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11u: J_ Webb S,""" T: / .. uwsn if lOll ......... 1'" n.pIdp ........ Iory ..... 
...... kd I<> be la .. DCbeci •• 1011. 11Ine of 1M f ..... Kk_ INtrum ... U .... ~, (OIIIod 

I<> UoeIr .....,...doul"' ...... IIITe ...... of xx 1<>401', ..... \he fourth "*""-11o...un!t 
teoIeoI I<> Its ....... _ I"""", .. ture of .~I, 0(. 11M nqui"' .... al fOl' IIIIIltiploo 
III ..... ___ 111111 1M iDotrulMlllI bd", tbennooU, COAINICIaIIa !ITt ........... ndlaton 
.... IndMd .... hI&b Pllrilt aI"mlou~ "".1 IltIopL n... .... I·....u\UIII .... 1bt.1nI.l baIu<. 
-... ot tbt ftIcbJ inIInmtab at tbt laltp'lled Sdt_ I.f>s~ Mod" (ISIM) 
....... 10m wid ..... pl8ea..ttbi ... ..-.!1 "",IIIhKteoi tIonMod coo/cId b1 ..... ", IodI\tm 
;.10k Goddard S ..... I'JI&bI C ... IH'. (CSFC) S....,. EooYlnonmo:nl S ......... 1Dr (SES). llH: 
fU&h1 _ ...... racll&t<n .... DOt .nIIabk dOU'lq ISL"-Ieqi tbt ...... >'ICIIwMbormal 

... tI .... _ tbt, ..... 1 be "",--' '" .... W\tII .. bit ud odJ_bk tMrmooI '""""""""" with 
ldeutlcal phJ*al Inltrfaca I<> 1M ftI&Itl radIoolG ... n- lNoo ....... _ pm.-lded by 
ap<daIl)' ~ "'1 h ....... re 'IFI1IdI ..... ......uno Ibe loa' ""'" -.IWoI1!Ido of tho n... 
ha, ..... po ... .., _ , of < 2111W, .nidi 11_ thaa 5 .. oflbt m1n'-'" pred\clo:d lin! 
na. nJ_ M~ of the ..... , ......... thIo ~, Is ... utl&! 10 ISl"ot tIo< ..... 
modd CGr1'tIIUo,.. oIaco IbenaaJ mod .... "" __ a«unold, ",,~fd _hal IoUapUl.lotn 

doll. II """"" ...... ted b1 IftUBIt kaoorkdp of heal flows. II rJsu PI"Inkf dIrtd 
"rilkatl.lI. by _ or ~ bJ&h-ItW ......- reqIIIn: .... nta. o.mce. WI "' ....... heal 
I\o1r In ihloo --.- b" hIotafbIy bau I'd,"" 10 • "Q."""",",,. hrIIapo tbt _ 
Imjooorwu fealRre of tbt deIIp rl tbt JWST Q-_n II WI It .u.. ..... cIo!ptnd .... 1M 
llINuIutIt _....,. til Ito IempUliwn ..-w, bUI rather _ Imooo'kdCC at precbo bealer 
pewn- nqolftd Ie IDa/DIaIlI I _I kmpNIwn iliff ......... bet....,,, _n OIl I ... 

...,., f .... _h\cb .... ble .. .... pIriaollJ tknlopod durlq I c:IlIIkotloto ca~pIIp ... .....n 
clwnbH ., GSFC. ",11 pepo:r "..1da: • brief nmw 01 Q-_. dfoIp, ..... otI~ the 
Q-_ur calibl'ltloll pronclun bocllMlllIII call.......... eN........ IIIOdiI\cIIIIoar lad 
_~.t\OIOOI, ...... 111"1 of dll!'ft'IJIC ... 1>1111l00:I0 bet._ .,..itmotlon ..... ....... t.Ioo 
calibnollo. procuolbdf . ..... the.-Jto . f 1M If$U ..... 10 dot"""'", II' Il>e CIlIhntloa 10 _ hoi. 
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'"rho J_ WdlbSpo<:e TeleJoopc (JWSTl;, an upa:m...,flapIrip ~ ..u.oioa <biped '" be Iaundocd 
.1 into orbitlnlUJld ~wcond ~pOlnt before lOll. 11Il0l .6.S m (dq>Io:<4l mwti·f.ctiCd 1IIim>r. one! It. 
~ il>ltnuncnu opcnIlIC iD obort 10 modjy", WlIvclengtbo to ofIII:>k ins/atns _ m. fumalioa or d.. pIWu and 
pW>ots ~. the "Bia au,", NASA'. Goddard. Space Plilbl ee- (GSPC) il llle ........,., lEad, _ .. ditottIy 
""p:mJIl* lor Ibo: [nllCvrt-I $cicIa inttruJDall MocIule (151M), _NdiI!& ii, intep1ltn. .... ~ The ... of 
fwr ocimtc InsIrunIonll, k>ooIed ill "'" tryOgc&c ¥I)/UmO bdtind tbo piBIII)' mIccIoo' (~ u Repoa I ill 
f1aIn [. I). ;1 """",,"oed of !be Ne- l.of'nm:I Spo<:\IOII"fIII (NIRSpecJ. prillllrily opon-.d by tba European SI*'" 
~ (ESA) wid! .ut.lanlial NASA oonttibutioa; l1Ie ICIi>dJ cooled Mid Wi"otocI ln$ln" ..... (MIRl), joiotIy """*'"'" by ESA one! 1110 EIlmpean Couonium (EC); !be FiDe GIIidaIItc Setw« (J'OS), provided by \be Caudill> 
S"""", Apnqr (CSA); and tbo Nut Inbared c....... (NIRCam), pnrricIcd by NASA. In ffi&bt, NIRSpoc. hlRCam, 
ud PGS"", cooled 10 the '*"'" of l6K '" 40K ~"""'';I heat tr:Ift&r...lIwouah a>mpkx hi&h-purity .01 ......... 
ttznnal linkl Ie> dcdiCItecI radill<n, ",toile 1M MllU it KIi ... ly cooted 10 ~imotdy 6K .m, I cryoo::ooItt. 
NIlS" pro_ideo Ibo.,...., 0IId •• ppIc: ....... hard,."", for MIItI. The cooler' . """'P«MOf is IocaIed ill 1M IImbiCIII 
tempcmure Ip!ICC<n/\ bu&, """;\k the ~ R<,;OII I. TM lcicnce ilISttumeau .... /IlOWIlCII OIl !be lSlM 
twcIun, I .pedol wo'4J<lOilo. WI. tIJ'UCI= dcoi&fled for Utq>DMol opticll ..... iliIy. pmvldcd by NASA.. The 
OM<rvtlOry Pri ..... Con_ ill NOfIbrop o.uma- Aerospo"" SyIWtIl (:'iGAS), 

~. I_I .... \ ·2 illUllflIO Ik: -...u.y ml doe mop «ImponeGlI ollbe ISIM. ~y. The 151M 
EIecIronicI Co~' (IEC), in ~~ prruc.imity 10 R<p:... I. bouOCl Ihe inw1.amcm and deIecIor oonlml 
eloaroooita, and opcn.\CII. 1II'PI"";"",ldy ....... :IlIC~ _ is dl!MI<d .. "RqIort 2", The ISIM lWne.o, 
~ (Iii&). which cperUoI bolo ... 10K and is oIao provided by 151M, "'jeof.S ___ ponoitic _ .... 10 
>1*& heIift the 1IImca ... <ala" Rqjon I. The 151M Ibmnol 00fIU1)I subayslem piO'i 1 93 IIiIbt bousel<cepin& 
ICqlenIln __ ... the iftI,tnmIoi!O:Ill, !S1M .tnt=tIIre, 1'8diaIcn. ond DIller b:oIiolU, and trim MOlal 10 , ......... 
lllini....,m iII __ 0p0nti01UJ I&~. It......,.,. for <:<Ifltt01 at ,..,. ....... ri"" 0I)0!r0I --. 00 each 
i ........... 111 (except the MIR/). 10 ovoid ..... WIIlhltiool d...,;q pO>t.Lwn.c:~ cooI-40 ..... ond in the C ... '" or 
C<>OWtIiaoIioa ",,·statlooL 

- ". ______ -L1 --
F'iIIn 1.\ JWST e)I"'~.-,. 



