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INTRODUCTION 

The r p q t i t n - i a p n l f o r t i « ' dt-sltjft und f o n t t f i K i ! . . ! i M t . t r w s« (»Ti t«n i lm \ I I IK 

' J i ^ n e t s y s t e r n s i '«r f*isi«m r<-s.-;ireh h a s r a U . - d .1 tmmb«r »f m-w q.»»-( f n a s 

- . - H a r d i n g t h u p r u p o r l (CM of compos I t i- s t iver* • undue I r TI V ' <'fidui I nf*- Um- ,ii 

•hi-HO, t h e i -n ' t -Tt of mo . - l i an l ca l s t r w n <m 111*- c u r r . - „ i - , - a i r v l n j ; . . p a H l y ,»f 

-S_Sn , Ifl fif majfir . m p f u n a n r v in d e t . ' r r in i n s t in ' f<-.i-t fh 11 It v of u n m l r u d t n « 

t.irft* BWRm.*ts wis l i t h i s s u i t e r i a i . A t y t ' t i M l O X J U T irovtH I n ^ e t - r m i n i i i K mii 'h 

• : « « i n v s l v v a Hi** a s e a s u t e m c a t nf . r i U s ' . i i f t t r * v n ! v e r s a ' ; m;iKUv* ft' I l i - i .S w i i U e 

•In; r i m d u r t n r If* b» ' Ing iscrl t . i t i i - .-(J l y M r.i In - ' J t o V/ir(,iu-. . k . y r c c - . . I n lml<iu<". 

i r e w e l l do W 1 upi>d i>r t in- c i i r rcn l t -in,I f l r h l m.'.'<Kuri.rin-nt s , but tnm-li l i ' - ' s '"> 

; . . r tlw* «<* u r a t i ' mi-i i i trvirn'i i l <.f t t r . i i n ,ii 1 l<|ul t l - 'n-1 him i i>mprr,'il '"••• I " i U\n\; 

" . . 1 K i i c t i r i U - 1 4 - F o r i d i s n s t s » H t w<- li«««- w d f U a f c . . ; , ., M ittlv .,1 . ..mm.-.. J . i ) . 

*'>i.t:il-r«(U s t r a i n ftii?,f« r « r ttsv t imie r i fn ' s , - < t l » . U i i.*n-^ flu- , n f " t i i t . i t i n n 

•r.-vt'Jiiputl c a n « ] M ( I bi- a p p l i e d t » t h i ' n>.< •••( « l r a l h > M > ' . ' ^ -is d ! u : » ' " . ' * * i ^ ' l s 
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A: I In- s r . i r i 01 t i n . < t . i d y . v . J e . i j v . i t ! i .n : h«- : i-l ] 01. i n * •.l,.-nl,: (-.. 

i nv . - s i I K a t f J : 

• T l u - m - d r v r o - . M : - Uipp. i r i -n ' - - i r . l i n i Jui t o i!i. r,i . - . • ' . ! . S-lwi- . :i Ii 

-! : i ill y-iR'- ."id - u h s t r . i t i - i-spJii-; ion . o" 11 i. iu-u: •. ; . ; .1 i ; • , , ,-;n .-.if. 

cum;. . . i . ' t is am! t v p i . - . i l -ubwt r.-ilf r u t . - r i . . ! - . 

• l i m i ! . i U o n s on ( ; . i f i ' t-xs I ! .il I »n n.-v.-r f o r b -Mi ['.il^i-.l .in,! . o : i t l n n o n , 

r i l i o n . 

• Ti 'mptT-Unr . . i - p . - i v l . - i , . >-1 1!.i- c . i B 1 - M - M i . 

• Mapi i ' i i i 1 l e l . l • ! ! . - . t>. .1,. t o J.' I . 

A l t e r r i - v i t ' w i n s .'-.i>. t Inn i n f o r m . . ! ion l l - l i l »i> tin- H M , . I M M I H ^ . 1 ^ . . , 

n n d i T . -oml i t fi t i> i l r i l . M ! , ' t !..»•;.• . .! I m . r . M l u r e , uv d n i d i - d tli;ir m t . i i n 

R.iKi-s i iMini n i . l i . ! - i l i ro^ . iun (r»-.li I '--,! K.irfl..i*> - I 1.1 i n - f i * i i - In . : l o l l s w r t o m,-, 

.n<I< l ic . i !) I . - . Ih i - r i t i T i ' , : » ( - I t t . - . t - - . . - . i.-.o,1 i:\.i-.— t i l „ i - : , i n t o i , , - , | , 

••p.»xv-|i!u-;ii>| i . - r . - s i n - b . i . kv.l - i t r . i i n c . i ( : i - . w i t h n . d l l i . - d K.irtn.i - I t . i i t i - i . -« - -Uv 

t e l l (WK). W., i."»l«-d *!i . i v - M . M - . m - n v n m , l-i, . WK-XS-1 ."SAIi- *',(» ,,:i,l 

WK-XX-."Siim.- t,i"> - t r . i f n *.>&>. TUi- |."..Mi , i i d !•• J . l K mm - n n , m - ; t h<- ."Si MM. 

