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IMMSI 

This report ctoeorib«» the uae of a 10-ounee Thermoa fUsk, filled with 

water, for absolute »tandardisBatlon of a Megtctirie Co-60 «ource, Once the 

abaorbed dose mi« la ©otabllehed In. a given poeitlon relative to the «ource, 

other aqueous a dut ions can be irradiated with an Identical, and known, does, 

Th« radio chemical (or radiobiological) yid 1 can thus be readily determined. 

A abort dfacuaelon is given on the ooncopts of radiation calorimetry, and 

experimental Undinge are reported tor a eve ral modo» of operating this 

particular device, It is shown that a set of electrical calibrations combined 

with a 8 et of irradiât Iona, both carried out In a constant temperature environ¬ 

ment, can give «xaplete information on the properties of the calorimeter and 

the absorbed dost rate. Furthermore, it Is shown that once these properties 

are eet&bliehed, the calorimeter can be operated In a simplified adiabatic 

mode for detemining the absorbed dose rate in other locations or source«, 

Th« accuracy of the method is discussed, «ïd application of the system for 

calibration of chemical dosimeters is suggested* 
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MIMM! 

Th*1 prxMwmt »port d«#cribo* m to «urtluftt* th* ehtrwtortfstleB 

of * w«t#r (MlorljMítíjr for Co-« doeinwtry uairig *, Th**»# 'bottlo *iu a, 

eont*:lni#:r* 

Thif partí,calar 8y*t«w te chcwen hwNMiuj« It off#r® t!h* pOMiífeillty ef 

calttrtfcijiu; in th* time «»««try, *py dlilnto-d «qw#«» «dliotlon with 

abioiptioin flh«met»riitlo«. In this n*¡y# the m.dl.oohioiiia«,! yi*ld# or 

bioXofiotl r*spon«« «tun b« dttormJjaod ft ' my *twh solution, oms* the dtwe 

riftt« in t.ho lo«,i»tiorj is ««tobllshod by the ábeoint* iftwisurtnt,., 

"Hi'# fh*:BiwiB'**bottli# ¡:iilori»«ter has been tieed before by \faa 

i,««:! a ten «moei thioiwoa bottle placed, in ft #10 can mied with 3ce and 

Th* «tarting; t«nipemfcur« of th* calorluotrlo 'body, 'l,#.» 'water, wo* 

0*C„ Th# ««plate MiembXy ma sent through » radiation fieldj' after that 

the tampe mi ur* ms and the t:m# tenaperatur* Inorm»« was taitiwp- 

..ï-*t#d. .fry» ilmowILadit« of heat loss oharaotarletice. 1 " ’ 

B:tynJol,fS'8'0n, A, «*«<1 an. ie*.wat«r for abteolate 

calibration of the frióle« ilt>#"liwt*r. Howairer th# 'baaio conbnpt of thl# 

*if«f,«« »s quit * different» TI» absorbed «n«rgy Mas Éwmitowid by th,# 

iiointra,*tl,o'n la 'folia»# of m iaa-Mttor ndnfture, m i»#,rt of thw le« »*lt«d, 

âiid th# cha,rtf# m» d#t#ct#d by ttue*,«» of » «alibimttd cipiUtiy tub# (»nfcitet'ii 

to th# th«.»»« bottl«, In this «aperinwnt, the its«.»atar miad Thano» 

bota# wan aurmmdad by a cylindrical jaakat, also oontainin* « alxltur# of 

io# and water, m that tru« iaothtmal oondltío» were i«all»«d. 
jl""".."""""......“""“*** 

%<!ioo.hiBid,oal, yieldi (I*nwiib#;ip of moleoular aonvariions ptr 100 «V 
absorbed «iriergy 

,1 «ifflílar #«t'H»!;p with mUr in th* ..muí h«,« b#<m used in this laboratory 
by ..» and ... .... %t«,) 



ft>r th* prmml .. it mi* duttlmbXe to irnadifit# Ai:t*ly Urg* 

ii«i|ple«# i$;toe*' G-'mlu# á0í«mimtím» require • highly aoeuitt» ohwlcail 

êwly#!#, prtfíurtbjy carÄ#d out with ®*v*ml detennlmtlona »«11 'bjf mor# titan 

om wmlytlc*! method, Therefore, it ma decided to urn* it <ii»ti:U,r Thmoe 

Ibottl« ««t.up for the abaolwt« ctlibmtlon* The ep«el«l deeifn. «né the very 

high »oure* »trengtb of the cota,It ftolllty fl laegacurl«) prewnted fch« i** 

of the lee-water calorimeter deecrlbed «.boire. Further pmcUcal re «t riet lone 

hud to be observed, Th« »et-up tia# had to be alnlntlffed because of the 

limited fin« the facility iwa* available for «1#* in thia study. Therefore, 

th* Bjqpertoent« used the stand«rd conveyor carrier with 1» provisions for 

stirring during irradiation, Electrical power Input calibrations of th# 

•pstswi were made oubsids the cell,., 

aine« the source plaques, and consequently th* carrier doo», became 

quit« hot during Irradiation, It was decided to use » large Dewar m m 

addltloral twipemtu.« b*iTl«, 

heve»! different »ethoids wer# ai|>loy#d for dotemining the energy inpat 

during, irradiation« ftperiments were carried out both for eonisttnt température 

environment and .for near adiabatic .mod«# of operation of the aystm. Electrical 

input calibration» were made »imilarly,. 
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MÈÆmmii 

Th« âbmorted (toe* oí rudlatlon in et jnet^riâl íiü d«ílri#d in tmnm 

of IiO'C*:L.l¡f al#'5rt>#d Th* unit md for «btortmd. áém wm ««tmbiiehtd 

by th» Int«mfl,tionftl CawdaHion orí S^dlologlcal Unit.« mú K«.e’.a,rMmt;,«t ln 

195;¡.í‘ (1 md <• 100 «f the ufe»orbing umierlal). Colorí«»!»7- can 

b*»1 «Bploy*! to dlrttctly th* .abeorbod rito*» ln • given »mill* by 

di«t«snp.lnj.ng' the hott foraotiar»., provided *1,1 dlJslpoted «nergy âppf«,fi o» 

heot. 

In ocdltior, Io the roed, riet Ions imposed on any oonventlcmal typ* of 

c&loïH»*ifc»77 extra >»,vt to be taken Into account for radiation 

calorimetry. 'Petree and 'Ward1'' five a very good diecuasion on this matter 

and point to the fbUowlng general aspects : 

"ïïilfii Do»« r*te gradiente are generally present in irrad¬ 

iated media. Consequently small calorimeters rather 

than large ones are generally required for measuring 

effectively the absorbed doee at a given point In the 

atedium. This elae, limitation appear» to be a eerloue 

difficulty In the calorimetric dosimetiy of soft XTl| 

rays, where the half-value layer ip aluminum ip lees , 

than a few mill,l»eUr«.''' 

"üffogiaæAlli, The do«» .rate qt a^po^ In a floillum, is 

affected by n<»r^ wide lidded ,maeae» , 

of different atomic , Consequently , . 

,. oalop|oet«r^shM'i¿d a ;9j|i^le poppict 

3 
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â«*î|pi» fcr'tli'ji1- »»"M'.bt , ni .ni fin* ««»ifiltiii., tihiitirfiini'ii»" 

fiilpl# «i,Mi „ i:i"iKiaiJi,l,i:!i bl* iiiiijiiljtLi.jiie-ill,,. 1,1 

«Ü'NiiidÆâl, 
Stirtiiiü :ity : ¡Idi.diijiii ..il «uwrgjr âbM,rb«â by m ... *»l-i»iBit;,iiii:iiii:i* 

t .. sto*mt£»l Bffi*cii* In nhlah 

iitiiii:i!-i-T¡or i,i 4it:n»:0,s*t:it<S or Ãí!,i#*i,*iá. ih*n Ihîs ... 

1;-!l"ii.i‘ 'ihiitaiiiLl ntlffe'îi’i:a tu- wl'ii.ch Ih# 'C«IiUrinMrti«ir 

t «iiB'iKJf'iidiii   * » t im:; ni;, coi ir run ;x ;¡:i r iiCi 11* * ly t e t, Il ta 

iii)i:ii.i.!ii,nl: ilf itf *nisiri!':;:ir irrllii»lXj ... 1:151.. 

riinilJtt’íiciiri, Iterw nhfcn 2# o# wsMlô «»riy-,, ,*liMio:irtwiKl! 

ift |K:>lf»itjrTi«:Mi* ft,lli "1:;;.# »fflmx »11 hia*i »»ni 1* 

i*|3p*twfsily i»t,<>Md In t,bi ah,«i»in:»J, *t rwctiiiLi« 

af ifjwi» ml IImí idoIjiciiíb*- an, tlh* ts&iïmr i*iliàf 11:1011,ih. 

mlwnúãr mtòmtmam., tmh t« «r*.« mmrjgsf 

«If Itf1 âicule Jlifllníentitwip. «mí tld,» «nmuatiW t» 

niidy tíMvà, 0,001 iMremt #f tti* ’méiétím tmrgy 

îSiméi, *i*t,i»rJ,4.i » h§ m#â font 

lafclionritofll.*» wImw ¡»»«.Ibl«,* "" 

Owr !„• fitly met dlfüWmit ... tt» gxwphit* «phaan» «iitill 

«liitlgtMMt «grUniat iii'il,i«ii« 4*alip«l bf th«M «uthora. IHouwiwi.r.,», (:„b* «bov« 

«rxUria »,» Wilamif Ibf âtiÿ lypê'ûf 

Daw«*i»l# i'ininliiwüitii ptm ri» ««rlmui ifjy iiÄliftlU« lit mu.e»t,f Vkmmm. 

iüitilt* «tti'b àliiiiiliitëlt* i«*flH,*il "«t 1« «, liiittit# ’’IaIIiwí« tltmt 

Il thi |#ci»»fc:jlf' «Mil, th««a va-Wiii«» do'lttt mtmâ 2.- 3%, ... ti» 

■ditiiliiJMitlfc»1 Í:#»|i ifciwi'llli* ifAüiii niitaii« fht# »¡Íí«l!, «ft, bi ri3i.ii«:t«ti I« tlanii 

«liügii in »,'lêWliWál »|Ítiá I# Ai abiji-ipilf« «t tá# wb«4# tmá ftor tMã mumm 



* Ur,hi r«>Lln„r S, pr.f«rr»i. h.Mu»e of the 1«,. of 

<*lart“trte b0<li'' «radlrnt prahlme .rlw. Thl. In ^-r1 

.'*Ü In thl* report, 

“»»tBMfillÔiiX ïJmimuios bot'tl.e syit'eni Is %’ no má-um,» 't*cÄl.®ßt* 

th. „ontalnT .hould have bom «do up by „ «torlal having th. >UM 

«loot ron dano it y .o th. water. Thle requiramant, towaver, i. „at .„.»atiu. 