'" NIItSpo~ I~.t,,"n.nt 

NIRSjMclonchStnp 

FGS lnltN""nt 

"Iteam InUN"' .... ! 

Rtferna J!*PCn I. 2 .... 1 provi<k ......... ~D.ivc deo<ription of tho. JWn .... 151M. 

B. Q-MolOr o.<:rIptlon ......... 1'01" 

fGSst .. pfn' t • 

A Q-_ iii I dcYiu Ibm _=- boa! flo .. """"&It it, and by u""";"'" ..... ,110 .. tbMup onytbin&!hoI. 
MDChed to Iho device in oeri... 111 die aUnplo,t ..., ..... Q-_IU can be tlooulbt of I. I cubraled lbennI! ....... 

n..1$1M clemen!..ru be tbosmally t..u.I ill die GoddanI Spoce FIi&hI CenICf'. SpK& I!nvirorlmeDt SimuJalar 
(SES) ___ il'I • J . .,... IMraW va::ullm 1!IamaI ~ \cit, belJiallq In February lOll. Righl. lib!lamal 
bowIdlrics win be provided by ~Ied ~"" plKlo and condU(tj .. ~ The 1Ii&ht 
ndiators, .. lid """""" the tbermal boundarieo II !be ... or tho hell ...... ~ 1\01 prcICftI ill Iho ISThU",wI 
Ib!n!:lI.l ~II; iMe.od. die _",... wiIlletmillAl< II the _nipl Q--. Tbcae Q-mo:ta'iI IIlu.II<Ne I dual 
~ 1) to p-ovide'-""" COIIIrOilAbIIO m.m..1 bow>daricI aimulatina; the...ucon, on/I 2) 11> ~";!h 

hiIh ~y tho. '-. flow 110 Iho ndi.awn. 

The pri"'"'1' objeotl ...... of the 151M eryo.VOC!COl include: 
• V~ of opli<:al paformooce ..m,,, oopbioticaled 0JI!ical """"'" .' .... 1110< oilllAkd ... Iow die 

ISIM ; 
• Verir .. OIiOil of d..:llico/ and ""'d" """ntloll; 
• Qualification oftbo 151M 0 ..... ib op ..... 6u ... , te~".,,,,,.,._~e.....,.: 
• Correlation of \lie dIcrmal model by ........... V«1II thetmoJ balance a .... .......... aocunm IIIamol 

pl'Xticlio,,' for n!&tu-
• Volidotiolo of the ISLIo,1Ibcrn1a1 deaijn 

1'1&"'" 1_2 l/IOWJ lilt JIi&Io puri,y o/~mimllII heat IInpO wed 10 1nnffet ..... (,0 ... 1 of tho • iaoInInItau I • 
• ~ ..rwon to p .... >dy cool """" 10 !kit QIICMional tI:""*"""""......... The , "' _ ~p. 0IIadIed _ , 

A-... lutilllte 01 A.ccawIru:. and "-..... 



~ MIRl lIIO\IIlt feel ODd ~ reduoeo J*Uirlc hull.-d1 to \be m.ttumMl, mollliq the Ct)'(K<IOIa" ttl 0001 
that inIcnImtIK ttl 6K. 

M<IUlII'I!lIIoI> 01 boaI transfonai 10 tilt ~ UIder opeIlIIitw.I .-ilionI l> crilical. 10 ISIM therm.l 
...nt\QtiOD ODd ..... c:orroJ.tion. T1oi& l> IW;omplWlod by ~ hi",ry ~ Q-_,*, IIiDoe ~ heallltIIpI .... 
the principal a_ Iix \be wndllCli"" hullnMrer from !be iaw\InleDl& 1O!be.-li-. Tho thmntI oaodol .,., be 
cond&tcd 1IIIn, tilt IuJe ...... bet of niP 1Cmpera!""' omAn; Ioowoo.er, I<:I:InIe -="""" 01 the lac flo ... to 
the ndiaII:n througb the _1InpI cnab~ I _ compnhomi .. IIIIdcnwIdlOl 01 tile pwul~c. &lid _.ftdJcod 
he", '-b. Tbo Q--. l. __ wi!b the IttaJIol, ~ thl. rnc.._onontClPOl>ility. Norunlly, willi I~'" of 
\hi. co"'Jl!e.oiry, tile Q-meta do:AipIl> """,b __ .amply a cah"bnicd IlItnn&I condia::ulI. Tho lulllon·....tXt 
plpeI" (Refm.D<e 4) ~ribeo the desip 01 the Q-"",,," \II doWI. nu ......... "'J><NU 001 ..... "'OIbod •• Rot·bacb, 
JUUIts. &Od __ Ioamed durin, tbo Q-_ tali~ ICrtiDc peIfonned • Goddard Space fIIlb' Center 
(OSK:) ill. I..., 2011 &lid .. tint 11111012012. 

lL CaHbntlon Test Sd·Up Mnd ChaJltacn 

By dcojp. tilt Q."""", iI oomp1etelyrelia<u .. '" enon.;"" Atibn!ion compaip ill order to make .. __ 
mea,,,nmcntof heot IIow ift I dlerlllAl vacuum \COl. F"IJUf" l-I Illusnca bow the Q._.....t. n. basi.c deal", 
ioooJpoo_ .. A1u.minwn 6061·T6 '-.poor tamed &om a 1i0lie pieoa of Aiumu",.... Tb.ere &/'C _ "... 

.......... Of Q&a. """'"' the ~ iI conrrolkd. 18 AI""' 2·1, they ~ IIobeIed "" .. for .... 1qI. "B" fur the 
IIIiddle. ODd "C" for the boaom. Itt ~ C, !he Q ...... II boiled 10 illlhmMiliiak. N. coo.ld be I cold pLate 
with refrisent<d hell"", pipea. or in tho cue 01 tho c:alilncion lOll, a copper brKte! au.chcd 11>. ayocooler. 
locoIim B I. IC_~ vii PID IIeIWI.. "Iumillum r 100 "'loki< bah IO ! IMlIriOOl B II>Cl CO¥a ~ ...... 
of tbe Q.1D£Ia" witbout _bini lilY olber"..r.a. 1kaIero .. 1 ..,...;. B .... \:>10 thiI .,.. to <WefCO .... nriabk 
... temal ...viroIImoDl heot looIds. 01>/;1 provido I tW>Io &lid <:01I'4'l«<:ly inIo .... tIIernW ... .;_ for !he _ 
ItOJe. Loca\lOol A. Thu., 01I1y procioe inIowll>d", of ~ "' L ...... '11" it reqllln:d. For Loco~DD A. 
bowo.er. both the taap:.owre ODd the hntcr po ...... OR iqIonain. !'or adI "A" oecpoinc IealperaIwe, I 
a:m:apDIIdinj '11" oetpoW temponohR iI dcfinal to ma.jmj"" 0<aItI0CY ODd minimize IO!&I heater powa dial 1I1lIIt 
be-~ b)' the .dri~ or <ty(KOOlor. 

a_line Q-.... ..,. c.oho..;.", ;, performed witlIouf ~ he.ol ~ loodI to _ the be...- p<>weI reqoiml 
1I Locltioo A IO moim.ain I oecpo;nt tbere. Jivu the specified tempo:nt1ft. Location B. Tho I0Il1 power r<quiled 
1I Loca!lon "A" to hold ito te __ M IIp<Ciflcd val ... iI ...... 1IItt. 10 !11M ..tIeII1.trap iI OM tod reductioa 
iD S..,., "A" _ p<>weI from the ~1Uw. "Ipreoonll the ItlIItnIIll ..... , fronIthe unp. 

