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Preface 

Tlli,; 1I1l11dhOOk ('ontain,; Pl'illlHIT fa('tllal lintn nlld ha::;ic 
priIH'ipk,.; llP('p",;nry for pitotol2TlIpilil' (\o,;iIII l'1 ry of X
and galllmH I'H.\'';. II W11"; pn'p,ll'('(l in I'P"'POllS(' to <Ill lII'gl'llt 
ll('('d fpil ill nlrioll'; pim'('''' for lllOl'!, ('olllpll'te illfo!'lIlulioll oil 
Ihis lopic. :--;il]('(' Ihl' Radialioll PII,\',;i('" Lalwrator,\' of th(· 
.\nl iOlI1l 1 BUl'Pl1n of :--itHl1dord" lws \\orkl'd ('x(l'l1::;i\'('I\' 111 

I hi" Jldd for H IllIl11b('r of :n'ur,;, it aPJ)('HJ'('(\ I hal it \\'IlIl\;1 1)(' 
] Il']pf1l1 to o(lwl' \\ork(·!'", tn pllblish this ,](TlIllllllntioll of 
Ill:ltpl'inl n,.; n g('nl'rnl illforlllatioll itandbook, 

:']o,;t of tit(' ilifonnlllion PI'(''';(,lIlnl i" ('OIl('('l'!Il'!! with tlie 
1I"''' of ('Olll\llP\'('ilii photograph!(' IIIIll for X- and g'Hllllllll-
1'11,\' do"i\lll'II'Y, Emphnsis i" pia ('I'll Oil I ho,;(' prop('!'1 i(',.; of 
pitoto!2rapiti(' ('IllU\"iOIlS lltnt UI'(' ha;;i(' to radiation do"illl
('(IT. Li].;:l'\\ls(', ntl(,llti('1l is (,.dil'd to iimiluliolls inhp[,(,llt 
ill 'Ill(' Ilwthod;; lIIHI llHlIl'l'iul,; a,nll (I l)]'('('HlIliOlH lhnl 
should Iw oh:-;('1'\'('d. Bp(',lIIS(' ('on;;i<l (']'11 1>1(' tl('xibilit\ ill 
Ipdllliqu('" 11lld pro('('dul'{'" of film do,;illl('1 IT i" po,;"ibll' \\'itlt
oul ap]l\'('('iabll' (,ff(·(·( ()n lli(' Plld \'('SUII, 110 nl(PlIlpl j,.; IIlndp 
to sJ)('('ify ,ill of til(' d(·tnil", 11l1iqll('l~", 

'I'll(' work ill jll'('pnl'illg' thi" lIandbook \\';\,.; f;UppOI,tl'd ill 
parI by til\.' ('. S, _·\rIllY, :--;igllnl COI'Pf; Engill(,(,J'ing Lnhol'lI
lori(',;, ,-\('kll()\\'kd!!I1ll'lIt is al"o !lIlId!' of Ih(' ,1""i,;IIlIl('(' 
f('nd('l'('d I hroll!!!l 't II<' ('OllllllPIll,; ofi'('I'Nl by tit(' \'tll'iOllS 

{'('yin\'('!''' of t h(~ ])l'(·lillliILHI'Y draft· of till' Illll;dl)Ook. 

A. r. ASTI);, Director. 
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Photographic Dosimetry of X- and 
Gamma Rays 

\!argarete Ehrlich 

1. Introduction 

TIll' ll('(,(] for i tl ('Xl)('ll"i \'('. nl~'!!.'('(L ill! t ]'('1 i;].III(" d.,\i('(,,.; 
for l\r(' llll'lISlI\'('IlH'1l1 ,;/, X- ,llld g:\lllIllH l'lldiati(lll ha,.; gl'l'Htl," 
in(T('n,.;('d lile illt('/'('''I ill IlI(· I'ndinlioH ]'(''';Pl) I 1';(, of 
('onmwJ'('lnll,\ nnlilnhl(, pllOttlgraphi,' fillll, 

'I'll(' 11:"(' or pliottlf,rl'aplii(' film 1'01' X- :lIlt! gnlllllw-ra," 
(lo,;illl('tI'Y i,; Iht'o)'('1 i('n!!y ju"lifiabl", hlll ,ri(,ld:" lI~dlll 
and 1'(,linl;l(, 1';':'1111" oll]Y \\Ill'tl hll,:(,<1 (Ill :I :'(jlllHI 'lIldt'/'

sl II neling of I Ill' nll'i()ll:" I'llta,.;(·,,; of pllot ogm phie ";('ll~i I (Hlid 1',\' 

Hmi of it,; inli('j'('nl liHlitlilioH:", 
It j" Ilw purpo,.;!' of tlti" ILllldhook to clill'ify tilt' ha"jc 

('(In('t'pl:'' of tlt(' 11:'(' of (,OlJlll\('I'l'i:d photographic lilm prod
uel:, for X- alld :,!.'nmlllll-!'1l\ do"illlctn, to organiz(' :"OJl)!, of 
tll(' inflll'lll1ltiolJ' a,'('ulllu!,',[(,d ill 11'1(' Ilad\ntiul] Pln'"i,':' 
LllhoraloJ',\' of lite \'ntiollal BUr('nll of ;-;tillldunJ:., tll'D'ing 
llip PII,.;I ,\'('nl':', nnd In PI'p"(']}1 IIti,.; InfOl'lllalio!l iii a f01'1ll Ihnl 
shoilid pm\"(' lI""ful 10 nllttT \\'lIl'k(,I'''; ill Ihl' lil,!d of photo-
gl'llphil' X- and mlllH-my;\osillwII'Y. 

SJl('('ili(,llll~', I II ami book ;I('als \\'it h I hI' 11I'ojll'l'lip,.; of 
pholof!:l'Hphi(' Plllilbioll:'. Ihal lllnkl' I !\(,il' 11:'(' fot' I'udinl ilill 
d()silll('lr~' /lo,.;"ild(·, II ]loinl:' 0111 the' limilnliolls oj' 111(, 
mrlhod Hlld tli,.;('us:-,l'''; 11ll' pr!'('l\lItioIlS to 1)(' 1111';:('1\ in Iltt' 
";1·1(·(,t ion, ('XjlOSl!l'(', ]ll'l)('l'''''lng, nlld d('Il"ilollH'll'~" of til(' 
fillll IlIHI ('I'inl. B('('llUS(' of II\(, gl'(';I1, lJ;.xilJilil \' ill I Ill' 
I('('hlliqu(':-, alld pro('('duI'"'' of Mllll ;lo"illll'lry, 1l(J ;lllt'mpt is 
mad" 10 "lweify I h('1ll Illliqlld,L Spl'('iti(' I('dllliqlll''' "Iwult! 
1)(' C'host'll nlld ndju,.;\(·d H('('ol'dillg 10 1()(,lIl ,'olldil iOIl:'. 

'Yhil(, :'0Il!(' oj' till' mal('l'ial ('oillailll,d ill Ihi" I hlildhoo\.;, 
i,.; g('lwnll t'lloligh 10 lIppl,\' 10 pholographi!' do:-,illl(,t J'~' nol 
only of X- Hild gn III Illl1 ra.\'" , bill nl,.;o or IIl1H'1' 1,\'1)<'s oj' 
rnriialion, tIll' dl'lniJ;.d di";('lI",.;ioll'; an' ('ollllllt';\ to X- alld 
galllIllH-m\' dO!'IIll('\IT, It is fdl Illlll till!' 10 11)(, ratlH'1' 
~'tJlll[llj('nl(~d naillI'(' , or phol(Jgraphi(' do,.;illll'II''y or ,,111'11 



t,"')!,;'; of l'1Hiia t iOIl;'; H:' hl'l n ray" ,Ind Ill'lIt roll j)("IIlI> it j" ,not 
jlo;,;:,ihlp to io':'lJ(' HutiwritHtiy(' "t;I\PII\('llt:' 011 Ihl:' ;';lIb.!(,(,t 
HI tl](' pn':"c'llt lill](" 

2. Use of Photographic Film for the Measure
men t of Rad ia tion Dose 

Plwlogl';!piIi(' radinlioll do:"iml'lr," IlHly 1)(' d('filwd H~ liIt' 
lIlt'lI·o'Ul'('IlH'nt of t IH' do:;(' of n pnl'til'ulnr ('It'l't r()]]wg'llPl H' OJ' 
1'()J'jlll;';('lIlnl' n\(li,ltio!l h\· IlWiln:, (If p:'lahli,;lIing n n,IH'-lo:O!l(' 
('(>IT(',;po);(kll('P h('[ \\"('('11 <10"<' and photog'raplll(, ('liP(,t, 
It j:, t\I('j'Pj'Ol'(' of illlJlOl't;\lj('(' to rklilH'ntc' thl' tl'J'ln,; "do,,(''' 
and "]lll()t()~l'aJlhi(' ('/1'(,(,t" cil'ady and to ItIHIPl'';IHlll,l 11)(, 
difiin!ltie,; illh('I'('1I1 ill til(' l1H'a';lI]'('IlH'nl of lilp;,;p qUlIlltltl(,:', 

2.1. Dose Definition 

TIll' lnh'l'Ilt1 t iOllnl COlllllli,;"iull OJ] Haliiologi('oi l-nit" 
l'l'I'Ol1lIlH'llll('d thaI dO:';l' hl' ('XI)l'(':';s('d in t(,I'I\1" of thl' quantity 
of PIl('rfl',\' ni)so]'h('d P(,I' ullil llIass of il'mdi;ll('d Ill!lI(,l'illl at 
tIll' pl<H'(' (If illt('\'(':'t, 'I'll(' COlllllli",;joll d('('i(\('ci, limn'\' ('!" 

lhnt titl' roelltg('ll (lklined ill 11il') sholiid ('ontil1\1(' (0 1)(, 
rt'('()<l'lliz('d Il" til(' unil nf X- Hlld gallll\lll-l'tl\- do"p ill \-il'\\' of 
it", 1;~n~'-I':'(l1hli"h('d lI"(>j'ltlrw,;,, , al c1('H,;t 1'01' (juHntlllll l'II('l'gi(',; 
up to :i .\1('\' 11]1 

.\1('fI"lIn'llH'uh of (\](' phot 
t ('rill'; of <lifl'll';I' t nllbllli"",ioll 
]()!2:Hl'itilm tu thl' ha,;" 10 ()f 
pClotogl'nplill' film "Hmpk I:)], 

pllie 
('1I"i t \' 

th(' (' 

drl'ct ,11'(, IIllHip ill 
J'('Pl'l'''('lI (i Ill! IlIP 

1 Y of a fll'O('(',;,;pt\ 

2.2. Measurement of X- or Gamma-Ray Dose in Terms 
of Photog,raphic Density 

'I'll(' ditIir'ul(,\' in I'dnlillg do,,(' n phologrnphil' dells!t,\' 
lip,; ill (Il!' f,\('1 lhat. \\'hil(' till' m('lltg('1l is a llH'a:';lI!,(' of mdi
ntioll 1'1l('l'gy nh"ol'lH'd ill ail', llH' pho(ogl'apiti(' a('(iotl of 
X- OJ' "'1I1111ll1l nltlintioll I'; (':='';I'ntilll\\' (!It' I'l'sllit of ionization 
in 111('''"',;il\'('I'-lwii<1(' ('I'y,,(ab of (1)(', pIlOt phie ('Il1I!I:,;ioll 
nnd ill th<' lllat!'!'i:!l,; ';1Il'l'o!tlldill!2: it [4, ,\,; th(' Inil' 
Hh:;:nrplioll (',wtfil'il'nt of nil' ditl'l'I':,;'gl'l'll.tly from that of ,;iln'l' 
halidf':'; ho(" in nh,;olul\' \,;11\1(' :llld ill it" dqH'IHiPll(,(' oil 
quant\ll\l ('I)(']'~',\', HIHI n:,; thl' "I j)()\H'J':' oj' ail' nud siin'l' 
lwlid(',; 111'(' nol llip :'nllW, it is to {,X)H'('(pd that Ill(' ionizing 
udioll of X- alld g'H1ll1l1:l mdintioll .1'; a fUIl('(ioll of quanlum 
ell('}'g~' for "din'!' halide,; tim'''; not pHrnllei tlml of nil' [til. For 
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F[(;rRI:~ 1. Corre/atiu;; Ile/teN'1I nll,'''(),,,,.,, (flul ill 

I'Ildiatioll f'IlPnri('" al which till' 1',111)2:(' of thl' "1'f'OIHbll',\ I'llli,,-
,;ioll prodll('('d ill 1 hI' 1'IlillbiOll propl'/, i,.; III ('olllpa!'('d to 
thl' 1'lIl1d"iOll thjeklll'''''', litt' nh,;o/'jltioll t nnd ,.;(oP-
pillg P()W('!' of til<' ";lttT(lll~ldin)! lIl;~t('l'ial:,; 1I1U,;1 HI,.;o he lal\.l'l1 
illlo ('Olhidl'nllioll; tlH' :'lIlwtlOII I,.; 1111'11 ('\'I'll IllO},l' ('olllph
('ntl'(\. I!o\\'('\'('1'. a qUHlllit,lIiH' ('OITI':'POIHkl}('(' h('(\\'('l'll 
pltolo;!mpiti(' 1'1''')011:';(' and iOl,liz:llioll, ill ail' (:all II(' (,";1,"1.
lislH'd, Fi)2:\II'(' I dltl:'tratc,; (]II"; /til'l IIlI' n tYPI('a] l'lllll i,;w II , 
A qllullti(,\' propol'tioll:!1 In (ll\' r('cipl'Ond n,r IIH', ('XPOSIII'I' 

Ill'l'(iPd (0 prodlj('I' H photo)2:l'aplll(, d('II';Il,\' oj 1.0 I'; plot tl'd 
aguillst til(' dl'('('li\'(' nldiatioll, (,IH'J'!!.' c of IH'lr'nwhrollliltil' 
X-I'lldintioll \\'!In,;(' :":P('I,tl':ll WIdth had IH'I'1l IllIl'l'II\\'I'd hy 
IlH'UIl:'; of prop('/' filtration, Th\' oJ'dinatl' may 1)(' ('on"id(']'('d 
H ll)(,HS\Il'(' of lillll ,,;)('(,d ! Th!' t('nll :"l'll:,iti\il," ie' 11,;('<1 ill 
this reporl a" n ",\1l01l,'-'1ll for ";Pl'('(\. It i,.; a qllHlltil,\ 111-
\'('1',,('1." PlT'pol'li()Il!t1 to tilt: do,;(' 1H,(,d('d t(),Pl'Odlll'P tI , 

pho(ographi(, <11'11"'11,', I( t" !lot to 1)(' ('olltl~,q'd ,\\'I(h I'Hflio
"mphi\' :'PIl,.;iti\'il \ 01' /',1 11 It ,;pn"lllnt\'. \dlJ('h jul' H gl\('11 
~adiogTnphi(' W'(Hli('II'~- jndi(,;]t(,:, a lihll',; I'l':"ohillg )l0\\'('1' Hnd 
('OIlII';lst (x], 



l)PI)('IHlitlf! oil til(' film typt', til(' ';(,Il,;ilility helow 0,1 .\1('\' 
i,; l.!:('Ill'('nlh' ;-) to:iO tiuw,; lhnt at lUi .\1('\', 'I'll(' ';PIl,;itil'iIY 
IH';\k !O('H('pd al ahoul (Uti .\In ('nil ()(' t'xphiilwd, HI Irn~1 
quuli(aliy('h', h,\' tilt' l'<'intin'ly ,;t]'()n:.~ 1I1);;.mptioll of rndintioll 
ill th(' film ('Illld,;joll 1'()lll(Hll'(,d to tlmt ill ail' f~), 1n1, A;; thl' 
radiat iOll l'lll'l'g\' iIlI'rl'H';I''', I Ill' nh,;ol'pt illli ill t hI' ('IIlIIl"ioll 
and ill nil' 1('lId to ()(,(,Oll}(' pmportiOlwl Hlld tll(' ('lllul"ioll 
SI'Il,;iti\'il \ lli\l"; !'I'main:, fairll (,Oll,.;(nllt, For I'lll'l'gil's ill tIll' 
millioll-\;dl l'I'l.!:iOll, tl1(' ';I'll~ili\il \' ri"I'''; 11;.;aill "I~)\\'h' \\'jth 
1'llI'J'gy, htll th'i" l'i,;(' i" Hl'y gTaliwd alld 'lI";lIl1ll,\' <11;(';; \lot 
amount ttl 1ll()],(' than :2,i IWI'I'('l1t 0\'('1' tIll' in\I'l'yul [('(jill 1 II) 
10 .\1('\ (do,.;!' I IIWl1";\I]'I'<I ill 1,1('1'I1'O,.;lnlil' IIllil"; of ('hnrgp 
pn ('uhie ('I'lllillH'I('r of nil' \"ith:l \'i{'ttll'l'('1l iOlliznlioll ('lInm
h!'!' ('lldo';l,d within n 1,1lCilp ,,])('ll1. 