«ith th, raqui raiment, for ohemit*! inertne«. and far goad thomü, in.ul.tion 

no io obtained with the Tbatmoe bottle. Therefore, it is neoeeoary to taw 

the obeorptlon chomct.rletiea of the gUo. end Include this infonmtlon in 

the dose caleuloUan.. Similar information with respect to oork .topper, and 

themuoouple wire, ate, haa to be iricludad. Be have used published data and 

mad. additional .mp.rim.nt» for chacta on thane oharaotarietio,. Thl. le 

»Ião deaortbod io a lat««" Beotian. 

Ab for the, «tAfeffifc It inij;8;t be ;:re#llBetl thitt a oirtiln part 

Of the ««»O' tfepoaiteel by the irmdirtlon, le turned ..to dleaociation of 

ti» mt,e,r (mdlolyBii). 'Hmmmr, the energy absorbed in this .maimer in « 

clomd ijnst'OBi In negligible onee «, etomdy «tate condition «udeta between the 

primary mdiolyei* anil the beck raaetiam faming H^O fi't». H, anil jfc^j _ .*, : '" 

Th* 0i tikt «»«»Irais «y b# toUowed ^ the ft.«tita :of-ÉoIetíkW 

birimigeiBL, 3Ett, «ti «pen ... .*lti«ui,e the Iviwgen cm« caeap® (e,.g# 'by1 ' lHI 

“ «“ifl yield la of tilto ,o:rd«r of 0,/, - ¢:,¾ ¡«riletwiXeB àr kÊ" e? . 

... *>• «i^vanillí^s itoiÈ«B|M»*míon of ml.air xiaqiniW«-éiú^1 « .. 

tm iriLirtiWwi «milla» Um» .it am 'thg| 'ol» tihi« tibÜ'IbacMüt11'!: 

'«n«ir®jr meed Am th# atad««! «mi.. .eiuiiWali meaMl «" W1 ,ÍNW)«ti..'tttchnita-'1 1 
'7 , 1 ’ i! ' ■ ' 1 ' * 

ctal/ Gordon mi Hurt ' tmm   id that #»« Hg il »t xM4Mk;ipfah,»'tlhe . 
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i» closed, & beck reaction build» op, where water is reformed frían, the mole¬ 

cular products H2 And H^O^. At a steady state the net yield of H2 production 

drops to approximately 3% of that for the open system. This means that only 

a small fraction of a percent of the energy is consumed by the chemical 

reaction. 

18 
According to Lazzo et al.. this steady state occurs ’/hen less than 10' 

molecules of H202 per liter are formed. Assuming %20o 0*7110, this will 

correspond to a doss of: 

eV/g = 1.4 x 1()17 ev/g “ 2.2 X ICI3 rads 
103 * 0.71 

Even assuming that a somewhat larger dose is required due to a small air 

space above the solution, one is Justified in concluding that steady state 

occurs so quickly that no correction is necessary for chemical effects at total 

doses in the megarad region. 

It is not expected that any appreciable amounts of energy will be stored 

in the foxm of atomic dislocations in the irradiated glass. (See also p. 4). 

Kxfoa Of QpanAiga: 

Tha ideal moda «f|riopariifciii# a calorimeter is at adiabatic conditions, 

where the ambiant ^«mpfimture is adjusted continuously to be idertbical to 

the temperature of the detecting body. This means that heat losses by radia¬ 

tion, convection, and conduction, are minimised If not eliminated. Several 

«^orip^^e eyeltfaw of this ktnd have been described in the literature, all 

inolud^j.i.j^^fifpli^tini electronic circuit for heating the environmental 

10 
materlali l,a*"r ' ^ ï:‘i 1 ' 
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In our case the boating rata of the water in the jacket exceeds that of 

the water in the bottle, partially because of heat transfer from the conveyor 

carrier and partially because of the slightly higher dose rate. This means 

■.•hat .heat would have to be removed rather than supplied, calling for a 

circulatory water cooling system, which is not desirable for practical reasons. 

A description will be given later of how an attempt to approach adiabatic 

conditions was made by making, heating-rate measurements at the time during 

irradiation when the jacket and sample temperature curves intersected. An 

alternative mod© of operation is the constant temperature environment mode, 

in which the jacket is held at a constant temperature throughout the experi¬ 

ment. This condition was realized by having an ice-water mixture in the 

jacket. 

Heat losses by convection or radiation are believed to be negligible in 

this experiment due to the characteristics of the Thermos bottle. Convection 
: ! c 

is kept at a minimum because of the vacuum mantle, and emission» of light in 

form of radiation will be reflected to a large extent by the silver coated 
■1 v!;:'"! r; I' :1. . i 

innèr liner of the Thermos bottle and eventually be absorbed ip the system. 

Nevertheless, heat losses from conduction through the neck of the Thermos 

bottle are appreciable and, in fact, give rise to some of the problems 

described later. 

In general/ heat losses are governed by Newton's law of cooling, which 

may be expressed by the following equation: 

ix: ..'.MV! ff ^ K sample '^jaôkefc) ' 11 !î ! ' 1 ' CD 
!:!!' if»’ ' 1 :::,¡Í .. Vit> 

,. ; . 'll.:;!!'1! ' 
I'i1! I,':'11' .::.1111¾ i 'A 

' :.1¾ 1 '! '■ > !|.I! ; 

Strictly spring discrl^inA^pn should be,w#i hetzen the three different 

j M.ril: : wftoppwr douh o», des¬ 
cribed by (I) but kVa independent K-vnlues, ImMè are governed 
»y '1 sample ; Tjacket) in the fourth power, but play a negligible role in 
this setup. A complete discussion on these subjects can. be found In Ref. 10'. 

! "H!l ill mill '' I! :::::1:: I! 11:^8:1111 r'|:|:.nir!nwrtril!i r üiitriiiüi s i íBiéiftiMWtiTrrriBBmiriiBiiirti» «i- 



I|:j|''i'|ll,|!,|;f .fit;.. «f¡: ( ;i'j 5,1, ||; :(.,¾) 11:11:1111:,(1111^51111:,11-1,11,111:5 

: ' ' 1 ■ ' 1 - ■ ■ -. ■ ...- ■ .. ^ 

ayffl-t-fifini 

1¾1 »lliB'iai'iliiig 1,-,1)1151-: 'Bfiui'-ilijrtiioïï, Ieï, tlb# iMinjli-n 11:111110111::5-(:)1:151111:,1),:1:).. t,j|} 't;,.,;, tm:i lor * 

t,:i.Biiis :1,:11(51^,1:.-1:1(..::1:0,, Ihm* ftai^pii::r«it«r«i «um» iMy Î» tóicliíi-gjciliifc'iíi.:!, 'to 't-iie 

Milildl* oí th* Irmditttion- Thla liaéMpíatlip 111:«" he*:fc l-oitista to 

«1« jÄ-qtot.., glintag th* tewfuirtt-urti mmm f«í* bàtlc <s»4:i± Í01»,, 

.Ihtif tfci t.-níett-lilipepwtíií'«' l^iwiân,« -a,*» \¡§ d-eit'#*iftéicL híkmátè th« 

b«upe»,tmre pti' wilt tin# te the oäk, b* ilo-tasriiiBii'iii frani, 1,5,9 

ob8»rv«d »lope oí the tenuptiuture curve » vp. -coirrectliid, this curve .fot11 the 

-fenowi he*t Ion® per oomepondinjg unit of tine. 

the afeierbed doee :m:te in the »yot* my be «Io«,luted f:raa the 

fölloÄig '&múi*í 

il»» ; 

-Br, * 'Bo®t m:te,s -M»de/fi.» 

$X\ m ßamctiÄ ¿drpitian 
teer mit I»,*-« Off mater enri, the 

!' 1' 

iS 



llllllUHHHHÜHillühiiM ...in 

in "tîiii number of calori®» equivalent t;o 1 faiQ-a-sgafud, 
ih ;!j 

o.r 10 arga- The com i.tbwtlon fnm &i and tu If very émll and can be 

neglect «d except for fc/i* glass wthi.ch :i ^presents a rèlatlvely" langé fraction 

of the total »ss,. 

gjatam Calibration: 

Although some of the constant a included in the .formula above are either 

known or relatively easy to determine with good accuracy, it is desirable to 

check on the system as a whole by Introducing a precisely known amount of 

energy into the system and observing the temperature increase,. To do this 

an electrical power supply is used tc heat a resistance wire placed in the 

bottle (in some experimenta another wir© was heated simultaneously in the 

Jacket to simulate adiabatic conditions). Voltage, current, and time are then 
' ' ' . . ' • . ;i , >. , /,: 

measured accurately so that the energy deposited can be determined, 

The calorimetric equation for the absorbed electrical energy is the 
'■ ! ' r ’ 1 ‘ r": ■ ■ " ' ' '!• ■ ■ ' :•! ■' i' r : -1.: i.; iii.i j 1 

following : 
1 , i , 

E®lec ^ J°uleB (ni) 

A common approach, which Is especially Applicable to homogeneous 

calorimeters, is to rely upon thé calibration heating as the energy standard. 

This meant that neither absolute calibration of the fchenuocouplec nor ' ' ' ' 

knowledgè of the théïmal oapaeltt Of thè èyPiem iis neftéèéaí^... 

This is shown by substituting equation III into II; thé dése1 foi-ntula ' : 

is theni fednsad tó-t'; :! i Hi'.' 

Dr “ f^kctric. 
10 * ât 

I..-, I .; 

1¾ 

:1 istj-i.;: . !' -: 
Mrads/h 

ai * bi . 

«Rd the absorbed do#-« rate Is readily determined providéd tíi«:,ÂÍÍ^4ôbÍvé 

mtasee and the oomction constants and ara known. 



This method of system calibration and doao determination certainly can be 

used for a rough determination of the absorbed dose in the system- There are 

some reasons, however.. why it is not adequate for accurate measurements with 

the rhemos bottle calorimeter- First, since the thermoelectric power of the 

thermocouple measuring junction is not a completely linear function of the 

température, the same temperature intervals should be used for each cali¬ 

bration and irradiation. This is often not possible. Because of the different 

modes of heat input and, thereby, different heat distributions in the two 

procedures, it is difficult to obtain similar temperature increases a ft er 

system equilibrium is reached. This means that a calibration of the thermo¬ 

couples (or use of reference tables) is necessary in order to compare the 

calibration and irradiation experimente. 

In addition to this, it is desirable to have this calibration available, 

when detailed information is desired concerning the sample and jacket tempera¬ 

tures in the course of the experiments. 

