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1bsarbars are usnd rommercially.’ A cpectraphntometric survev nf plastic materials was
done tn larate an optimum ihsorher, The thermal praperties of all plastics are approxi-
wAtnly *hp same, The thermal diffusivity, which Is the ratio af the thersil conductivity
*o tha produrt nf the density and spec:flc heat, Is approsimately 10-! cmlswc-! for
111 nlastics. Therefnre, the choice of matorial is made on the has.s af the absorption.
Table 1 shows snma nf the satarials seasured. The values far absorolion lenath are rep-
rasantativa hut miy vary. Alcn ha warnnd thers are it least saven thinay called *Teflon®
and thav are 111 different in thelr abhsorptinn characteristics. The Table c<haws twn dif-
farant kinds, an FF™ and a PTFE., The Xapton wa us¢e Is DuPant Tvpe 7, palyimidn,

Table |, Ahsorptinn Faefficionts 2l 10.6 ym

ThsnrpLinn
—— o Matyelal .. .—_.._.Toxfficient fen-l) )
PolyelEylnne n
Tarlonf- OIFE R?
Pnlyytyrena an
*afln rrp m
lnvnnga Palvwcirhnnate? 170
Mylar Palynstar) 110
'.-nr!nm'l’nlwlnvlh'lnll Fhinride) 170
vaptane? falyimide typs V) N
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o i the Kapton density (1.42 gm cm-3) .
Cp is the heat capacitance at constant pressure, (1.092 J k-1 gm-l)

This gives a temperature rise of 42A°K. Rather high, but it cannot Incandasce or flash,

The time it takes the heat pylse ta pass into the material is given by

r-—"— = 5 milliseconds ,
217K

where Kk is the thermal diffusivity (1.004 x 10-3 cm’sec-1), The reradiation s
estimated assuming an emissivity, ¢, of | and th.t the material radiates at aT for 3 inte
2v steradians., The ratio, Fy, of the reradiation to incident flux fis

Jre a(To + AT\4

s 20 mi/em’
- i

F
? chnz

o.01 ,

This is an ncceptdb1e level,

[ ]

anvectian

The convectinn lossee may he astimated hy considerinaga the heat flux into the air
causad hy the calorimaters at the elavated tampsrature, AT, in comparison tn the incident
flux, This {is given hv

Foo N et o 23 a0t

where k is the .thermal conductivity f(wacst em-1 *k-1) and the primed quantitias rafer
tn the valua; far alr,

fonductinn, The rondurctinn may Re sctimated hy the heat flux through the tharoacouple
WIFRS ART the nnlvacter supporting threads, A svingle theremocouple svrvices a collectinag

A. A, The sign varins, A reprasentative intearatine aray. surh as Is used {n one of °
the lyraa dirc ralorimetears, Is 1,R cme, At amhinnt temperatures or slightlv ahove,
thic wilil! radiate intn D« stnradfans abnut 7,2 mW/"K, fpe pair of thermocouple wires
fehromel -canstantand, 10 mils  in  diametar ana i3 em  lona, auld onlv Yleed off
1.7 2 10=% W/"k of tha hnat, Thue we can use ar 3 Figure of meri{ For the conduction
1nsses Fq: the ratin nf the candurtlion l1osses to tha rardiatinn lossoes,

Fq = 7,8 x 10-1
flparly, radlation s the daminant onolling mechanism, as sissired,

The rconductive laas pathe coula he redurad hy 4 Factor af 100 hy aning to 0,001%
wirer, However, N,010" {qa much #Aasirr to work with and wirp-wrap tochntgues may he used,
Hirr_wran cammarntinpng arm nf apecial linav *o produce the proper holding powar, (lonsea
quantly, tn assure aand constantan folate, solder Ia applisgd avar Lhe wire wrap. fon-
stantan wag hy far the hetter cholce For this application, The chromel i% nore spring-
1lkn and ‘oes not wrap as wall,

Whan the enerqgy 15 absaoraad hy *ha ralorimatar 1n 4 time that ¢ short, relativae 1o
the tk rmgl reaponse time, no inteqiral cnrr-ctians are necpssary, The respanse time for
the coppers.¥aptan laminate calnrimelars 15 on the nrder of 5 mil)isacnnids, Tha Jlaser
pulss width is approximately | ng. ‘'laneca, the calor imator speg sqsuntiglly o4 dmelts tunc.
tian (aput and the repsponse fynetine I *hat of Pthe ralarimetnr only, roquiring no esten-
sive and eamplicyted deconvnlution, DOrenavel: tian wayld he requirad in the cass whers tLhe
anerny % input in a time enmparable to or longse than the calarimeter ragponse Limae,

If the mpasure nf A parfnrmance nf s calerimptpr (or any mejysyremant dayvice) ig the
denren tn whith {ta hahavine fallnws the theoraticval madel for thn dnvice, then thess are
rathar dand calorimnaters, Thay hehave as nrarly pertect (yaperibnl ralorimntere, Th
measursn <nntitivity far gn inpyt calorimeter prototype was 1810 vV emt ). couple-
and the thearetirally preadictead cenqitivity hased nan  the hpat capacitance wis

1860 uv cmd J°) zouple-!.