2.3. Limitations of Photo~raphic Dosimetry Due to 
Ener~y Dependence 

III Ihl' p:ll'ugnlph,;, il \nl" s110\11l hOIl th(, dif-
1'1'1'('11('(' 11('(\\'('('1l I 11h,;orpl iOll dHlra('It'ri;;.1 iI''' or nil' and of 
photog'mphi(' ('1I1Ulsioll'; (in !'OIlj\llJ('tinll wilh thl' Illnlpl'inl,; 
';lIlTOllIHling tl]('llli ('BU"('" till' photogmphic J'('S(lOIl';P to rn
,liatioll PXP0';l1 1'1''; , tI" I1Wl1"1I1'(,d ill 1'01'111g-1'1I';, 10 he dl'IH'llIll'lit 
Oil I'1ld ia I ion ('IlI'I'~y, TI('('n 11"1' of I hi,.; 1I1'1)('IHI('I1('(', do"ill\l'tric 
]'esull,.; ohlnitll,d \\'il!t photo;!mphi(' tilllls at'(' 111('llnin;!I!'"" 
ulll('"", tllf' film,,; an' cnlihl'lltl'd \\'il h n kllOlnl n1di,1l ion do,;\" 
ill II IWHm \\'ho"" PIlI'I'g',\' cli"ll'ihuliOIl i,.; "imilar 10 tllll! for 
\\'ilieh I hI' do"illll'l ('I''' <It'(' 10 b(, u:,(,d [1 I], l 'Iljp",; I IH' ('tll'r;!," 
(Il'jl<'lldl'l}(,(' of til<' ill,.;ll'lIllll'llt,; i" ";lIflici('1l11,\' l'('dl](,('(1. tlj(' 
elwin' (If rnili,1liol1 (,IH,t'g'i('s for ('nlibrntioll purpo,,('''; i;;. ('j'ili(,111 
lip to nholll 0,:3 \I('\', 

III \'il'\\' (If I hp';I' limil 11 t ions, phot ngrnplti(' radin t ion doO'i
Ill('try mn,\' hI' di\'id('d into I I lin' parts, d(,(wlHling- upon I lip 
('IH'rgY of Ill(' I'I\dillliOlJ "Olll'C(': 

inY Do"illll'ln ill Ihl' limil('d n'l.!:ioll of radiatioll 
hetln'('ll D,O:) mid 0,:\ ..\l(,y ill whi(:b photog-I'llpliil' 
HI'I' ,;1 ron}!I,\' (,lll't'g'.\'-(II'Jw[Hlpnl, hUI for \\'hi('1i thl' I'lldin.1 ion 
sp('('lrulll i,.; fairly \\'('11 ]'(']l!'(){itwihk ill Ihl' laboralory for 
(',1Iiilrn t iOll ]Hll'jlO";P". 

(I! I Do"inH'1 ry ill 11](' \'icinit \' of n Illllnl)('r of ';OIlI'l'P';, 
S(llH(' of whi('h u'n' in Ih!' !'lH't'gy i'('gioll aboy(' o,:{ .\}('\' \dll't'(, 
('ll1ul"ioll "Pll"liti\'ily 1'<11'11''; only ,;]md,\- \\-jllt ('IlPI'g'.\', nlld 
S(lIllP of \\'Ilil'll Hl'(' JH'lo\\' 0,:1 \[('1', 

(') Dosill1pll'Y of high-I'Il(']'!!Y radinl ion ill ('l]llilihriulll wil h 
ih s('('ollilal'i(''';, ill "Olll(' illo'lullI'(''; Ikgrndpd 10 n,.; 101\' as (J,n;{ 

''[1'\', fot' which I Ill' radiHI ion ';P('('tI'Ulll Illny or lllny nut bl' 
r<'prodllcibk ill Ih(, Inborntol'Y. 
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Ca,,(' i" illlportnill foJ' l'<ldiHlioll Illollilorillg' of IIn'1I" 
and I H'('''1l1lIlpl ill mpdi('al alld illdll,;trial nldio~l'11phil' d"(1nl'l 
mPHIs, III thi,.; ('llR(', fillll (':llihraliol1 ('b:1I'I"; nlll\ hl'1'('1Idill
PI'('puIT(1 ullrkr ]lr()p('rl~' dIO";I'l1 condit iOJ}"; aild 1ll:1,\' 1;1' 
rf'fpITI,d 10 for nil d()~i(' inl('l'fll'l'tutiolb, Fo(' l'n,.;1' (hi, all 
Ihnt j,; 1lI'(,(kd fot, Ill<' hi~h-('nl'l';';\' rall~I' aloliP is I',;s('ulialh
Olll' l'alihrnli~1I1 dlllrl preJ),ll'('d aI' ~Oll](' ;lyailnblp high I'tl<'r~,\" 
H(l\\'('\'I'I', 111gh-I'J}I'I'g'~' sotlrl'(''' H],(' II"lInlly IWlldl('d ill 1'1'

';(',1I'l'h, llll,dil'ni. or indu,.;lrinl p,.;(ahli,;hlll('u(s in url'u,,; lllle! 

by g'l'OlipS of p('rS()]lllPi lilal Ill'(' nl,;o ('xpos('d to rudllllioll 
from low-C'IH'rg,\' .:.;oun'!',;, E. Toc'hilill, pI al. [12], R. Bilk!,\" 
('I HI. II:{], H, B, \ril~('y [1,1], aJl(1 01 hel' jll\I,,,tigntol'''; IHill' 

alt('mptpd 10 difl'l'I'Plllint(' h('lw(,Pll lill' do,:;ill1l'(p(, ('''P0'';U)'I''' 
,.;tl'll1miug' from t hI' dill'I'J'('1l1 ~Ollrl'(''; Il\' H "1'1 of 
nh"orlH'r;;. 0\'(')' po)'l[ol1s of tlli' film pnckl'l,;, III (hI' lilli'H), 
porlioll of Ilw d('n"it,\,-I't'rsu,;-pxP0';llJ'(' 1'111'\'(', till' rul lOS of 
Ih(, phOI0f!l'llphi(' dpll,.;itie" obtainl'd lindPI' tlH' difl'('rl'llt ah
soriH'I'S lin' fUlll'lion,; of PIlP!';';\" Thl' aUlhor;;. ,.;llo\\' thllt if 
tlJ(' rr,jnlioll 1)('t\\'('I'n II\('s(' rnt{o,; nll(1 tl)(' ('11('1';';\' (If till' l'<ldi
ntioll i" ('"lnldish('(1. 011(' ('nil 11';(' il 10 dell'l'llli!;(: til(' (,If('cli\'(, 
PIl(,l'g'Y of thl' mdinlion 1'01' nll~' g'in'll I'XP0';III'(', Afl('r dl,tl'I'
l1Iinill;! th(' ('(1'('l'til'(' ('tlNgy, 0111' ('llll 11\1'11 PJ'()I'('I'd 10 dl'II'l'
mint' IIH' rnt! in 1 ion do::;(' ('nn'(',;po!1I1 illg' I (I H gi\'('1l (knsi I\', 
dlel' ('()I'l'I,(,til1~ Ihis (kll"jl\' by nH'Hn,; of 801ll1' Inl)\Jlnli'd 
Illllllipl,\'illf! fn;'to!',;, !lO\H:q,l': dilli('ulli(',; lin' l'IH'OlIllI('l'l'd 
W!H'11 t \YO or Illon' n hsorbl'l's :)1'1' 11,.;('d 0\'1'1' 111(' "amI' lilm 
jltl('k('I, hp('a \IS(' du' md int ion "4'l1 t I l'rl'r1 from 01)(' :l !l"o I'll ('r 
reHelit'S I hI' til III porI iOIl llllll 1'1' I1H' adjn ('('II I H h"ol'b(,1' ",.II 

alt('mpl hn,.; al"o h(,(,11 Ilwd(' 10 ohtaill II t'ollfdl ('''Iimnt of 
I he rat! ill I iOIl ('!l(,J'g'Y from lit" I'<l t ill Il('t \11'(,11 pllOl ogrll phil' 
Iknsiti('" nlll s ('(I fonnll',j- nlld hnd;,;('atleritw frolll o'in'll 
S('t,.; of IllPtnllie uhsoriH'r" [1,), 1111, Thollgh ;;,ol~('wha( ~'lIl11-
Iwr,;onl(', this ll]('tllOd ";('('Ill" to 1)(' wwfu] for P 1'1'''; 0 III H'I moni
toring' \I'ork, 

In ('ItSI' ((') II ,.;imill11' PI't)('l'dlll'(' to that <lp';l'I'ihpri for 
('as(' (a) IlIll,Y hI' follow('d whl'll til(' 1.1'(1(' of radial ion i~ ('I'ud 
]'!'pro<ilH'ihlp ill Ih(, lllllOn1tol'Y, '1'1](' 11Il!' addiliollal PI'I'I'llll
lioll is 10 ('lIdo:;I' thl' IlIIlI (In('k('l~ in Illnl('J'ia!,., suitl'd to 
pro\'idl' [01' (,lp('1 rOlli(' l'l]uilihriulll 0\'('1' I hI' ('milisioll :,;urfu('(',,;, 
Thi,., pnrt it'U"l r phn,;(' i" d i';('lI';,,1'1i ill S('('( iOIl 2.4, \\'111'1\ t h I' 
;;PP('(1'll1ll of Ihp il1('idc'1l1 mdinlioll i,.; nol rt'jll'OdlJ('ihl(' in diP 
lahol'lllolT hIlI i" known \\'ilh n fail' d(,(lTl'(' of H(TIJnll'\' 

<'ilhpl' fJ'(;1ll Ih(,ory or pX(l(,l'inH'lll, il ma,\" lli' 11('('('s"nl'~' t'o 
('nJt.lllntl' lIi(' 1'(,"'POll,,!' of thl' do,;illll't('r to Ihl' pnt'lil'ulnl' 
radialioll hy \,'pighlinf! till' ,;pI'('lra! dos(' disll'ihuli(lll 1l('Ctll'<i
illg 10 lile jlllrlinIiHI' film J'('''POIl'''(' ('xP(,(,t('d in (,lI('h rndintioll 
('Ill'l'g',\' illl('nul. Onl,\' if I hI' I'P"I)(lll"l' i,.; fnirly ('(l/l,.;lnnt 1'01' 
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Ill(' ('Ill in' ('tlP!'I!Y l'tlll)l'(' O\'(T \\'hidl Ill(' pill'ti{'ulnl' "!)('('tJ'lllll 
('xt(,I1I1", i,; it po,;"ihlc 10 flll'lli"li !l ,;uitalll(' calihratioll \\'itl1-
nut dl'tll iltod kllo\\'lcdl!l' () f I hI' 1'1H'I'i!.\' spl'd l'U1l1. \\'1\(']'(' 
"lIdl a nlliilratioll i" d('sin·d. tI <11'('\'1'11,,(, of I'lll'l'i!Y dl'l)('IHklll'(' 
IlIH.\ III' H!'I'Olllpli;;h(,d hy !'1H'lo"ing t!\(, l'lIlin' ljllli pnd.;:!'l;; ill 
nh"orlH'r" dp,;i!.!'lll'd to l'<,dlWP Ill!' nllUllllll of l'ndialinll 
ill lill' l'IlI'I'I!.\ ;'Hlll!l' ill \\hidl pholol!l'Hphil' 1'1ll1l1"iol1'; .11'(' (00 

hi~dd.' ';('I1,:ili\(': (hi" Il'nd" 10 I'qutllizl' Ill(' do,;illll't('l' J'('''POIlS!' 
1)\'('1' til(' ('lit iI'(' ('Ilt'l'g\ l'llllg('. 

A do"illl('I('\' w()J'k'iill! OII'lhis pl'ilH'iplp \\'I1S dp,,('rihed !'Hl'lil']' 
h~' t hI' nut I III I' 11 i]. 'I'll(' do,:illll'l('J' \\.lS 1101 (lcsil!lwd for 
P(,I'SOIlI1I'i 1l1()lIitol'ill)l', h\ll for n'l!iolllll ';tll'\'!'.' 1lI('nCilll't'Ill('IlI" 
of tnlal I'XP0';IU'('': fJ'()IIl 1 10 1 ().lHH) I' ill 1111' ('II ('rg,\' nlll!-.!;I' 
from !'tHIghh o.1:?-:\II'\' (,tY('I,tiy(' radialioll ('IH'l'g\ 10 Ill(' 
1'1l('!'g\' or' 1111 11-:\ h h('1 H I roll. It ('oll,;i,;l,; (',;,.WIl t: of u 
I~n k;,iil!' ('OIl I H ill I'\' ((knsi 1,\' u ppl'oXimnl I'ly 1..t), llllll 
Ihid" (·()\'('\'(,d \\ itll 1.(11 !ll1II of till, which ill tUI'I1 is ('o\'('n,t! 
\\il h n.:: Illlll of 1('l\(\. Tltl' iPnd and I ill I hid';:lI(,s,,('S \\'('1'(' 

('lll('uLI t ('d ill ,;u .. ll n \\'H.\' a" 10 jH'o\'i(jp op[ i III 1111\ n,d 1[('1 iOll of 
th .. ('IH'I')lT d(TH'IHil'Il('(' or thl'l'l' ('0 III 1l11'I'('iuI lilm,;. TIl(, 
Hn k<'lil (' InYN \1'11'; 11l1l(k [hil'k ('lloUl!h 10 pro\'idl' (,I I'd wllil' 
l'quilihriull1 ill tl\(' hold('\' \lnll fol' radiatioll froll1 all 11-:\1\' 
lH'tatron Thi" do"illH'tl'1' i" l':l])nhl(, of IIH':IStl\'ill~ l'XP0';IIl'l' 
ill J'(I('lllg('llS \\'itll HIl n('('lll'l\('", of ro\lghl~' :?o IWIT('nl on']' its 
uspj'ld ('XP0';lIJ'(' Hilt! ('Ill'I'I!'\ ranl!l'. 