Second, although masses of water, wires, and cork can be determined to 

sufficient accuracy by direct weighing, the situation is different with 

respect to the glass. A "mass" can be determined after conclusion of all 

experiments by breaking the Thermos bottle and weighing the inner liner only, 

but this mass is not necessarily the most accurate on®, as the "effective" 

paît of the bottle is not 'too well'defined* There is a part of the neck which 

has heat transfer both to the inner and outer system, thus only partially 

contributing to the mass of the calorimetric body* 

See also ApçendtK 1¾ 



Th«: .foltoiájQg, Improved, method for :tîw.'sÿ«t*i mMhmklm, 'WHttt'h' dTtrcaiwa 

tfmm, Äifficuititt:,, ■ i» tíwwfore aiittgga-eted* > Tl» tht'rmôcoiïpÂ«!»: aWWíld ' ,c*,IÍ-» 

brat fid «»»ftiHy »gaitot • ¡ thoirB»»«*»»* ltnd tMi dhujig« in 

powfi.r p*r PC b# jAattffld, aa a function: of    a lA^ga graph, (Sac ül®0"' ' 

Appondix I), Maaaea of water, wires, and oorfc should be' dot entinad by 1 1 

weighing and the corresponding thermal capacities obtained ;f«» standard 

reference tables, % substituting all these 'values into II, a oalltomtlon 

h.eatlng should give, an acourate value of the product «giaes x Cgians. The 
# 

value of Cg2AflB my be obtained from a reference table, but ihle requires 

detailed knowledge about the compoeltloni of the glaaa and, to same extent, 

of the degree of crystallisation which are not always available for a 

commercial product. However explicit values for «rid nig;iiA6# can be 

deteimtned. elmultaneouely by an. additional experiment In the »am# »«tupj by 

adding a walghed amouiit of broken gla»a froa an identical Them» bottle to 

the water in the Theiaos and determining the new value of rngimia x «glasé* 

This givee us two squat lone which can be solved for «igia«« end, Og;iAg#,. 

%■ now all neteeSary constftjit« except a^xasa “’d bgias# 1» equation II 

are »,«o«mte4 for. The value of a^,1fM omi be obtained, from, the dose dlitrl» 

butlMi curve irefstred to earlier.® An aeewrat# value for bgpBtif, my be 

obtained ñm leÃiente tables, If one has a» «met ilnowledge of the 

eirajjoisifcion, of the glia# and of the «aergy speotn» to, tli# Irrirfilâtion. field,, 

fldi •ppitmdlt, hoiitvar:, give# :rt«e td mrioms protiilstii which «re «Äeorlbod la 

dehatt, .to áppisdto II,* It I« therefom suggerted, that ta. «ptrlmartal 

|*fc«!iiitoa:ti,j|rtB of be .made If » wufchotl, «toirriipoiálig to the 011# duawrlhad 

tlmif« for the iftifiilaiatioii of «|ii|fr;firl, 

'11* 
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th« íflégnourla Co-60 «oure© &t tho U, 3» Attíiy NátttSk Ut3o.mfco.ri0© conaiets 

of 99 aourca roda arranged In two 10? by I« m rlAquca separated by 28 cm. 

í!kch plaque haa an average activity of about 3,5 curies par square cm. The 

©ottpco 4« stored below 20 feet of water and for nm ie raised to poeition 

above the water by an elevator system (see Figure 1). Thé absorbed dose rate 

between the plaques la of the order of i* Krads per hour, 

gonygypr^yatam: 

?t» conveyor systaa is designed primarily for carrying food into position 

between the source plaques. It consista of chain-driven carriers »long with 

the necessary stops and controls for either a continuons paso between the ' 

plaquea or for bringing the carrier to exact position between them. Further- 

mom,, oh© haa the alternative of bringing the carrier Into position first and 

then raising the source around it. This is the method used for the calorimetry. 

Th* bkrrier® am made up of aluminum frames with h" âlimlnu» doors. 

Calorimeter Assembly: ^ ^ ^ . 

The calorimeter consists of a commercially available 0,3 liter, Thermos 

bottle11 positioned Jna 4# 3 liter ; cylindrical Deuar by mmm of Iksanite., 

»pacer®. îhe^ ïhemos bottle was,sealed with a plaatib-covemd, cork# and the 

jacket ;ww clocad with a tl^inttirg^ Styrofoam top (see Figum 2), , 

l|1¡; ,,, ^ bbeÂioco^plee and the calibration heating,wi;pe, when in use, were 

thrt|n|h |tt,her ,g hole in ^43# „oort or b«ft>»«h the cork,, and,,thf neok 

of the Wtti», Iii^ioftt of the eaqj*i|l»«]nfce Mu» thfiisottpuple« 'were htniing , , 

Mo, Ä5> King Stftltay líhormo». Coapany 

13 

11-11.11 lili- 

'!, : i 'hi hhih1 i;!"1!:’1! i hi!.;: h.. I h! ! .... 1:1=11111::1111 ■BGâEüünrirr; 



fxttfu.y iío'«:i listo thi¡ ioltitiori, hut ln ©{«te eanoj« míih;» í c. 

for l'Oimâirry iooat j oj® they welsh epoxlad i;o Une (iet!:i:lrtll poeitloia iri;. ¡ (;,Siiii;wi!i;l,L 

Iiji. JS'Csmf of thif ^BixpeîiaïfflntB^ «ht ■ »■ <î«s»rp4>iv«. aojut^oi* tfi .Ipta. .j-ïTadiab««, 

a glftsi tub« »«âlfîil on the end v$a »d ■ t.hfcwgl? fiha cí¡i.r| to, bold,» . 

eóuple. i i i ,, 1 - - , , l¡r ,,;1 , .... 

Thif thickneae^of the g^ao. ,of. th» Thoï^tn is lf5 ,imirí :-:tÍM»o ,of rth# ■ 

jacket wiXls, «re »ipro-Kimafcely,,, ,,,, ,.,,,,,, ,., ,,., ' 

íaseMa^e Hgaaiateyti 

Themistors as well aa themoeouples were considered fpr tempepafcm*« 

detection,, Themistons„„,a ,g,r»tQJ: sensitivity:, tpt can.bo,.slightly jto» 

laborious, to rpad. Sin,op the tewpemture increases in thapa ..estpertoants „ ,„ 

were of, the orde.r o,f .ICl^C,, ^he.sawitivity of the thpianocoupl«»« was, .auffieiortfc, 

ao tAey were dippeiï .for pane, of «porat^on,, ,.,,,,,.,, ,, , , ,, 
# 

Honeywair., ^J^^pppper-ponatpntttiir^iir«, wao nssii», „ Marlin, ; thp,mop,qtipls,,,, 

connectors, W9|^ :®iajpEa^ed to, çpmspf then to 1/8" ,idt^.r running, fpoin the, ,,.,,,, 

irradiation ara*, ,to,,^¢.,,|control,.aMelpinf ..açd,fU4:p#h|î,:all 'the firpSi 

í 

a low noise level was obtained, 

Th« circuit .for the tamperttw# moasurwents (Figuré 3):,:inelttäöd",|'i-lode. 

ft hoütíMp''K»t potstòiâéiétèi’,;" * têèáa 'i'Morthrwp aléMroiiic'ghiíviiiottetor and 

a Joiôpli^iáiisi''^' i'li|¿l''ílioÍlñt'ÍÍíi#HiwoÓ^ reéérwi««. ' ' 

,,irifhl'lfe*âtóicli|le!i^^ lÂétò Ön'lhe tóie óí íJlJslictti »«poé«1 

fwtt a l,«r|è!||à«A#::ifl',ilMifcè:ile*ÍÍ!feÂllilft;ÍIi^^ irtóíÂl' 

:i,r« a; 81:1.téitipirítuM ¾ohfítltl!isiiliiMI¿í“!|l,tóC',, li«#*“'fci.'áífcwlfe pir "dtíiewe 

t1 ÂlÜliÜSè^ci11 wÍI"feJ'' 'íôuÉdl!l|ÍI' iiglrtio lit míM 

¡/li!![t|:p!!i!ifti:ftit I„ 

ÂíÍIÍ! 1 ftí nraiint e1“ ' -^bu 1 atad "an<i grunhí d ' j„n 
.... 

•S. 
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:11,:11,:1.11 
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¡il' *IIIII|W|IS||||WIIWH|H|!|í!III«MI'N.»IHí - II II^IMMIMl ^IIMI-II 11 » 
H,mi*    ¡11 

fmiJMAJstlMm.aMtattmi. 

Xn elfte* to l'ft m «nroti h««t dl,#t.rtbi!ileB in th# mt*r durlAg ih* «l«e- 

trioitl 'CàlibMiiiofi.» § leiig ronlatwo« *dw wm eiirltid into, t «piml *ni pl.*o«á 

in tto Th*»* na ämm in Ägur# The petitioning m» dem« mry 

ln oriäur t'e èwíd ghöit circuit#. Tka WM»i»timö« of the idiu« ut*d, 

fwwi 15 - 75 oäb, 

The pemr supply nmi mn » 0,1:;C at*t»la John Fluk» powtr »upp^r. Th* 

oimiiiiy for the power input »«*««,îia#tent,« mi the amten,«««Bit« 

le shown ia Figure J, A, high wnttags realster m» used in series with the 

hwtimg *14» to obtein the current readings. In order to árt«mia» the foliig«, 

a pot «sitial dieider was placed in pe reliai with thus hasting wire. All 

reelatow were oalihrated in ». Wheat atone brldgs: bnufo» and after e*eh «tperi. 

imanit in order to aussure that no appreciable heating effect oeourred» Mh# 

Leedla * North nqp t-fi pot*nfcl<*n«tor and, the will deteotor wsire used in^nalting: 

asp,firent mA upltafi* ,*,* will ,*« in, the ;**•«,dlo|!« ' of the 'thein»«i*«trlc 

power. An ilirtrloil tlawr waa, ata tied s:lau]Lt«tneowaly with the «rin»»t % 

««tisa^of1 ^ doible^^ 

, „ m i .| ,¾ »?■ 

: , 'I'M1 ..i1 

!| i, " ,' ' '"'i "i , t ;i>’ ! '1 i1: 'll .iii Hi. 

is i" 1 11111¾ 

ii¡. i'' ,: ! III11!, I!.'I 

„mi; id:'!:::5. 
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'ilii'i ''iiii^iiiiiiillini'ii,, í,oii,i-t HiM i!iiliiitiiii(iiHÍ,|i:)iiiid, T'íi* ■. m (l of íiciiiiiiptii, i|:j|j¡r||:i|:jMj|i| ¡jii, 

i-,,1.1-4iLL,ii,l, ,1,,11 L|!.| l.jhiíis 11.111(1111,11111,1,11,1,,'iiiifi,i'i!.. Tb^raforn*,, ^,ii;nli!::i o,!1, 'Umi ii¡|ii.iii(Ll,,b|tjT|t 

1* ... ia ..xi« ....I1 or mm ruf hfc» ....... í.t mj m 

Ibterii tuiW co'irwisnnt itio describe. t;,üi in ptir*.,,, -11.1111.8 yß$ mut; 

b*i3«a*,» th# etilbímH:,lona «, »more ^türcrt jfRUfj>o«f f iMuutiljr to 0131,,.11.11:11 

wiaif l'bi- ■ * 'íffttiití'ire ^láiiis til« 't,h*iri»l cn|»flitjr «.f tJnn jpi’i ff ^ 

ft»1*»'« iüiclnKilid: in til» e«,k>:ri®i«it,rk spuat, ti.mi# #(¢1111:1.,(:1 m 

«owfcMit^ ménr »11 cwnditl<»j ... ¡ for tmpmlui* ^«nd|«no« (fior .. „ 

»0 th» MçmrimnU' |'«Im»iiil|i«i », tmmt for «vulutUi.. #1 of 1,1» 

4i,fffciMii* i pirO'C'tdtir*«, 
1 : , 11 i < i r.:": i; , 1 ::, ,- i| : :.. ! : ¡ 1 ,,, , 1, 1 ■ , . ' < , : 1 -:: ■ , 

lili,lÄbliWf" «litis ^-=1 li :111 11 1 ’ : fu'I, "i i ■: . V" ' • , - : 1 ' i, 

.ru'lglll^!1 i1":'¡li11,.. i;„'111 II1.1 1 ti:,'!1!! ,|| ",: "1!M. *'í ", -i],":.: ’ 1 » 

s í Th« '«rtW, ii*4ilií!bwt‘ill!!iw^,rtl4i** to toUfai* tlv smltWlkW«!U!l W:U,„ 

Effort i ... tile1 ':ií 

jaakit it fii,liinB «MK* mt# »„«1 the, mtm in th,*i boUX#. 

foiwiid, »ímtUj bf th# iwwn*»;t¡u„»i «f the tw» Uilm «1,4 

tfi# fowtr input to fctoi „1*1*;#: it flwiiuiiBoit 

Ta alh#i* Whin «y» Mill :||»W!i„Ä„fliiioe ût cmJleto*, ¢1,tie timo». 