Tho ",*,luu lIXIII1ICy ol tilt CElI.NOX......,;n IIIOd blloeaciono ~A" 0Dd"9~ iI opprol irnlteJ1 +/_ 20 mK 1I 
opmo<iooc~. Aller colibn!ion. ""-vcr. the ~~Ihy of the,,~ in ICilIp ... _t_ 
the coIibnicd DOdr l> whol iI imponant. GSFC boo been odviKd by ..... ......,. """uf........, _lheno&l.u'l. 0_ 
~ can k rdaeed If tbe Ia>IO<lI ~ "'" "'\:>j0cu>4 to IDlltiple .. pkI t!><nMI <",10$. Addioo...Jly. Ii...., tho ........ 
011 both 'Ia&"' lit liken fJOm tbe ....... chip, the likely ......no l> thOI the ...... _son will drill ill. !he MIDI 
direaioa, maittuitti"l • """" ICCIIfOIe muMlfl:mo:m of Ibo dilfa"ence in te~ Givea thoot predictiona. 
dIormal drill of the ........ ltMtliaIe;s Into .. upccWllonllCnn repeatabilny of heuor poet _ ~ 01 the 
0-_, IOn th.,. +/. 2 rlJ.W <Wet the _ Wf propam. 

F,._ 2-2 01>0 ... tho dIuiJocI do&ip tIw IUUb from ~ oo"""PC ....... I. Figurt 2· 1. Pi""" 2-) ob3wf; the Q-
au. OIl .tie lami ..... flow bcndo bobt final inIC...- ..;m tilt obioldt &lid top heota pIaIo.. Some of.tle built·;., 
ran.... of the Q-_ta" wlticb DDIIIribule 10 the robuacDeu 01 tbe duip _ visible ill PI""" 2·3. Tho lllicldt lit 
&tao:bed to tho middle 1e",,1 only. in order 10 mo.inIailI • -"" and repoMllllt tldillive .... >'\roIurIe1ll for tilt 
c::UibnucI top neok (A II> B). n.e ~ ooaoacto lit ao'-"<l usIq Api_ dwlI\IJ imerf_ ", .. rial. All of 
.tie V<f)' dUD pbospbor broQr. wirao lit Rabd 10 tbe Q • ....,.. opooI in mulliflo Ioc*Iioa with 1I)"C"~ DIC~ 1M! tllty 
beoamo pan d!be calibrated ODd repeatabk Q-meler. l'in&lly. all dthe belta"J "" in ... 1led on"sp_ pWa" 
aw;lo of A111"'."m 1100 in order 10 "ven]y oprQd the _ belore it I. ~ into the Al""';",,m 60611pOO1.. 

• 
Amorio:on lrutit.", ol AaorwIrio:. ODd -'-utic.o 
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B. Jloq1l1ftmo:1I1I1lIId GoW for 11M catlbntioa ""'""" 

Tho req";remeou 0( tbt Q. metu Calibralion 1011 cllllpllip ore to verity ;u key oSW&n r...nn.. ud IQ .-. ubk 
<I"~!llre oerpoiQI VI. "'P I!to.W po'fI'eI for UK irI ,,"Jo.kri"f; $11'&1' hea IIow ift 1Io!cr ~ willi .Jditional 
"""_ Tho 0-_ e.JibnliOll Ie ....... Id: 

I. Report I>uICr ~ ....... I 111~ -. of oet-p<>ims. -' ....... lbaI I, ;1 ";dIiA ICUlltablc pIfMItttt< far 
..... irI tbt ISIM Cr)o:wac: 10111. 

2. Meuuro &be condOC!aDDt ... IOI11pCf'11WC 01 .... /lOCk from ~ " to I.oc ....... 8 In cue _ 
~ required II le'Upc>_a Olbot tIwl tbt .opeotifinlly calibrou>d poloIu. 

J. De __ lba, tbt 0._ ~ It J r • ... Ie alter "'~'" \bmnoJJ c:~ 
4. D<:_uwe w, tbt o.me:er II u.-ti\ive IQ vwiotioItI ia botlo COIIductiyc u.I l'IIdio\i"" en¥irontnem. 
5. I'rm'. lbaI tbt Q.oneter .cIUIHy -awa heal flaw 10 +/. 2IDW 0 ........ ....,., of prorid<d bo.tJ>oUry 

lO.tnpenlwa (S1IF ~Aiof 18K 10~ 

C. TettSd..tIp 

'"'" Q._ calibntion lei, utilileo • unall Vorilll:i cloulbe< 11 GSi'C. Pi",", 2-4 Ibows \be boIIom half of IIIe 
clwaber before inNllIIIoA of tbt Q-mtIer. ".., clwnber hu • ayocooIer _ .. capable or teadIifta !ipfIfOIima1ely 
12K ,.;mc...l load, and 10K with ~ w. no. coId.hud II ..... _ In tbt <'eJIIU or tbt ~ with, c:irtulu bol, 
pUcnL Tbo o.meler .... .,.w vi, I oopper \n;ket 10 "'" c:oId-be.:l. no. clwaber &110 f.I' .... I ......... ft 
shroud. COIICr<>lIobie flum """","mpenmre 10 lOOK. Ibot lawen 0010 tbt ponlon of !be dwrober Ibown irI F'iJIUe 2· 
4. 010"1 with !lit lUI o f !be JlIQIUN _l F!pre 2.j .. 1 wide!- vie .. 0( lilt chamber ";111 !be o.mtter inRIIIcd. 
ORat Ico>JtbI ~ IIteco to oliOOil' tbt 0._ to td Ii) opontinJ 1e"'f)Odllft, and 10 1'"' ..... &Ioau beI_ tbt 
huncoI.iJt.I and \lie 0._, thlI mi&ht iIJvJJidaIe tbt calibnorioa. In Pil= 2..6. .... larJe dioo <»"'CriDa the portioa 
orb cUmber thai <IDol _ ha"" 1 lliwaa< lhrooId .. CU!!W1ed 10 tbt fint...,.. or the cryocooIu, """ ~ 
oobauI $().6OK. ~ iI ............ Figwlll-4. aD ...... are "'Ilk ...... oIilltliaurn lIP" 10 dIIs ...,e lim. ..... ~ enler 
tbt c:~ ... from tbt _leuq>aillUre,..,.... ..... _J _III, Aht..uo.n .... IlpM 0 ''';''' wI" """"lIt 10 l...oct 
tbtrmol ohorrU!i of lillie .. \be wira ore additioolally IUOk ..wnl oopper \IpC to tbt COJIPC' IntkcIlbaI .. IIIaCbod ID 
tile ~ ..... of !be c:ryocooler, and are 1ben pi""" iato the 0--" alenIIl COIlIIIiCIaI. In order 10 1"'*1 , 

"""'"""" Intti ...... of """"'""tin and ASUOOIOIIics 



~ i .. _ ..- elooiDa ~ eb&mber. 1ht niuoc<- IIIroud docs _ fully eXWld moo 1ht boI:oon. IoaIf "'the 
eN......... h IIOpt I kw ir>:bco ilion of ..... poioIL InoleId of """I • bI...td to 5lUeId !be Q-"""",, &om """" 
"mpcm!R ndi .. lm, ... lIumiuWll rape barriOI "1ItiIi<ed (~2-7), UnHke blu.kcu, whkb wiU ....... iD 
_poose to fOOlII lel'tOplnt_ rldiation 01) ODe .;de. !he lIuminulII tape ;lI'IIDCdWely torlductI \he hell iIIIo the 
rClrOgCn lhroud •. FiMlly. on MU blortbl CO .... " 1M euti", bollOm poltiOll or 1M ehambu. ud III SU bllnket 
co ....... !be Q-~' In 1M HMl confil'OliOJl. PI""" 2-8 ~ !be liDiI eonfilUfllion, durio. lIIo chambu hruk III 
dE end of !be 3" cycle of the cllibmion Ie>!. Tho bLlllkcl and I:ho lIuminWll tape rillllli"",y toofol'm 10 ad! 0Ibcr 
ODd tomplel.c lbt jeoI.'lirm oflho Q-_ frota lbt . mbloom. en'lin:nuaelll. 

