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f~ tha Kapton density (1.42 qm cm-3)

;P is the heat capacitance at constant pressure, (1.092 J “K-l gin-l]

This gives a temperature rfse of 426*K. Rather high, but it cannot Incandaace or flash;

The time it takes the hnat pulse to nass Into the material. Is given by

+ = 5 mlllisaconds ,

wh@r@ k is the thermal diffusivlty (1.004 M 10-3 cm~set-~1. The rdradlation is
estimated assuming an emlssivity, C, of I and th~t the material rtirtlat?s at AT for ] into
?W steradiansn The ratio, F!, nf thP reradfdtlon to incident flux Is

TtIis Is an accept~bl~ level.

~nnvpet{nn—.*-- .
The convectlnn lo?tes may he Pstlmatrtd hv cons ldprino th@ heat flux Into thr! alr

caused hy th@ Calnrlmmters fit thp elI=vIItmt tamP@r*tur@, ~T, In ,:nmparl%un tn the lnrld~nt
fllla. This is uiv~n hv

F,. W= ’.23,10-4 9

wh@r@ k Is ?!IP .f.h@rmal r.nnfluctivlty fwa!t rm”-l “K-l) nnrl thm prlm~cl quantit.ln% ref@r
to th? vnlumi fnr fllr.
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Sensor Construction

The Qlemenl!s of kh~ th~rmopiles are constructed to produce a 1O-UY signal aS a mlnt-
mum in order to avoid rllfficul ties with dlqsimilar methls In the ,!onnoctions (a qolder-
copper junction will produce ‘3 uV/”K). USinIj CaFefUl COnStPUCtiOn, smaller voltages and
%Iqnals cnuld he us?d, however, the qreatest Interest lies in measur:nq large energies and
fluxes rather than small ones.

The t@mperatur@ Is tensed .K-~sinq type E thermocouples which are chromel-constantan with
a responsivity of 60.5 UV the highest of any metallic couple.6 The couples can
he convenient!v piled hy tiirect’ly sold@rlmg tne sensing cnuple to tha copper inteqratlng
pl?tl?. Electrical Isolatio!, is accomplished hy etching. The copper is removed in any
pntt,~rn dnsired using photo-lithographic techniques. This eliminates the need for silver .

.’ I,:ci ~ponies which in the past have dlway~ caused prot;ems.

Figur~ 3 shows the typicfil Construetlon of such d d@vlCe. The Kapton in commercially
availdhl~ pr@laminat@d matprial is TYDe V, d Sart of sanforized or preshrwnk vnrsion
havlna superior ftlmensinnal stability, The copper can he mither el@ctrode~ositad, or

rnlled and ann~alad, The electrodepnsltisd copper Is cheaper, hut rolled and annealmd
coDD@r is more ruqg~d and can Stdnd more ht!nding and forming, For appllcdtion in calo-
rim?t~r~ elec-trodepositerl copper is SufflCiOnt. Table 4 shows th@ range of Racton thick-
ne~s~s (4)
tivitl@S l; ~~dr~~p~~T~~~~~~~~s~~d(b)” ‘h~t are ‘eadilY availdhle, alonq with tqp sensi-tlmp constants for the various comblnat!ons.

,,

mtls ~f Kapton—- .—

roils nf Kllot.on—. —.



this Is tru.. III ganoral. hawav~r. tha
Ing and a twin Is oftm not nnctssary.
to provide tho raforonce tamper ituro.

ml
amblnnt ridlatlon Qnvironmant !s not rapidly vary-
In thosa Situations i hmavy coppar plata Is used

A typlcil dsslgn In usa on Antiros Is Illustrated in Fig. 4, tho Input Calorlmator.
Thara are Ml senslnq ●lement! and a heavy rafWancQ Plato. A hmavy aluminum shea~ ■atal
shroud is provldad to Isnltto this sensor as It works In air. All oth~r Ant#res cilorlm-
Qtars work In vacuum.

Ccll”bratlon—.

A calibration ficllfty Is malntilned at Los Alamos National Laboratory which provldas
i National Buraau of Staodarda fNBS) tracoabla c~llbratlon. ThG facility is very almilar
to that at thm Iluroau, A tranav~rsmly ●xclted atmospheric (TEA) lassr with a smoothlnq
tube provld~a up to ? J of 10,fi Mm radiation In 100 n~ pIIlsa8. This Is used In a beam-
splltter arrtnqammnt to calihratn nach element of aach calorlm-tor which ‘la usad In tho
aystsm. Th@ tcrtlary standards in the facility aro twinned Loa Alamos Natlonil Laboratory
dmslgns using borylllum oxldo (BoO) as thm absorbar. Theaa ar~ racallbratod aqcinst thg
NBS Sscondary standirda twico a yaar, This procedure alimlnatos any quastfon abnut 9qulv-
alancs of sourcgs In @loctrlcal calibrations.

Data Reduction

‘“ver’~ y~~~~~mrdenpnneni
of data r~ductlon ere evalutted, The curvm-f ttlnq and inte

tcchnlque, \yl flt,~ n wclqhted f!xponential fit k
~~ation

and a dmlivmd %amoilnq method were cnmparad. As noted hyJo’hnj~~j-$@!;’nph’a calo-
rlwtw Is wnll bqhavnd and can be charactarlted by, at mnst, two timm cnnatantl, four
Polnt~ tre sufficient to sample the calorlm@ter rosoonsa, ?Imllarlv, if the calorimeter
Is well-bmhavnd find mnhiblts substantlallv a slnql@ time constnnt, nna sampled pnint
appaars sufficient to provlda rmawlts wnich are reproducible to bmtter than l%. Figure 5
shows n typic.tl rasoonso curvm fnr t~o Inout calorfmetmr. 5dmpl@ runs for the Input cal-
or~m~t~r op@Pated In alp dre shown In Tahla 5.
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1:: Simolv one value -- the Desk of the response is taken.
11: In ‘tfiis method the calorimeter response IS sampled

This avoids soiking problems that can occur on the p~ak s!$nal
tion distribution.

12. Eric fj. Johnson, Jr,, Appl, Opt. ~, ?315 (1977).

(lOC)-l a;ter the peak.
due to a peculiar radia-
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Fig, 1, Thernlnlwerqy wllsin!lrloviccmatrix.
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rig, 2, Typical copper-Kapton calorimeter element.,
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8“ Scientech
Calorimeter

6“ Antares Input
Prototype Calori -
meter

Run Number 801103.02

Seconds O 25 50 75 100 125 150 175 200
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Coollnq Canslont 0,030 SQC”
Sensitivity 079 mV - Joula-l
RunNumMr SOII03.02

AN TARES PROTOTYPE
INPUT CALORIMETER
LoG ( 13ESPONSE) VS. TIME
(Data Sompl#d Onco Par5Soconda)
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Flq. h, A typlclll rcsponjc curve of the ltlpllt, cillorlmcter,