°wpl** »» pl*»m I,* imibtoM to to# Thmm tort to ti» 

Tfliiptiniitiini», »,;» «lau, ítm # nmxm info» unto tapt -fi# » }>««» ,«ifttr, 

m NUMtr amif til.. ««tot, ... p,«¡id;m f «.i lu.. 

til itiiliiiwifc iSi» |i|i!:tiiíi,!t!i!i!, nil)., 

:1,1:1 
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,g I]:: 11::::)11 Hält í*ftdtttiai:i. irtiàí":ftOt pösalfcl«, fcin *v«mgl t«iip«r»ture 

j1 hftfe*'«1 jwwttir iltpll afcd eue'lttmi* -afteif powii'r tnpttt »0 'toidneii. irm 

t;||!||i tit the tbp ikisnS''’hdttiâft bt the theta»* bottle* k welghtud 

«11 bn «'«killtet«i.. fmi the curveé áhòm th íigtt» 4, For ÍU int«*'-, 

«mxhm 'tita«,p tía«' ftiwragB difference 'bat;»«», tiii èite|ò« and .Jâ-eioet tentpeimiwe 

mia mtriA, df »toll'law, the aWr^ge («¿e of heat ittmsfer 

"tta "time Coúi^ct-lid^ÔèibWalê tt téápefciurte famâtí 'be ^.09 + .0^0 
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To copo with th, largo tempe roture gradiente preaent in the sample durit« 

th. former experiment, vigorous shaking of the Themes bottle «M introduced 

ij*edlat“lõr after ,the tennimtion of heat input. 

The jacket temperature was uncontrolled, at ropm temperature. Logarithmic 

erd.rapolatIons to the middle of the heatim eriod were made bf following the 

temperature curve from about one hour before until three, hours after heat 

input. 

Observations 

(1) Shaking after heat input practically eliminated the temperature 

gradient, referred to above. From 15 minutes after shaking an<} thereafter, 

the largest, temperature difference ip the Thermos was found to be of the order 

of O.WO both in the calibration and in the irradiation expapimants. (See 

dose-rate determination No. II). 

$ij,ce the peat history of the. heat distribution in (rbs Thames become, 

relatively unimportant after th. shaking, .this oUibretion become. » promising 

method fop obtaining, not only a check of the «.grated system, but . deter¬ 

mination of th. value, of both the effective mass of th. glaee in the Thermos 

and the corresponding th.m.1 capacity to h. employ.* «er in th, derate 

diterainations. 

(2) The drift in tumpermture of the Jacket during the time in vrtdch 

readings were made amounted to 0.5oC. 

(For d^ta*,, see, Appe*i<^,:ir; ¡i/r):. r"' ..!'l,; 

Logarithmic art rapolationa of the,»*«^ ««tf 

middle of the heating, period by application ?f N«on'|P, Law. The jackat 

ï.ft. teigreratur« curva. «« ai^ar to thoas of Oalihration »0. IIIA, Pig. 7 
I ,,.. 



temperature wma assumed to be constant and equal to lie average vafte during the 

experiment. The true Increase1 In temperature enC found to be 3.98 + O.ÒÍ*C 'for 

an electrical input of 2656 + 5 joule«. 

Prom Equation HI, the value of m * CgiAas(25->) wae ceicu^ed to be: 

15.ó + 0.8. 

QammML m m 
oefleaii 

In the firet two calibrations, values for tog^gg * CgiassiT) were obtained, 

and it is Seen that the two modes of operation gave good agreement in the 

results. However, explicit values for Cg^ggfTj and mg^gg are needed. In 

addition it is desirable to obtain these values with better accuracy than 

obtained in the former experiments since they participate with a relatively 

large weight in the dose equation (II). As described earlier, this information 

may be obtained through a two-step calibration, where, in the second calibration, 

a weighed amount of glass, identical in composition to that of the 

Theraos bottle, is added to the water. This gives two equations, which can be 

solved for ingina and Cg^ggfT) : 

“glass * cglass(T) “ K1 

("¿glass + *glass) * cgUas(T) T K2 

¡i r r ''i 'j - 1 ■ i“ ' "l' i» 1 

A constant temperature environment mode of operation was choden because of the 

ease in and èxtripolatiòh of the tmnpareture curves, ''"flii'1 ' 

accuracy was improvei 'by using an ice-water mixture in/'Äo^cÄ#, 

__ : “ ... 

* The electrical enerar waa determined with leas accuracy than usual due to 
occasional shorts in:, the^heatilli,.coll. ;; ' i ,L,^,.liííí!,ll! 
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4 constant aabient temperature. Th« use of, tçarwatar, mixtwf vtn'th® ¡ 

^l*o «altas it possible to perform Irra'diation experiments wKler oampamka^ ■ 

conditions. 

The calorimeter vías shaken vigorously after temiration of the heat '.input, 

ObsarvetioMl 

With an ice-water environment, large temperature differencee between the 

jacket and the sample lead to a rapid rate of temperature change, decreasing 

the accuracy of the extrapolation. Fram, some of the early experiments, as well 

as the present one, it .as concluded that in .order to obtain an accurate ■ 

extrapolation, the,, heating (or üradíaticn) should be started with, the sample 

température not more than 4 few degrees above ©“C.' i 

Result s : 

logarithmic extrapolations of the temperature curves were made to the 

middle of the heating period by application of Newton's Law. The true increase 

in temperature imount-sd to 9.332 + 0.012°C (a) and 7.446 + 0.012°C (b) for an 

electrical input of 1220? ± 4 joules and 8873 ± 4 joules respectively. 
; n 1 .. ., , '■ ^ ,, ‘ j * ■ '■ 

From Equation III, the values for mgla>88 • and + » glass 

* cgiaas(T) ^ b€ 'x-1™1**'9* to b»: ^ ; 

t, r, 

!."S:!ï " ,1¡i,"',:: r 

»glass ‘ cgla«s(8^) * 15-37 i 0-3° 

, (lBgl»ss + ^8^9ß} ■ cglas«(6.d?) ^40.60 + 0.3°^ 

Aseuming that cglA„(8*) - .0^88(6.8-)^^9^ ^ equation» Jnay be solved 

®gil* '! '•'"ü.j.M. ütn'i ! i'iÄ : ..UH,1 V- • .' 

Vasa(8°)í °-208 Í 0‘0°3 - ’C . 

.',!!!'■ • M f». JtXW y... KÍ. ..I 
^ 74»'0 +. 1. S J^y,.,,, 1»,^ I, ■ .-sk'kx imíí; 

1Ü- 20 



Pia cuan Ion o:f Calibration ^ta.: 

Ineortion of - 74.0 ,+ 1.5 p. Into th. prodnot mgUB0 - ogU„(T) 

determined in Calibrations 1 and II gives the experimental values for 

The three calibrations are summarized in the following table: 

T°C 
Cglass(T) 

8 

18.6 

25 

0.208 + 0.00.3 

0.212 ± 0.005 

0.211 + 0.005 
-.... 

Referring to the formula for «glasg as function of th® temperature given in 

Appendix II, it may be seen that the determinations are consistant within 

experimental accuracy in this respect. The deviations assigned to the values 

given above and in the appendix are estimated on the basis of deviations 

expectable or experienced of each parameter. 

It is concluded that a constant temperatura environment mode of operation 

offers a satisfactory procedure for determination of mglags and cglass(Tj 

Thermos bottle calorimeter. 

lb a 

SSflS-Ma Determination 1 

general: 

The first irradi&tior experiment to be described here was carried out in 

a nearly adiabatic mode, representative of several earlier attempts to deteimlne 

the absorbed dose rate in a crude way. 

The term ’’nearly adiabatic mode" needs a few explanatory comments. In 

the case of the calibration, the nearly adiabatic mode was realized by regulating 

the jacket temperature to follow the teepeiature Increase (and level) of the 

21 



um.,pie, The pattem cow Id not be executed for tho lira* flat ion oecaue» the 

w,‘ol° aSBenifciy w«'» within the radiation field. Corneqnently the «adtatíon 

absorption in the Jacket, plus the heat transport to the jacket front its 

aurroundings resulted in a faster temperature increase in the Jacket than In 

the sample. In this context, ''nearly adiabatic conditions" refers tc 

controlling the temperatura difference betweon the, jacket and the sample by- 

starting out with a somewhat lower jacket temperature so chosen to keep 

(Ts - Tj) at » minimum following the irradiation. 

In the preliminary axpaximante, from which data are not reported here, 

no particular care was given to controlling or recording accurately the 

jacket temperature. The tempe naturae in the samples were followed by a. 

thermocouple, placed in a narrow glass tube, »«alad on the end and inserted 

through the cork. Extrapolations were made to the middle of the irraftiation 

by following the temperature for a short period before and after irradiation. 

Because of results which fluctuated several percent, end because of 

tha rather odd shapes 6f the temperature curves after irradiation, which 

could bo only attributed to temperature equilication processes, it was 

decided to check on the size and persistence of temperature gradients by 

placing thermocouples in various positions In the thermos bottle and in the 

jacket. ' *:'|J ' : 1 ' 

temperature readings were taken for two hours before and twenty hours 

after irradiation. 
1,. :1 ' 11" ■ « ; 1 i " ¡ ¡¡i -(- ( - , v 

gfegica&tefl&i (See Figure 8) ! v 

. ;,. (1) ; As .«ms experienced (Sailboatiene I,,- large tearperatur« - gradients 

existed» ptdeh refj-uiped,,five:1o,fla'bfps tb subside. .... ip-;. ,(,,- 
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(2) The temperature distribution and equalisation curveo permit the 

determination of the relative weight to be attached to each thermocouple 

reading In making an estimate of the average temperature. It can be oeen, 

qualitative!/, that the arithmetic average of the top and bottom temperature 

in the sample la a reàlletic choice. 