, 
American InR;IU:e of AeronIutiCllOd Aotronaulk. 



• A....n:ar. "'w""" at "" ... ,,'u.,;ca ..... AIVotIauticI 



• American Instinne or hnl ... l1ti<:I ot>d AWOnaubCS 



~"'uro U ..... doe Q-n:I<In wi'" • win: proWdl"l from .... lOp. wIIlclt'il NSptOCkd from .. isoIa1od b..ue.. 
0IId fiuJly lunk to .... _ond Slage afdle ct)'O<OOleJ. n.. win: ia ordy , .... -.1 ......... ""-" (:Il[ibnlion p'-
( IIQI pw< olQ-mo,",) il lIICd co check die ICCIInC)' of the Q-_ oIIc:r die bud,,,,, c.Iibr1otions. The cllibnllon 
pIa!& bq bta(t.n tho, 11_ Iho footpriat "'\he fliaht bea, ....,. ilI.1IIe Cryo'K lea. The wireI fa' ""- '-ers 
and ........ ore coiled ,Il$i<k""" \lOped 10 1IIe pI& iIUdl tho, .... y "*""* IOU<b .... "'P abieId !M)ufl\OUl1lle Wtial 
baoeliDe e&libmioll. When IIKd 10 verif}r Q-"...". C&I~ ..,.,....,.. 1t1o ........ ore puIkd ... ""pond"" .. 
obowo ;ft Fil'ft l~ M.d Fi,.... 2-9 . .... anacbccI to ......... KI\II\OCI. A 1u1o_ """"'n, of be. 10 """ applied ..... "'.er uJibnlioll p. and .... 0._ ia cboc tod CO ,.my thol the toto! hcOII (ilI.tunai phil ellaUl) requiruilO 
mai.wft StIge A ~ It die !IlenIoIII bou.ndaty ia .......... to ""', ~ ...... ~ cahlnrioo>. 
wilhooa CX1em11 beat. 

The..,.",... of .... wireI fa'1IliJ DIUIIII'e101O.I P'*" I challellF k io atilllllCd !hat die Wl-lUnk win: IeftP 
would k ~y 1fT muim\Im. ..,.. I _ ealadatian for ......... rive bea,lt&k "' .... 28 ' IF pImpI100 
bronu. heow ........ 0IId the l6 ...., pl>oq)bor bronu _ win:1 ..... ;cw. obouI 0.8 mW itll10 IqI of .... Q-_ 
ia .... co. Ill&!> te"....wrc IIeIpOiDI ill. 1110 40'1 K. Addl1ionaU,.;. .... opposilOc dinootion. willi 1 W 10 k m<UIl1I><I 
...... Cllibf'lliorllMd I1cItct pil le. bud caIculatkm II10w ...,.... be.tina; of oboGl 0.7 ",W ill. !Ile win:.. ProviaiOnl 
for ... cxll!nLll __ ,10 maintain ..... jlbl'lc win: iruaf .. wen: considefccl. buI .. jcc1od becawc they would 
""Iy IIave ...... 1Cd .... -.uw iJapu ... mo ... in _urotna>t -"OC)'. The fino] deaip muimizeo tbt ~ 
length of .... wire, minimizia, ~tic boa! ..... 10 .... heaItt pllle. Additionolly • ......., Ibo flD&l cycle ol .... 
calibraliorl, ooIy 200 _ 300 II1W ia qUod It !be beala" plale '0 bell..- IIIIIth K!I1ll e>p<>"od _ ......... IIld 10 
red_ Jl)<l1e boItirJg ill. .... wile!. 

D. Cal.,... .... Tat I'rolI.Ie 

Calil>rltioD 1&01 pl_ deoaibed ill. _110<1 B ore !net with I calibnOOu P"'J""'I includiaa • IbcmIIl cyclel 
(ombi<" 10 c:ryo). with up 10 162 "'"""-I bAI&ncCL EK~ beIonc:e poim....,..ua opproJ.imatdy 1 bcu. bccauoe the 
Q-meIcr IIIUI ;I awori_I" q. ODd ~Iy ucl ..... Ydy m&<Ie ol ohimitI ....... The '0' ,I Ie calibralior> 
pn>pVII ( . thennaI cyder.) requlm between U IJId 2 _b P"1" Q-_, CaIi"'-ioool of .... 0-_ drorin& the 
fll1l thru ,)'Cleo ;1 ""b1p~ly IUIOmatod, but tbo Ina! tycle ""Illira I chamber "'"'" ODd '*" Input dwi", poIl
clwnbet bfeak ayo bIilno:leL 

" AmcricaD lrmlUile of _ticllJ1d Nmvw"ric' 



fil"'" 1-10 "'ow. the planned calibnlioa leSt pKlftlt, onnowtd willi deocriplicm ofllw: '-' pbaet. Tho r"" 
ph_ atIer Il1o: iftlliol cooI..so..... fulfllli aooJ .1 ltom 1M !iJt in the plni"" ............ TIoe ","Ull 01 ~ " 
Ie~ S<q)Oinq i,' look""" lillie wid> 110 pain ot"lpOinn for tbe lOP (Slate A) lid IDiockUo (Slate B) Q
meter ~.II. SilltlO the Q ......... -.Is '" ~ I robu$I iDs1rument for 1 -.. uclI of which lull .... tho. mhnylw 
bealetl and "'mperau,", .. noon we bWt iD!o tho .yotem.. 1hen:rore, for oadI "'mpenIW'e ..-poIa~ • bol~ ""' .. 
~ c:ompletod lOt dII! A aide boa"", MIl .......... II>d oho for Il1o: B aid~ -... MIlI\eDfOtl. Tho oeooad "phato'· of 
!be leltiftl !\Ilnn$ pi 12 rn,.., the u.. ~ AI'IeT tbe lniliol pOplI.Uon of tho ~r colibndo. 1lllai1, tho 
middla mid lOp ,,!pOi"'" we lei only IK opGt. ond "w..ud downM in I K i ..... a .... I<TOI. !he upcaerl_ful 
fUIIO of Ibo: Q-moter. SetpoiDII wid> 2K diffema !.o. lO.'up<i.". ""' mi.ud ill, lJr. __ 10 ruk 0111 $~ 
• ....,... !.o. tbe ...... Ift""""" nit pIwc of !be laO quontitiu Ibo: atboOI ~llllO< of (be calibrtled _ between 
Ibo: .. ...,..-ICJI$OrI. lD tbe firsI pbqe. dlM:n\e oerpaUtlf"", teIoIed. Tho di_ oecpoiDI method depmds ... 
cbooainJ • cdibntion poilu 1lIoI11IIIIda lire t1...t .. ired IeIllpOf&lln oeIpOiIIII ;0 lire 0y0Ya: lOOt. AltbaI>p *' 
taliator uonpuatw& boundaries for lire Cr)'o'oc hoI ........ "'" blown at IItio poiDI. lIIo:y .... y _P $Uihlly .. tho< 
Oboervatory thtmIaI ..... '" and IIDII,... pi ........ Tho " Ie~turo oeq>oiaq in lire calibraiolo ""I 'PI" tile 
fUIIO from 20 K II> :10K on III< lOP of dII! Q-JIlI!tU, ...... dII!y .. cluSlenld _ad dII! current ~ for tho 
mill'" lempen!UJta. Ne..- Ihot< .'._ opOQ", the Q._ it calibnrlf.d . 1 inw>a4 of jwt O.l!l K.. '""'-..... , for 
IClpoincI bet .... , the ... ","",", 'POI*'", the Q-meter .... y only ~ caliIonleil at IK iDf::n, ....... SlCppioa Ilon:rup LIIe 
leq>en!llfe ....... with I LK DT betwecooo ".,. A &Oil ~ B will """"" inlerp<ilotiooo. ofliuter po ....... 01 ~ "A·· 
10 • , .... do .. Illy clwlJellO okfiDod bouDoI&ry ~tunl •. 

