H and D curves of screen-film systems: factors affecting
their dependence on x-ray energy
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The senuiometne properies of pediographis scrooa-film syvema are nvestigaied with regacd
1o therr dependence on 1-fay eneegy. Sentlometne meisdtements and a heunitic model for
density formation sre used to show that vanaseon m the relarive amount of light emaned by
front and bBack screens may be the miost important factor infleenciag ibe change in sysiem H

amd [ eurves with noray energy,

I INTRODUCTION

The density obtaincd on & radwgrapiic film exposed 1o 1
rays either directly o¢ b o sereen-lilm wysvem i related 1w he
agend responsible (o its Formation throagh ibe scnstomalng
of H asd [ curve. In baa been soppased that ihe shape taken
by ibe H and D ewrve of 8 screen-film system is independent
of the encrgy of 1be epoiing & rays." Sech indspendence
would be a wsclul property bocauss it would allew prediction
of the densily respoase of scroen-lilm ystems 16 broad Loy
ipedtra cumlainang many energies 1 The study ol the ciergy
dependencs of sensiiometric curves in soreen -film iystems
hai been very Hanited, boweves, Recent eaperimental mea-
sutements have conlirmed independence of curve shape for
several caloium tungstate sysioms wilh diagnoiiss ipesiia
ranging from 60 1o 150 k¥ p*? but, in geocral, this preblem
has nat been sudied in deyail,

We hive examined b (ictoes which could prodiece
changes inthe shape of seneea-film aysem H and B curves
uk Uhe energy of the incodenl & rays i varsed. Seanilamateic
mecajuicmenls aad & beunstic model for density formalioa
arg used to Wy these fycrors and to deniily circumsiances
under wiich changes in 11 aed D curve shape may be cu-

pected,

IL FACTORS AFFECTING H AND DO CURVE
SHAPE

it it necessary an DRe ounted o distinguish betwoon the
senstametrnss ourve of & soreen-ilm syulem and the wensi-
rometric curve of the (Lm abone. We wall confime our dis-
custion 1o typecal sevena-film syuess baving o double-
enzubsion film placed between fwo radsographee ereant. The
sessinomennic curve of such 3 systocm doponads on the x-ray
alpsoerpeion properties of Lhe acreens, the relatnie sensstivity
i b il po lighi amd o rays, apd ather Do which woald
mit allleei ke H and D gurse ol the film eaposed gither ds-
rectly 1o light o 10 3 rayd. |1 & therelone poasible that 1he H
and O corve af 2 soreen-Gilm system will differ from tbat of
the fim dloss, even f the THm i copoied 10 3 Hghi spacisuim
whach if (ke tamc a4 1hat cmpied h-j' ihe screcad,

An entemtive literature exists on ihe semaiomatine prap-
eriizs of film, Sophisticated experiments asd rheoeetical
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miedels hawe been wied [or examinaiion of the sciual thape
ol Ml sensitorme i curves expesod clibor 1a light* " og 1
1 rays 50 Such and mare woudd be required ia explain ike
Sl reod !hlp: ol the seasitomennc corves of swreea-[ibm
sysiems. We are, however, mod ialereited in the shaps of
sensnlooneric curves pee e, raLher ealy ia thelr vananon wink
wermy emergy. This will sliow ud 1o concentsile an the prog-
eniies of sereen-film systom rosponse which change with
22y encrgy and to avoid dealing in grean detail wish ibe
mincate workings of the lm emulsions.

The first aspecis of screen-[ikm sysicemn bebavior net on-
counbercd imibe study of single-{lm cmubsion arc thal the
Milen i1 exporiad by twa sources al Hight (tbe twoscreens) and
ikt the (il has two cmubions. Light from ihe lront screen
cam “cross over 10 expose the back emulsion and vice versa
This effect can b= describod by 3 svitem crossaver [racticn
I defined 51 1he mumber of quanium hits cauesd in ibe fae
emulilon by lght from a seroon divided by the gumbss of
guaniam its caused in the near emabuion by light from the
Samee screem. T he term “quantem Rais” ia wied here to refer
o mnteractions borween lighl quanes and filen graing, which
bave the poential to resder film grains developable. The
concepd of quaniym intcfaciions berwesa light asd Milm
Eraing & commaa bo 3kl madels of Mlns dievel cgeibaliy 7200

The amauni of light caming from the (oot and back m-
weasilysng scroens daring an x-roy cuposure i asually nod Lhe
same; 19 describe this, one can define 5 relative soroem gon-
tributios (raction g g i ik number of guanium hits cansed
im b back enubibon by Hght fom the back screen divided
by the samber of Guastum kits caused in ihe [rant emulton
hyﬁlhl lroam e Frons soreen. Siece the energy of 1he incudem
a rays determines their relative akoorpiion by 1ke front and
back scrccas. g b 4 functeon of x-ray encegy.

The mast mpartant (o060 detsrmining the shape of the
H ard D cwrve of 3 screen-ilm system, capoialiyia regand
b W3 depemdence of n-ray encegy, enclede: {1} ibe intnnsic
propenses of the flm emalitos, such 25 tbe quanium bit re.
quremeal and size distributiond of ike Film graing (3] the
EFuLEm: oridsover I'ndi-unf_ (1] the system relative soreen-
coattibution Fracison g, {40 che Fraceion of lilm geains made
devebapable by dircet interactioms with 3 rayss (5] the frac
i of filen graine made developable by means ather than
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