(3) Logarithmic or linear estrapolation from the time-temperature 

cum, once equilibrium ia achieved, is neither practical nor accurate, since 

the change in temperature difference between the sample and the jacket le not 

regular until about an hour after irradiation. 

(4) No difficulty was encountered in making accurate temperature measure¬ 

ments during Irradiation. It should be noticed, however, that there was an 

apparent displacement in the thermoelectric power readings from the thermo¬ 

couples during irradiation. The displacement remained constant during irrad¬ 

iation and could easily be determined. The magnitude was around 15 ^iV. it 

is probably due to different ionization in the air and in the system as a 

whole, including the thermocouple wires, Jacket, and Thermos bottle. 

Results; ÍSéë Appehdix III for data) 

An identical procedure to that used in Calibration I was employed in 

obtaining 'the results. The true temperature change wië determined to be1 

12,52 + 0.08-0 tot ¿á ÍH»áíatí<»h time of 3000.0 + 0.5 eec. Diiing M 

of íound^iii^êê-iêti^Âeittikmtiõn^o. l!ïî, :fò^'a^pg the valué' 

obtained ffe'lble'''áiétribàéión' c4r4e^ and the valuee 

obtained in the caUbratlon «perlaents, tí» doee rate may be calculated from 

Equation ÎI to b.: ; ' 

. ' B,-4.18 Í 0.04 iWh* 

as 

:v :¡lft 4: 

],!>.*; I; 
llkl, : L 

* This as well as the ¡ following dose-rate determinations is corrected to be 
valid, atk Arne ^ .Walflljir of öol»lt^6Ö'taken■ to be 5»3 ymrs*. 

: i ' : , ' , ' »1 '' :/: : 



I.'hfl ««'flcxiií «p«:r:íi«i}st. coí:i,ni:I.,p'sa of Wo irmctiátilfirm to a. 

iWTv:l,f<ípene,ri:t;t by feW'l^g »11,. mlxitwr«*' 

in il» jietoti, flics lapsctríiMisrit ire complewiitacry Us OaUbrnUorn, UI |n 

fch»fc "Ishio, iwp, hwt,tïïgf wd.bh« two irra-diatioftp parfoi^wMj. in, iih« »«», 

mod- and, coanbinofí, glw experimental value« for„ro^,^ mi 

the do«« woe Dr,„ _ ,,. 1. ■ ■ .j 

Th» correct ion for the different abiorptiort aSa*,r)fe^iert.tft:icff in, the glsipp 

and in ithe water b^lÄ#0 lafher«'detewateed almilt,an,«ou®l|,Äh the do»« rate 

Dr in a two~0tep, ifradiatlisai^ wh®r« & weighed ftmount,, o-f,-,gX|^»,p (2i3..2,:,g?a) 

id«nticftl_in oompqsition tpv that of the Thein»» fUjpk, |.8..,^d¡^d. to th» mlfr 

in, the, second irmdifttion, i This gives a «et of equationa, vàlch can be 

solved for Dr and bgl8W. , 

,jvhe procedure ,was identical to that of Calibration,, No, III..„ 

Obsery¿tíonft:':' ' li,: " 1 '"'"i-,;,' ,:.-.-, 

As in the case of the parallel calibration, it was found that after, 
, , ',. , ', -i.:.,,::; ¡„y.'hU, f'„i;-; ji.n¡ i: ' í :: i, ,,:: ,:,,j,;: 

shaking, extra^olatiop of,,|eiBpfpâture .cmryes was, straightfoinwa^ and is 

expected to give veysr reliable¡ii];^8iflt8, Nevertheless, it should be mentioned 

that whan additional glass was added, extra time was ^required for, all, the, 

glass at the bottom of the Thames (as demonstrated, in Figpfe ?) toxomety 

t«nper»tura «jullibrlum Kith the «.ter .round it, eren after „baking. 

éà. ' ''¡iitthö11 'the i:‘aiäklli^, lli^nfc^'icïii 'of tie1'" : 
would be expected to baue», a higher dmm fate 'dié^ë,; However, 
becauae of thé tw^plaque ¡»«ires oonfigu»tioh in this "l:"!lJ,|:!'' 
q^hahwa in do»« rate, a® es^tgjpg |oae»41|t4bution curve», 1» less 

Vfl'I 
I, and, therefor© 

¿4 ■ 
■ 

' ■ ' 



Bssalto. kpptmdix III for data) 

R*t<mpo3Atio« of th« ti»«-t«»par»tur* cutnm» m» m4« to tha mlddla of 

th* tmadlAtion. Pbr th# two Innwiiatloni A and S, taap#ratura incrsaa«# of 

6.cr/9 ¿ 0,00:5*C (A) and 7*742 ¿ 0,005*C (B) ware d«temln#d for an irradiation 

ti»« of 1800.3 t ««c and 1800,2 + 0.1 sec rwapoctivaly. 

.Fro« BSquation III, th® following alapliflod «quation» can b* derivad: 

Va) (»gu.. + V - *2 

Vb) <bgU.. + *3) “ \ 

where Kp K2» Kj, and can be expreaeed in terme of the known parameters, 

Dr(A) Dr(B) Är# by tho decay equation: 

-fixéai. a t 
5.3 ^ 1 

Vb) “ Va) ‘ • 

correcting for the time elapse between the two experiments. 

Solving those two equations for and bg1^ gives: 

Dr - 4.42 + 0.02 Mmds/h 
. ..r". ; ...r-*.. -r , 

®*®2 ; ' !' ■ 1 ,)11 ■ f 

........... ! ! r 

! ‘Ir ' 1 !" , ,!,/ /,1,1¾ , ' ,, ,.-,,-11 rii ¡.-/jf},: „i, ,1- ,*.» ) . ^//, t, 

« 



í!i ,11. 
t 

'' ;; : ;]"™E:¡ i:11 ' ' :.. ’ -i ■) i,1 : .1 1:0:.::11 si". ; 1:1 :"' i 1ti 'biJ: ^K!;,,::1: ■ .: : 1,: 

A» previoufily ftt*ted, the ideal »ode of operation 1» adiabatic, eine» no 
'! :(.1 :::,#::1 M 'i i:: : : , :,1 : i;:c . f i1, ": :! , : .,,,, : 1 ’ i : 1 i, , „ :1::.1::,1 n,,, ' .:: 

Heat losoee occur; therefore,, correction of the observed temperature iiwrwate 
::, :, :,,, ' 1 ■ : ,. ¡, : : I.,., . ", :i "'S : : : : ■ 1. ' ¡, " . : ,::,:1 !‘ , 1 : :1, 11 !! 

ia unnecessary. It ha» also been pointed out that, owing to the Urge heat 
:1 /-; : :,i : ,.,, : „ ■ „, , ::i- 1 : »j -i «g [,, i ^ i;,i:':™,’; ,n, , 

increase in the jacket during irradiation, this .»ode is, impractical under the 
!1 :--. ■ ::: i::,-,.: - i' n I't,," ' r,¡,1 .' .'CI, „ i It rsol :,!,:n ,i:: «'r* -: 

present conditions. 

If, however, the jacket temperature ia lower than that of the eauiple at 

the start of the irradiation arid higher at the termination, Intersection of 

the temperature curves must occur, and" at'this" time adiabatic conditions will 

exist. ! HjT reoordipg^accurfteXy^both,thei1j‘f(M>:p|*a|iure¡[^nd,,",t¡lpp fo^ a period,,i 

starting before crossJ.r,g takes place and stopping thereafter, the slope.pf 
1., ' ’ ' ii:: ' 1 I, -1 

the temperature curve can be obtained for adiabatic conditions of the sample. 

The slope la a direct measure of the absorbed dose rate. 

This experiment describes a total of three Irradiations, A, B, and C, 

where the intersections take place after different'pitiodi1:1 ©f1,1 irradiation 

(i.e, different (T^ftcket - ^Sample) at fche 8tart of ®«ch irradiation.) 
-, ::: :,„ijft!!i' ::::1 1 :-,:1,:: , 'i ül,: b» ci -il,! 11 1::1::.uifi gj ,! 1 - :¡ :-: ::, 

ÖlliDÄSlAiftÄr,, I :-1-:,11,,1:: ^i;- ::-:,:1, : .mi iiiipp»,1 ¢1(:1-,il-ti.f# ft1 11111:,1:1,1,,1: 

(1) The slope of the temperature curved.e. the heating rate) Is not 

only dependent upon the dose of th« imdiation 

preceeding adiabatic conditions';.Thr'rsaso«-for11 this "indicated time dependence 
, "- ¡¡ î : , , , , 

is-the Äther large tempe rature, .gmdihifth .system irradi¬ 

ation. It was eatperiancedj, however^-1 tMt'"'affc'er'aiwsett::i'i<«e hour,thews gradients 

became relatively stationary in, siae, meaning; that the,,rate of heat transfer 



|||! • i|i|-| |,| ,|,|^i| 11,|:|| 1.1.| il-i-l IM ,11| 11 g 1.1 in, , ,, ., 

*"* th" *"• t,f "'cv ... '««'■V, «« «lui., ID th» „,»* of 

HtlMi, m MtWor.'Jii, fcUl*|;,,l(! t|., .Ji,,,, irf H«, .... ,llurvkl 

mrltf, »*»v, I ...... ».ft,».' ,,wit: « ..té»* *UU" > 1 

|>«mH 4 r>UâbU and naewmla iHatismlmUa:,. i.f,,,,, ,,>t». 

11   * ^ "*• of th. ;u ,,, ,by 

t>!»n»<î<Mq»i* aa a MwU«, «f iawll|l|»|.p„ 8,,:,1, w;lM ¿T h 

oçnMUd, for h«t ïo.»». 1<, bha ^okat iluH,v ' ,0 ti» J • , ?. 

Itowti'ian'i L«w» 

lh* «!«,«'* ia Dfctttn#^ fro» 'ïrii'tlÂtfciïri Clt ft* I, (||«i*toa th# 

hm«tii« mi« «t th.a tim« wt:«r vh« §;vJ «iftifl#mr-mn irttw* 

«'Mt, Th* ;!»»»"« :5îa twd-'ïg .«h», th,* is3m«por-UnÄ »éWítf mlfl#»1 .feuíMl to' ttw 

two il ittudniât.toni te th,i» «»atloiii, fhw graph totltttttff tl«t'fteih^ilô' 11 

P'iitieater •iP't'#»» «titifiWJhsr iiodlte'litm# »tout #oi#i hiiw mi 

imdtotic*» mêwúm th»t th# aunáng t*n>#imtu»B 0lf ««çâ,# «d nhauM 

fc# «o Umt ii»t*i;wi#irtloni of th* mmm do## »«t o#«u¿-11111 

#«n«r than «o# hour aft« th# «tart of írradtetton. Poaitiontog of th* thawto« 

«¡pil,#B to, tihia.bjiiAiftiirtdi^ai^aii:::*^.,'^ !';.^on*||B| Joifrdituttwtoteg^tH# «m« 

.lui ipoijtiit1,11 foui .i: tinti11 tfciift! iMiotid ;::ii«     tih*11 j»af|,. **| ¡itia., ihiiRM#)« i 

th« ait of th* ïmiMtê là «ntf.lJjjlftitlSi.roiiPt# that mm tWa mrm 

i* éitfiwfttoiad,!,: it ia» h«, 
"".hl' 'Mi i1111111 ill !'iii:.r''n,i!i::H [,.^.1. 

ccndit.tcna. . 