2.4. Considerations of Electronic Equilibrium 

From 1111' slandpoint of rndialioll Pl'Ot('('tiOll. a do,;illl('[l'l' 
sho1lld ('I' a dos(' ('(pHd 10 thai \'('('l'iy('d h~' Ihl' cri(ical 
Ol'gllll"; "Olll(' di,;l.lll(·(' hdo\\' I hI' skin. \Y\ll'n n J.l'III11 of \'{'IT 
Itii"ll ('It('l'gy photoll'; sll'ik(,s H hlock of !lUI ((,I'ial. lIOW('\,('I', 11;(, 
"l'('Olldlll',\' ..]('('I1'oIlS Ihat nn' pl'Ojl'el('(1 lIluillly ill 1111' fOr\\'nn! 
din'clioll do llol huild lip to l'({uilihrilllll \"it It tIll' pho[on 
ill I !'Il"i 1.\' lIllI iI 1\ It II ppl'oxinwl ('Iy ('f( llnl [() I\w IH('I'lli!1' 
1,1(,(,t roll l'Illlg'(' i,; 1'('Ildl('d, By ('cplililn'iulII \\(' l1H'tlll thl' 
condition ill \\'hid] as IlWIl.\' 1'1(,('trolls an' "topPl,d in 11 ,;li('1' 
of th(' lIIHIl'I'inl n,; ol"igi1l1i1I' I hpJ'(' (1l('g'lp('lilll! lit(' ';1111111 ('x
POll(,lIlilll tll'!'I'I':)";(' ill pho(oll iull'lIsity). Thi;; llH'llll'" that 
(IS lOll;.!.' lIS til(' 1l1llt('l'inl SllITOllllllillg 11 dnsillll'\1'1' is (hieb'l" 
thall tIll' rallgt' of till' :';('('Ol1dlln' (,1('('11'011:';. thl' ,,('('OI11lan'
('ll'et roll dl'll,;'i t~' :\" IIlI'H';UJ'('d h~\' II\(' do"illll'l ('I' is prol}(;r
liollal to lh(' plw(oll illl(,l1;;;il.\' at SOli\(' poillt wilhin tlll' 
do;;illll'11'1' \ntl!. 

III tllP ('U"!' of phOlOI!l'Hphi(' dllsilll('[('r,;. til!' l'o]Hli[]OIl of 
(,I(,I'll'OlIi(' ('qllilihriull\ i,; l'ompnl'llti\'('ly \\,('11 Ill!'!, IIp 10 :thoul 
O,;{ :\1(,\' h.\' (iltn ill it,.; ('OIl\'('II(ioIlHI Wl'HpIWr. Al high('r 
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PJ1I'!'l!i .. ;;. dii!i('ultil''' ,Iri,;(' frolll tIl(' ftWI tllUl II\(' nIng(' of th(' 
S('("OIHhl!'Y !'I('('II'o]];; IH'('oml''' gl'('11,( ('I' (l1lln t h(, I hi(:klll';;"' or 
I he film pillS pn]H'l' \\1':1 PIH;r. Till' '-'('('0 III hi 1'\' ('11'1'1 roll,.; 
I h (,I'pro 1'(' nfl' llol !·olllpl('h,I.\' ,;topp('d ill til(' ('llllll,-i·(lIl. whert'ns 
tlll'''1' 1'11,(,tl'Ol1'; \\ould 1)(' nh"ol'hl'd ill (iti!'k Inn'!',; of li\'ill'" 
li~:4II(" '!'hu,;, II\(' pllOlograplll(' 1'0:1'1'\ ('('II,;!'" (0' hI' H IlIl'n';llI'~ 
~,j dl'('p-t ISf;1l1' (h~,;(' for 111l'';~' .l']lt'!'gJ(''', uIIII,,,,s II\(' film IHll'kl't 
IS SIII'lYIlIl(kd \\'111: HlI nddlllOllHl hiy('1' of (j';slll'-l'({llind('1l1 
IllHt('rJnl "ho,.;(' [h]('klll'''''' dl'].ll'nd" upon (ht, ('lll'l'O'\' of t 1](' 
photolls lIl('HSIl red. I [ \\'ill Ill' ";('l'll Iltnl II fillll sl~iTOlll](kd 
hY'.nn ('quilihriulll 1(\,\'('1' of I i""IIl'-('lluiYakn( lllll ('rinl \\'ill 
1'1'1.;1,,1('1' tlH' 11 IHX illl I III I lio"l' (hat wOllld Ill' :IIJsnl'h('d 1)\ H 

hlllllllll h('in)!: l'xpo,;(,d 10 (1](' S:11II(' mdiutiull ilJI('II"i!\'. ' 
,\8 H!l ('xlI.mpk of ho~\' to ,tll't(,l'm!I\(' tit!' ('lluilihriuin Illi('].;:

IWSS of H gl\'(,11 1ll1111'rwl. hguJ'(' 2 ,,\tows (IH' I'!'SIIIt" (If nn 
(,X 1)(' I'i 1111'11 I ~\ith .\Il';('O ('OllltlH'l'l'inl lilm, III Ihis 1'.\:I)(,l'i
llH'nl. llll' IJlll1 \\'as ('O\'('rl'd\\ith nll'yillg Ihid,lIP,,';I''' of 
TInkplil!', ~lIld ('n~'h lillll-B.lkt'lil(' ('()lllhiillll~()ll W:\" l'x]l0';l'd 
(0 Ill!:' l'lHlw(loll Irolll n ('(lImit-no ';OI1J'('(' for Ih(' SllIlH' 1(']]O'lh 
of lillll' .. Th~' pholog'J'('.llhi(' dl'll,;ilY (If thl' . film "l\lIll~k" 
('xp0:'l'd III IIlIs \\l1y IS ]I ot Il,d Ill(' t I 1Il'i.;:n('ss of [hI' 
Bnkditp In~-l'r inlrndu('('(1 on']' t lIP elllulsioll ';lIrInet'. In 
(Ill' tir,;( portion of Illl' c'ul'n'. I II(' mill d('n,.;il \' i,", 'Wl'll to 
iner('ns(' I1Wrkl,dh- \\it h Ill(,],('HSiIW TIn].;:(,li( i, [hi('kllf'SS 
This sho\\'" thai [hi' llllmlH'r of ('1(,~tl'(lIlS al),,()l'IH,d in Ihl: 
!:,lllllIsioll Im'l'pns('s \"ilh (h(' Bnkditl' thid_lll'ss. 

In tli!' s('('ol1d J'('l!ioll. lli(' (,lIn'I' flnll('lIs awl n'aclll's ;, 
wllH'\\'hnt ilidislilll't llHlXilllllllL '1'11(' ('ollriilioll of hnlnll('(' 
hN\\'('1'1l [hI' 1'11,('tl'Ol\" ahsor\)l'd by Ihl' SlllTIHlllllitw lIIU! 1('1' 
(11('1'1', Ihkditl') nnd III(' d!'etI'O'IlS produ('(,d \yitllin Ihi,; 
lllateriaL wlli('h art' rt'quirl'd for IllH Xillll III I dosil1ll'll'r I'I'S

]}ollSI' I1I1(ll'1' til{' g-i\'('Jl C'in'lllllst<lIl(,(,S, i" nSlwlh' rd!'1T(,d 10 us 
d~,('troJli(' ('q,tlilib1'iull~. Fol' ~nk~'lit('. Il';l'd 111 ('Olljlllll'l iOlI 
\\'Ith l'olHlll-{iO rndwtlOll, ('(jlllllhnlllll I" S(,('II 10 (H'('1l1' n( n 
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tltid;!H'",,,of nhOll1 :llllllL Th!' Ihil'd ]'('Ilioll of Ill!' gmph i., 
dlanH'!I'I'IZl'd h\ a ~nldlllll dl'(']'l'll"'l' of d(,ll~it\ \\ Ilh alJ.,orhl'l' 
IhickIW,,'" l'on:I'''llo11tiillg III til(' atll'1l1111tiOIl'nf til(' pI'imH1T 
radwllOll \Otlllll til(' Bakdit I', ' 

Silllihu nll'n:"lIl'l'IlH'IlI" lll'l'flll'llll'd \\illl tIl(' In'I'lll:""lrahlll11Z 
frOI~l 11 hl'~ntroll OPI'!':II!'d tl~ II :\1,\' i:)ln' 11 PPI'()XilllH 1 I' (,lflii' 

Idn'llllll lhi('k!l('"~l''' of:.! ('llJ III LUI']11' (ll' :2,;) ('Ill III WHI('I', 
If ow' \\i"IH'" l(l lllllk(, liI(' rt'';POll:'(' of a p!tlllllgl'Hphi(' 

dll:,!lll('I('1' pnralld IIHII of nIl IlllllznllOIl dw III iJl'J', nl Ito,l,;l for 
n1dinlioll (,]H'I'lli!':' <'oll."idl'l'Ilhh nho\,(' llwl of 1111' film "('ll

,;ili\il~' lll'nk, ;1IH' c!WO':,'':; 1111 (:It'l'1 ]'Ollie ('l[lIilihl'illlll Ilw«"l'iul 
who,;!' H\'('nlgl' lll()llli .. !lululll'!' i,: (,1",.;(, 10 IIHII of nil' (1'01' 

('Xlllllpil', ILlkl'lill', jloh'"I\T('!ll', or Ildolli a,; i" l'lI,;tOlllHl'Y 
1'01' nlyit.' iOllizH I ion d;nn; I )('1''' I hal ,,'1'(' d (,,;iz!ll'd I (I 11](,<1;';111:(' 

x- ill' gHllllllll-nl~' nh';(Jl'pliI1ll ill t('l'll!'" ()f l'(l;'lltZ('ll:', If OJl(' 
wi,;IH''; Itl llI('n;';lIl'(, a qWllllily pl'ojlortional t;l Ih(' ('III'],Z\' 
llh';(lI'IH'd ill liyillg ti"SlI!'. ()Ile t'ho(l~('s II ti';":III'-l'qllintl(:Jit 

('l[uilihl'ill111 l<1 HI', 
III "nnw ill,,[nl1('(''; hoth l111't1llli(' ;lh,;or/)p]';; OJ' pmilt<'r:, lllld 

IOW-IIIOllli('-1l11111ht'l' (,kl'll'OlIi('-!'qllilihl'illill InYl'!''; H],(' lIs('d 
It l'OlItld lilnl Pll ('k('(,;, .. \ llY Sll h",1 ,1 !H'(' illll'Oti lJ('l'd hl'l W('('ll 
Ill(' film pII!'kl'l !lilt! thl' ~lIlTP1111dill~ Illlltl'r/Hl pmdu(,(''; n 
trunsilioll dl't'('\ (linl di":llIl'il;.; till' (,k('l!'lll1il' (·qllillbriulll. 
Ill'll('(' till' llllmitPI' ,lilt! t \'IJl' or P<1I)('1' hn'l'" i" in "('1)('1':11 pf 
llO illlptll"ll!ll('t' ill \\'urk \\it II X- 01' ~nll;llln radiatioll, ,.: ill l'(' 

ll()lllillifonll ]H1IWI' lny"r,.: do nol ('nstedilrl'n'llli,ll "h;ltioW;; 011 
I~\(' pitol ():,('ll"i t.iy(, :'l,lI'fnl'Y' \rit('l\., II()\Y('\'!']'. t 1](' ('(jllilib
nmn In,n'\' 1'(!lI~I~ts of II Illll'!lpr-atolllw-lllllllh('l' lllall'l'ild, till' 
jl,II~'()(,Il!('tion of ]ll~Jl(,I: s(']'i;)lIsl,\- ('t)lllpli('llt(·,; th(' ('olldiliml;;, 
1111:' I" dhtslnll('d !II ligul'.,:j \\'h(']'(' till' pat I ('I'll "I' till' I<1YI']'('(l 

OPENED FILM WRAPPER 

ill./tli(}{U fJ/o IOI/l! 

'/"111111 

EXPOSED DEI'HAL FtLM 

{,Ill/lit/Ilf// U/'II II ('(rll~I'.tl'l}:~·I" l)IIIH}fil 

}I(/("I:( t" 
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p~lP('1' \\Tnppillg' i",I'I']ll'odlH'(,d, 011 a Dllpollt film. (YP(' :j](1. 

