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A FILM COFXING TECHNIQUE FOR IMPROVING RADlOGRAPRIC CWTRAST 

IT. S. Beyer, Hwold Berger, 
N. P. Lapinski and I. R. Krsska 

ABSTRACT 

By copying radiographs on high gamma pliotographic f i h ,  a I 
s ign i f ican t  increase i n  overa l l  system gamma can be obtained. 

For a given material  of uniform density, a change i n  thickness I 
w i l l  r e su l t  i n  a change i n  X-ray transmission which i n  tu rn  

produces a change i n  the op t i ca l  density of a radiograph. This I 
change i n  density can be in tens i f ied  by f ac to r s  a s  high as 6 times 

by f i lm  copying techniques. A number of applications, i n  which I 
t h i s  in tens i f ica t ion  has proved useful, a r e  described. 

INTROlXICTION 

The reproduction of radiographs f o r  s l ides ,  exhibits ,  reports  and similar 

purposes i s  something t h a t  i s  frequently required. The techniques which can I 
be used f o r  reproductions of t h i s  nature a re  covered i n  numerous publications; 

a f e w  of these are l i s t e d  i n  the references given. I n  general, the  re-  , 

quirement f o r  such reproduction methods i s  t h a t  the reproduced i m g e  should 

preserve a s  c losely as possible the tona l  range of the or ig ina l  radiograph. 

Other reproduction and in tens i f ica t ion  techniques which have been described I 
i n  the l i t e r a t u r e  include those which can be used t o  a s s i s t  i n  visualizing - I 

P) small de ta i ' l  by the employment of photographic enlargemen and t o  intensif 'y 
t 

underexposed radiographs by. chemical toning methods. (5 ,6)  

The techn&que described i n  t h i s  paper d i f fe rs  from these other methods .. . i n  . , . '  _ ,  .. . 

t h a t  the purpose of t h i s  reproduction method i s  t o  in tens i fy  the contrast .  
. . 

The method can be used succes_sfully y i t h  radiographs of 'almo.st..any . . .  . reasonable 

.opt ical  density, 



DESCRIPTION OF THE METBOD 

A. Theoretical 

To accomplish this improved contrast, the original radiograph is copied 

by conventional methods on a high gamma photographic film such as Kodak Con- 

trast Process Ortho or Panchromatic film. By taking advantage of the high 

gannna of these films, the density differences on the original radiograph can 

be intensified by factors in the order of 6 tines. The intensification pro- 

cess can be demnstrated by referring to Fig. 1, which is a graphical repre- 

sentation similar to that described by Jones. (7) 

The lower portion of Fig. 1 is a plot of the characteristic curve for 

Kodak Type M X-ray film. (8) The upper curw shows the characteristic curve 

of Kodak Contrast Process Panchromatic film. ( 9 )  Note that the density seale 

for the X-ray film characteristic curve is plotted on the same axis as the 

log exposure scale for the copy film. 

The scales are equivalent because, in the process of copying the X-ray 

film, the exposure to the copy film is determined by the opacity of the X-ray 

film and is inversely proportional to it. Since photographic density is de- 

fined as the logarithm of the opacity, the graphical analysis'as shown in 
. . 

Fig. 1 is possible. 

Actually, the characteristic of the light film can be shifted either to 

the left or right on this graph, depending upon the intensity of the light 

used to expose the.light film and the tim of exposure. Therefore, any por- 

tion of the X-ray characteristic curve cen be copied with this film by varying 

the copy exposure conditions. Baxnples of this are given in the next section 

of this report. 
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If we fur ther  examine Fig. 1, it can be seen t h a t  a density difference 

I (AD) of 0.1 on the type M X-ray f i lm  centered around a density of 2.29 (i.e. 

&.D equals 2.34 - 2.24) can be in tens i f ied  t o  a density difference of 0.66 

i n  t he  copy 'film. The overa l l  system gamma a t  t h a t  point is  then a combina- 

I t i o n  of the gamma of the  X-ray f i lm  and of the copy film. A t  a density of 

2.29, the  gamma of type M X-ray fi lm(l0) i s  approximately 5.0. The overal l  

system gamma using the copy f i lm  method would then be 5 x 6.6 = 33.0. 

I Let  us  s ~ m r i z e  what we have jus t  accomplished f o r  t h i s  par t icu la r  ex- 

ample. With an X-ray in t ens i ty  change of about 55, the  corresponding log 

relative 'exposure i s  0.02 and yields  on type M X-ray f i l m  a ' dens i ty  difference 

of 0.1 a t  a gamma of 5. When t h i s  difference i s  copied, .a  density difference 

of about 0.66 i s  obtained on the copy fi lm, and we obtain an overa l l  gamma 

of 33.a 

I I n  t h i s  example, the  in tens i f ica t ion  of the  copy method is a f ac to r  of 

I 6.6. Using optimum techniques, the  gamma of Kodak Contrast Process Panchro- 

matic f i lm can be increased") t o  about 6,8. ~omhining t h i s  with a gamma (10) 

of 7.5 fo r  type M X-ray f i l m  a t  a density of 4.0, an overa l l  system gamma of 

about 50 should be possible. 