, A W'W“ «i^ititofcfcii fijpfit i»i(f h# 

Ml*»1 »«BJlïMidl IWidB® pwi.« 



A, Th« ¡mit of rin« #.1. i, rífeme A iuitt ( !sO(t( üiíhíenrwlii Ht'iurii. 

■if ¡LrirKi.ftlfli/t; Ion) w*r; 

.r;orre#potiid:!,.rig to « dort« vt»t« oti 

D '* 4-03 Mmän/b 

Stâtionâiy oondlfc loo« ä« doflnqà ttiov» wer« not- obt4tn»d» If oorwctl«*. 

ta, applied f'txm Figure Uw foUovriJv do«* mt* ta fouwlli 

D “ 4.1« + 0.04 Mm-ia/h 
r 

,B. The .rot« of tawpemturf rt»« rtt, iptewectton {750 «ttwod# «ft,.or Jt«ri 

of irrmdiatlon) me: .. 

ooiTetpomdlng. to ft do»« rate oft 

4.10 Mrada/h U, » je 

,3lt»t;teniIy, oondltlona as d*fined abow 'mm' not ototaljaed.., If1' 

correction« are applied, freo Figure ,11, the following do««, rate is foundr 

, ,- Dr -4.Ä i-a*,'03 Mrada/h " 

^01)33?? f. «.«P«1?, "V«*c 

dÂ.iwieMiÎ-^^-ï'db.iÂ'Ji'.. ” 

,.,1,,, .. .,, ", :,' ' oMWttífii 

tlli» »««rmtaation 1» oW,*ilUit und»r »t.Uor-ary iwodltl«!». 



:ÍW!»Xi?C.felt. 

Th** rwuLt« of tht» do«« mf.a det«min*tiona ««, b* aunnarized «a follow« 

Usîemination fe, Dr Mrada/h 

(t estimated error) 

J 
: 1 

II 

ÏÏJB 

HIC 

4.18 ± 0.0,4 

4.22 + 0.02 

4.:18 + 0.04 

4.21 + 0.03 

4.20 + 0.02 

If th#«« rMult« a» given 'Weight According to their estimated error, the 

awttfe can be calculated to be 4.205 Mrads/h. The dose rate in the ir^d- 

.i.8„Lh«a_detorBiinect to be: (As of June 16, I964) ,, 

4.»5 ,t 0.018' Mrads/h 

..» III 

j! 11 :¡ ¡¡ ti i •; • ! 
, „i| .i,, „ 

"f.1' t; 
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S:;S!|aaxo!!:l! 
. ; ,: " ,1 i'1/' 1 . /,/,,. 1 , ,:,,/:/1:::::,, 

2::1::1,1:111:,,,:1::11.,2:::::::3:1 i ¡ „ 
II-, 1,1:5, iiii'bt.'fiiií/fíti 'tio ittiîîes# "bl'uii tit/ii/Toj:« .i/ritïi'Ofiuced íA tn# ba daUttiRlJWiWwiij. 

-bh'/í 'i¡!ii«l,.,!íW; iff mdk sfeseo o.!;1, ‘üi'/rroi/' ob-the .rièîtlilÿ Ä ■.pn-ïtttttiOtisr® îsa^a h««! 

«Miaittfii:!: :1,,1/, tJ:;,« ■ I:ollawiriip: Ttîilifeis 



Soí» .4 giv»8 the error ,l.n the do»»-rate déterttiimtibfc,1 xhrni ifc" «rror óí 

1% 1« introduced in any enè of the parameters listed, thus indittuMhfe thé 

relative Importance of the errors. This-picture, however., Is too simplified 

to be used for estimating the accuracy of the integrated system., ?%r.y of the " 

parameters are "Interwoven," e.g. the axperiraental dat«rainâtIons of mglaa8 

and cgiaS!S are dependent on the accuracy of the power-input measurement, the 

detera.tnation of ^V/»C. and the reading of pV, etc. This will increase 

their impact as «ounces of errors In the dose-rate deteraimtion. On the other 

hand, because of the parallelism in the calibrations and the irradiations, 

errors in other parameters such as a^, bcork, and tend to 

negate each other/ 

To illustrate this, the error on the dose-rate determination introduced 

by a 1% deviation in any of the independent parameters is tabulated in 

MÄJk Öf'the carnet ere playing an important role, only mgIa33 arid 

bglass be determined directly. However, these' were determined in1, terms 

of the other parameters along with cg;Use and aré therefore not included in 

Columns Band D. 11,1''|,!"!':l'li ■ 

In Column C and Colunai t) the standard error in each of the parameters and 

the effect on the results 1»' estimated fbi* »"typical éjcperlÉeÂ'carried'''out ''" 

in an adiabatic' or a' conetaht temperature enyironiGant'mode.'":lTh:©«® latlmatee 

a;ré of course onj,y appriliiiitions with a questionable reliability, th® bsèt'"' 

assurance1’ o^"accUrá«/ 'reproducible results11 and experimental methods Ö: " 

checkih|:l'dí¿i«¿ p«:rtoiiteA/: 1 Ml ::.-.1 ... ::1:: 

'tbl éétiÃted^iÂri^^tfr^sbeiitiál'^rWietblï su«h'1éb:''!J!^^di:i''Ídd:l'll¡,|tt 

wy be 'teftititób 'ftiiüäy' «^feadstlàV^Wi to the 'Squipéeàt,'11'Sái^loyèd ' 

■11,1111:¡:¡i¡ y,;!-' 1: . .: '"i:.; - :: :::1¾ -, h-íl/j "í..; ::: li. :/:1 ¡ ii, .. , 
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in the •sxperhnents and «»yen, 'When yeaUz:ing that, these pa.r&taatora an«, derivad 

fpaa a large mother of reading»,. Hqwewr. the eat Inata tp ty- thfl 

oalihmtion esqperiinents. . 

Iquatior II can.be writt«» «» follow: . , , i , . ;, 

A 1& error in any of the parameters Eelec. AyV, or 4^V/°C woxüd cause, a 20^ 

error on the detamination of m?lasaJ i.e. the ecqperimental value would be 

15 gm off. ., , "r, ,, . ' 

The 'value for raglesa obtained in the calibration exporimphtp and the value 

found by breaking the Thermos flask and 'weighing the Inner liner are consietent 

(See Appendix II). Although the mass obtained, by the weighing ipay not be an 

accurate measure of the effective mass,, it seems permissible, from .the resulte 

and the way in which they are obtained to assume that the two values should 

agree within 2*. If so, it may be concluded that the combined error, ir 

belac, Aft, and 4^V/°C do not exceed 0.1%, this being consistent *ith the 

respective standard errors listed In Column C. 

The iW^te;cf th^tptal error, 0,4#, is ip agreement Kith the standard 

deviation obtained for the five dose-rate determinations. 

uniformity in the absorption characteristics. % , 



OjMTIsmt Ooncluslona | 

This report has descrlbod how the Therrooo bottle calorimeter can be 

applied to wake «cerate dose-rate determinations. The mejor part of the 

work concerned the problems originating in the inhcroogeneity of the calori- 

metrtc body, coiaprised of such different components as the "inner" part of ' 

the Thermo» bottle, the water, the cork, and the wires. 

This inhomogeneity affects the results in two significant ways: 

First' of all it causea rather large temperature gradients in the 

system, which complícate the measuring of the temperature increases. How¬ 

ever, it has been shown that this problem could be dealt with in several 

mj9. When operating the calorimeter in a constant temperature environment, 

one could either await "temperature equiliaation and correct for the heat 

loaees during this period, or force an early equilibrium by shaking the 

Thennos bottle immediately after irradiation. Equally feasible was the 

determination of'the rate of temperature increase at a time during, irradiation, 

when both adiabatic conditions and stationaiy temperature gradiente were 

present. Adiabatic conditione exist at the time when the temperature curvee 

*or the Jacket and the sample intersect during the irradiation, It was found 

that both mode« of operation rendered equally accurate results. Preference of 

one mode to the other may thus be dictated by practical conditions. 

The second my in which the lack of homogeneity fa manifested is in the 

absorption characteristics of fhe system. Accurate knowledge must be avail¬ 

able conesming mass, thermal capacity, .and radiation absorption capability ., 

for each comptent. .^ Mia .rjtflfîCït the glass causes problems. The effective 

masa of the glass is rot we,11 defined physically and the, «4 
« 

absorption capability vary •ignliicant-ly frota «oe type of glass to another. 



it MiB show! that this inform! i ' mi can b® obtained experíjier.baljy and.^ijinxl- 

taneoualy with the doae-raU detemination fcj doing two aets of caHbrations 

ãxxú irradiAtijOnsj in th© second set, a weighed amount of glase, identical'in 

composition to that of the Thennos bottle is added to the water. The finding# 

were consistent with those 'which could be estimated by other maane. 

This set of experiments was carried out in a, constant temperature 

environment, since it,was felt this mode offered a greater thermal similarity 

in the calibrations and the irradiations. It was demonstrated, however, that 

if the parameters det«mined in this way ara used for a dose-rate determination, 

carried out under adiabatic conditions, equally accurate and, precise results 

can be obtained in a sijpie and straightforward procedura'. 

xh our experiments the constant temperatura environment was realized by 

placing the Thermos bottle in a large Dewar filled with a mixture of ice and 

water. For applications with underwater sources, however, the large constant 

temperature^ volume of watt," generally need, »kee ,«« ideal constat temperature 

jacket, if adequate agitation is provided. 
': ,li :|' "" M -'I,:, M " ''¡M'i" ' ‘ ' t: , -MM, : • mMM ' m ' ;! Bi.!,,:,! M ' ,■ ! ” 

to place the Thermos bottle calorimeter In the right perspective, it should 

be -aaphasized that for an absolute calibration of the strength of a source, or 

for «tudying the field surrounding it, other types of calorimeters, especially 

of the homogeneous tj# hkv* proven «cillent1'arid may be superior'‘&r t&e 

applications. Kowever, for deteraining the absorbed dose rate in an aqueous 

solution in a relatively large and uniform field, the Thermos bottle c»lori- 

wet'ar'Berreé':<íual ftóiÂB1 by'lct'lhg;1*«!1.4' cbïiÂént eaafjl« holtôr and 'an''" 

accuratêidwéhÂng^ihbirblaeilijv1 î i!ii .'MUI' 

i i' !!¡, .. VI,"1 'V,/, MhilMiü: ‘ 
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Por measuring radiochemical or radiobiological yields, its advantages 

should be obvious. Thera is oo need for calculations to transform the 
i ' " ' ' 1 " ' ... . f . 

absorbed dose from one material to another, nor to correct for different 

geometries or for eurface-to-volume effect in the sample ■ container, a» ie 

the case where a graphite or metal calorimeter 1« used, As long as the 

chemical or biological system in view does not contain large amounts of 

heavy ions, which could change the energy spectrum in the bottle appreciably 

only minor corrections for different absorption characteristics may have to 

be applied' for obtaining the absorbed'dose in the sample relative to that 

received by the pure water. 

