 . 6 1 .388 - 1 7 4 . 9 0 . 0 5 6 

• 1125A3 lr Rev 0 .04 - 1 4 8 . 0 1 .388 - 1 7 5 . 0 0 . 0 5 6 

1106C8 2D Rev 0 . 0 9 - 1 0 6 . 5 1 .374 - 1 7 6 , 0 - 0 . 3 7 5 0 .124 
1106C9 2D Rev 0 . 0 9 - 1 0 7 . 0 1 .375 - 1 7 6 . 0 
1106B0 2D Norn 0 .10 6 7 . 7 1 .376 5 . 5 
noc.ni 2tl Norti 0 . 1 0 6 6 . 4 1.377 5 .4 

• 1106D2 3F Nora 0 .05 7 0 . 2 1 .381 5 . 3 - 0 . 2 5 0 0 . 0 6 9 
1106H3 3F Rev 0 . 0 6 - 1 7 4 . 7 1 .386 - 1 7 5 . 7 

1108B0 4F Norni 0 . 2 0 4 3 . 2 1 .388 5 , 7 - 0 , 1 5 0 0 . 2 7 8 
1108B1 4F Nora 0 .19 4 2 . 8 1 .388 5 . 6 0 . 2 6 4 

^ J 1108B2 4F Rev 0 . 1 8 - 3 5 . 1 i . 3 8 ? - 1 7 4 . 9 0 , 2 5 0 H • 1 1 0 8 B 3 4F Rev 0 .18 - 3 5 . 0 1 .390 - 1 7 4 . 9 0 . 2 5 0 

1108DO 5F Norn 0.01 1 6 3 . 8 1 .398 5 . 7 - 0 . 5 2 5 0 . 0 1 4 
1108H1 5F Norm 0.01 1 6 8 . 0 1 .397 5 . 7 0 . 0 1 4 
1108D2 5F Rev 0 .04 - 1 7 8 . 8 1 .399 - 1 7 6 . 4 0 . 0 5 6 

A 
1108&3 5F Rev 0 . 0 3 174.C 1.398 - 1 7 6 , 4 0 , 0 4 2 

w 
1125C0 6D Nora 0 . 0 7 2 1 , 9 1 ,400 5 . 0 0 . 2 0 0 0 . 0 9 8 
1125C1 6D Norn 0 .07 2 2 . 0 1 .400 5 . 0 0 .09B 
1125C2 6D R«v 0 .04 - 1 4 1 . 3 1 .402 - 1 7 4 . 2 0 . 0 5 6 
1125C3 6U Rev 0 .04 - 1 4 1 . 4 1 .40? - 1 7 4 . 2 0 . 0 5 6 

o 1125P0 7D Norn 0 .11 OS.5 1 .400 4 .8 0 .413 0 . 1 5 4 
1125*1 70 iN0TGi 0 .10 8 5 . P 1 .400 4.B 0 . 1 4 0 
1125B2 7D Rev 0 .13 - 1 2 3 . 0 1 .400 - 1 7 3 . 0 0 . 1 8 2 
112553 7D Rev 0 .13 - 1 2 3 . 8 1,401 - 1 7 4 . 4 0 . 1 8 2 

1125D0 81' Norm 0 .15 £ 0 . 0 1.3E3 5 ,1 0 .100 0 . 2 0 7 
• 112501 8B Noriti 0 .1? 7 9 . 7 1 .383 5 . 1 0 . 2 0 7 

1125D2 8B Rev 0 .16 - 1 1 5 . 6 1 .384 - 1 7 4 . 5 0 . 2 2 1 
1125H3 BP Rev 0 ,16 - 3 1 5 , 2 1 .383 - 1 7 4 . 5 0 .221 

1106E4 SI Nora 0 .16 - 6 4 , 4 0 . 6 9 6 4 ,6 0 . 3 0 0 0 .111 
1106E5 SI Rev 0 .10 9 8 . 1 0 . 6 9 6 - 1 7 4 . 2 

1I06E6 S2 Norn 0 .09 1 6 4 . 9 0 .694 5 .7 - 0 . 0 2 5 0 , 0 6 2 
1104E7 S2 Rev 0.14 - 1 7 3 . 9 0 .694 - 1 7 4 . 4 
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TABLE 16. BROBECK PERMANENT MAGNET OIPOLES 
22 November 1985 

S/N 
B leff 
(T-PI) 

0.01030 

B 
(T) 

0.1120 

Oipole Dev, 
(degree) 
-0,43 

Quad. 
Relative 

% 

Sextupole 
Relative 

X 

Bl 

B leff 
(T-PI) 