After the o:ca.tce"""" it o:ro-uned, the Q-_;. RlUmed 10 0Dtieal "~11ft ud IIdd at 1hal1e>'d lor 
opproAimIldy • boun. The -.:rood c,.;1e fIoIfiU. aooJ .-J ('q.u:al>mry) in the list obcmo. A omall .... looe1 of dIo fill 
talibrotion i. pukea"'" dun", tho -..:I wid cycle "'" tbe 1UlJ1tI"'" oomponod o&ainst tbe results fiom Ihe C_ 
o,<" 

Tho !hIn:I cycle II ftf)' &imilu, willi !be ~OD of tbe DiiropCi otm:ro.I profile. Tho nilfOp dotoud i. lei at 
r~K ill mIef II> prO>"< _ !he Q-_ lllieid ud SU mote iI u.-oiti .. P> "'-leo In 1M ",,¥iroo>men!.ll 

lempo:nruoe belwt>erl its "alibncion and ..... ill a.... In lire a,...", lest. ",!tile it it 1akiq radiftp.. \be Q-_ 
will..., .. ""viroom<m of obow SOK inllCld of lOOK.. but that cuct occnario c:unoc be replicoIod in 1M .noiloblo 
c&iibfMiooo, doodler. 

" Americ:aJo luillole of A~ lid M(J1)nIIUieo. 
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Q-Met!f' Calibntion PlanMd Prolll~ 

A1Io!r the llIird cold cydo. the o-II><W ud chamber "'" """"'"" to amblenllt:nlpOn!"'" and " cMdotr Inak i, 
perl"""",,, Poo the nr. tIfte ~)'<Iel. \lII!..u... fur 110: ollibraliooo .... b<ar,o. pl~ .... lUCked inli<k tt.. Q._ , 
The ,..: .... 1IItmao:1.., •• and lbo omaJl bolo in \be ohield. _Id affect tilt 0-_ e.libntion by lElUltiplo ",W if",. 
pooetrawl dIo ohicid durloa: tilt tint tlne 0)'<1 ... For \be filial cycle. tilt wirco for the beaten'" OCNOB DO the .... 
~"'" "'II .... fro", an itolalEd IINCIUr1! abc>Ioo the 0-_. and po"" iI appllccl to the buIeu to 1Ii"",1a~ 
lICIt oni.1nl from tt.. ru&b' lidlwap. The Q.._.1ifta/ "'*' duril!& alibra!ioa tulftl"oaI ~ ill tilt lUI abo ..... 
Somo iuocuracy from the conductiOll ODd Soule hem", in !be '""" ilo~p<I<W. bvI the Q-moter oboooid be ablo 10 
lIIooIr.alcula<e the aDIOlUIl 01 heal bei"l II'PIied to lhe lo&d c:alilnticn heate .. to nearly !be ICCUl1Io<)' upc:aod of !be 
<>_. 

CIoaJ1mp in the ... 1Ull u=nion 01 u.. _ &n)$hO hv<rI tt.. ""rnpleAity oIlho t.bview ooft ... t)'SIo'" tlI&I 
coatrollod dot te.o~ ODd i. 'the past-proc:a&iq of !be wI" >0 .... 01 dw. IhII 'the calibmioa geacntes. The 0-
""' ..... i , ,,_.fl i,hI lnI~ oDd. filii caIiIntion sequence. iDcludiAa 4 Ihmnal cydoa, IIkeI apP"'.imaWy 1'«1 
weeb. AI" mWt. it i. ".,...... ooceptobJe to _1£ the [>fOCI'$S. "'"" DOt req~.,..; ...... hWIWI .noarl • .,.. 

duriDJ Iho calibAhon. The LalrIioo ... PI'>IIf1UII a. ...- OIl ... u1<n'al """"""" 0]10101 tt.. ...... 10 .. pili" UrI" 
II\8IfU of K1pOi ... ODd .xli ... bow 'the.yst= __ &om OK .. tpt>inI ",..xt.... (control 1IIOI:hocIoIou. lI&bi~iy 
c:ri:.oria, _). A/'ta" m •• d. IiIllO.tuniDI. Ib< Q-mo]e, calibnlioa ..,.. reU"bly sell 1I!S1-.. &lid """;1On !be ~Iy 
01 tIoo 1tIp and middIo (5 ..... A and S. B) ~ w-. the 100_ power ~ liable. "'" 1)'1101" .cI.re. , 
30 __ ooak and thott movea on to tho OW oecpo;nL Sl*bilily iI d&nnined by 1XIIUpOri", I.bc ,,~ oIlWO 
difI"......n _ of volt&,e d&lll1AhII at differmt Iimo6. The cri1l:rioo II ... by 1ri1l·lDkrror '" be tho 10_ ftIlIIlbor 
thai would Ilill aJ .... )'I be reao:hed wilbio _ 30 lllinu!e&. The furooDoII or tho stabitity .-me i. 10 pmrido III 



IMiaJ. coodjrion fur !he -t. 11 oo:oommoc'l"!a. iDNbilitieo ia !he cryocooIer. MId catain oda "",. rdf,\ed 

prnbIemt. ~. ai""" die; c:opacn:..- lft(\ eoodllOtivily of ok ...-.w ~bIu>&'eo willi 1ei00j"' .. " ..... !be 
rtabilil)' twti ... proYida "'" .......... men: ti .... 10 oenle if !boy -;)1aIe • ODe end Of 1M '"'""",Otln I'UI. """" 
!han Ill<: otber. FiNo!)Y. oJ) of the data from each IO"'I"'I'IN'" ooK is pollp.......,."", o/W Ihe C)"1e lad clIecUd to 
JDfOI« ...... dial tile boat« po ..... doe. not change by """" u.an I _ 2 mW .,.,- hour for !til! ooK and thol the olandanl 
deviation and ruge of tile data i, """"ptably )ow , If not. th<do IOJOJp<nlUI'e oetpointJ .... reputed on...,OO c)'C~ 
'I'M ')"Iem is 0110 able 10 worm-up .wi cooI4own ... its 0 ..... ruch that !he !\nt three c)'Cloel ""Y be po;rlonnoo4 
witb::>ulany ~ (otbc:r!,ban odjUJUnoIll:l hi pllflllOd tetpOioU if 00.., ......0 10 be rqJeated). 

TIE _ euIy ebon •• in 1M calibration ..... preocnIIOd itldf ill .... ~ 0I1he mI_ of data beift& 
colkocud by ok.,._ n.: IYO"'''' .....ordIo "q><QQR MId ....... mro..-tiOll ~on.otdr every 2 ~. 
""",",2-1 1 sbo .... the 1tuWi<. paroo.....:l ... 01<11 01 )OOdMopoints ( 10 fIIia) for 0 s-UatJor .. mpeo_~ ~ 
na.s let 0I,,*," is ~.,[ .. JOOd, sbowiD& a o.Iopc ol (WIly 0,018 mW/lIr..:l a ..... wty IInolI MODdanI deviotioa ond 
ron. "'the data. TIE oven,e of tllil dolo i, !be finol IUIIlt for !he hea .... ruptimI for tIIiI timeatcp. InltWly. theoe 
,t.o.tiOtics were pnfotmed It tho end of tilt ,te]>. iOl order to lI:t Ihe but ans~, lIowe_. it was fwnd tIw 
occuiouJ di.1Ufboroces in !til! CryOCOoier could Iffect tho """'in& of the top heoter po .... , . Tb .... fore. I "",tiM was 
developo:l ill Visual Buic for Applications that po"o,.....:I tho ltltiltics shown In Pi,u ... 2-11 fur mlny time paiodI 
withio. the ~ ond rqI<)I'tCd ok ......... and Io<:atiOll of tile bat .... of X dItIpoio:JtI. 