,u,p ,: 

' i.:. . ..: /-,:111 1 

'■ p':.¡: ' ¡i' 

1 i"" ' .. : i '1 1: il.n „l. 
¡ 1; ' t 1 

:p"l.l- ' ¡I... ä í ,: 

1 ,, i¡ --111:1 i:ii¡;i! 
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Aiîamtî 

l’h» fl'ffafetiv«1 .felib'is mm®,, 1,«, th» 'a»«a oî jwirt- o'f ih!»'0:i«iT»e licifctïô 

imlxm'â ín th« cálòrtjtiritric T»dy,'la b,ôV clètirfy dafibad»1 and"will vary' 

with 'the «»í»TÍiit«nta:t arwihgamartt. Äwt how inuoh' oí iÄe top'part' 'oï ':th« 

bcrttl«, i - e * t'h* n#ek arad the '#%«> ëlhoultf'ba Ihcluctad, ’ le a Äiotlon oí Ihn 

followlïiiî ' 

(a) Relative thickness of inner «id outer walle- 

(b) leltttÍT» "díamete» oí inner and' outer wall* at lía neck. 

(a) Water level inside and öüleil« the feemoa"bòtile* '!"i:' 

In addition, mass and positioning of the cork etopper, along with the mtuml 

convention of the atmosphere In contact with" the bottls idíllhav*1 aJ aabil, 

significant impact on the effective mass. 

Fbr the Thermos bottle used here, the inner and outer mils were the same 

thickness. The ratio of the diameters was 0.7, and the water level was kept 
r í J1,, ■ 

similar ínaíde and outside the bottle in all experiments. Prom this it imj be 

concluded, that all of the Inner h^ky /«wd-p^r^iilj^ of the top edge 

Of IsotUfl Jii^:!%4»d,sCin ; ;i 

A vantitative aatesawnt of the cont^bpii;f^n:oft^e,cork,#n4 bf,,|h9 , 

rredwa the effective man 

not «pKooed 1 » 5KÏ* 
' ill1' 

!■ .ufi.;.. ■«; 
«iiptrüMBitt#, the «31, of the Themo» ma 

. L„, , i'* 

teil iditßtlUi*! ¡di!' fii» obtáílnwí wlj»íi t» fth^r Th#;*o« 
,bot'tf4im:1 ilîiiliis'triliîg t,í#S; ;Th|,#sii«B« l»öfc|iie«'of liW ''i;*«# Mka nrs Intsr- 
AlpflliptelUii ,10,:,1: ,alt ,i ¡||iurpoft*jf.. 



'¡''"l I'l lu1 
In;üwti:i!" 'IfliHint11 With Hielt tad Mf<ií On 1¾¾¾ * 

Irnmr Mimiki" fiftdi llidlc and, Mil f ill|«: 

l«jw:r Uintr Wltli Hick . d . * 4 'd'. 

IrUinr 'tíiiííir With ü/l' ïfetlte. ’i 1 ♦ .. . 

Wm l»Ä»r «Ith' Äd1 Weh * 41 » 4' .1 , 

H1 H ã ¥ 1 U1'^ 
I . il:' I ,|1il 

t m 

< i f'IH! ¡*3 pi 

+ If kl 4 ¥ ?,M m 

* : 7;idt) m 

, hiftf.pt 

P«« thit flgww# «Ivtn nboto.,. Ifc :1« p.ridltjfcid th*t th* olfictelw mm «hould 

be *oti«áwr« bat wo «in 73 iii4 75 «raoas* ' Tht hxi'wWhewtál h¿Uwlimtíon';'dHh« 

«iíftíéfc'WaáúÁ1''1 ¿1't'h« irw«r lliwr as««»' to fci v«*y cidniilafc«! wltli"hl»t 

•hoÄ'bd'dkp'tohd'.flgulk-e« reported itov»* ' 

SRMiÜLlaittX* mü "v,i;:ii -,1.1:1: 

Thf of thf g^P», in, the, Ihiípiflp., W :| h® 

3, !:. ï : ::"|. 1::1 

'1 :,, V r:;;' i. i.i'.1 r!1:.: 

„,¡4 

kjWih®l»/‘tho »«fcäla'Ät'ha/'Ä'tiicee of'te and 2n were 

... :j!"i! ... 

-11, ÄAtil *ïi íUil! a oÂáí* 

light alktlin# gl*»i 
!:.ï 

1:,::-:.::111:.1::.::: 'i:;,:,: ¡¡ 

::::1....1:1:.1:1:::::11 

The thermal capacity of gUee ia principally a Motion of its c^peition, 

degree of orystal3,i»&tlon and taçperature. -., 

ïha temperature dependence on the thermal capacity of ¿Use is reported 

by Sh^rv and QUnthp:/2 in the :#m of the following «fiat.d.iHí 

OTiri^rr 

a 

. ■ . 



>â«* f. 

Î .*Q¡. _ 

>ün .îhfflifflWil, On^nwiity vi O «CI 

* Ä Ö, 5 " Itf.l* fer 

In Uw rmign «lilojtti for th«* , tts t«mfionntur« 

wrl*tioii MJoimt# to approxlawiti.Ij t)A% ¡«cr d«,«;«« G» 

. 

Mül« thf» »«»» gbBorptton «oofilclwjli» ,fo;r th« »««^»ruiHricta wa »ll too* 

'(««H» «,g. Kí»f8:n«,ct 13), th# »'Iä'Uv# «rwrgy Alj«orb»;t by th# frorf th* 

'Mfttfir ia «iMnewhàt difficult to eatinwite heoaus* of th# wnaarialnfcy in th* 

ínrwriy «poctitan. 

l’or fittpU «eöditri*«:, «u ch 4I t point nmmb oumundod % wat«rif 
lit 

th* »p«at;n» hua b*#« calculât ad. ' However, for th* oontplwx aource gaoÉetry 

whioh m have, only an educated gueai aa to th« ray ap«otitp, can b^ .»de., 

Fro» 0.1 MaV and upf «1«,»,# abeorb» about 0.89 ti*«« w w|fcar 

{provided, that the particular gla»Mö«! not, coribain.^ad w 4|ior.elfBwmte 

with absorption edge# thin rpgion^. Below 0.1 MeV, ^eg^e„tp absorb 

several time» better than water. 

It has been estimated that over the whole range, glass probably absorbs 

somewhere between"é» -míÂ* ': --11111 :i:ili!!' ;i:-1^¡' 

1W1 was conclutód''ftó bhethaf ah:' ^eriwéitàt'léetÍMÍktion wee 

desirable. As described under íta*«~ft&te Â^Âlnátíon'îîol lllj;:’!!1 'ftmiùïd 

thiÄ'i'his :p*ÄJcWr^ f!iMz a»'weir'aiiiyÄö^" !' 1 

"i,:;i,0:1:,,1:1,:1:, 1,::1,,:1:1,11/:10,: /iS : 'ii 1:11/, i,, :1:1:1, ^^1///-/^^ ,!:ii,i: ... 1 



.iJiíSJ 

MtoftíiteLi, 

Otw.ymtloqt Mmr Adiabatic: 

lñ * ^ ' 

CaXprlm«ytar Prcpart^ica; 

Water Glaaa Cork Wire^j 

Me«* (gm) 

Thermal Capacity 

287.4 

0,999 

.s... 

Bî '4'2 

“glase 

Cglas3(l8.6°) 

2 

0.4 0.1 j 
Iíê*JLÍíi«OêL«í 

'"Im« i 3&Ö0 + 1 sec 

CuxT«jt;:i 283.31 + 0,20 BlA 

Voltage: 11.366 + 0.010 volts 

Energy: 1159.2 + 1,6 joule« 

Energy Rate: 3.230 ¿ 0.005 joulae/eec. 

Te^eiature Ibaaurwonta: (See Figure 6) 

1c1:::,; ,,.,.,,:,1:, 1 : af 18.6^0 *lgs*ôo jfo.Ql !1 
"!’ f 1 

Rea.cllng Before Heat Input: 554.0 + 0.2 pV 

: !¡l‘ : :11% 

Reading Two Hour» latejrt ,931.5 ^ H- 0,; 

A>»V; 377.5+0,3^ 
!i# : ; . CS* '.m1 .i1';!'!; ! ..... , , ,1, :>■ 

Measured Tea|}erature Increase â\*a 9,298 ,+"0,015"C 

« 

2 g» le th» weight of the, «.l««* tübé 'th«' oorfc«, 
I*‘ f il«« i h ihm      ‘it    ‘¡..«i » «,.*ii o .i .,   

Maee ar*4 heat «apaolU.» of the thenaocouples a.M negleoteJ botti :$n the 
calltoïjttona ani in the dose-rate deteimÜMtion*. Th» contribuite» ia 
Mt only very «««31» but it will aleo ten« bo nmml out, Hinan «»ludid 
In both ■«ese. 



Coirection ZlTc for heat transfer from jacket to sample during calibration, as 

estimated from Figure 6: 

¿3 Tc - K(Tj - Tg) Average ' At 

vrfiere: 

A t = 2 Hours 

K = 0.05 (See Figure 5) 

Average ~ 2.10°C (Estimated from Figure 6) 

dT =2.10 * 0.05 * 2 

= 0.210 + 0.004°C 

The true temperature increase A 7. is then found to be: 
T/ 

^Tt =^Tm -^Tc “ 9*09 Í 0»02oC 

Results: 

The product (mg1mt|)) + 2) * Cgia8s(T) can now be calculated from Equation 

III in the text: 

Eelec = ^ter ’ ^terÇT)) + fagiaas * CgUaeCT)) + façork ' Cçoriç) + 

0.23Ö9 

^mwire * °wire^ . ^JT 

By rearranging the equation and inserting the values given above, one gats: 

Agíase ^ ^ * cglaes(18.6*) * ¿ 

54 1 
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Jj 
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# 

Calibration.Il 

Modelof Operation: Constant Temperature Bnvironwent 

Ayemge temperature: 25°C 

Calorimeter Propeitlfip : 

Water Glass Cork Wire 

Mass (gin) 

Thermal Capaèity 

288.3 

0.998 

"'glass * 2 

cglas8(25°) 

2, 

0.4 

0.5 

0.1 

Heat Ximpt 1 'ata : 

Time: I860 + I, sec. 