0.01030 

B 
(T) 

0.1120 

Oipole Dev, 
(degree) 
-0,43 0.5 4.8 

B2 0.01027 0.1117 -1.14 2.0 4.5 
B3 0.01028 0.1117 +1.00 2.7 4.0 
B4 0.01028 0.1115 +0.01 2.2 fi.O 
B5 0.01032 0.1119 -0.74 1.2 5.0 
B6 0.01033 0.1124 -0.93 1.0 4.1 
B7 0.01034 0.1123 -0.32 2.4 4.5 
B8 0.01030 0.1117 -0.46 0.6 3.4 
B9 0.01035 0.1126 -1.01 1.0 2.7 
Bl* 0.01029 0.1119 -0.96 0.5 4.fl 

*Measurement redone. 
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ARRANGEMENT OF ACHROMAT ELEMENTS 

The dipoles and quadrupoles were arranged along the beam axis in such 

a way as to minimize the effects of magnetic errors. 

The quadrupoles were arranged in the following order along the beam 

path: 

S2, IF , 2D, 3F, 70, 5F, 60, 80, SI 

The S2 and SI quadrupoles were Installed in the defocusing positions 
and the 80 was rotated 90 degrees in order to use it as a focusing unit. 
The 7D quadrupole was rotated 180 degrees to balance out its dipole content. 
Because the 4F quadrupole had the largest offset error, it was set aside as 
a spare. 

The dipoles were arranged along the beam axis in the following order: 
Bl, B4, B8, B3, B9, B2, B6, B5 

Because B7 had the highest combination of quadrupole and sextupole 
components, it was set aside as a spare. 

The arrangement of the dipoles and quadrupoles to minimize the effects 
of errors in dipole, quadrupole, and sextupole content was based on a 
simplistic attempt to balance the dipole and quadrupole vectors. It was 
not rigorous, but the arrangement, in any case, needs to be documented and 
is, therefore, shown here. 
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t TESTS AT BROBECK CORPORATION 

Prior to del iver ing the vernier and achromat to Lawrence Liverniore 

National Laboratory (LLNL), the units were tested for vacuum leaks. In 

addition to leak tes t ing , the vernier coi ls were operated at design current 

in vacuum for a short period of time. Calculations show that f u l l current 

can be sustained for up to two minutes without cool ing. Since heat transfer 

inside the vacuum chamber Is d i f f i c u l t , operation times longer than two 

minutes at f u l l current, even with the cooling water on, is not advised. 

At half current, operation should be l imited to eight minutes. 

Test on the achromat other than leak test ing consisted of operating 

the t r im coi ls at part load. No adverse heating occurred. 

Since the polar i ty of permanent magnet devices is fixed and cannot be 

reversed by simply switching the coi l leads, a polar i ty check using a 

compass and a current-carrying tensioned wire was used at the time of 

assembly to ver i fy proper polar i ty for steering an electron beam. 

-30-
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• ^ RECOMMENDATIONS FOR POWER SUPPLIES 

ft 

The power supplies and expected f ield for the vernier coils and achronat 

trim coils are shown in Table 17. The trim coil current of 4.35 amp to 

produce a gradient of 64.3 G/cm corresponds to a 4.61 adjustment relative 

to the design point gradient. 

<• 

I 
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TABLE 17 
POWER SUPPLIES ANU EXPIL7t:D "IELCS 

FOR BEAM DIRECTOR COMPONENTS 

VERNIER STtiRING ilAGNE' 

X-COILS 
L'ONDUCTOR LENGTH = 262 FECT 
CCND. RESISTANCE = .25*. 0,-ittS 
CURRENT a 132 G = 20.E3 A 
VOLTAGE € 2O.03A = 2.33 V 

Y-COILS 
CONDUCTOR LENGTH = 252 "SET 
CCMD. RESISTANCE = .246 OHMS 
CLRRENT @ 132 S = 17.14 A 
VOLTAGE @ 17. H A = 4.22 V 

"'3i'.'ER SUPPLY 

TWO POWER SUPPLIES NEEDED 
MAX. CURRENT = 25 A 
MAX. VOLTAGE = B V 
REGULATION = 0.017. 
PREFER CURRENT REGULATION - PULSE 5ASIS 

ACHROMAT TRIM COILS 

CDNDUCTDRS 18 SAGE. 56 TURNS/SLOT 
CONDUCTOR LENGTH = 2400 FEET 
COND. RESISTANCE = 15.0 OHMS TOTAL 
CONNECTIONS ALL COILS IN SERIES 
CURRENT 0 64.3 G/cm =4.35 AMPS 
MAX. CURRENT TOTAL =4.5 AMPS 
MAX. DC VOLTAGE = 67.5 V 
INDUCTANCE = 6.0 m H 
TnE CDNSTANT = 0. 4n m 3 