Q-Meter Calibration Fit Statistics 
~11l ,------- ------------ _____ _ 
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F ....... l-12 """"' III _Iy ... <JfJaoalu, _ 100 d ... "..... _ -... fat Ibo.~ \lutIoad ol300. 110h0wJ 
• oubsel of It. " '"'~ .. tpOW\u, fat bolb primary ond mlundOl>\ buten. ~"I 01 these raulu ohow 
,...., oIopo:. rtandoni devillioG, lid ~ of radinp for """ ,*"",",11 ICIcelcd for .... &!lea 

Pi,,,,,, l-IJ IIIowo ioitiol rauIIa of the repcocabiHty of !he Q-......... no. fim on ol diu. &om 00><: . 19..a.auy 
hu I ljOK _ oetpoiDl. n-results _bow Jelati""ly Jood n:-peWbI1ity from one cycle 10 IhI out, """ ...... 
\II< utmW ~m I. dlffcttrll by !10K. 1"Iooft ..... _ !rouble willi PI paramete .. for tbeIe f\IlIl. lind IhI 
/IJI,I.l ~totrility -......-15 ~ e>j>O"WllO be ._ beQ:r. 

1'"....01 ... obility 0' It. Q--<Dcw 10 IlIdcpcodolllly _ure. ""-t po __ ..... ~ tor. roup~ poiIIU 
duri"l \II< iJ,j1iol "Ilibntion tell. AI,)6K tap 1O~:zjt) mW w. applied. and. It ..... IIICI.IIRd to w!tIWo 3 
mW (l.1'). AddilioRoJly. III 30K "'" ~ !IO raW was ~ ODd it _..........,.j to within I mW 

"" no. fillOJ and 1"lW cballorlge uneo..--d 1m "'" I.oitioJ Q-_ .... itnlioIIld is ilia( It. 0-_ ~ mIlCh 
IIX'te .... ter powe:r thIII iailiaIly e>pcICIed. no DOXI section delCla \lie ilsueo tbot dot Ibmr".l \QIII hod with tIIo 
~ betweeJI the ....uobIo llOIIdIlcIioity doto. and lh& ....... paf"",1UICe of 1M AlIImioIum 6061_ T6 0-_ 
III ")01 Ie: IOmperalln. 

" AI->can lIutitu~ of A ........ ulict and AItI'OII&IIIlo:I 



III. Q·Met.« Cooduc:llvllylJsuot and Modlnutioa 

A. C....a ol6061·n; for _In! "opooI" 

Aluminum 6061 _T6 .... choocol for two reIIOnJ: 

I . 6061-T6 has • llip. ~y • t.mb1 ... 1 wr>pefSIIn ~I&ti~ 10 iu <oodllCtivily • CI)'OIOnie 
"""",,d.n. In 1IIt: .... 15Th{ ~ ..... \hO 0-....... _ In thermal ...... witll the i .. ......-... Tho 
0-_ thus miftipi_ i .. impact 011 "'" cool40wn. ...ulo III red"""'" ~o II cryosuic 
a:U4H>llUte res.l .. ;0 ~ ICCUrKY <11 but Iood rncuuro-. 

1. Alomilllllll:t606I _T61s very~Y UKd In tboo"'l pOT indusU)' . .... J 10 maclilile. ODd i .. <:ODdIIcti.ity 
.... tho\I&IIt 10 be weJl..,ndonlOOd _ do:N;:urnotllC<1 1k ICUO Ieamod. 100 __ • that !he <=Oo:b;:tivity of 
the ...... rial ..... _ .. .... 11 ·.,oda>twcl .. previouolJbdioo"od. 

8. Q-Mdilt Aet .... 1 ColMt\KttftIJ 

~ \I!Io lint t:.Iane. p<inI. \I!Io Q-_' ~ foc iii""" ileala" ~ on """ A &Do! B tIIOtI predicocd.. 
1k rLl1l oetpoiN _ pro:dicIed 1O ..... 1IiR 3~7 mW 011 the lOp 1Iater. &Do! it bot_od II 620 ... W. Tho folio";'" 
~ __ po.al1_: 

I . Tho 0-___ c:ompl&ly """""'" ""I, r-esllhia& ill F .... Mok>c\dU Kt¥ Tnorufer be1_ ~ 
I. However. 1Ia Q-_Ia" __ IlOl .n-·~P.I by ..,. ""'""'. &Do! ~~ "!pOi",, below 

approximately 17K would hi.., froua 1Woge<! 01110 the o-.... :er &Do! .........a tho pre..,n. 
2. Tho '"II'<IIiI'D.:ondoued 011. Ibo Q-metcr boa 1 ill omi$&iYity from 0.1 10 1.0. 

.. 0IIculalI ..... ~ "'" eftecI of .......... -rityof I 1 • • ~ of I mW. A<Id;tion.&Jly, tbc_ 
f.,..,.. was sun II ~ lbovc tho .. ,bljm"iOll point of Nill"OteD IIIvnI OX\IUL 

3. Tho Keithloy IIea:er ouppIi .. -lUdiDi i~y 
.. Tho Q-...oor __ INlanccd qliut lho co:)OW<IIa uoiq ditrclUll "'" 01 bowen. &Do! oil reoulttd In 

<ryooooIa- ttmpenlUreS that _1CbOd tho known ClI*itY of!he "p ......... 
4. n.o """" lQI;\ Tefi(lfl iaouIaIlon wm: ~ to tbc ~ • ...., 

.. HW .ak:wllioaJlhoorod this ~ to be 011 ","ordorofmW. 
S. TheQ-_ WU _llOtU&IIy ...... of6(l6I·T6Ah11D1aum. 

I. MaIeriaI cenific.tiono ~ C»IWUItcd. 
6. Tho Q._ ..... DOC machlr...t kI tho """"'" dimeftaIoas 

.. Dnwinp -= conruItl<i.ad "'" other4 Q-_ opooIo ......, ...........t. 

!.hi "'" above .&II1Cf _ in.tilip.tcd ODd oubooquemJy n:joacd, tho po.sibility _ tho 6061·T6 AlumI.um 
In tho Q._ pi,hI!IO\ kavc \be ....... condL>C1i..:ry at the 0'\III0d N1ST data __ ~ T_ .-Ihat 
...,... clorely _",hod the ",JU/tr of \be o-.... !er """" Ibund ill Utoratwe. Tho Ihem>ol ~ of the UoIJoiIt 
Qommr ...... ~ by .teppiq dwooitlb!be tcmpcnhn""" with I diffen:nce in lempaiWN 011 K or 2 K 
be:ween lilt Top (Al _ Middl~ (8) IeYdo 01. the Q-mclCr. Combloed willi pNCiK mo"'lodI< of 1M ..... to I"""" 
ntio from Iho wry dNilod - 11.00II node Iller,..] model of \lie Q-meler, ~ coo:fu<;tivil)' "' .. CIkulaIed from 
\lie ~u.. Fipa l · J ""' ... _ dII&, pkltled with .... ronductiYity ractUfCtOI for 6(l6 J_T6. Ball 
A ........... (BAllO) da" .... dati from I popcr by Adam Woodcntt of !be Cardiff Scbool of PhyoiCl and 
AlIrQftOId.y iIIlbt UK (~5) muob man doody IDILch die COfIdactiYity of !be Q-1IOCIcI. Tho Q.IIlI!Cef"" 
.... 1 .. from two ~ """ willi dilYewt. PID ""'-' ~. ~Iy. 2K DT dotIpoIn .. an: planed It 
!be e.ae ..... 01. \lIo. ra/IIe and ;" die noiddle, which ahow ..,od .,."",.,'" witlo the I K DT dmpoiiM' Th.i. io dont 
.. ",vu] any ")'Ile .. tic cmn in Iloe WIlp<n1Un: KIiJOn. The datlpoin .. '" \lIo. bonom of tho pial. conoespondin& .. 
"'" ~ Y 1Xi. iodicII.o b:)w wdI b&Wo:ed cacJo datopoial is. MOft 0I.1loae b.I .... •• u.w IOU 01. .... ",,,
boot III ~ ••• Iope is \oWft"tloan I mWtt.. 

