
THE BEHAVIOUR O F  PHOTOGRAPHIC PLATES TO 
X-RAYS. 

BY 0. BLOCH, F.I.C., AND F. F. REKWICK,  A.C.G.I., F.I.C. 

The  following note contains a brief account of part  of the work 
done during the past few years in the Research Laboratories of Ilford, 
Limited, on the action of X-rays upon gelatine dry plates. 

For  the purpose of to-day’s discussion it was thought best to omit 
all  description of the working methods adopted and to include only 
such data  as are necessary for the understanding of our results. 

When the mixed radiation. from a n  excited X-ray bulb is allowed 
to act for various lengths of time onl a photographic plate, the relations 
between the masses of silver reduced by subsequen,t development and 
the quantities of radiation received by the plate are represented by a 
curve of the kind shown in Fig. IA. The silver d~etposi~tls a re  measured 

FIG. I. 

photometrically by determining their opacity-logarithms or ” densities ” 
(log ,,O = D), which are plotted against logarithms cf the times of 
exposure to a constant radiation. 

Such curves closely resemble the well known (( characteristic curves ” 
representing the action of light on photographic plates but differ by 
having a more pronounced ‘( foot ” or strongly curved lower portion 
than is found in the curves characteristic of light action. Moreover, 
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0. BLOCH ANb F. I?. RENWICK 41 

within this luwer range of exposures, densities are  not proportional to 
the exposures received, as is the case with light in the so-called c c  period 
of under-exposu~e.” The  great importance in practical radiography of 
this part of the X-ray characteristic curve will be dealt with more fully 
later. No satisfactory formula, which is ind,epenldent of time of develop- 
ment, has yet been evolved for expressinlg the sensitiveness of a plate 
to X-rays, such as Hurter anld Driffield gave us for the light effect, 
anad therefore at present nlo scientific criterion of X-ray plate speed 
exists. Moreover, any classification of plates which relies only on ,the 
straight line portion anld ignores the important region comprised within 
the very pronounced foot of the characteristic curve is undesirable 
because it would bear little relaction to practice. In  fact, a speed number 

FIG. 2. 

which depended entkely upon the foot of the curve would possess a 
real value denied to figures derived from the straight portion. Inci- 
dentally we may remark that for the estimation of thle inttensity of X- 
radiation, mathods dependent cxn the effects it produces on a photo- 
graphic plate have been a(dopte,d by several workers without a proper 
appreciation of the bearing upon this problem of the shape of the X-ray 
characteristic curve land ibs divergences from the curve dharaatexistic 
of light a d o n .  

When, however, X-rays pass through a series of increasing thick- 
nesses of some material before acting on the plate, selective absorption 
ad the langer wave lengths takes place, so that thae radiation affeding 
the plate is of shorter average wave length the g r a t e r  the thickness 
of material penetrated. In addition to this, part of the radiation is 
scattered in all directions, and part is tr#ansformed into other X-rays 
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42 BEHAVfOUR OF PHOTOGRAPHIC PLATRS TO 

characteristic of the materi'al penetrated. The curve connecting the 
masses of silver reduced by subsequent development with the thick- 
nesses of material penetrated is therefore diffeient in folrm from that 
found for varying time of iexpmure to &he saane ra8driabioa. Fig. IB 
shlows such a curve for a series of aluminium steps. After a fair 
thicknless has been pen>etrated, the silver deposit becomes nearly in- 
versely proportionlal to the increase of thickness, but we shall see that 
in order to reach this stage early, Le.,  with moderate !thicknesses of 
different materials, the incident radiation must be made more pene- 
trating in charactter (shorter in wave length) the higher the atomic 
weight of the material under examination. 

Our nlext diagram (Fig. 2 )  demonstrataes the great influence which 
the nature of the developing agent employed can exert on the result. 

FIG. 3. 

In! this experiment, two glsttes of different types were simultaneously 
exposed to X-rays for a series of accuratelv knloNwn periods with n'o 
intervening absorbing material. After cutting both plates in half, onle 
portion of s c h  was developed for three minutes a t  6 5 O  F. in a Pyro-Soda 
Developer, the remaining portions being developed inl a Metol-Hydro- 
quinone Sodium-Carbontate Developer. Wbereas with Pyro-Soda the 
two plates gave very similar results, in Metol-Hydroquinone one of 
the plates proved to be considerably faster than th'e other. 

W e  find that mere variations in the length od time of development 
do not alter the general form but only the st'eepness of the characteristic 
curve to X-rays ; the gr'owth of each individual density by prolongation 
of development conforms to the rule which holds for light-affected 
plates, viz., D =D, ( I  - e - K t ) .  

Fig.  3 shows a set of curves exprlessing quantitatively the well known- 
influence of the wave length of the radiation employed on its pene- 
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trating power and on the steepness of gradaltion of the resultin,g negative 
Curves a and b show the effects of “ hard ” and (‘ s o f t ”  radiation 
respectively after passage through a series of aluminium steps; while 
curves t and d afford a similar comparison for various thicknesses of 
steel, developmenlt being the same for both pairs. 