, - r t i t W ».. T» Tm I . . n K .in.i I. IK mn wid,- .ind h .o t v i . i 1 ].,- t ; r i . l J t r . i ot 1 h.< 

1.">AH. Ttii- - . t r . i l n c - i ^ - i «fTt b - i i .V . l v i t ' i Mi, r . ' -Mi - . i -u rcnvHi « M-lloi„l <>l>0 

.iiIl.i-Hlvi-. n i n - d t o r .' Ii : f I'( . F„i . i l l t , - - ; t * . t in- M r . i l n ,-,,1^-s v . -u - w i v 

I n t . . - . f n n l c - . i . t i v . - . I I W . . i i . i . . t - . i t n l-rld*.--- <i-.iii>: i h r r o - w i i'»- , o-i^otls.Ll I on t o 

v. , , 1.11 | ,-n ol l i - . id-wlt«- ro-M-. l . im . v-it l i l.-iT-i . t . i ' i i r . . 

v.-. ..imnotid.it i-'ii o i 1 lu< nrodu.-f bv 1h. I'n i v.-r-. i t v ol r . i ] i ! , , • •« [ „ , M 11„- V , s . 

I . I I I TKV |ti-Hi>;ir !i .itid [Ji'Vi-li-imcnf Admin K t t. it 1011 t o t !»• . - i . ] n-. lol l o l o l l i . - f -

J I K I H U I I - ' N O I - IV 
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Tliermul-Zwroshlft (Apparent-Strain; Tosis 

For t e s t s of thermal zorushif i (apparent n i r a i n ) vernm. teatpifrature, wc 

mounted WK-XX-125AD-350 s t r a in gagea having compensations (XX) of 6, 9 , U , 

and IS ppm/"F on each of the following mate r ia l s ! 3H ntain]*H« *cf"--l (SS), 

Zl-6-9 SS, OFHC Co, u Nh^Sn mulllfilament conductor» and a M>Ti nut 11ifIlament 

conductor. On the back of each sample, ve also mounted a MU-ro-MeaRurementH, 

Inc. CI.TS temperature sensor. 

The samples were run four at a time, with repeat data liiki'ti on three in 

a second run. For Any si-t of four sample*, uo needed to n r o r d 21} ch.-inm*]* 

of da ta , I . e . , data Trom 16 sages and 4 temporal urn sensors . To do t h i s 

conueni. 'fuly, we uaeii a small , computer-controlled data a.-uutsl i Ion syhletn 

capable of handling 100 channels with a scan ran- ol 10 <hatuM*ls |>t*r sieetmd. 

Tills system powers the ihaiinols sentient Lit ly villi pulsed coiuUtiiit current ,n»l 

uses an in t eg ra t ing d ig i t a l vol tmiMer to measure the output vn 11.-»t»f wlilmui 

ampl i f ica t ion . Tin.' unta are rernrded on dini t . i l mauiu-t i r tape and then 

roeipifter analysed and p lo t ted from tills tap.-. 

Thii samples were hung on a rod at the top o* .J helium .-rvusi.ti tli.it 

contained a small amount of helium hi tin- bottom. By slowly l.-w.-i Itij; and 

ra i s ing the nampleSi we rnuld obtain a complete si't .>f il.it>' 1 r-im room 

temperature to i .2 K .ind buck. 

Tin* curves' in Fig. 1 show tl.o ti.i-imnt /eros- l i i fc fui luui v.i.v- that vet.-

mounted tm Ul'HC coppi-r. Hse d;it.i ior lis*' o iVs Imsi :.-.*.ESJ>1. s .ir<- s lwU.ir , hi.t 

are shi f ted up or down sllfchtlv ar t nrdirii; (•• ili« • •spans inn w x i i i . L-m of the 

subs t ra te MU-r i a l , 

Three Interest inR tost r e s u l t , are shown in t ' . t - M ^ i r r : 

• Hie best compeii.--.it loo f>.>at roeti ,iffli>fi'nt t i-ri[ •> r.it ui •• t« - . . ' V is h 

Pi -WF; t h i s uas irm- for .ill s.r.pl.- •:»!• r i . i i s h-sh-J . 

http://dinit.il
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• There Is a sharp reversal in (.In* jppau-nt - M I r.-i in - ur V l . m-ir 30 K, 

similar to t l u i insured l,y TpUnde |J,S,61. 