" AnooriCIn lnIIlWle <11 ......,.,.,utic:.""" "'-"'k.i 
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F\p'el-I .. P P _6OIi1 ·ni C P_d,k,_~",:",Q-Mtw ...... 

The PSl'M "llenIlIl1UlD' IODIIClusion onlhil_ is_ ,.......,.,;Iy tMllbc S PST d&I.o is ~t The J'OP<'r 
by Adam WDOdaaI'I (1tekreooe 5) KNally dut. with this ..... ,,1 q!IeItioL lao his paper. WoodcrIJI up:';", !hal 
sipitic ..... variatiolliPlPIamal CMduI:tiyj'Y -.y be oboaved III morerioP • ...ub _Ibc ...... alloJ' md temper d ... 
10 variatio .. in Ibc ~ of impurillcl md temperi", pro<eu IbM sliD fall Wide IIIe ~ allowed far tho 
alloy. Ht ..... on 10 .. y. ,Mjosllhermai a.cIuctivi(y II>CUIItUIIUIII were mode "'o'er&! deoldc:s a&<>; ~ In 
Jl""'?' ......... IDtIIIodI 1IlII1 ""' .... modem alloys '" 1I.l"" dilftrtM prnputie.o:. 1nrS<ecI,' ~r (Rcfua ..... 6) by 
~ hom NtST __ .... y o/tbo:it a)'Olellic <;o!Id"",,;.,.;l)' ~ bl~ _ been updated .moo pm . 

c. Q·MtIft"Moditlaolioa 

The Q-meJcr C<NId ho"" beeD left ..... I{o...,ver. ~ c:onoeqllellCCl offiliU'e 10 modi,.,!IIe 0. .............. , 

I. The 0._ iMo:eur.;y d"" '" IoD& ta'III drift at Ibc -=noy of tIoo Ddla T ~ ........ tho lOp (A) and 
middle (0) is dim:dy proponioDallO tho foaor bet_ tho occu.&I aDd upo::oecl condl£1aDOl cllbc oeck 
(_ Refercnoo ~ fw man: dcuilo). 

2. The Q-mccer would _ ho"" beeD ab~ 10""".11. lO0I>O oftloo upper kJupeoN= Icwell tho! .... y bl~ bcca 
...,.ita! iIIlhc ISIM Cr}9-VIlC .... WhI~!IIe ~l= of doe coId-pI. Je illleJfoa: .. tho o.metcr ooulcI 
be noioed ...u., lhe Q·meter _up hulen iIIlhc bucplate cI!he o.lIlO!ef durin, lilt oaIitnrio:o tell, Ibc 
rdri~ ill !be latF s"..,. &.itoomeoU. Sm.lalQt dwinJ lilt 151M Cf)O-nc Jell No """".II. _ 
poOoWful. a..w., \he lOp (Al """ <IIiddi .. (8) ~ w \be _ portion of !he inWally planned 
raog.o would hoi ... """" irnpouible wilh!be beater _ aped in\O !he o.mtten. 

B ..... Ibc poaibml)' of _ti",!be 0.-. • co,""","" widl!be modiflcaboo vi the 0._ ..... !bot the 
modil\ed o.meICr would .Iow down !be tell!. The IDOdified 0. __ Id bl ... . m"",lI. IDwer <fOIl 5eCtio:o&l _ 
in Older to make up for !he iarF difJere ...... In " •• ". ~Yiry at cryo ...... ~ura. Ko_. ahbou&lo tho 0. 
.............. no! IUICd .. . ""'Il, oondllCliyjly v&!,... ill !be litcn\U/'e IIw differ by almost lIMo N ~ 
"""""'tura differ c.ly by (1).~.111 """" wnperat ...... n...... tho modified o._lU could ....... !he Won ill !be 

" Americ.u 1aoci1lu. of AeronoIJtico and Ntmn"'Kir. 



lb ... .r<n, ~ w&I c\o<:ldrd '" drill DIll Ihe <Cftttr of .... 0._ '" order 10 IIWI:b the Initially piaanod 
conducunoe. PiJ"'" 3·) ohowIlhet:Olld~~ .... funcrioa oldoc.~ ~ofthe IICICk bcIwun 
tilt top (A) and middle (8) IUfeI 01 .... Q • .....,.. Sioa tho Q-mclCf ia primarily plMDOd 10 ",,",Ice ",!be ~ 
from 30 _ 42X.. tIE dillpoinu ill Ihat range 'II'Oft • .......,w. and I Iinol raWl of 1.74 _ obtainod. lbis 
""""""'_ flOUlf bo:>c.IIEJo tilt ItU. ~ fOCI«. 

, - - -
I Q-M_ CO!IdIlCto .... !'o<tot I""""' I ElI;IecV<IJ VI. r ... -"'N 

, " 
, 

i - • - -• • • • • • • • • 
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P'Ipro ]..J Q-Mda' Co • , r_",~fI{T ....... _ • 



• , 
i 
! 
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A&= 3-' ....... IlIc plair. fur .rim", out !he _ t:Il~ Q-mcw. StI<ICIad hoIeJiza..,.., cbooea dot!_ .-,. nI"""'" "'" au reduction pl. Tho bole!; in !alIBIJ look way ..... but IlooJ .... 0<lUlIy 0Dly n!ICIIIeiq 
t!oo au by 0.. AppnW_1J '7. of tho COM IOCtioIW __ ,emojna. Pil= J-~ """'" tho -1 1.000 !lOde 
"1"hemv.1 Desktop rr<>dol ",ouJU oftcr the modilleatioa. E6p0ciIUy with ""'poet 10 tho lOp (Stoge A) bcoJa" power. 
thoo e>cpeaed powa- (from orip..01 NIST dati) DIIlChes tho ...... power (with lCtUoi conduotivil)l. drilled ""t) very 
closc:ly. One aid< elJ.a ", tho drill«l look it thot the lOp t!l lbo Q-mc\er SlOgi' A l"l .... I radiatj"" vi .... of tbo 
bottom. Clooc inopcctioa of tbo data in Fir= l-~ ""' ..... thiJ effect. WII<D tbo top bolter powers ore compuod 
bet_ <3Iibnlioa Md tbe CryoVIC Chamber (SES). 1M only tempora_ dltr_ it tIM! bonu", k>eI. It 10 
coIcIer in tIM! SES ebe"",",. ibit _ 10 ........ ill • r..:tloa 01. ",W ditrerm<c ill lOp hwer power. bo:aI. 01 tbt 
,iew 10 Ibo: "-m.. n ...... "' .... omaJl dioc: of ahmi .... ", lip< _ UpCd Oil both oIdCI oIIM ccotnI bole, _ .wed 
.... dl.otyCU. ~ l-6 " ___ Ibis modi6cm<Jn. 