POWER SUPPLY 

MAX. CURRENT = a AMPS 
MAX. VOL"AGE = 100 V 
REGULATION = 0. IV. 
PREFER CURRENT REGULATION - PULSE BASIS 
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RECOMMENDED TEST PROGRAM 

The beam director components require verification of their operating 
characteristics at high current density where space charge and ionization 
of residual gas may have significant influence on performance. The electron 
beam at ATA can provide sufficient current to permit meaningful tests to be 
performed. It is desired that the beam transport characteristics of the 
achromat and vernier steering magnet be measured over a range of beam 
current densities and residual gas densities. 

Because a tightly focused beam at high current can produce a current 
density sufficiently great to cause physical damage to the cr-<oonents if 
the beam strikes the wall, it is advisable to make preliminary measurements 
at low current and small spot sizes. A collimator and beam scraper upstream 
of the components will be required to limit the beam diameter. It is also 
proposed that prior to testing on ATA, tests using a low current beam from 
the RF linac be performed to characterize the achromat and vernier steering 
magnet. Measured characterics for the low current tests should be compared 
with calculated characteristics based on the magnetic measurements and 
physical arrangement. 

For all of these tests, it will be necessary to determine the phase 
space coordinates of the beam entering the component and to measure these 
coordinates on the beam exiting from the component. The beam leaving the 
component will be acted upon not only by the component but also will be 
acted upon by ionized residual gas and by its own space charge forces. It 
is deMred that the component effects be separated from the ionization and 
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• ^ P spare charge effects. Thus, the measurements on the exiting beam should be 
made in a vacuum to eliminate ionization effects. Careful planning of the 
test procedures will be necessary at each stage of the testing. 

# 

* 
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A P P E N D I X 
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ACHROMAT BEND MAGNET DRAWING LIST 

Achromat Interface 4 Vacuum Test Assembly 95D1781 
Vacuum Transition Flange 95C1774 
Adapter Plate 95C1775 
Bolt Ring 95C1776 
Diaphragm Plate 95R1777 
Adapter Spool 95B1778 
Beari ng 95B1779 
Alignment Bar 95B17Bn 
Downstream Mounting Plate 95B178Z 
Spacer 95B1783 
Stud 95B1784 
Achromat Assembly 95J1749 
Housing 95J1739 
Beam Tube 95C1752 
Quadrupole Assembly 95C1750 
Dipole Assembly 95C1751 
Trim Coil Assembly 95C1740 
Magnet Spacer 95B1738 
Water Manifold 95C1743 
Flange Ring 95C1744 
Adjusting Sleeve 95C1745 
Retaining Flange 95B1746 
Retaining Sleeve 95R1747 
Barrier Ring 95B1748 
Focusing Quad 95D1732 
Defocusing Quad 95D1733 
Segment Carrier - Quad 95C1736 
Dipole 95D1734 
Segment Carrier - Dipole 95C1737 
Manifold Fitting 1/2" 95B1741 
Manifold Fitting 1/4" 95B1742 
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VERNIER STEERING MAGNET DRAWING LIST 

Vernier Steering Magnet Instal lat ion 95J172ft 
Coil Assembly 95E17(lfl 
Lock Nut 95C1710 
Interface Flange 95E1714 
Downstream Mounting PUte 95E1716 
Manifold Clamp 95B1717 
Supply Manifold 95D1720 
Return Manifold 9501721 
Magnet Power Input Flange 95C1723 
Magnet Cooling Input Flange 95C1724 
Water Supply Connoctor 95B1725 
Water Return Connector 95B1726 
Spreader 95B1727 
Magnet Power Terminal 95B1729 
2-Port Exp. Tank 9501769 
Pump-out Spool 95D1771 
Tank Spool (50 cm) 95D1770 
Cover (6" Port) 95C1772 
Coil Spool 9501707 
Coil Xi2 X 5 95D1705 
Coil Y lZ Y 5 9501706 
Cooling Coil 95C1709 
Y Coil Spacer 95C1712 
X Coil Spacer 9SC1713 
Cover (12" Port) 95C1773 
Manifold Fi t t ing 1/2" 95B1718 
Manifold F i t t ing 3/16" 95B1719 

-38-

Enrew»'ytJfT L"rT?wy a" f= T O"=^^ I BROBECK CORPORATION I 