• The »it>pp of tW apparent—M ri. in rurwc Is wrv t.ir^f at 4.2 K, 

Indicating thai operation <H uniform U'THpframrc In CHM-IU l.il i o 

i trr irr j tc mparturom'nt•*. 

Flguri- 2 shows iln- apparent-si ruin rurvf i-K|.;inJ..,l m-.tr 4.2 K l'..r -i 

WK-J5-12SAD-1S0 strain KaS* v l th a lS-ppm/"K .( ion bo«,|,.<J to the 

2026-TS ,iiiimi[,um beam nst-il I j r H.I^I ... Mr ratahi,r<i-men< .•-. Fur dn- i-K in ivrv i i l 

between /, , * lit- apparem st ra in is uppi -xtraati'Iy - J5U ,.n/m. Kur 

U I IN sum,- KJtC.' bonded to UPUC ri^jn-.r, ttu* i nn t'f.(i*mdiiai4 a|ijMtft<m •.u«i i i S* 

about -210 .m/m. 

S,-1f-tk-aT inn f^st;-



*;t (<];,. None of ihi' i4'stcil * t r , j l i j s 'W* wrcsl i i id 'c l pi-rm.nifiil lv during .rav 

<>f tlip 3elf-li«-3tin» tests. 

Figure 3 shows tln> Hi'ir-lip.-itlng i!..ro«h (f t <. fi.r um- ..f tli.- ).".AI> -it r.i in 

a-inr* -or various Htrnhi-K-igi* t-ur rents umlvr four d i f fer i-n t X*"-i r.irtJIi i-irc : 

« Piil.Hi'tl t.-*m<u«iiH t-Mrr«fit withiwit any i s n ' i c a i w o>a! I I IR, 

• Pulsfd i-oiiHlim'. current with a protective ro.it I TIR of s l l i i . w nif i i iu-, 

• Contltiuouj! <on-H'.ini rurront wlll ioul pn.n-.-i [v.- .ual lng, .ind 

• ContinuouH cinihtiint currrnl wit li x prot i-r i i vt> .-.>JI inti >•' - - i l l . ' . - i . . 

pn-asv -

".he strain-ssRe <*irrt-m rangrti f tt.m Si. i i nv\ Hj.ijs, »,y/f ffi' I I •> "> mA (8K 

mW/( n j fnr continuous <-Mnstanl vnrn-dt nrd m Id mA M'I ' I mVA m U.rr |>nl .i-J 

Mirr<.'-,t. 

Hit' results Kiinwn in Flu- 'i ;iri- lypfcfi l i>I t!ics.> .%l.t ,i in,-J duriiiK i M " 

Nf-rics „{ t e«U. The f«U«wJng «*serv.<u i«nn . «tt hi- ituti.-: 

• For imliifJ fiinmaiit currents to If) ruA f IV) mU/'tn2) In tin- l."iAl> «str;ili 

Huge, titer*' I:. «« -i l«n I f I r jn l i l l 11>< rvti< e In (li»> m-tl-l icit Iny, 

zi-roshilts Dbuorvi'd with and without .1 , n.it in>: ni • . l l l . i -n. . ^ M I I C on 

tin' ga«e. 

• For HtraUi-wm vwrti'itlH t i i i.'j mft U'J raW/fV : , the s.-U-hiMf i n K 

z'ToKhlli IN ni-.irly iiidrpi'iidioif ..r wh.-tlu.r iU- •.«.»« I IW..W • *»* *'•»' 

Is pulsod t.r torn In nous or uli.-lhcr t)»- u.lty. | i „r is mil . o.tt n l v i l l i 

•sl l l i on.. Kr.-.-isn-. 

iwo WK-lS-i50Rf.-J50 strain K. 'W" ..( ihi- s.-ittw 1,.| numhi'i vi-r.- M'-" ti-stcd 

i.»r -.-.irhiusi sirsi in-^igf t-tirrt-riis t<mBhji; ii-<«n *!.."* nsA m. n m*»7. B/ > *«> -'"> «iA 

(HIT. mU/rm2). No j . r .Hv . l lw . ,,-U ttiR WJ-I usi'd. 

http://ro.it


H.tUH - I " . ' I - ' | \1"-<. 