The affective abrorption was deduced trom the collective wtfacts of Frosnel reflection
(a function of the Indax of retraction) and tha buylk absorption.
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Sensor fonstruction

The slements of the thermopiles are constructed Lo produce a 10-uY signal as a mini-
mum in order to avoid difficulties with dissimilar metals In the vonnections (a solder-
copper junction will produce -3 uwV¥/°K). Using careful construction, smaller voltages and
signals could he used, however, the greatest interest 1ies in measuring large energies and
fluxes rather than small ones.

The temperature is sensed 1sing type E thermocouples which are chromel-constantan with

a responsivity of 60.5 uv "K-!, the highest of any metallic cauple. The couples can

he convenient!v piled hy directly soldering tne sensing couple to ths copper integrating

plate, Electrical Isolatign. 1s accomplished hy ectching. The copper is remaved in any

pattorn dasired using photo-1ithoqraphic techniques. This eliminates the need for silver
“i1ed epoxfes which in the past have always caused probiems.

Fiqure 3 shows the typical construction of such a device. The Kapten in commercially
availahle prelaminated matarial {s Type V, a sort of sanforized or preshrunk varsion
having superior dimensinnal stability, The copper can he ajither electrodepositead, or
rnllad and annealad, The electrodeponsitad copper {s cheaper, but rolled and annealed
copper 1is more rugged and can stand more hending and forming., For application tn calo-
rimeters elactrodeposited copper i¢ sufficient, Tahle 4 shows the ranga of Karton thick-
nessesg (a), and cgppe thicknefses (b), that are readily availahle, along wlith the sensi-
tivitias in uyV ecm” =1 couple=! and time constants for the various combinat'ons.

- _ Tahle A, Coppar-Kapton Laminate Nata
1 2 3 5

mils_of 0z, (u 172 mils of Kapton
JL) LEARY

I Y S . LLLL) ALL1 79T
0.7 e 7448 5994 4312 1367 2141
1.4 | 177 3724 2997 2509 1801
2.8 ? 22179 2121 1864 1662 1166
L ] 1657 1482 1181 1240 1049
5. A 1183 1130 1061 997 879

Seg<|t vities
(u¥ rm? J=% couple 1)

mils af Nz, Cu 11?7 | ? 1 5 nils nf Kapton
-m.r B .77 R PCE) . 5.8 g,

n.? 12 11,275 16,46 r2.99 79,11 42,15

1.1 1 21,79 26,50 w.Nn 19,15 57.20

2.1 by a1, 1| 46,.8) £~ ,a§ 59,7 12,73

a,n 1 6. 19 A8, A0 T1.01 19,8 97,10

h.A 1 nt Ay 86,61 91,04 99,4} 117,11

Time Constants
Iangnnde)

qecauce tha intearating slamenta (the cnpper narts) -<an he casily isolatad clectri-
tally theay ean he salderad direatly, thereby aliminatiag the nead for tharmal dpoxies.
In arder tg assure unifarm soldar joints, prewnighed and qoldecoaated soldar balls are used,
They .4ra noidconated tn avnid prahlams with the nxide coating that would otherwise farm,
The axidme causr nonunifarm fluxing and also tend to load the tin nf the soldsring ircen.
the =snidarina pens are contrallahle hath in duration and iniensity nf the heat pulse
applinl,

The thermacnupline arp praduced hy tunagcten-inert .qas ‘TIG) weiding., Spot welding,
twistina pairs nt wiray toaether using an acid dip. nd ronpstructing intringic thermo-
coupless were alsa constdarad 4y Fabrication tochaiques,

Ay far 3 parfarmance, there seams tn bn no difference fram ons techalique to the next,
Howayer, It Is poasihle that aver a4 perio:dl nf time the strafns antrodured in twinting may
ralye A0 nuhtly altar the pacpancs, TIG werlding was the eaginst and most raliable tech.
ninue *hat we faund,