I hI' ]lH,!'k!'1 (',OIlII111l111)! lltl:' hllll \\H" \\']'nPIH'd ill a I-llUli 
slll,!'t of ('lltlllllllill dUI'IIlg' nil ('XP()';UI'(' 1t.1 cohalt-i')n rntiintioll, 

2.5. Directional Dependence 

ld(',nll,\', H pllOlogl'<lphir do:,illl(,t(,1' "llould lIn\(' pl'l'f(,(,th
sph('l'll'nl g('Ollwtl'.' 1'01' ulIiflll'lll i'l';.;pPll,;(' to I'lidintioll f!'Ulil 
l~ll din·!'t ion,.;, Th(' "lll't'llik(' (,()Iltiglll'llt iOIl of plwtogl"llphil' 
hIm llll!'; ]'('Prt'S('IlIS n dnnyll,B('k illll!'l'('llt ill tlll' pho(og'l'llphil' 
Ilwthod, !l(l\\'('\'I'I', :,lIlt'(' 10]' all hut thl' 10wl':'t ('Il('l'o'i('", 
IllId(']' ('(lllsid('rn(ioll till' plwtognlplii(' 1'11'('('1 i-; <III(' 10/"'tll(, 
s('('ollduri('~ pl'lldu('(,d, llpOll nh,:ol'ptioll of tIll' prilll!lI'Y 
I'lHlinllOIl !ll Ih(' lllut('nHI :'IIITllt!IHIlllg tIll' lilm rutlll'1' tlmll 
dill' tu nb,;o]'ptioll of lh(' jll'illWI',Ymdillli(lll ill (Ill' film 
It:,('If. lill' Hngulul' <I I' P(,II<I ('11('(' of filll! l'xp();';('d lillder ('1('1'
l!'ollil'-l'quilihriuHl ('Ollllitioll,; ltl high('r radiation ('IWI""i(':, 
i~ lI('g'ligihlp, EX]l('rillll'lll Ity (;],('(,llillg [,-Jj indil'ntt' tlwt 
fillil'; ('XPO,;t,t! IIllde!' ('qlliliill'iulli ('lllldition,; 10 rndintioll of HIl 
Plll'l'g.' of Hlllllll O,I:.? :\('\ illl'idpill Illld('1' lIll Hllgll' of x() 
d('~ ,,110:\ ~lholll j;i,lll']"('('llt 1('''''' d('llsit~, litan fillll~ ,'xl)t)sl'd 
llll(jpl' ,;ulllllll' l'OIIlIJlltlIlS, hilI undl'I' norlllal I'lltiialillll ill
('id"lw(' (Zl'l'll d('~]'('('",), For l'Il('I'zi('''' l)(llh I()\\('!" nnt! hio'IiP]' 
Ihnll n,l:.! :\(('\'. (in'l'lling- fOlllld till' t'f1'('('1 10 It!' "1(,,,,, 
PI'OIl()UIH'l'd, 

\\'h('11 !tig-h-Htollli(,-llll111I)('r ah,,:ol'l)('r,; H],(' lI,;(·d 0\1']' th(· 
lilll,lllll!'k"t;.;, th)'" ('llllljllll'Ulin,I,\' ,;llllll! din'l'1iolllll d('IWllt\!'I]('1' 
I" IIl('i'l'll';!'(!' "IIll'(' lit(' di'('('li\'(' thit·klll''-'; of !Ill !lh:-;o)'lwl' 

tlil!'!'!":, \\ilh thl' dil'l'(,1 iOIl of tll(' illl'i<l(,llI 1'1ltiintiolL .\" 11ll 
('XllIlIpll', li~lIl'l,t "h()ws lli(' dinTt iOlwl dl'p('ndclll'l' or till' 
Dupollt film {YPl' ;"iIO ill till' sk(·tdll'd :\B:-; filll! d():,illlCt(·1' 
\\'h('ll ('xjlOSl'r! to II ('ullilllut(·t! h('IUll of I'lldint iOll IIlId(,1' Inh-
1}l'1t101',Y ('(l,ud,ilioll:' [liT \r!tilt- H(Tlll'Hl!' wilhill :.?O IH'I'l'('llt 
tOI' all mdlllll(lil ('lll'l'gl(''; llho\'(' 0, I I :\1(,\', llnd I'll]' :1110'1(,,; of 
iIWidl'IH'(' h(,t \\'('('11 Z(,f'() Hlld :.!;j d('g, Ill(' :\ Ih d(l;';~lll't ('1' 

1I111\('I'(':';tilllllt('" tIll' low-l'Il!']'g." nltii,ltioll ("Olll(lOIll'llls hy as 
llllWh 11:' SO ]l('n'('nl for all 1mzl!' or illcitlp]!('\, of so '<1 (',!, 
::('\('l'tlll,k;;;,; .. it i", f!'n:,ihl., IIlld!'I" ~()Jlll' ('olldit;(llIS to ('lIlpl(;." 
Irlm hold!'!',; III \dlldl Itlgli-11101ll1l'-1I111l1\)('1' ;dlSllri)('I','" hn\'\' 
/){'I'II illl'Ol'jlot'Htl,d, ('Y('ll if tlI(' Pl'illlnl'\' l'a<iiutio!l ':IlU]'('(' i" 
11I1isotropi<', For ill,;lnll('I', till' ('ITOI" dUl' to dil't'l'linmd 
d('I)(,II<1l'l)('(' of lIlt' .\ B:--> do"iflW\('1' \\11" "ho\Yll to 1)(' n(·g]i~ihk 
small wlt('ll th(' do"illlt'ler \\11;'; llsnl foJ' Illt'llSlIl'C'Ill't'll'ts (if 
hiJ!h-(',I}('rg'~~ rndint iOll If~)]~l i,l point "(lur('(' ill ('llllilihl'iull1 
Will! II" :'1'('(lll<inrll'';, Ilus 1;'; du(' 10 tll(, ('s;.;('nlinlh' i~ll
t~'()Jli(' di,:,lrihlltillll or till' I ()\\--('ll ('t'i-!'," ('OIllJl()lI('ll1'; ill ('(!Ililih
/'Ullll \\'llh tbl' pl'imHI'," hig-h-('IH'l'gy l'1111inli(l1l [lS~, If 



"LEAD STRIP 

FWl7RE -1-, l'l1r/([lioll ill il1if'rpreil1lioll wilh (llt!lle of 
illcId('I/('(', X138 film '/0811111'1('1', 

nhsorlwr,; nrp ('Illplo~-t'd in plIo( ngrapbie do,,;illlPtry of Io\\'
(>1H'rg,Y IHlillt-,;ollrc(' radiatillll, a ilolckr of higiwl' ~Ylll11wln
than I1w '\H~ do"illH't(,I' may he used in ol'd,:l' to (,('lllllll'J'H(:t 

adyl'I'';C' dir('C'tiollul ('~'l,(·ts, 'It ,;llOllld also 1)(' pointl,d oul ill 
tillS ('Olllwctl()tl (itnt fIllll pnckpts ('oBtaining lpad foil hacki]!" 
do !lO( \('11<1 t hl'lllSdn's to p\wtographi!' dosilllt't \,Y, as t lr~ 
fOl\ prndm'C's a modificalioll ill the pnl'ticullll' film"', (,1ll'!'''V 
dl'lH'lld('IH'1:' ullli all ilH'I'l'U,;e in itt; di]'(~ct iOllal depelldellce,"" 

3. Criteria for the Selection of a Photo~raphic 
Material for Dosimetry 

3.1. Cniformityof Film Emulsions 

TIll' u,;p of photogl'aphie film for !'ndilltioll do,;illwtl'V 
]'('(Juirps lhl' n'p\'(ldll('ibi\it~- ()f dl'nsilollll'tric r('slIlts \yjthitl 
HlTUrUl'Y limits in line "'jtb tbe bio\ogical !'('quiremen(s, 

10 

.\lthOlwh hill\(wicu\ aITUra('\' limit,; dif!'n I'pn,;idpl'Hhh fol' 
; \)(' 1)1111 i('llI" r (~'P('" of rad in t iOll dT(·('t,; llllt! 1'1' ,;t lid,' <lll'd fol' 
th(' (YI)('" uml (hI' g(,lll'til' uniformi(y of (11(' tlllillln\" ('Illplll,\ I'll. 
(hpJ'(' j" I'l'!)"on (0 \w\i(,YI' tllnt nt pn';:PJlt H('('lIl'u('il'" of (lj(' 
ordel' of 1:i P(,],(,(,lIt (':lIl I){' :whin-('d for 11,(lw\ and ';lIhl(,thal 
do,;\' illl'1l"1I]'('iH('lIt,; u)}(kl' fayon\h\l' ('olldi( ion,;, III ol'd('r to 
al'hiPYl' ('Ulllpnn1hll' t\1'I'ut'n('i('''' with pllllt(lgraphil' lll('lhod~, 
lIll ('ffo!'t 11\\1,,( bl' Ilwdl' to 11:-;(' only film mnt('l'inl (lr H uni
formity thnt jll'l'lllito;; ad('f(lllll(' ]'('iJl'()(\twihi\ity or dl'lI",ito-
111(,( l'i(' t'('"ult;:, Tn1>k 1 "how" n ;:l'l (If l'lllll];:ioll d(,lI",j( iI'S 

ohtniJ1(.d un 10 diffl'rl'll( film ,;ampl(',; or (hI' "'lIml' ('lIlui"ion 
hn t ell nil (·xl)O;:(·(1 "illlult HII(,Oll;:\:'; :md (kn']opl'd lind ('I' 
('In,wly ('on (!'oll(,d "('n,,j tOIllC'( ri(, ('ondi l iOll";, 

Film 

L I,li;{ 1 .. :;/ 1 .~t'" 1. ii] \ l'll 

1. 1.1\.1 1. I'd 1.1;0 1.1;11 1.1'1 

L rl' \..;j I.lj:! LliO l.tiU 1,1\1 

1 \.,::1 1. I ;>~ 1. .i\l 1 . :1 ~ J 1. t',U 

I.'.~ I. L !~'2 1. :,~ I .~,;.., 1. ,jH 

1. rl~ 1. !. hi) I. !,,:'; I. '.1'<2 
l.!iO L I,ll 1. ~ \11 I \ I. I," 
I. ,~),..;, L L n:2 l. liO I,ll 1.fil 

I. ;"\'1 I.'',! 1.1,1 \,.7)\ ,~,H 1, t>\I 

L Ii ~ l.tI:'i I.lq I.t\:) l,il') 1, hI 

1Iil 

Tltl' maximulIl ,;pl'l'lld \W(\\('('Jl Hll,\- lwo illdl\'idua\ <lplI"il,\' 
l'('ading,; i:l llbO\l( lWj'('('l1(, wlt('('(·a,;: (h(' "pl'('nd of tIl(' 
llY('nlgl' j'('l\(lin~s 1)(')' fillll i,; (l1l\Y n bout 11~ PC'J'('('llt, :-;lldl 

a hi"h d('<']'('(' (;f a('('u!':!(',' i" lI';llIdl\, nl(nillt'd ollh~ ,yhl,1t tltt' 
l:"" J:::"'! • • • 

snmpl(' (·mu\;:joll:l nt'(' (lIk('1l from (h(' ":lIllI(' III III I lIJ't\(' ( llJ'ing 
bnl('h, 'l'abk:2 :l\U)\\:" thl' diffi'n']]('(' lwt\\('l'll itit'll(il'ally 
('xpo,;(,d lIlld sirmrltllll('ou,.;ly pro('('s;:pd "l\lIlpk,; of l'lllilbioll'; 
of t \\0 dilT"!'!'ll! batl'lt lltlllllH'l's, Thl' di!)'('!'('IIi'l' hp( \\'('('ll 

ba(c\!(':l is llSllllll\' IIO( too Illl'g(' ill (\Il' ('n"!' ()f ('Ollllll('\'('i:d 
('lllll\sion", nIHI i,;'lli lill(' with thp data ohlaiJll,d h'" till' ('Ill II 1-
SiOll llHlIlufnl'lIIl'('I'S '''Ith ('XP0';liI't'S h,'" \~I"ibl(· iight. T\l(' 
difl'('1'('IH'(' lllH,'- 1)(' mill'll Iarg('l' ill (Ill' (':1,,(, of (·"I)Prim,·!]tal 
l'l11ulsions, as "h()\\ll ill ti)(' snlll(\ tnbk, 
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1l:l1t'111 

1 I ~j !L-, '. tl, I; U.O,) 
~I+ .;. nil ""'lfl; ,:21 1:2 
r;!.1 ", 

-, 
,I') ,,), 

, .. L :{iJ I II :"\,-) 

1,11 2 bO 

3.2. Energy Dependence 

,\"; point('d ont ill ,.;('('[ioll 2,:{, 1111 photog'mph!(' Pllllll"jOll"; 
('x11il)it III<' ";HllH' ~(,I}(,l'nl 1.\1)(' of l'Il('I'~y dl'I)('IHi<'IH'<', [IH' 
ditr!'ITI\('I' 1)('[\\'('('11 11](' ht'lla riol' of ])mli\'ulnl' ('lHub,io]];; 
Jwillg qllHlllitlltiy(' rntlH'l' tll1lll qllnlitntjy(" \\'[11']'(' dO"jlll
('tryon'!' 11 lnrgl' l'IH'l'g'Y nlllg!' (ille1l1tiIIIg' ('IH'!'gil'" hl'lo\\' 
ahoul 0,:; \1(,\') j,.; ]'t'ljul]'(·d, it i;; tht'l'!'foJ'(' 1l1'1'1';;;;Hr,Y to llf'(' 
";Ollll' typl' of llll'lldli!' filU'r J'('g'lIrdi<'ss of film ('hoil't', ill order 
('ill)('r to I'ollllwll"nl(' fo]' Ill(' l'IH'I'g'Y til'I>I'llIll'llI'(' 01' 10 g'iy(> n 
roug'h ilJ<iil'Hlioll of Ill(' 1'1l1'1'g'Y ill qW',.;lioll, If lll(l]'(' Ihnn 
!ll)(' rilm i,.; IWI'(i<·d for l'OY('l'HgP of !lll' do;;(' rangl' of intl'I'I'st. 
II 1;; hl'lpful to ";1,11'('1 film,.; of npPI'OXilll;lll'ly tl](' ,.;HllW tIiIlOll])( 

of ('I]('l'g,\ dl'])I'I)(II'])('I' ill ()J'dl'l' to 1l111i.;.(' po,.;sihl" I hi' 1I";(' of' 
0111' ,.;I'l of Jl)elallic liltl'l'" for nil of IIlI'Ill For ,'-Olll!' ;;I)('('i:ll 
p!'oiJil'llls of do,.;illll'll',\' in IItI' llli'dI('nl-diagllo,,1 it' alld II)\Y
\'oitagp-tirnHjl(,lItII' l'111lg'(', It Ilwy 1)(' po,.;,.;ihl(, to t'iilllinatp 
tlli' 11I'('(l for il\!'lnllic fill ('!,,, wilhout ill I'otlll('iw! 100 lnn!I' all 

1'1'1'01' hy "l'li'l'1ill;! film,.; or ('olllparnl ;;BUIII (,ll('q..':~' t!p-
J)(,ll(l('II('(' ill Ill(' ('lH'I'/lY lI1ul(·1' ('oll,.;itipraliol], For 
(,X:lIll]liP, if a hHl'I' KOlb,k l'lt 1'1l-:--Ip(,(,d Dpllud 
X-ray Iilm pack!'!. Cod(' DF-;")x, ('xl)O,.;('</ to X-ratlilltiol! 
gl'lll'I'Ht(·d at 100-k\' ('OIl"IUIlI pol\'lliial. IItI' do,.;<, in(l'rprt'tn
(ioll mn<ip hOlll n ('nlibl'Htioll ('111'\'(' nhtniw·d al .iO-b' 1'01]

slnllt ]lot(,lllilli j,.; nholJ\ :;0 1)('1'(,(,111 too low, \\'hieb for SOIn(' 

t! ppli('a I iOIl"; j", 'H'I'I'pl n hit" 

3.3. Contrast, Sensitivity, and Useful Range 

III oJ'(jpr In 'Ii'hi('\'!' thl' d('"il't,d 'H'('1II'HI'.\' in do:,(' interprl'
tation, it i,.; 1l('1'('';'';1I1',\ 10 pro('url' films Ihal ['('I'ol'd gi\'I']} dos(' 
difr(,],(,I}('('~ ill 11'1'111"; of IHI'~I' til·]}"il \' diff('I'i'IW('", Thi" \\'ill 
hI' Ill(' CllS(' fol' film,.; 1'01' \~'hidl thl: dl·IISil,\'-n·r";lh-('XPOSll!'P 