" AIIIericaa iruciw!e of Aeronauticl Md Aotmna'm 



IV. Callbnttlon Re-Tf8t RefUlU 

After the modirlUlioa or !he Q-.... w. beaIcr powa ml~imI II cAd> otqe ... 1Cbcd the initial ~icdoas to 
" ilhia 3"", ~ eolilndor> leII ..... able to reoo:~ an """"inti MIl bWoce to bener _ 1 toW/br .,. _h. wi1.ll 
oimlarly......u 0I&Dd.r0 <IMociooas""" "",,,U Bath ord'IeKda~ it 1M ruuJr.<>frwu "JIepo" iIIlho LabYic .. 
pmcmn. ~ I\n! ' Iq> ucilizu iii'" pi"" ill lho PI .... troIIer to pt vel)' <be 10 bol_a! wi1.b 11M: KtpOin:I 
roquimL At dul pOiJIl. the pin .. dropped ODd ... irJrcpllt kepi tho ........ This Im:Q tbe prop.rr!'" ~ 

.... lOIpiNde <>fill odj_ 10 the 1 or 2.,W ~ no. pn>pU! "";1I1UItiI iulllbililyailCril.a nxc. ODd 
tbca d~U. !i)r 30 ...... 1eI. IU ..... doDe for the iaiI:iaI calibntiorl tatiq. I V .... ual Bui<: pmJ1&ftl ..... UMd 10 
rrwdI WwP the daII ud ~ Nb";", ". JOO dolopOing (10 mia ..... ) •• ~ ~ tbe ....,... 
cl""";"1 the '-t puiII! in tho dwell '" report. Pipe 4-1 "'W$ I ur>aIl NbIet of the dati oollccud durint !he .... 
c.&libntion 1eJti", " 'the Q_IU Il'Iu "'" area ~, 



At this point in the IeStin& completion of the calibration tbtoolb all 4 .yckI _ itllemlptCd b~ ... ov ... • 
"'''''''''In ovellt on the hard~ DuriJIj IlJWter.::led opcntion Ova" I weekend, the dwnber upericnced • 
f'I'U'II"" Ipiiu:. raulti", from DitfOtell ice IIIbUlnltion u the ch&mba" warmed tbmugb the 2!I·30K ttJttpuature 
r...,... The pra.oUl"e spike aiuen>d the LIIM.w IOflware·s ...... 1I&I mook. ... b!<b Ih .. down cooliq but failed 10 
t.n 0/1' loctnlal Q-rooer hNlerI. The 0._ ruehod • temperann of appnWmIlely SOO K. MIlch requituI 
r:pla<cmolll. of III hcaten,"MOB, Iftd wires IIId the chuiler's aY'O"')Olei , 

V. CoDt:l.wioas aad LI _~If Lnmtd 

The caliblltion teItins of tbo Q-metcrs dcsi&DOod fot ..... in the Cryo.VKIIUtlllU!io& of the 1nIegratcd Sc:lentilic: 
In4tl'IImt4t Mocki of die llmeo Webb Spoao T ... ~ or. Goddard Sp ... P1ilbt Center bu lbo_ the Q.mo:ta'I 10 
be I quite .apK>1e and robust s~1I01D. The ""..,Iopment of the .. devices raults in a 'Yl te .. thai it well 
c~1:IIG. _ will porfotlll ......... ;""'" The 151M tQm ODtieipa~ tt.t t'- S Q-rno:ten "';11 be IIICId 
repcato:Dy II 00ddaRI for ,..... ono::n """;..00... "'*" .... cwrcntly ..,vi........ '" faa. !be lint '* II plMMd for 
If!id July 201'2., w ..... the lint ca.Iobrated Q-metcr will be I>ICd AI a~1n r.. I cryoo::oolor .... ill the MIIU ohield 
b&ta.>o Itt!. 101 ~ .. low .. J 8K. 

Fe< the benefit of future 0IIe1I>pIt 01 bWJcfuo, lI>d cllibrlti", aoclnle ayo",nlc Q-mt1eI'S. tho lUI!lon 1:0 ... 

compiled \be folJowina Ii.t of 1eo1OJll11WIICd; 

Almc:stIJOY metal clllco.hibit condllCtioity thIrac:cri.tic.llIoor. .... diftkult to pndlc:t. esp«;illly alloys. 
lI>d esp«;iaUy or. ayo&eNc 1:I:mpenturu. Always plan to nIeISUfC coroductivity of !be IIIIllCrial in 
~ if !be po ....... ty it criUcalIO the opp&:.tion. Additionally. AI ...... bOle .... of/i06J.T6 _ .... 
14" difJo:reroI in CiXIIIuotiYity III a,... .... ........... _ OR OIIIy 10110 diffcrml III ombioont te....,..un. 
the oaria& _ be "'- 01 the ~ cIQirod .......-
For aiticaI ow\icolioaI. lie.." !nISI j .... ODe or ~ IOU ofP ....... ty data.,..... iftboy OR "'"' hiaNy 
INIIed Iftd I"I""'P""' u the oI'ficiaI ...,....u.s by tbe projeol.. 
For If'plnlio)nl in ....m.:tt coadooo\aft<JI: .. aiticaI. rither desi;n bard ....... that .....to fur all pu~ 
cmdllttivitica. ot retain the ability to =>oYe II\IIerial if ........ 
Any lUahly"""uratc Q._ "",It be Jft"I'IIibrJ.tcd. Rdiaroce on properly dMa only _"Id hi.., 
pvdueed I UIek .. iMll'Ulnent 
AI ..... y. i.....-poratc both bard.....,., and 10ft ....... safety UmiU fot the tell uti ..... ven. if it iI no",ni;lu. 
espoc:i&I1y do:rial "·,,tendc:d op .... tlo:lII. Tbo eu<:t doIoils or Iho even! ..... beJ'Ond the ocope of w. 
paper. butlho tat e.pcricoocd III o ....... empenWfe cODdition durifta; WIoIncndc:d opotaliooa that ru\lkc:d 
In .......,., 10 Iho Q-_ IIId rat racilitJ. ~ ... 1enIi ... ~1'IIrbiIItmOat. The compula' IUJOW'MIIc:d 
\0 I ~ .pke by wmi", off cootma. but _ beItito;. ond 1100 diAbled tbe o..".lt:qocnnn 
po'OfeCtiotI ill .... oott...... A --""Y oafety .,.._ Dli". tho ! ~ k .. ,"" 211 ~niu lilly hi ... 
pnlffiOiCd the _ fa.-~ 
o./c.oImI heateR. CERNOX '""'"""- aod Oiodoa hi", beea very robu$t duriq tho <::Ihlntiool teSt. Iftd 
hive ptO..,a ibeit ~ fur tbil opplicatioto. 
Be IUI'C 10 the....J1y oink all bm'1lCUi", thai CI'OUCI tlamal bowIcIarict. 
AJtunln\ItII tape or IbonnaIly IUIIk roil il l """,b _ bowodary \0 IhennaI tlodiation (tee al'PUCItion 
on rlitro;en Ibroud) than c""" thick blllllu:tf. 

'" """"""'" JIIlItiQlte at """""'utic.l ond AIUoGauUc:I 



Appendix - AUOD1"'. 

'GS fine Guidance Sen$Or MIRI Mid Infrared Instrument 

Gri. Gas.ous Helium NIRCIm Near Infrared Clmero 

G~ Gaseous N;t~n ,,- Heir Infrared Spet;trocnph 

GS< Ground Suppoft Equipment "". OTE Slmul;otor 

we Goddud S~ Fltht Center on Optkal Telescope Element ,.. IntelfOlted Science Instrument Module " ProportjonallnUgf3i Controler 

"'" Jlmes Webb SPKe Telescope S<S S~e Environment SImulator 

U<, Uquld Nitrogen • Science Instrument 

The IIIlbon """'*' ~Iu: 10 t/wII< Dr. J. T\mIo. Mr. M. K!b;~ Mr. O. McOulfey, Mr. M. M.ortint, and Mr. P. 
Ckwlond fur wu..ble iIlpuu iDIolho <bi"' .... taIibntiooo _amIi&unIioOI. .. weU .. Mr. J. Roddia rordwilod 
dnip IIIOIIIW; """ cnooiap ud Or. s. eoo..u for lois ~ "" cboocln, ~ """""'" ""_-=_ 

..,.~ 

",.01."" ol AI' .....,. .. 1110 OJ<'PI*" Ra..o ~ ItMF' • 
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