A far larger section of the characteristic curve is required to include 
the wide range of intensities acting pn the plates in the case of the 
steel-steps, and hence we get a far greater range of densities in these 
negatives than in the records under the alumintiurn scale. Mweover, 
the exposures given in this experiment werse only sufficient to give records 
through the greatest thicknesses of steel by utilising the shallow part of 
the “ foot ” of the characteristic curve of the plate, anld therefore the 
contrasts representing differences of thickness at this end of the scale 
are very small. 

FIG. 4. 

The differences in gradation resulting from variations in the 
penetrating power of the radiation acting on the plate are sniall in 
comparison with those dependent on length ‘of exposure (which governs 
the portion of the characteristic ccrve used to portray the subject) and 
conlditions of development. I t  will be evident therefsre that the longest 
practicable exposure and development will be required to secure maximum 
contrasts where there is a considerable thickness of a dense metal to 
be penetrated. 1st is, of course, essential to use the most penetrating 
radiation possible in such cases in  order to secure a sufficient trans- 
mission of X-rays to act on the plate, the transparency of all materials 
to X-rays increasing tapidly as the wave length of the rays employed 
becomes shorter. 

Even with the hardest practicable radiation, such as is generated 
by a Coolidge tube regulated to a n  equivalent spark gap of 13 to 15 
inches between points, applarenltly I ;  Itcr 2 inches of steel iist the l h j t  

VOL. XV-T8** 
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44 BEHAVIOIJR OF PHO'I'OGRAPHIC PLATE3 TO 

that can be critically examined, and very great expo-ures are then 
necessary. 

Our chief hope of improving uponl this state of affairs lies in imtproved 
sensitive materials. With 'this object one n(atura1ly turns first to fluor- 
escent (intensifying) sateens for aid. 

Figs. 4 and 5 are examples of the effects obtained by using one 
of the commercial calcium tungstate screens in contact with a plate 
when exposing it to geometric'ally increasing doses od a constan4 
quality of radiation. 

Fig. 6 shows -the results obtained when, various thicknesses 
of steel wer'e radiographed with and without an intensifying screen, 

FIG. 5. 

on three different kinds of plate. .Zs might be espccted, the effect 
of the screen on the gradation of the negatives varies with the 
qualities of the photographic plate employed. The shape of the curves 
varies with the ratio:- 

Sensitiveness to light 
semiltiveness to X-rays. 

Inl this experimmt (Fig. 6), plate A, possessing the lowest ratio, gives 
a curve which is still convex to the co'ordiniate axes thpoughout its length, 
the next in order is represented by a straight line over its median 
region, while plate C, with the highest ratio, gives a curve which is 
concave to the axes for a considerable part of its range. 

T h e  use of fluorescent materials as " inltensifiers ,' of the action of 
X-rays offers advantages in that not only do they permit of great 
reduction of exposure but also tbe resulting negatives display somewhat 
stronger contrasts between the lower densities than' the. unaided plate 
will yield. This is brought out in Fig. 7,  where curve D represents 
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3 

FIG. 6. 

FIG. 7. 
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46 BEHAVIOUR OF PHOTOGRAPHIC PT,ATES TO X-RAYS 

the effect on the plate when used without a screen and the other three 
curves show the eti'ects of three differenit exposures 1~1th a calcium tung- 
stlate screenl in  contact 11 ith the plate's surfare. 

In  normal X-ray exposures, and to a less degree when intensifying 
scneem are used, the silver deposits obtained under the thicker parts 
of a dense subject will usually represent exposures fall ing within the 
region comprised by the foot of the characteristic curve of the plate. 
Now lthe value of the tangent to this curve at  any point is the measure 
of the degree of contrast. I t  will be obvious therefore that it is not 
possible to secure good contrasts througholut a negative unless the 
quantities of radiation which have affected the plate we.re all  sufficiently 
great to be well above those comprised within the shallower past of 
the foot of the above curve in which region th-e tangents have small 
values. 

Failure to comply with this requirement is the chief reason why, 
for example, i t  is usually found so difficult to bring out very shallow 
defects in a thick piece of steel. 

I t  is unfortunate that even the best commercial intensifying screens, 
so far,  a t  least, as our experience goes, are sufficienltly granular to 
mask the fine details in$ a radiogram. Thiere is a lso the difficulty, and 
i t  is a very great one, of securing perfect contact between plate and 
screen. Consequently we are disposed to doubt the aldvisability of usling 
separate fluorescenit screens in the radiography of metals, where fine 
definistion is usually essential. 

I t  is of interest to record that silver bromide itself is feebly fluor- 
escen,t to X-rays, but there does not appear to be any relation between 
the inten,sity of the fluoirescence and ilts X-ray sensitiveness. At present 
there seems to be littlie prospect of making cmdinary silver bxwmide dry 
plates much more sensitive to X-rays than those now #available. Some 01 
the existing X-ray plates contain other substanlces which are either fluor- 
escent or assist by reasonl of the seconldary X-radiation they emit when 
w t s d  on by very penetrating X-rays. Hithwlto, howeves, no striking 
suoce,%s a l m g  either lof fhlese h e s  bais heen' achieveld, most af the materials 
thiat have been fotuntd to enhance the X-ray effect being either inljurious 
to the silver bromide emulsion or  too difficult to incorporate with it. I t  
seems, nevertheless. probable that success will saoner or  later reward 
thaw at work on thiq 1m1m-t of the suhject. 
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