, 

\ 
l 

CllIT(' lw,.; H slItn('il'lltly lnl'g'I' ,.;lOPI', ('01l\'(']]liol1a][\', thi,.; 
l'llJ'\'(' is dnl\\'1l "ith tlll' 1I1>,.;(,iS";11 Oil n lO!!Hl'il hlllie .'wnIP, :tlld 
I"; tltl'lI I'dI'ITI,d to :I,.. "('I!nral't('ri";lil' ('11;'\'1'," 'I'lli' ('(lJllrast 
of' a pholog'ruphic film i:,\ 1'(·I.ll('<i to tIll' ,.;lopI' of it,.; clJaml'
t('ri,.;li(' ('U]'\'(', at 11 purlII'ul<lr fillll dellsit.' h"jug ;.::i\'1'1l 
In' til(' I'atio of the <it'Il,.;II Y IIII'I'{'II)('III 10 I ill' ill('l'I'IJJ(,llt of tlli' 
It;g',ll'! t bm of tIll' ' Figu rl' ;j sbm\',.; a t y pi(':1 I 
S-,,}llljH'<i ('hul'lll'll'l'i,:t ('111'\'1', IIlHillg :III ,llIuo,:1 lilll'HI' por-
lioll (nlll,.;lnnt I for inl('l'lIlI'di,ll(' <it'Il"ili\',.; and pori ions 
of ~rndllnlly ,:lop!' for \'('I'Y low and \'t'ry hi/2:h 
dl'llsiti(':'\, For film \\'ith dwr:wt('rI':li(' ('llIT('S ha\'illg 
(·xt ('ll(kd J illl'lll' ('Ollt ra,,1 IJUl \ h(' ddilll'd ll"; t l)(' 
"lo])(' of tltl' lilli'lll' POl'tiOiI of 1111' dWnI(,t(:risti(' l'Un'(', 'YlWI'P 
n \\'('II-til'liJl(,d lllli'HI' i,.; ah";('lll, thl' dl'fillilioTi !lillY IH' 
lllotiiliC'd Hlld COllll'll"t lIlay lw d(·filwd :1,.; thl' slop(' of a cilOl'd 
bl'lwI'I'11 th(' <'lJtI point;; or a .illdil'ioll"I~' I'ho";('11 dPll:;ily 
illtl'l'nd (O"\wh n~. 1'01' inSllllli'(', the slop\' of I'hord .-\.B in 
lig, ;j), 

Till' "lop(' of tb(· dWl'H('II'l'i,.;til' ('111'\'(' of 11 f!'l\,('ll fillll t,YI)(' 
\HrII's wIlh Pl'ol'('f;"illg conditions as \\'(·11 as \\,Ilh (ilp P!lNg," 

of' tIll' rntiinlioll I'lllplnyt'<i for tht' ('XjlnsllI'C', HO\\'('\'I'I',' it 
wn:-; fOlllld 1 tllnt 0\'1'1' tit(' ('1l1i!'I' ill\T,;lj!!:ll(·d I'lll'rg\' illll'nnl 
(f!'OIll np]Jl'oximHtt'I,\:W 1;,1'\' (,f\,('('\i\I' ('lit']'gy 10 lli~: rndiutioll 
('Ill'q!il'" frolll a lH'tatroll I'll]] at a pI·ak 1']]I'rg~' of :j;'j \[I'Y) 
lilt' (,",,(,!llinl f('ntllt'I':'I of Ihl' I'lW!',lcl('l'i"lic ('111'\'(' of a pal'lil'll
luI' fillll \\'('1'1' llHlilllnIl1l'd for II giYl'1l typi' of Pl'o(,I's"illg alld 
thnt tl](' ('UI'Yr'" ohtniJll'd \\'ilh dif1'('1'1'1l1 I'H<iial ion 1'11('l'gi('''; 
('ollld hI' tl'HlJSfOl'llll,d inlo <':leI! oth(·1' by n llH'rt' ;<l'nlillg of til(' 
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EXPIJ'3IJRE, ROENTGr~lS 

FIe [HE 5, CllUrw'ifl'isti(' (,1/(/)" (Ii' 11 !,h%';l'I7plt(,' ,'IIIII/';iun, 
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I 

I 

ail,wi:<:<lH', :--;1111111 \'HriatiOll" III pl'tl('('""ill!! tilll(' awl 1('111-
])('nll111'(' did lIot di:<ll1I'I) th(,,;(· f(':1,t \11'('';" Thi,; fll!'t j;; t Ii!' 
hn"i;; fol' th,' pJ'()('"dlll'<' or ""'1'<11 dl'll,"ltY-\('I'''I!~'('\f)()''III'(' 
('un(',; H'; H ('OIT(,(,tioll for jln)('(',;"IIli! \'Hl'llltj[)Il'; H" I" oullllll'd 

ill "pct iOIl ,i, , 
,\IOllf,!: \\'itll :-'llituhl" ,'II('I'f,!Y ',I('P"IIII,l'lH'(' :md hl~h ('Ollt l'H:-<t. 

thl' ,.;"I('l,tioll oj' film,; t/(,,;imhl(' lordo';llIl('tl'Y III H il'I\"'1l d(~';HI!(' 
nllH!l' i" gO\(,I'II!'d In' ,'lllltl,;ioll ""Il"i t i \',i t ,\', ,'I'll(' "PIl"1 t 1 \'11,\: 
of 1\I!Otog-rnphi(' ('l11l1l,;joll'; "HII hp ,kllll('(,1 III H IUIl,nl)!'1' of 
dill'pj'('llt \\',1\", III rndint iOJl dO';IIllPtry. It IS u:"lwll,\-Iolllld to 
11(, ('OIl\'('lli(,Jlt to II"l' :I" a 111('11':11],(' oj' ;;('lIsiljyity H qlmll,tlly 
(Ita 1 i" il1\-(' 1'""ly prop0l't iOlln I t () tIl (' ]'11 !li:l t ion d;),:(, ]'(''IIIIr"d 

o protiu('(' II ('('rtnill photo!!raphl(', .!,'lI";I(,\', Y"('(' n)so ';('('
tlOll :2,1 .\('('ol'dim.:: to til(' d('IlSII,\' I'all,!!:,' III "llIdl 11~(' 
,'lllllL-ion i" ael ualh.' 11';,'(1. OlW 11';lInlly dlll!)"('" II photogl'npllll' 
c/!'Ilsit\' of I.OO ol"l,tiO, T"hIP:\ i" It (,olllpjlati~)11 or ya!lH'''; 
for th'(, :'('ll:,il j\'it y of n llltllll)(')' of photo!!nlphw ('IllUI"Wlh 
('xl)();;"d to X-nll'li;ltioll of H1~ d~{'(,ti\(' (',Il('I:!!.\' ~)f (j,n :\/,,\" 

nlld t/I'Yl'lop{'d 1'01' :j llJillllt(',; 1Il ho(bk LiqUId X-I'll," tlI'Y!'I
np('!' <11 :?O,O±().lo C, 

r~j ><lnO 
1,111 

,-)il 

".?7}O 

0.11 

'~! \ 

1.1 
o.(l:n 

.011 

\rbil" for !!iY('ll pj'(H'('"sill~ ('olldit iOll'; COllt I'n,:1 <1"; wdl 11'; 

";(,ll,;ili\'it Y ai,,, illitl't't'll1 ('ital'HI't('ri';li(',; of a gin'lI lilm, t,lll',\' 
"an' ('()Il~ilkl'Hhh' with tlli' dlOi('(' of pro('('",;ill~ ('(mlli( lOllS 
("P(: ,,('I'! ion ;j), '110\\1'\'('1', for II ).!:iWll (ll'O('(',.;,;ing t('('ItIll(lll(" 
('()!l(mst lind ,.;t'llsitiyily along "-Itlt filmlllllfol'lllJty dl'll':'lIlllll' 
tlll' )Is('flll do,.;" nll1~(' of II fillll, {-~('flll do,,(' I'H1H!l' I" tl)(' 
I'XPOSIIl'(' iIlt('}'\'nl il; \\'/tiell llJ(', ('l'J'Ol' ill do,.;!' iIltl'l'pl'('lation 
hy 1))('1111'; of pitoto).!:I'npliw d(,llsl(.' d(H'';.Il~)t ('X('('I'<I ~t l'l'n';OIl
nlll" "allll', Tbi" ntlll(' d('p('llIl,; OIl mtil\J(IIIHI ],N!l!ll'(,ll1('])(';, 

T"hIP -1 "itow,; II ::-lllllpl" of tiI(· tyP(' of informatioll 1l('(,(IPd 
to dl'(('],llIill(' u,,!'i'1I1 !'IlIIg(' , A "I'ri"" of ('ohult-I\O ;rnllllllll 
('Xj)()";UI'I'''; \\It" gin'll to Dupollt d('ntlll-,;iz(' film>' of l,'pl' 

:ill:2. \\'hi(,It, ,)ft{'1' l'olltilH' ";('ll:.:itoll1('tri(' !lI'()('P,;,.;ill!!, \\'Pl'!' 

';('lIIlIwd (it>ll"itOlllPt ri"lllly Oil :2:") pln(','" (,Hch. Tlil'ill;l('('III'aCT 
ill dos!' d(>(PI'lllinatioli «('Ollllllll;; -t lIlld :iJ dill' 10 lh(' ';PI'I'II;I 
III d('!l~Ity I'PlllIJll;r,; OJ! PHch lilm ,;ampll' «('Ollilllll :\ \ Wi!'; 

d(·t(,l'lllllU'(,1 fl'Olll a plOl of II\-('I'U!!P dPllSitY'\'('I',;w';'f'XP0";III'(' 
11l'('IWI'f'd Il'om ('oll1llln" I IInd:2 '1'1](, 10\\'('1' lilllit of II",,· 
flllw',;,; of th(, lillll IIllliel' th(, pnl,ti('ulal' IH'O('(',,:-<ill~ ('olHiilioll"; 
Illny 1)(' :-«,I('('lI'd 1l('('OJ'(/ill;r t () t hl' illll('('III'H('Y' IW!'llli""illlf' 
fol' :l Ill)l'ti('1l11l1' type of npplil',1tioll, 'I'll(' ,;nill(, prol'edlln' 
i,.; thl'1I n'jl('Htf'd 1'01' till' UPPI'/, limit, 

!IIr 
1l.17 II Iii 'iii 

.1\1 .il:.! :l!r ,ill 
',(l . '10 .02 ::)l) :)n 

.:!>; .n:t HI ::1' 

. :~H 0:1 ;:tt"i 
?iilO , .i.~, III .10 

4. Calibration of Photographic Dosimeters 

4.1. Radiation Spectrum 

It i,s (,,,it/Pill from lhe pn'('(·di])).!: ,.;(,('tim)'; that H photo
).!:nlpllll' dOSllll('t('l' ('1111 hI', Ht b,,>4I, 11 o"('('()]]tlan' d('\"i('I' for 
1ll('aslIl'ing !'lIt/in/lOll do,;", It 11ll" alo"o 1>('('11 poilit('d Ollt tilat 
1'01' X- 01' gHIllJllll rat/ililioll of ('lll'l'g-i('''; hl'lo\\' nholll 0,:) 
:\1('\'. till' dosillll'l('l's Ill'(' hl'st ('ulihmtl'd <l!!l1lnst lit(' snlll!' 
,,0111'('(, of nlt/ililion or 11 ,.;oW'!'!, "illlillll' to tlj(' 011(' 11,.;1''' in tIll' 
HI','!) OJ' HJ'ound till' IWI'SOllS (0 h .. lIJoniton'd, For llJonitoring' 
n ],Ollllll h i!!h-('IH'I'gy -l'll dillt ion ,;om'('(',;, it is 1l1'('('S';llIT JlO't 
ollly (0 obtaill II l'ldihmtioll for Oll(' OJ' IllOl'(' hig-h-I:m'l'g-y 
SOlln'('", hut nlsn to .. il('ck till' !'1ll'l'gy d('IWlld('II('!' of till' 
dnslI]]('(l']' at 10\\ I'IH'I').!:il'S, TIll' dlOi('(' of th(· hil!h'l'lll'rgy 
SOlIl'('(' 0)' sOlIn'('s d('IH'wls I-(T('ntly on 11t(' a\"lilnhility of ';lIdl 
SOlll'('PS alld 011 111(' ,;uitaliility of It particlilar ('nlibmtioll 
))1'0('('11,111'1', .\ltlIOII!!h a 1ll00HH'hroIllntic "Olin'" is pl'l'i'('ml)I<' 
to 11 lIlIXI,d-('l1('I'![\" SOll!'!'(' Wlll'll II s(,lIsiti\'it \. ('it('('k nt diffl'n'll( 
I'lll'rgl('s ahoy!' 'Ii,:; :\1('\- is tI('sin'd, n lllixl'r\ ';Olln'!' mll,\' 1)(' 
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1 
sntisftldOlT 1)('(',lllS(' i'IIlUlsiOIl ,,('llSil i\il,\" ,,!tUIlVP,; olll." 
s!cm"h at i!tl's,' P1H'rgics, l'nd('l ";OllW ('on<lilion:-; it is tI(,lill
ilt'h 'pr('f('nlhll' to 'IISI' n lllixl·d SOlll'!'(', if Ihis \\"ill hpltpl' 
npJ)]'oxillllll(' tIll' condition,; lIml(,]' \ybieh th(' d(lsillwtpl' will 
bl' ('xpo,,!'d ill pm!'li('!', " ' 

TIlt' dlOi('(' of Ill(' 10\\ -i'lll'l'gY ell h hl'u lIOn SOlll'('('S lS 11101'1' 

crili('al h('cllu,,;p of till' fn"t (:linllg(' of ('ll!ttl,.;jOlI ,,(,llsi!i,j!,y 
\\'ill! I'll('\'g~" lwlo\\' 0,:) .\/P\' hp(' lig, l), H(,(',ws(' ,;tI'OIl!! 

lllollo('h]'o]llH t ie l[aI1111lll S(lU['('('S (which \Hmld 1)(' tllP I'PIlS01l

llhlto choi('l' for 'this rallg'pl an' \l~llnll." llot llYtlilabk, it i" 
ll('('('SSHI'Y 10 hlll'r X-l'ndi,lIioll in n ,.;uitnbl(' lllHlll1l'1' 10 

lHIITO\\' lis sp('('trnl hand-width n,.; lIIw'h II" po,.;"iblc withollt 
too gI'('nl a lo,.;s ill radi,l!ioll illte'll,.;it,\" [ll], 

4.2. Measurement of Beam Dose 

TIt(, oiJj('('t of !Ill in('t'('nlihrntioll ~)f a pholographi(' 
do"illH'I('1' nlld II prinllll'Y or S('('Oll,da I'Y 11l1'-IOI1l!-Ilt!OJ\ stHndard, 
rending in rOl'lltgl'llS, is to oi>tHIIl II ('OlTl'lntlOtI 1)('(\\'('('11 til(' 
p!wrg\~ absorhpt! Hlld l1l('a,;uJ'(,d in (he ail' yo11l11)(, of (h(, 
stnJl~!'Hnl Illld (lmt nhsorill'd lind 11\('11,,\11'('<1 in (II(' pllo(o
graphie dosilll('l('r, For all practit'!ll PIlI'POS('S, ,tI1l'USlIl'('

men!s in 1('l'm,; of tlH' I'lwntgt'tl oblnllH,d by lIll'llll" 01 Ilt'OIWrl,\' 
('nlibrntl,d Ihimble ionization ChHlIlb(,I''; \\ Ith "air-('lJtlinll('nt" 
\nllls of elt'ctl'onic-t'C[uilibriull1 IhicktH,,,,, \dl 1)(' ndl'qual(', 