The use nf A twin in the roanstryetinn of the calorimetnry {8 an oxcellent way ‘o avnid
drift when hyllding small sensars, The i(dny here I5 tn hava twy, fdentical sensnry laoking
4t the same radidtinn snviranment, Nnly Ann senanr can 1ae the <iqgnal nf {nterest, Theip
outputsy are enmbined with cppnting palarity s0 the hackaround s subtracted and an'y the
sianal iy sensed, linfartunatsly, for larqs calorimetars, sav 30 cm in dlameter nr so, nne
saldam hat the 4pace ) add 1n additianal 10 em alement alongatda, What (¢ aften dene s
to Add the twin immrdiately hohind the sensina nloment, hut l1noking In the npposite direc.

tion, MWith an appropriatalv dngigned optical cavity arnund the patr this |s effactive,
Hnusvar. {1t das:. harama hnlbkw. In manv ecitnatinne a tuwin la imnrartiral haraues a¥ Phn
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this is true. 1In geaneral, however, the ambiant radiation environment is not rapidly vary-
ing and a twin 1s often not nacassary. In thosa «ituations a heavy copper plate is usead
to provide the reference tamparature.

A typical design In use on Antares is {l1lustrated in Fig. 4, the input calorimater,
Thera are 48 sensing elements and a heavy raference plate, A haavy aluminum shee: metal
shroud is provided to {salate this sensor as It works in air, A1l other Antares calorim-
etars work in vacuum.

Calibration

A calibration facility 1s maintained at Los Alamas National Leboratory which provides
4 National Bureau of Standards (NBS) traceable callbration, The facility i3 vary similar
to that at the Bureau., A transversely excited atmospheric (TEA) laser with a smoothing
tube provides up to 2 J of 10.6 um radiation In 100 ns pulses. This Is used In a beam-
splitter arrangamant to calihrate esach element of each calorimeter which -is used in the
system., The tartiary standards in the facility are twinned Los Alamos National Laboratory
designs using beryllium oxide (Be0) as the absorber. Thease are racalibrated against the
N8BS secondary standards twice a year, This procedure aliminates any question about equiv-
alence of sources in alectrical calibrations.

Data Reduction

Slvera; methods of data reduction lern evaluated, The curvn-thtinq and 1n:e'51tion
technique.’ a standard exponential fit,” a weiqghted exponential fit, naakﬁfensing.
and a dmalavad sampling method were compared. As noted by Johnson, If the calo-
rimeter is well bahaved and ran be charactarized by, at most, two t(ime constants, four
points are sufficient to sample the calorimeter resnonse. Similarly, if the calorimater
is well-bshavad and axhibits substantlally a single time constant, one samplad pnint
appears sufficient to provide rasults wnich are reproducible te batter than 1%. Figure §
shows a typical rasponse curve for the Input calorimetar, Sample runs for the Input cal-
orimetar gperated in alr are shown in Table 5.

Tabla %, Typical Input Calorimeter Tast Nata

Shot Numher Talorimetar Sensitivity
- Eﬁf'FVTU"""'
519
630
kL
Mean 43 384
S5td, Dev, 17

B

It is claar from the Tahla that there Ig 2 systematic arror, which pnasibly could be
eliminated, If conciderad as random errors the .tanaard daviation in this sat aof § |g
only ’.I*. Thrse data-were taken using 4 100 J qain-switchad 100 ns pulse over a 150-mm-
diametar “eam directed intn 4n AR® Scienterh calnrimeter. A salt bheam sgplitter provided
8 J intn the pratotype {nput calorimeter. [t i3 net clear which calorimeter Is respon.
sihip far rha 4e ft, Tha ahsnlute accuracv of the lasar calibration via NBS s about 5.
Ihn:n!oro. it doas not senm practical to agnnize over 0.1 in precision of reduution

achniques,

Summary

"nppar-Fapton laminated ahsarhinag materiale for 10 um radiation 4'law the canstruction
af calorimetars nf S absnlutn accuracy in virtually any configquratinn and size,

lennulggggg-nts

The authory widh tn thank Steve tevinne, Javce Dack. and Valeric Adams for their
Assiatance in the conctryntion and svaluation af the ralorimetars roportal hera., Chris
Shera made valuable contrihytinng in computer proqrammina and autamated data acquisition
while a summer stuydent and casual emplayns far Lhe Labhoratory, Nthers too numerous to
mentinn have halnped in carrving out theee axperiments, the dasian of the actual Antares
Calorimetery, and Lhe preparition aof this manuseript and illustrationg, Their help iy
araatly appreciatad,
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Fig. % A typleal response curve of the iput calorimeter,