!'! 
)H,«U.M JMh... ;.!.) r - M (M ic . l t • 

\-lli- DSl - m u ' , , ' - ' . I -X1 • " ! ' !'•' 'J..A.t."V.ll ' A ) | l ! i r . t . . l „HI . S -,,\U-V U|I-J1'-

•|-i|».'. 't: ...( HtJt|» * . W I * 11) f I IK 

i • [ ! . - . • . >i.»i|.i :\.<\ i i - •! |J.U- m u n i H I U H J O | . IT " ' i t • AJ» n i w u - ' ^ 1 • " ) l"i.>*>'» •"( 

t i t - . . . . M I . , s u n - m . | i v . ! f . ^ | | . i.>«..,t-|M*:« i- ' . • • I I ' " " ; •• -,• . . . \ 4 n . |>T-.>J >I . . I * U [ H I> 

• 1 t".» ' M t f . U . I ' . - l l l l M l ' * 

•'liu-i.- (•"«' m v i 

."u |< ( I ' IU . . id 

| i - i , i . M , i i , l ? l i | t n r ;-lV.< . ' S ^ - u i r l l - . • « , . m I L U U ' d ] - - i f J , I JV I1 

l i ' t i t - [H. I - i " . ^ l ( w . i i : •• 1 i M I - ' J . I . ' " , u j i r t i l - ; i •• . . i f i -i.^-ic* >, ' ' i n 

• u . . | i c i i 'Ji.i 

l , . . i | . . . - ) V . v l - « . " ^ . O l . l l l U i . - - i t l l J ' T .1*11 ' J " M N .».!»<:.. 1 |»..SI'.MMJ| U! 

'PPKi ' 4 | . ' - . | f ••! UiS-H M i W I " ' l u f i - l k ' - -iihM,U| Hit- . i-HP |.,.--5»,1 

-'I - l U V - ' i ' - • • n i l l i ' . . i l - i i v . t i ; i -v«: s i ui-i;i i . , t i - .>j3 - H i - U i i i . a.'.j 

yit . J n r t ( i -> •; - l u u . 

http://Mic.lt
file:///-lli-


grid .ire a f t Hie 125AI). Therefore, .1 spn la l lot (DC-K09FCK) ot modi f l i d 

Karma f „ i ( w i t h I ' t - i . i .m /T . ,«n rri>>... - Ion w..r. eui . h.ist-il i l t lJ |>ilt tin I T S , M W at 

Hliro-Mpnsurfuit'ntB in nu l l l r l en t quantity to moke dbout 1300 250BK strain 

gusos. Wo standardised on one fltraln-gagv pnttern and one lot of material 

to reduce tin- number »f variables Unit could Influence strain tneastiroiwnts 

In high magnet lc f ie lds at 4.2 K. 

Table I l l i i tH the information lined In the selection of tin.' gage iverjir Inn 

current ol i mA for the 250HC configuration, for comparison, th is informal ion 

in ulna given for the U'jAb configuration. Note t i n t for pulsed instant 

current, tl'e grid-power dlHslp.it ion I.-- UU mW/cnf utily dtirine. the «)-ms 

Our reasons for selecting [Ms d. mW/cro' | « o r dissipation i.,r tin- :')"hi: 

Ha«i- were: 

• r> riA (o the st r.,in n.ijje Is jn v.isy number to remember. 

• The telf-he.it In* A-r.-.h I f t s ;ire tin same tor puK.J l n d . .«,t inu..,is 

constant current. 

• The sell-heat lug zero-vhift ot -90 „m/m has proved to be vers stable 

and rppeatable In our tests. 

http://dlHslp.it
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UN tho Bt.H trnxk-J 120 , at> l>e used without >>ut<t'<Jins 44 mW/i-m"' [H 1 In-

.strain «i'B«, Surd ulruin IndUj lora are ,.,-irt i < u l.ir ly UM--f.il (,ir 

clif ekiiitt , for trouble ».)iiiot I tig. and lor f;.M nu<;iht1r<.'fneiu * -if ;i lew 

http://UM--f.il


We c- ' . iMl i ' 111... c r r r r h.iml fur t h,--;.. rt-«n|Ci t .> [»• .ilmul MI.4. For 

example, j measured gagi- fa i tor tli.it is r>X higher at 4.2 K Hi.in .11 .imhienr 

U-mpuracnrt- ct'tild li.'ive a (rut' v.ilue iinyvlLtr.- In th'- rangi- t r,m *!,.h in +S.4I. 

This corresponds m tin error of '4 -m/m In s t r a in measurement at [(i(ji) „m/m. 