II nUl\, 1)(' 'n11'1h ,,"hil(, to ::;tn';.;" nt this poinl tllnt all d()~(' 
I1W!lSIlJ'(:nwnt s nnd ('nl i bl'lll inn ('XI)o;';III'(,::; ,,!tould 1)(' ('nrri('d 
out with H wpll collinl!1ted X- or gumllla-r"y b('Hm, "\'1I 
fiit('rs ami "ttPpo!'(s ('s,,('t\(inl to tlt(' s('(up slt01~ld IIp pln(Td 
n,; fnr H\nlY from Illl' I'XPO"UI'(' posllIOll n,.; pos,.;tlll(', ltl ord('1' 
to !lYoid ";'Httl'l'itlg, Oll('(' H g(,()]Ilt'II'Y, i,.; ,,('ketl,d, it "bould 
1)(' lllnintnim,d thl'nng-llO(J1 Ih(' ,'xI)(,J'tllH'nt. holh for dos(' 
lllPaSUI'('Ill('llls and for film ('X PO"lIl'('s , 

'I'lIt:' ill\"('rS('-sqllHI'P Iii\\" "llOuld not 1)1' tiSI'd for tIl(' dd(·r
minutiotl of dost' at n point dill'('n'll! from thllt il( wlllch 
tll(' !j('llllIl 1Il PH "llrt'l1H'n I \\"11" IWrfol't1wd, unh,s" npPI'Oprintl' 
dwcks hn\'(' indicllted thnt tht> ';Ol!l'('(' nppl'Oximnlt':-; II poinl 
SOltn'(' with U :"lItficil'nth- high dpgn'(' of H('('ura('~" [In], 
It is th('n,fon' !'('('ommPllt!('d (hat tllP X- or gatlllllu-rndiution 
do~p-rate for ('I\ch cHliiJn1(ioll ;,;('Iup 1)(' Illl'I\SUI'(·d \yjtll a 
suitablp ionization chamber, 

5. Photographic Processing 

'I'll(' tlP('('s~ity fOI' ndl'qlHlif' ('()Jltrol of pro('('ssing conditi,olls 
fOl' s(,Jl~il(llllt'l!'i(' work is gl'lJ('rall,\" rl'('oglllz('(1. Dplnt/pd 
ciis('ll,.;siolls of the' important pila"(',, of darkroom protTdurl' 
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l1J'P to lw iOlllld ill Ih" lit (,[,ll I UJ'(' [20), Whill' IIH' illlportlln('p 
of n satisfn('tol'Y PJ'()('('ssillf!: ('('hlliqll(' ('lIH !l(,Yl'!' b,(' sll'('"",,<I 
too mud). it i" nlso important to 1'('Hhzl' that Ilwl'(' IS lIOt an.' 
('II(' s('1 of ]lI'o('('",.;ing ('oIHliliolls thilt prodll(,(,s optUlIlIlIl 
('<,suIt,::; nlthOlH!h SOl1\'.' I('l'illliqtlt's mH." h,' p!'dprnbl.· to 
otil('l's 1I1ldpl' (';'l'tnin ('onditioll";, It is u";llally snf!i('innt to 
,;('t up il rppl'odlll'ihle t('('lllliqlll', I( llW,\", ,l)tIt lIt,(,d nO,t hI', 
th .. sanl(' for 111I Inhonllol'i('s, III ('llOO';IIll,r n ((,dlllH!II(" 

Otll' l11H\- 1)(' <YuillI'd In' til(' j'('('OlHlll('lltintioll" of (ll(' lllllllll

f<1('( 1lI'PI:'; of 1;Jloto~:.TllJ';hi(' llw('rinls and tnk(· iuto (,ollsi~l,(']'
ation Ihe particular goal I hut IS 10 lw nc'('()J1lpll~ll('d, [hI' 
choi('(' nf dUI'kl'ool1l illuminHtion, fot' in:-;(an('(" \rIll Ill' 
'"!lid"d 1J\" (ilt' :wllsi!iyity of Ill(' film 10 yisihll' light." The' 
~ltoi('(' or' PI'O('('",.;ing 1Il1l'ks oIHI rlll'k" \yill Ill' t\pleJ'lllill('d by 
tIll' tilm ,.;iz(' alld In" (hI' \"OIUlll(' of \york to 1)(' halldh,d, TItl' 

I.\'p(' of PI'O('(·,.;sillg solulion,.;, HIld, to a ('('!'tain, ('xll'lIt. thl' 
(it-\'('lopillg (im(' and ('lI1]wratlll'(', mn~- hI' ,g~lId('d by, tltt' 
desjl'l,d u,.;('j'ul nltlg'(' and ('oull'lls! of till' S('lI';ltIH' ,lll<lkl:l!lls, 
Fio'll(,(' G ,;l!O\\" thl' (i<'llsit \"-\'('r"U8-('XPOSllrl' rl'inllOll of tIlt, 
D~pollt film !qw ;')10 for '/I :,;('ri('" of d('\"doping tilll"::; and 
foJ' two difrp!';'lll <1(,\"('10]1('/'8, Th(' liltll ,,!lmp!;'s \Y('!'P ,'x-
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po,.;(,d to X-I'adinl iOll of lIll (,(1\'<'Ii\"(' PIll'I'gy of (l.07 \)('\', 
TIlI',\' W('l'(' d(,\\'lojlPd ll[ :W,O:i:tl,! C, ill Kodak Liquid 
X-I'IlY dpH:lopPI' O!' ill All";('() l{(']ll'Odo] dl'\'('lop('I', Th(' 
f1\,(, dllll'H(,[('l'i,.;[i(' ('lI!T('''; ob[nilll,d ill th(' X-my d('\,(']ojl(']' 

for difl'('/'('llt d('\'l'lopillg tillle,.; f01'1ll H [ypi('itl fllllli!\', TlH' 
phO[ognlphi!' <l1'1l";I[i(,,.; oh[nilll·d for 1\ gi\'I'11 ('XP0";lll'l' ill('I'('a,.;(' 
wilh illc)'('n,;illg d('\'('lopillg (illl<' and H"; long as ('1l('mi('111 

do!',; llo1 l'Ollllll'I'lWI aPIH'('('inhly tIl(' ('oll[ra,;1 ill-

('!'('Ih'('''; lj('('ordillgly, 'I'll(' d('\'l'lopillg I im!' is S('('11 10 I){' 
qllik l'l'ilinll Hlld, for this n';l"Oll, nil 11I'id stop-balh illtro
dll('!'d 1.('1\\('('11 I lit, d!'\'l'lnpill!! <lnd fixillg hath" lllH\, il!' 
(\t>sil'llhl(', c\ compari"oll (01' l'h(, ('harn('l (:!'i,.;t i!, ('lIJT!'~ 01>
laill('!1 \\'jlh Liquid X-I'll.\' d('\'(·lolh'l' nnd till' ('\11'\'1' ohinilll'd 
Wilh Hl'pmt\ol d(,\'(,lop('1' "hm\'s ho,," t IH' llsdlll nlllg(' of 11 

PHl'li('ullll' film ('Illllisioll ('all 1)(' ('xl('IHI('<I b\' til(' liSP of 
dpyl'lop('l's of ditr('l'('111 dWI'II('II'l'isli{',.;, ,rbilto i'OI':1 dl'\'l'lop-

tim;' of ;) mill ill Kodak Liquid X-l'H,\' dl'Yl'lo]Jl'l' tIl(' 
ll"dlll I'll lli!(' of I h(, parI i('ula I' ('lllllisioll ('xl ('Ill Is t'Oligh 1,\- from 
(J.()-J. tn :2 1', the U 0;1' I'll 1 I'l1llg'(' ill ,\11:0'1'0 ){('pl'odo! dl'\'l'loj)(>[' is 
npp!'oximntpl,\' 1 10 1:-\ l', Tubll' ,j sIlO\\'" ~illlilHI' l'H1lg'1' 
('xtellsions fo!' (lllt(']' iii illS , 1'0]' ('x]lnsu]'(' to X-mdinlion of 
(l,n-\II'\' ('ff(,('( in' ('IH'l'gy, It Illily ill' poinlpd oul thnl ill 
,;pit<, of' 11](' fll('l that tlH' pil()(ogTHphi(' (kll,;ili('s ohtnilwd 
wi( h lL'pl'odol d!'\'l'inpPI' for UIl,\' gi\'PII dos!' H!'(' slllalli'!' In' 
llhout H fa('lo!' of six (luIII tho,.;;> ohtailll'd \\'ilh llll' Liqllid 
X-I'1l." <1('\'('10]11']', Ihp {'(llllmst (1II'OIlg'\lollt thl' \l"dul ('llllll
SiOll I'll11g'(' is sOIHl'!inlPs hig'h(,1' fol' H('prodol <I {'Yt,IO])('I', 
Hu\\'('\'!'!', thl' uiliformity of dt'll,:;it." ow'!' t hI' snrfH(';> of nll,\' 
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OIl(' film sampk ,;ull','!'" ('ollsid('l'Hhly, (',.;p!'ciniiy fol' fiillls \\ilil 
t hi('k I'lllubioll:o', SUi'll as I hI' Dup()llt !lllll 1\1)(' ;) lil, ","0\\,11 III 

li~\lJ'(' (l, 
AllothN importallt 1':\('10], ill\'o"'ing' SO!IlP ('hol('(' i,.; (III' 

1\'1)(' of lli!italioll to hI' nppli('d dUl'ing d(,n'lopillg, II IlH'; 

1;("'1l ,.;hmnl Ihnl pl'0pl'l' llH,,'lwlIi('ul ngitntioll ('illl('l' of lh,' 
d('U'lopillg ,;olllliol1 01' of llll' film matl'l'ial Ol' of both I\'ill 
;'IlIHm('(' tll(' unifol'mily of til(' d('Il,.;iloll\('ll'i(' I'('slllt" as \\ I'll 
n:" il}('I'('as(' II\(' ';PI'l'r\ and ('OIlIl';),;1 oi' lil(' lllllll'l'ial [7, :2111, 
III some illstllll('PS, slI('h H"; ill Ih!' Silllllillllll'OII,.. d('\'pldPlllt'llt 
of n Inl'~(' IlIll11hl'l' of dl'lIlnl (jIm;;, til(' ngitnlioll 1lll'll1Od IIIH,\ 

not PI"'~(,111 II gr"lIl Hllnllllngl' 0\'('1' slalionlll',\' (ll'\'plo]lIlH'nl, 
pl'oyidl,d Ihnl lhl' pro('I'""illg solulIoll"; 111\' ",<'II mix('d 
illlllll'dil:t('I\' priol' to dl'\'('lopm,'IlI, 

011(' pHl'ii('ulnl' nI('k, I'npahl(' or holdil,lg' ,:W() d('lllld-,;iz(', 
1iI111" "illlllllaIH'Ollsh', \\'n,; t('stl'd lit IllI' \atlOllnl HUI'I'lIll oj 
:-::'tnlldlll'll,.; wilh :II\('! \yilhOlll ngitalioll, 'I'll(' f'\·,.;1I11,; of Ihis 
«'S( pl'OHd I hal in Ill{' ('n,.;(' of lill'g(' hulk,\' 1'1lI'\':,.; it is dif
ficult to r\('"is!' nil lllioll Illl'lltod Ihnt j,; "1]('('('s"l'ul III 

['('llIO\' lit!' ll"l'd r\(,\'plopilll!: ";0 it I I iOIl frolll Ih(, film ";lll'fn('(' 
wilholll illlrot\lwillg ('\IITPII'[;; Ihnl "In'nk Ill(' ('lIlllbioll 
Ilowl',,;'I', Ihp ";llllll"l'Hl'k \\,1:'< ll>,!'cl '';If('('(',,sl'lllly \\ilhollt lilly 

lioll ill !H'pyioll"ly \\'"Il-,;lil'l'(,d ";Ollitioll,; 10 d,,\ ('lllP a 
lnn!!' 1ll1l11lwt' of film,.; silllllllnlH'ou"ly, 

'I'h!' :' f1'!'I'I;.; 0 f ])]'0('(''';'' i ng I ('1Il1H' 1':1 Iw'p, P I'O('(',;sj Ilg I i 1lH', n ~l d 
"I n'll~t h of Pl'()('(':o',.;illg ';Oilll iOll" 011 P!'O('(',.;"illg n('I'Ul'H(,Il''; 
('HII ll(' 1,limillall,d most ('fl'l'l'li\':,I,\' h\- ]J!'ol'l',;"illg H ('OIlI]>I!'I!' 
s,'1 of ('nlilll'lltiOlI film,; Hloll!! "ilh Ibe llnkllo\\,lI IllOllilol'in~ 
";Hmpl!,s, TIH's(' film" ~houl;1 he or til(' ';HIll!' I."p(' 1I1ld hilIi'll 
nlllllbl'!'s as Ih" Illoni(ol'ill!! films nlld sliolild hI' ('xpoSl'd Ii) 
l'l}(iiHt iOll of known dOH' ,;nd (,ll('I'~,\ O\,!'l' Il do,,!' I'HIli!1' :';111'

(ieil'lll to ('IlY('l' Iii!' 1'111 in' IISI'/'ul mllg\' of Ih\' pnl't i(,llill I' 
films, ,rh(']'!' SlicIt n ])f'OI'I'<illl'l' is !lol f(,llsihlp, il Illn,\' h(, 
IH','PSS:!]'\' to ('ollsiti!'l' in Ii!'t Hil 11 lllllll h('l' of II u(',;1 iOllt' 1'01' 

which q\ll1lllitHliY(, allS\\'I'!'S (':111 hI' ohlailled 0111,\' afll'l' a 
('Olbidl'l'll hll' H 111011 lit of ('x]H'l'illH'lI t H t iOll, 

In onl,'1' 10 O'i\-.· Illl ('xillllpl(' of tlil' ly])I' of eX]ll'l'illll'tlh 
thlll \\'()uld hll~'(' 10 hI' (,:!I'ril'd 0111. lht' 1'1,,,"11,;; of all ill
Y1'sli~ulion of Ihp infiu('w'l' of \('1lIIH'1'I1111l'(' ditJ'PI'('Jl('",; 
b('I\\'('('11 Ihl' film 111lll('riul. lh., film Pl'O(,(,..;,;jllg' I'ack..;, and lh., 
P!'O('(,SSlllg soh:1 iOlls a]'(' dl's(')'i IH,d ill t hI' foliO\\'ing 
pn l'Hg'1'l1 ph,.; , 

Fi<rlll'I' 7 i,.; a plot of phologl'aphi!' ";I'll"il i\'il,\' HI'SUS l('lll
]l1'l'Htlll'l" Tht' ('.'\IH'l'illlt'llt \\-n,.; ('lll'!'i!'d Ollt und.,!' 1\\0 difl:!,I'
('Ill ('()JlditlOll';;: III Olll', hoth thl' I'Oll\'I'llt](lIlIlI d('Il(ul-flim 
d(,\'('lopill)! md; Hild tIl(' film,.; \\('1'(' b!'ollglll 10 111(' illdi(']\Il'd 
1 ('lll]lPl'I1l un'; ill Ill!' otltl'I', 1111' l'II!'k \\,ll"; kl'pl at (,OOIl! 1('111-

lH 



FJ(;\.'IU: 7, Vllrifltiol! or Ii/Ill "nlsi/il'illl /I'ilh filill Olll! ml'/,- {('II/iUra/llrI' 
. 'In/or j(J pt'O('("X";'flU. • , 

jWI'atuJ'(' lind II\(, l!'lIljl!'l'lllUJ'(' of th(, fillll,.; nloll(' \\11"; \'IlI'i(,(!. 