Current: 387.0 + 0.3 mk 

Voltage: 6.864 + 0.006 volts 

Energy: 4941 + 6 joules 

Energy líate: 2.656 ¿ 0.005 joules/sec. 

Temperature Measurements : 

AyV/'C at 25'°'C - 41.05 ± 0.01 ^iV 

Increase In temperature as extrapolated from curve: 

A}iV ~ 159.2 ¿ 0.5 Jiv 

Æ Tm * 3,98 + 0.02®C 

Bssaitsi 

LU« .bov., th. product + 2) • can now b« «lonOatcd 

from Equation III In the texfci 

^“glass + * cgla8s(25#> " 15,6.■'. 

... i,; 'll"' ! I,;:1' ..I.... t 
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Calibration HI. A and B 

Modo Of Oporatíon: Constant Temperature Environment 

Average Tawperaturesi ö.O'r(A); 6.8°C(B) 

Calortmgter Proparties : 

Water Glass Cork Wire 

A ■0 D A 
r 

B A B A B 

Mase (gm) 

Thermal Capacity 

295.72 

1.0021 

24^.50 

1,0022 

m 
glass , 

cg3ji8s(8.0o) 

+121.2* m .a.. . g-LftSB 

cglass(6.80) 

2 

0.4 

2 

0.4 

0.5 

0.1 

«■v 
1-i 

0
 

d
 

Heat Input Data; 

A B 

Time: 

Current : 

Voltage : 

Energy: 

Energy Rate: 

4000.0 ± 0.5 sec. 

208.96 + 0.05 mA 

14.605 + O.OO3 volte 

12207 ± 4 joules 

3.O52 + 0.001 joulee/eec. 

4000.0 + 0.5 sec. 

233.30 + 0.05 mA 

9.508 + O.OO3 volts 

8873 i 4 joiïles 

2.218 + 0.001 Joulee/eec. 

IgeiS&iES Mgaeu à-mai te : (The temperature curve for IIIA Is shown on Figure 7) 

A)xV/°C at 8°C (A): 39.91 + 0.01 jiV 

AfT/*C at 6.8'C (B) : 39.73 ± 0.01 

Maas of broken glees added to the Thenooe bottle. 
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Inc res Be in temperatura as extrapolated from the curves 

AjiV ** 

A T “ m 

A 
371. 0.2 uV 

9.332 i 0.0l2°C 

p 
295.í + 0.2 uV 

7.446 + 0.012"C 

Resultb : 

from Equation III in the text, it can be calculated that: 

“glass cglass(8") ± 0.40 

and 

("gl»»e + m-2) ' C-1«»S(6.B.) ‘W’60 î0'«> 

Aefluming the eame thennal capacity of the glase at 8»C and at 6.8*C, these two 

equations can be solved for and mgU8B giving: 

Cglaas(8°) “ 208 + 0.003 cal/gm 

m 
glas» 74.0 + 1.5 gm 



March 27, 1964 

Mpdo Oi* <)p*.mt,lon: M«ar Adiaba11 c 

.AlSa&S Iwipemtura : 30.4°C 

C,alorljmat»r Profwil«« : 

Water Glass Cork 

Maas (gw) 

Thennal Capacity 

ai 

b. i 

266.1 

0.990 

1 

,1 

74.0 

0.214 

1.01 

bglas8 

2 » 0 

2.0 

« ,1 

«à 1 

aglaae determined from dose distribution curve, as obtained by aeane of 

chemical dosimeters.^ 

Maes and thermal capacity of the thermocouples are neglected both in, the 

calibration» and in the dose-rate determinations. The contribution la not 

only very small, but it will also tend to cancel out, when excluded in both 

oases. 

Irradiation Pata: 

Time; 3600.0,.+ 0.5 sec. 

Transient Dose: 0.023 + 0.002 Mrad* 

IgBaatet Apurement: (See Figure 8) 

ApM/X at 30.4°C - 41.46 + 0.01 

Reading Before Heat Inputt 966 + 1 

Rsadlng Two Hours Laten 147Í + 1 pV 

AuV t 512 + 2 Ilf 
/ fl 

Measured Teaperature Increase ¿T: 12.35 + 0.1O°C 

Transient dose is the dose deHvered to the sanie during the operation of 
raising and lowering the sou««» below and after triggering the't 
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Correction 4T( for h«t. tr«n.f.r from jacket to ««pie ,luring IrmdUUo.. 1» 

esttwated f,rati Figure 8, 

A T - K (T - T ) . A* 
c J í.),;Average **t 

where; 

A t * 2 Hours 

K * 0,()5 (See Figur® 5) 

^TJ ~ TS^Average “ 1*70<’c («stimted from Fig, 8) 

/1 Tc ^ -1.70' * 0.05 *' 2 

* -0,170 + 0,020^0 

Th# true temperature increase A T is then found to be: 

^ Tt “^Tm T. œ 12,52 + 0.10“G 

.gf.fuite'> 

Th# doe# is calculated by the following equation (II in text)! 

ßr « P^.9sl.^terd)) ‘ ^Mlaee * Wb(T)) ^ (%Cïk - Cg0lk) -AT Mimde/h 

“water + Agíase * aglas# * ^Uee) + “cork) * 2.389 iT*“ 

By inaertlng the value# given above and the »lue of obtained in the 

following experiment, the doee rate le calculated to be: 

Dr » + 0,04 Mfgamde/h 

Doee rate oorreoted to Jim# 1,6, 1964« 
1 '"Í ■ . ,: S',,. ' .i: hi! 

®r * Í, 0,.04 Megtt»de/h 
.   |||i|i|i|i1||||,,ii|i|i|i|‘m’i'|ii'ii>i11111 111111 m    www ti mu 11 il iriiiiiiiiiiiiiiiiiiiii i m.ii i 

(Dr ie cometed for the traiwient do«« in thie *« well ae in «he follwihf 

»eulti, ) 



jjgsg,.%t-e I)etem,imtion II 

ÍM5£± 16, 1964 (a) and July 13, 1964 (B) 

%ÍlilLíMr*Í..l9!lLL Conetant Terapemture Il-iviroment 

AygmKe Taropa ratures : 3,I°C (A); 5.6°C (B) 

('alorímeter Properties : 

Water Glass Cork 

A 1-3 A B A B 

Mass (gin) 

Thermal Capacity 

ai 

bi 

286.6 

I.OO50 

1 

1 

250.0 

I.OO34 

1 

1 

74.0 

0.207 

1.01 

kglass 

195.2 

0.208 

1.01 

kglass 

2 

0.4 

«#1 

«Hi 1 

2 

0.4 

1 

1 

Irradiation Data; 

Time: 1800.3 ±0.5 sec (A) 1800.2 ± 0.5 sec (B) 

Transient Dose: 0.023 ± 0.002 Mrad (A and B) 

Temperaturejleasurements: (The temperature curve for IIB is shown on Figure 9) 

d^V/'Tat 3.1*0 (A) - 39.45 ± 0.01 

A^iV/°C* 5.6*0 (B) » 39.63 ± 0.01 31V 

Incraaee in temperature &e extrapóleted from the curvee: 

¿/ïV - 239.8 ± 0.2 

ATm • 6.079 ± 0.005*0 

- 3O6.8 + 0.2 jiV 

“ 7.742 t 0.005*0 



lu.hihi.i ' Mini ..in 

Iteaultc î 

Inserting the pAraanterB into Equation II in text, the following 

Is derived: 

D ,.v œ Í286.6.i.„M2ÄL1.C^-o.:..o,ml + (¾ ■., .â'L \ CIW ..................... 9 

rU; (286.6 + (74.0 • bf, * 1.01)+2) - 2.389 At glass 

DrfB) « (260.0 * 1.0034) 1 (195.2 • 0,208) +(2 » 0.4) 4 T 
'• '0.0 1((121.2 + 74) * 1.01 • bgla0a) + 2) 2.389 Át 

Where and Dr^gj are related bj the decay equation: 

iit 
®r(A) “ Dr(H) e 5.3 

correcting for the tl»e elapse between the two experijutnts. 

Solving the equations for ,bglaBS and D:r (at June 16, 1964) give« ; 

bglass " °'90 - 0*02 

Pr - 4.22 + 0,.02 Mrads/h 

equation 

Mrnds/h 

Mrads/h 



.¡Mt.Ms,.Meatot|,cffi fii 

VS&S&L' 16, 1964 (Ají June 22, 1964 (B)j and. June 22, 1964' (C) 

Mod» Of Qpemtl.on; Adlabat.1 e 

;ilfiia&gLlaBP;g^t,fl£fJEl, 26. 6*C(aJ ; 14.0*C(D)j and 41.4°C(d) 

Calorjjiiettr froptirt^fff ; 

[ 
1 

Mat or Glass Cork 

A B c A B C A 3 C 

Äs» Cgm) 

Thenutl Cap«.eity 

II.hJ 

b:l 

290.0 

0*998 

1 

1 

294.7 

1.000 

1 

1 

290.0 

0.996 

1 

1 

74.0 

0.212 

1.01 

0.98 

74.0 

0.,210 

1.01 

0.98 

74.0 

0.216 

1.01 

0.98 1 

2 

0.4 

ml 

«1 

2 

0.4 

<vl 

*1 

2 

O.4 

»1 

*1 

Tlae: 2040.0 + 0.,5 Sec (A) 

2400.0 + 0.5 Sec (Bj 

4400,0 ¿0.5 Sec (C) 

Transient Do»«: 0.023 ± 0.002 Mrade (A, B, and C) 

teMMMaBte I tenvaimtu«». «¡rva fdr.lUC 1b ahim« In Hg. 10) 

dpV/0C at 26,'6*0(4) - a.lii ± 0.01 p'J 

^FV/°C at 14.0*0(1) » 40.26 ± 0.01 /¿V 

dpv/*c at a.4*0(0) * 42.37 t 0.01 pV 



Increase 5,n tenperatur* per second as determined from the curvee: 

.iL 

A^lV/sec »■ 0.1320 i 0.0010 

Û V'»ec 0-003205 + 0.000030°¾ 

B 

Û jiV/sec = 0.1296 + 0.0008 

ÛT^/oec « 0.003205 + 0.000025°C 

_C_ 

fojiV/aec = 0.1412 + 0.0006 

¿Tffl/sec » 0.3333 + 0.000016“C 

.Rffidâsi 

Inserting the pammeters given above into Equation II .in text, the 

following dose rates are found: 

Dr = 4.O3 Mrada/h (A) 

Dr = 4.10 Mrads/h (B) 

Dr = 4.2O Mrade/h (C) 

Correcting the U) and (B) «»suit« to stationary conditions (See figure 11) 

give# the following sets of results! 

®r « 4.18 ± 0.04 Mrads/h (A) 

'lip » 4.21 +1).03 Mrada/h (B) 

1)r - 4.20 + 0,02 Mrada/h (C) 
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