For comparison, (In' moinifjot urcr 'n g.ige f.ictur .it -jnhli-nt n-mpi-i .11 ure is 

quoted to an Inuccura, y ot I I , uhtrh .-om-spoiids (.. a ' l'>-..m/m r r r o r In s tr . i lu 

tnfjifiiiroment at 1000 '„m/cn. 

WORK IN PHCK;KKSS 

The fyllowlnK tJbks an- i-urrertt Iv underway or will lii-fcin s h o r t l y : 

• Heasun-incnl nf tiago tartar var ia t ion with t i-mpi-rnt urr lor I hi' 

KK-tW»fW;-150 s t ra in n.ng«'s. 

• Mt.is'iffnenl of uugnpt tiros iM.-inri- in K' I i"r Hi.- t.i%. u.t^.-s. Fur t h i s 

I'Xp-rlrwnt , «i- shall mount gage* In ill'- thr.-,. ort tn-.;.iii.i I ,! i r n t hm--

to the magm-l lc fluid on a "ar tli;iT Lin I..- 111 .lim-d .it '...: K wli 1 I'­

ll l.s In tin- magnetic f luid. Wv sha l l use .111 eitisMnR, opor.it i.ni.il 

t en s ! l e - tos t .-ippiir.it 11̂  designed lnr iw.isur Ing s t rn in di-gr.nl.it Inn ol 

i r i t l f . i l - , nrri-nt N'n.jSn rtindurt nr-i. lit thl-- m-inner, v ..in measure 

thi- magnet It' f ield e i l e r t .is ., funitlon ol Moid-ga^e "i I.-1.1 ..t l.-n an.! 

ba.kgroimd s t r a in lev.-] . 

• evaluation " f tough prut I'.-t Ivr < oat ln>V- tli.n are n.-t ,:i . . . i - . , - - . . 

• Evaluation of other s t r a in gage-. i1>-i< might have .lev | r.ihl •• 

apparent - s i rain i-urve near 'i.2 K, or perhaj". Imtli. 

http://tli.it
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We l i . ivr , ,<t~.y h (<-.' | ! : .- ! .• 1 I ,*,-hi,- work r . l . n , . ! t.- .• v., 10.11 it: £ . in,! , . I T : T . 

- t i . i l n Kiipi"* l " i n -c HT I L j i i f J r . - l i -m , ,»t l i l t ! . M K i i r t k - M . l . U : 

• A n M r . - n i - - t r . i l n ; , - - ; [ - . i . . - o l o . t . T ( l * i r , - . - M - I . r i } . t .11 ..t u . . -n ( - i - i - , i t i 

• s , . [ i - h . . . i i i nn . • • • i - . - h i l t L - U - „ S I H K rn l -> -J .'tiJ tnt-.i M1.I....S . . . n - i . i i r 

« i i r n - . i t v i l l i .uiJ v i t l ' . " i t .i p r o l e , t i v.- , „ , n i n K n! - I t l . o t i e f.n-.iMi*. 

• M-1,-,-1 i..n ,-t .i - t . i n . l . i r j s i r . i l n nagi- 1m . i l l .mt i.-1 i*;it,-,! h i i u r , -

. i p i ' l i i .it inns' (WK-I W > n ( w . . t',u . l o t So . In:-KiWr"i K. ' . 

• I 'nt i l i . t- i f ,i;i,l n - - . •%,!! i . ' i i . : i J . i i co K : ..! ir..-11 i I , .1 k . im. i 

• Solo.-1 Inn .1 ..n ..,,; iT.. ir .-1 r .11 : i -«. ! , ; . • I'-w.-r .! I - - I P . i I 1 .-n ,m,l -. t i ,i I n-«-

. .it t .-nt i . - . i l l o v ,i M»:l i . l t f - i . -o of ! l r M l . l l l h hi -.ol.- i i ln»: pnlM-,1 . 

. . - n l i h . - • .-»«.(.in l - . i . i r t - t i l . n - l r •!> Til i l Inn or - oi l . - ! .Hit - v o l t ,(,;,• - r 

• r . e l l n l i u n r v . i - - i o r . - i u - • •: K.,£r I .> . ( . ! • ; .it - i . . ' K me.i .uio.f „ i 

linMl . f f l / r In i on:, i >ii -.ml . . - r i p r o - ^ i - ' t ' . 

,\< VV>V1 l-p-.MI'SI 

»-.i imd.-t I In- . u i - i ' i - i I t in- 1 ' . ^ . t 'ni-rnv Ki-

http://AnMr.-ni--tr.iln
http://rv.i--ior.-iu-
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