Bu('kgrollll!1 ('Olltro]';; \\"t're nlll for both ('OI)(litioIlS, TIt!, 
plot,.; 'sltO\\ 1111 illl'l'PH"I' ill 111lckgroulld fog' Ih'llsily as \n,ll as 
an ill(,l'('(\Se in s('llsiti\'ily of tIl!' ('xpos('d films for hOlh It'sl 
tOlldiliollS, lImn'y,'\,. th l, YllJ'iatiolls an' so , ... Iilnll. ('\('11 in 
tItI' caSt' of both tll<' filIUS awl Ihp !'1u'k at 1('Ill}wrnlUl'C's 
difl'(']'('nl fl'om room t('llllwratlll'I'. titnt II ± IO-dC'g-(' ditfl.'l'l'll('l' 
Iwf\\'('(,1l thp pl'O!'('ssillg ti'lllj>I'I',lllll'<' nlld tl\(, t('lJl}wral Ur!' of 
thl' film-me].; ('olJlhil1H t ion \\'otdcl ('ll USI' only H lA-p('I'!'('lIl 

Ylm1ttioll in s(')lsitiyit.'". which is \\".,11 within ('XjWl'illl<'lltlll 
el'ml', "'hl'll tl\(' film" <llol\(' aI'(' Immght to 11 diff'el'l'llt 
t('mp('l'Illm'p, titl' s(,1I:,il[\'il,\" "1I1'inti01ls' nl'(' ('\'1'11 SI1l11llpl', 
(hll' lllay ('Olll'llle!(' from thi" sllllh- Ihat smull dilt't'I'<'IlI'('s ill 
«'mjl('nt't un' I)('t \\('(,ll film mH krilil. l'OllY('1l t lOllal dl'llt al ()p_ 
,'plopinE!: 1'11('\;:8. Hwl pro('('SSillg' ,;olll! lOllS do nol lll'('otllll for 
In rgt' Pl'lH'('s,.;ing i!leon,;isl (']I('i(,s, How(,\'{'I', i I is ('Ol]('I:i \"Il hI I' 
l!tnt diffil'ultil's lllny ari:-l(' if the' d('q'Inping rnd'::-l l'lllplo.\'(,d 
HI'P \'('IT In!'!.!:!' nne! bulky. 

Two' of t1w !\losl ('OilllllOJl )'l'HSOIl:-l foJ' Ill'OI'pssin;! ill!'Oll
sistt'lJ<'il's ilI'l' ,-ariat iOlls ill III(' 8Irl'1lg'th and in Ihl' 1~'1II]wnl
llll'!' of the jll'o('('ssillg' solutions, Yariatiolls ill str(,llgth lllny 
l'i':mIl from tIl(' liSP of "oillt io])" imllwdint!'l\- nftl'l' III 
(I.)('fol'!' thl'Y JUlY!' l'!'al'lll'd dH'llli!'nl ('quilibl'iu'll!) 01' ft'Olli till' 
llS(' of ('xlta lIs\('d OJ' part Iy ('\'n porn I (,<I soint iOllS. era hI n'(' 
Hwl ll('nll [21] fOllud that Ih!' litm area that ('llll 1)(, c!('yl'lopI,d 
in It gi Y ('ll 11 nJOulI t 0 f PI'O('t'ssing' sol u I ion h(' ron' u ny sign ifinllil 
I'lHlnges in film dPll~ily lW(,OIll!' appm'Pllt dill'"!,,, with tllm 
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l.'"pI' as wpll as wilh Illl' IY1)(' of prol·t',,;;illg' :,olnlioll, Tilt','
"IHI'H'd that dl'Y(·loPllll'1l1 of niJoul ;)()() sq ill, of lip/n i 1,\' 
c'xpo,.;(,d Kodak Blu(' BraJld X-ray (ilm in Ii gal of Kodak 
Liquid X-my dpn'lop('!' protilWi's a </('('\'(':1:-;(' of n,l in <i('ll,.;i!,\' 
ill t he' lilll'a I' port iOIl of t Ii(' dw ra<'1 pri",! it' ('\11'\'(', whil(, Ilwl'(, 
j,.; JlO nppn'l'inlllp dpllsily </('('/'('n,,!' \\'itll Kodak :\"o-:-;('!'('l'll 
X-rllY (illl! l!IId!'r tIl(' salll!' ('()]lllitiolJ", [{('s\lll,.; of l('sl,.; 
illu";['l'ating till' illlPOl'tnlH'I' of llIaintaining :l ('Ollsta11t pre)\'-

1c1lljlPl'Iltllj'(' UI'(' ",ilO\\ll ill ligun'" Sand IJ, Tht' 
('U],Y(,S "how11 ill (iglll'(' I' \Y!'\'(' ohlnilH,d with X-nldinlion of 
tl,Oi-.\I('\ (,ffl'('lin' PllI'rgy, Kot/nk Ijqllid X-ray d('nlop('t' 
\\a,.; Ilsl'd fo]' PI'O('('ssing al tI I1UllIb!'I' of dilft'I'c'nt t!'1111)('l'iI
tll!'!'S, 'I'll(' t!'IllPI'nlt 1I],!'s WNt' I1willtaill('d \\itll an H('('Untl'.' 
of ± 0,1 tiP!! (', Th(, slop(' of t hI' ('lln!'S i" ,,('('11 to d('!'I'('llS(' 

\\'itll d('(T('a,;iJlg tl'l1l])(,l'aI1l1'{', 'l'!tp ('l1ll1bioll s('llsili\'ity <11'
('],('I1SI'S a" wI,IL 'I'll(' I'Xlplll of titl' d('('\'('I1"," j" "1'('11 to \'lIn

witb t'llIulsioll tYJw, Thi" i" l)\'Oll~,dl1 Ollt ill ligm'(' n, wIH'I:(' 
I he I't'ln I iy(' "1'Il"il iyiti(,s (pl'O]loJ't iOllnl t n film <It'll,,it.\' diyi(kd 
h,\' Ill(, I'Xj.)()C'uJ'(' ill J'()('nl gl'l1>' I 1In' plol (I'd ng'11illst lil'n'loping' 
t{,llljH'rnlul'l', WIllh' wilh DUpollt Ii 1m (n)(' ;i[O, n ± 1,_<l<'g 
dlHllp:e ill lelllpI'I'ntll!'!' prot/u('('", a ('hnll!!'(' ill "'I'llsili"ity of 
lllllJOC'1 ii lwn'Pll t ; t 11(, sn 111(' dw Ilg'(' iii I ('1l1])(,],1l t U J'I' prod w'('s 
0111,'- n ±:2-jwn'('nt !'hnllg'(' ill s('llsil iyily \\'ilb DllPOllt fillll 
t YP(' I 2!m, 

,,'hp]'I' it is not ]lossibk to ('limillat(' tlH' ill 11111'1)('(' of pro!.'
conditions !'lllird,\' by dl'\('Jopillg' a ('omplpt" set of 
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r.fVELOP;NG TEMPERATURE, DEGREES CENTIGRADE 

FH;t'HI; n. IT(!J'lutiO)i of Ji/m 8utxiUritil trith i}('!I()OjJUf!l tf'tfljJlfflift!,(J, 

ndlhrtl I iOIl filIn,; along- \\'ilh tll!' Illonitorillg' ';'llllpl(·", pro('('';';
im:' r'owlilioll" (':In hl' I h,Y d('\'('loping 11 ,;m1lll lIum
h(:I' of film,; ('xpll,;(·d to Oil(' or t \YO "110\\11 do,;nges of H gin'll 
l'adiHtioll tog:(·tlH'r \\'ilh till' ,;ampl(·,;:' In Ihi,,,; \\ny, th(' 
IllH!,miIWI(' o/' IIii' IIIJ('prtninli('" ill [J1'O('p,;,.;ing ('nil 1)(' p"ti
mat(,d, 'I'll(' nit in I)('t \\'('('11 tilt' ('Ollt 1'01 dellsity nl'lllldly 
obtnill('r\ nIld tIl(' d('l1sil,\' ('OlTP"I)()llriilli!: 10 tll(· ])111'1 i('ldlll' 
(''(I)():'Ill'!' Oil tIl(' ('niibrnt ion ('111'\'(' has h('(,11 11,.;(·<1 by SOIll(' 

authol''; II,; th(' dt'll:,it \-('Ol'n,(,tio!l fn('(ol' for til!' llloJlitoring 
,;nlllpl(·,;, Th(·y Illldt'i I th(, 1]('11111I1y ohtained (kns!ti(·,; 
1)\, tl)(· "OIT('('lioll fa('tol' nwi ll,wd II){' ('nl'l'{'('lt'd (jpll';ltl('S 
1'(')1' till' do,;(' illt('!'pn'lalioJl frolll tli(' t!('llsity-n'rslls-l'xPOSIIl'(' 
('U1'\(' [1 :?J, Tili,; PI'O('(·dlll'(' i,; ai/e(jllnt(' 11'; irlllg liS tIl!' 
llnkllO\\1l d!'ll"it i(,s IiI' \\'it hin th(· 1'Il1lg'(' in \\hieh pltotogl'llphie 
dpll,;it \ i,; II liIH'1ll' fUll('tion or (,X]JOSlll'(" If tlli" is Ilot til(' 
(':1";(" 'it i" l1(h'l"uhl(· to modify 111p dps('I'iiJ('d (,OIT('('t ing 
p!'O('ed II 1'(' hy applyil1g 11 ('ol']'('('tioll to thi' ('XP0';UI'(' scalP of 
th(' ol'io'illllih llyailllhip ('U1T(' rath!'l' thnll to tIl(' (kll",il ie,; 
of t lip ~lI(Jlli'tol'ill!! ';Hlllpks, Th(' prop('!' ('OITel'l ion fa('(o!' 
to 1)(> appii(,d to tl)(' ('XP0";UI'(' s(,td(' i,; tll(' ('Xp0';III'(, ('01'1'('

"poll<iillg to th(, ('olI11'ol-film <lPll,,,ity ('Ol'l't,t,t('d r~)I',hll .. kgl'Olllld 
fog, II,; illt('J'pl'et(·d Oil tIl(' u\'tlllnhl(' ('IIIT(', dl\'ld(·d by til!' 
<'X I)()";U 1'(' t 1];11 t Ii" ('Olll nil fillll l1('t un J'(·(,(·j\'(·d, 
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6. Photographic Densitometry and Interpreta
tion of Densities in Terms of Exposure 

Wilh lil .. UdHlll oj' hi!£hh ,;lnhilizt·d phol(H·I!'r'tl'i(' d,'Il:<i
lOIlI('(PI'';, (kl\;.itolll('t I'i," p'I'O(:(·tilll'!''': huy(' h!'('OlllP H IlIHt t~'1' of 
J'()IItinc :1IId, \\'illl ":!llliclt'llt t'Il!'(', Hn' !'(,])]'()(lu(,lbh' \\'nlllll 
tU12 ill d(,ll;.i! \'. 'I'm) difr(,],('1I1 d,·n,.:ilolll{'ll'ic )H"()('(·d1ll'P'; 

UI'(' uo\\' in u,.:(', ill Ihl' Ylll'ioll:, lahol'al()!'i('';, III "Olll!' lah
oratori",,:, !!!'Os,; d('ll,;ilOllH'tl'ic ('('ndillgs HI'!' l:li'('I). til!' 1.('1'0, 

sellill!! or'tlu· inslnllll('lIt heiug th(' ';('lllllg for tlu',I'1I';(' of 
"]OO-P('I,(,('111 ll'llll';llli,;,;ioll," III otlwr IlliJo,rntolw,; th(· 
Z{,1'0 point of lh(' illslrull]('lll is lHlju;;;t(·d to slglllf,~' tIl(· tnlll,;

Illi,;sioll of lIll U1lPxpo,;('d film slIlllpl(·, dp\'(·loped III till' ';:111](' 

IlHIlllH'r as th(' mOllitoring salllplP" lllld ('Ollllllg frolll tli(' 
Sl1Illt' filll! bnt('h (1\('t dellsity )'('/ldillg), 'rh(·,;p two 1ll<'1liod,; 
lit'(· ('quinlklll ollly if calihl'Ht iOIl filllls Hl'!' dpn·iop,·d to
!!('tll!'1' \\itlt the 1ll(;l!itol'in!! :SHtllpl('s or if tlIP "hll('kg!'Olllld 
;]Pllsit y or 1,lt ('J' d(,\P\.llwd sample:" has lIot dUII1g-pd IIPI!IT
.. in hl,\-' Iwcn ll"P of foggillg of tlu' ('ll1uJ,:;iol! h(:t W('{,ll t lip t 1':1(' 

tIlt' nllihrntioll ('\!ITt· is pn'plll'pd nnd tilt' tUliP ,th{' d('tl~lt,\ 
of "lIbs('qw'ntl,\' (·xPOS(·t1 nllt! p[,()('pss('d nlOlIltol'lllg Itlm 
,.;nl1lpl(·:< is illtpl']Jn·tt'd ill tel'lllS of dos(', 

III till' ('ns(' of II ('hnll"{, ill bn{'k!!I'Olllul fog, tbl' t\\() IllPlbod,., 
of d('nsilolll('(n J'('qui;';. ('orJ'{'('li'OllS of a difl'pl'('llt kilHI nnt! 
IHllgni(udp, if S{'!'iOll" mistllkr:s,il,l dos(' illlt'!'prt'lntiou,; I!n' to 
1)(' (1 nlid ('(/. \ rlH'1l g'ross (iPn';l t (('S II!'!' 1'('11 d, ann pprOXlllll) t (' 
('OITP('\ioll ('llll 1)(' ('al'l'i(·d out in th(· follo\\'illg \\'tl~': 

.\n 1111('X])0,,1'<I film snlllplP that oth{,l'\\is(' lin" th(· Sll~l\(, 
hi"lol'\' as tl1(· lllonitoring films i" (kn,ioppd along, \\'Itll 
tIlt's!' 'Illonitoring filllls, 'I'll(' fillll den';ili(',s ,are lh('!1 mtpl'
pl'('lpd ill t('I'Ill" of ('XPOSllt'(' from thp orlg1l1ul, ndJlJl'/I,tlOll 
('IIITP, 'I'll(' trll(' ('XPOS\l1'(' 1'('('(,1\,('<1 by thp 1Il01l1101'1Ilg' '!IIll'; 
is obl:lilll'd 1)\, suiJtl'tldillg [rolll IIH' ('X]lO"llJ'(' nilu(' obtUIllyd 
frolll thes(' Him,;, the ('xpo';lIr(' ('OIT('S]lollriing: 10 titl' dPIISlty 
abo\'(, Ilas(' Hlld fog, , 

III tIl(' ('liSP of 11('1 d('llsit \' r('uding:,;, 110 fUl'tlH'r ('01'1'('('11011 

is II ('('('S,,:I 1',\', pl'm'itipd tll;lt 1Il(~ monitoring: fillll'; HI'(' 1I0t 
mas,;i \'(·I~T fogged, 

7. Storage of Photographic Material 

LilliI' qualltitati\'p illforlllHlioli I": HYailnl)i(, Oil tIl(' <1<,
stl'u('tiy(' inllu('IH't' of hlllllidily Ilnd tPlllJH'nlttll'(' Oil phnto
}l'l'aphil' ('llIul"ioll';" hp it hy f(Jl!1!ill~ .of lI11('xp(),~('d o!' ('xpos."d 
Illatp!'i:ll Ol' In' fn<illlg' of lli(' Intent Illlag'(', him ('OlllJlllllH''; 

u';lInlly 1'('('OlrllllPIHI n t('/lljl('l'al lIl'!' of il hOllt 10° (' Hnd 11 
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]'elnti,,(' humidity of nllottt :jO ]wn'('llt liS optimum fo]' film 
slorag'(' 'I'll!' humidity of tIl(' nllllo,.;plH·!'(' ill cOlltnet with 
tltp Plllllisioll ('all Ill' J'('adily !;:('pt ('Ollo;[an( by PIl('\o"illg' IIH' 
ilHli\'idwd S ill moi,,( U!'('-])I'oof 'I'll(' ('fl'pct of 
,.;Ioragp t('llllwnllllr(' ditl'('r" in Il1Htmil \\'ilh ('1II111"ion 
tyP(', It IS gPlwrnlly tl'lI(, that \'('ry s('lIs!lin' ('lIIl1biolls 
f(),,' lllOI'(' l'I'udih' lhnll \('s" "(,II,.;ili\'(, (1)(''';, hul lhpl'P i,.; I'paSOll 

I o'"'])('li('\"(' llHll'l!Jp laU'1l1 illl1l[!P j" \t>"s liuhl!' 10 fndp ill tIlP 

-'('ll"ili\(' Pllntl"iolls, Th(, (·f1'~·('t Oil phntogrnpbi(' tilm of 
high 1(']lll)('rat \In':'; prior 10 ('xP0,;III'(' is IIslInll,' not ('o]Hid('!'(·d 
(·x('('~siq· fo]' short-tilll(' slo]'ng(' Ht telll\wrnt\ll'('s lIJl to tin° or 
(i;jO C. It h 0\\'['\"(' 1', sllgg('stl'd Ihat fo]' any pnrti('uJal' 
cllOi('(' of "torngl' l'ondil iOlls the ef1'('d" of tpm[wrnLlIr(' nnrl 
humidity 011 tIl(' fillll IllIlI(']'ial bdo]'(' and nfl(']' irradiation 
should 1;(' tl'stpd by dp\'('loping snmph· films at ],(·gulnl· inlN-
nlb and ill[! llll·ir ('ollditioll, 

Tahir- fI sOlllt' datn on till' df(·(,( of hidl stomg'(' 1"IIl-
jl(·rat llI'P!" low ;.;tnrn~(' humiditi(·:, 011 (WO 'film 1,\'1;(';'; both 
11('/'01'(' lllld aft!'], !'XPOSUI'(', Exp0:,ur('s \\'(']'(' Udlllilli;.;tpJ'{·d 
,dlilp tIl(' films w(']'(' at room tl'IlI]H'ratlu'p (ahollt 24° C), 
Fi~lI],('~ ]() Hnd 11 "how (li(' ('trl'('t" of all ~Ionlg'(' :tft(']' 
(,xp()~lIn' of til(' two [jIm t,\,)w,,; of lnblp 0 at Ilormal room 
t(,I1I]W],111 lII'(' 10 27° C) nnd n·lnti,~(' hllmidili(·~ nut rx
('(,('dim! no 1)(']'('('111. \yhik thp fadillg of th(, !n1l'1l1 iIllag(' of 
llt(' l)'UPOllt film ty]W ;,)10 (n nlllintion lllollitoril1p: film) 
CHUS(,S a dl'l't'l'n:w ill dos(' illte]']l]'('latioll of 0111,\' l;j P('],(,Pllt 
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LATENT I~AGE FADING PERIOD, HOURS 

F!(~ nn: 11, 1\ odak 8plt/l'Osropiro 
11/ 

111/)(' ,j,)S-O ('!ol/hll'-rom",!): 
tWO!!!'. 

0\(']' this ])('riod of timp, (lip fading of tlw Kodak film I,qw 
;,4,'10 douhk-f'OH[(,d (n "IW('\],OSI'Opic film). ('nll~(,,, II dl'
('I'l'HSf' ill tloS(' intl'I']}]'('(ation of 00 1}1']'('('lIt O\'PI' tli,> Slimp 

l(·ngtb of limp, 

T.\Rl.f: G. E.lf,'!'! 0/ dry Iml'll/ IIi,. on lu'o di.ifcf'lllt.,lilill typeR 

Film IY1II.' 

i~()(bk 
~('Ol)l(, 

1 Y P (' ,\1",--0 
( d u hIt, 

Fi\m(,()1111itiml 
(' 

,~O-pl'n'I.'llt rad~ 
iJ If!' ~lrt (-r ~ 
hI'. 

'1'h(' ('Ollsid('1'H t iOB" II bon· 11 ppl,\' t () "Io]'agp only, 
asslIlHPII thl'oll~llOlIt (hi~ di,.wu",.;ioll Ihat nIl 
lIlHd(, ill it labol'lltolT Ht IpIIIP.·ralll],(·s 1)('(\\,(,(,11 
C, 1l0\n'YeI', tllP \york of :\[orgnll [221 on foul' 
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F!l;(-liE 1:.1, ilillWlI1 fillll 
stfl01f1!' I( IIIP( 

2~O 

('/tflt'lIl'Il'!'i"lir.' !l'ilh 
(}J' !1o"";lj j'( • 

!'ailiog-mphi\' lilm t."P(·" illdi('alt',;; llO nll'ialioll of ;;('thiti\'it y 
10 X-l'udiatioll 0\'('1' a I tUl'(' from 10° 10 + ()O'" 
C, Oil I\\'o or' IllP I(,,,t,,</ of ahout I;; IWI'('('lIt 

Oil :l third out', lind a nlrilllioll of -10 ]H'l'('('lll OIl n fou)'lh, 
Thl':;(' l'1'''I!lts \\'('1'(' (,:;"Pill iulIY ('olllil'm"d ill this labol'atory 
1'01' difl'('1'I'1l1 fiJm t,\'Pt·", 'I'll(: 1(':':1 P:'l'fOl'lll('d al Ih!' BUl'('nil 
illdi('ntl', fUl'tll('l'lllor{', 111111 IlI'n! durilll!: Intl'lll-illl!)O'(' 1'01'

matioll PI'O<I(I('('" dill'('j'('nt l'('slilts 1'1'0111' itPlItillg Hft~l' thp 
Jall'nl illllll!:(' is fOl'llll'd, Tlli, is "IIOWlI ill tig\ll'(' I:! for Du
pOllt film iypp til!!" III \'i('\\' of tlH' IIlHl'k(·,f dlHllg('S ill (1\1' 

dell"ity-\'p/,suS-t',\]H)"lll'(' ('un'('" wilh dWll).!:ing ('mp('nlllI],('s, 
it S('('Ill" Hd\'i~;d)I" to pmt('('t till' film" frolll larg(' It'llI]lI'nI

(111'1' ('hallge!': Ht ,til tillll''' UJ', \\'h('I'(' Ihi" i" iIllPO"sil)k, In <11'

I ('rlllil\(' (I)(· (·J]'(·('I,;: of high tl'lll]wratllrf'S dming slorag!' lind 
\'I'ry higll 0)' VI'I',\' luw 1('lllP('l'lIllll'l'" dllrillg' (,I1Jihl'ntiol1, ill 

ol'dn to h(, abl(· to apply ('('rUlil1 ]'ougb ('OI'I'('('(ioIlS, 

8. Summary 

fll ordl'], 10 flll'ililnt(' thl' ll:"il' of Ihi" HnlldhooJ,; fo]' P1'1I1'
li(,lIl pholographic dosim('\l'Y and to highlight Ol\{'!' mll!'p Illl' 
dang!'!'s Hlld pi I fal!" of t hi' phol ogra phil' llll'lhod for 1lH'1I::<-
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11 rill" I'tHlintioll do:,!" 11 iJl'id :'lllllllWI'\' i" no,," ),(iv('11 of it,; 
IllO,,[ illlportllllt id('lI", ' 

'I'll(' pllOto),(l'llphi(' ud ion of X- find g:tlllllJH rny,.; ('Ull hI' 
hro1lght illtn OIl('-to-Oll(' ('OI'I't''-JlOIH!('IH'(' \\"itb I'ndintioll do,,(' 
H:, !\}('ll"lll'('d ill 1'()('IlIg-('Il;';, alld il i,.; th('I'('fol'l' p(),;,;ihl(, 10 U"(' 

photog!'aphi,' PlilIIi"ioIlOi fol' X- HlId gHlIllll<l-l'ny do"il\\('II'Y, 
IImn'\'!'r, hdoj';' ntll'llI])lillg 10 Hdopl it ('('I'laill do"illll'1l'i .. 
pm;'(';!I1I'(', OJ\(' "houle! fllllliliHl'iz(' 01l(,,;(,jf \\illt [!i(' followillg 
fn('t,.; : 

I, Th(, r(''']JOIlOi(' or pllologrnphi(' lillll dp[)('lld" Oil Ill(' 
('lIl'!'l!:\' of IIIP X- or gallllll1l radial iOll, \I,-('d fol' III!' ('X(l0"UJ'(' 

Px]w'("inlh' ill th(· Plli'!'g,\' n·gion IIJl 10 nholit n,:j \Iv\', 'I'll(' 
film :,h01ild tlI('n·rm·(' 1)(' (':liihrnt('d "itll 11 l'lldintioll "p('('tl'lllll 
silllilHI' to (/WI ('Il('Ollllt('l'l'd ill ,WI unl 11:'(', mlll'';s t 1)(' l'lll'l'gy 
d(']J('jH I 1'1)('(' Jw" 11('('11 sllffi('iPlltl," ('Ollllt('I',H'!t'd I)y tIl(' ('I1'('('t 
of II s(']Pct i n,J\' u "soriJing' lillll 1101<1('1', 

:.?, '1'1](, I'P"])OIlS(' of plI;')tog:rnphi(' fillll to ]H'Ilt'tl'ulillg radi,u-
t ion rOlllllgJH'I i(' o!' ('()rpu,.;n!ln 1') dp]lI'I](I" 011 I II(' IlIH I I'l'Iul 

til(' ('IIiUbioll as \\'1'11 n" on Ihl' inll('I'Plll dlHl'1I(,-

1('l'i"li('s of ('IllU\;;joll it"pJL III Ill(' ('a,,<, of X- ot' gallllllH 
radiation il i" I\('('('ssnn- to "11l'l'Olll](1 t hI' film wit Ii malt'rial 
;;ulIi('il'nl fol' ('k('lro!li(,'('qllilihriulIl in OI'd,,1' to oi>IHill !'(']If'()-

dlWihk 1'1''i'lllt'i' lllld('1' \,l1r,\'illg ('oJl(litiolls, , 
:L ;-;('n,.;ili\'11 \' Hlld ('()jllnlSI of II photngr:lphi(' ,'HllllslOIl Hn' 

mall'rinll,\' iI111i](']\('('d h." the ly])(' of' dpl'('loping ag('lIt", t1H'il' 
agt' and 1('I1I]WI'nllll'p, n~ \\-('11 as 11,\' tl\(' (k\"dopin;.( lim(', til(' 
I~']W of fiJm d('\«'lopiJl).!: l':\('k, find I It I' 1:10<11' of 11.i!~t al ion "111'
ill~ tll(' "(,,,,'Ioping ])l'O('('S;;, PJ'O('('"slIIg ('olltln lOll'; "Il!lllid 
11;('t'doJ'(' h(' I\('pl 'n" JH'nrly ('Ollstnllt H" po"sih]!', If, al all 
f('asibk, ('lliihl'lItioll films should 1)(· pnH'(·ss(·d nlollg \\ LIlt litl' 
monitoring' fihm~, \Yil('r(' tltis i" im])os,;ibl(', ('ont 1'01 !ilm" 
sllollid 1)(" 118(·<1 to ndj 11,.;1 I It(' ('nli bra t iOIl ('III'\'('S ill "twit n 
WH,\' itS 10 ('Olll)wlISnl(' for nlly dlllllg('" ill [lI'O('('S;;lllg 
('ondil iOllS, 

4, 'I'llI' r('('Omlll('IHI,11 iOIl" of th(· lllallllfll('IIII'I'!'" nwy 1)(, 
f'oll()\\'(·d I'l'gul'tiillg 1)(':;1 sto]'ag(' lind ])J'ol'(':;sim2; ]lI'O('('<illl'('" of 
tlte film lllatl'l'ial. it" u:;(,ful lif(, S]lUll, lllld t hI' fudillg I'hnl'lll'
Ipristi!';; of l!tp 11llpIlt imHl!:f' llnd(')' llo),llwl ('undilioll", 
\\'hpJ'(' unll"l111l ('i]'('III1I:;;IIIIj('(:S nn' PX])('('I('<I 10 ,1I'i,,!' or llO 

information I'tlll ])(' ohtlliJ\(·d from tIll' lllllllllfl\{'ll1/'('l'", 
furt !t(,[, t ('st" should hI' lH't-fOl'lIlpd on t I\l' pa)'t i ('ula I' tilm 
I \'J)('S, 

, \ YlH'11 11:,:('<1 ill ('ollj UlIl'I iOll wi t 11 t IH' nIt 11 ('II (·d ['pf('I'I'IH'(' I i,,~ , 
I It is Bn lid hook shollid PI111 hlp I hI' 1'1',)( I l'[, 10 h('('()I\l(, "Ilffi
('i!'llth- fumiJinr wilh till' fUlldallll'lltnl pro('!'"s!';; of pltoto
g'l'lIpb'i(' X- Hlld g'llll1111U-nlY dosillll't l'y 10 spi up hi" 0\\ 11 
dosilllt'll'ie IniJol'lltol'Y 
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