B. Ekperimental 
. 

The production of copy posi t ives  of radiographs f o r  contras t  enhancement 

1 can be done with equipment such a s  a contact p r in t e r  or  photographic enlarger. 

Some typ ica l  r e su l t s  of the  range of densi t ies  which can be conveniently handled 

on a given copy posit ive me shown i n  Table I. The copies used f o r  the  data  

a The f i lm  gradient, gamma, i s  defined i n  reference 10 as the change i n  density 

divided by the change i n  log r e l a t i ve  exposure over a given interval .  
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TABLE I 

Original 
Film Density 

DFIYGITIES OF COPY NEGATIVES FOR 

SEVERAL EXPOSURE COXDITIONS 

COPY FILM DENSITIES 
Ekposure 1 . Ekposure 2 Exposure 3 J&posure 4' 



i n  Table I were prepared on Kodak Contrast Process Ortho film using a contact 

pr inter .  The object  used t o  prepare '[;he copies was a reference f i lm  s tep  wedge 

of the  type n o m l l y  used with a densitometer. 

If the density differences on the copy films are  examined and compared 

t o  the  density differences on the or ig ina l  film, a maximum gamma of approxi- 

mately 4 w i l l  be observed f o r  the copy f i lm  resu l t s ,  The orthochromatic f i lm  

used f o r  Table I i s  a lower gamm f i lm  than the panchromatic film") used i n  

Fig. 1. Because of the lower gamma, however, the orthochromatic f i lm  copy 

rnethod has somewhat more latitude.. Again examining Table I, it can be observed 

t h a t  a density difference i n  the order of 1.0 on the o r ig ina l  f i lm y ie lds  a 

copy f i lm  spanning most of the useful v i sua l  range of densities.. The rnaximm 

gamma portion of the  copy f i lm  i s  e w n  fur ther  l imited t o  an or ig ina l  f i lm  

density difference of approximately 0.5. 

As far a s  the qua l i ty  of the copy film is concerned, our experience in-  

dicates  t h a t  the image sharpness obtained with equipment containing a s ingle  

l i g h t  source and lenses i s  be t t e r  than when a typ ica l  contact p r in te r  i s  used. 

However, the difference is.smal1 and very useful copies can be prepared with 

contact printers.  

Whatever copying equipment i s  chosen, it i s  suggested t h a t  data  such a s  

t h a t  given i n  Table I be prepared. I n  t h i s  manner, the  correct  exposure re- 

quired t o  obtain a high gamma copy f i lm  of a given density range can be deter-  

mined. Then any radiograph, o r  portton thereof, can be copied with confidence 

t h a t  a useful  copy w i l l  be produced. 

. . - APPLI CBTIOl?S 

The copy technique described i s  most useful f o r  copying radiographs con- 

ta ining a small range of densi t ies .  Therefore, copy techniques used with 



U 

radiographs of castings or  other more or  less uniform thickness materials can 

be very helpful. I n  the  inspection problems encou~tcred  at Argonne, the  in- 

spectfon of reactor  f u e l  elements falls within t h i s  category. One spec i f ic  

case was the 3,mproved visual izat ion of f u e l  homogeneity i n  reactor  f u e l  plates.  

Copy methods have permitted r e l a t i ve ly  easy visual izat ion of f a u l t s  which+were 

d i f f i c u l t  t o  detect  on the or ig ina l  radiographs. Although copy techniques are 

not routinely used, the ava i l ab i l i t y  of t h i s  technique f o r  questionable cases 

has proved valuable. 

Uniform density radiographs are not the only cases which lend themselves 

t o  copy techniques. For example, a portion of a radiograph which pictures  a 

par t icu la r ly  c r i t i c a l  area  pf an inspected part can be copied and examined f o r  

the  density of par t icu la r  i n t e r e s t .  An example of such an inspection problem 

encountered a t  Argonne i n  which copy techniques were useful  was the examination 

of EBR-I1 f u e l  rods. These rods contained sodium t o  obtain good thermal con- 

duc t iv i ty  between the uranium and other portions of the fuel: tube. With con- 

ventional radiographs, it was d i f f i c u l t  t o  detect  the l eve l  of the  sodium 

within the assembly due t o  very small density differences. Copies have made 

it mch eas i e r  t o  visual ize  t h i s  r e l a t i ve ly  low contras t  area, even though 

it was i n  an area of the  radiograph containing many r e l a t i ve ly  d i f fe ren t  

densit ies.  

The copying method described can be employed t o  appreciably increase the 

v i s i b i l i t y  of r e l a t i ve ly  low contras t  areas on conventional radiographs. This 

improved system gamnaa i s  gained primarily a t  the expense of l a t i t ude  i n  t h a t  

only a r e l a t i ve ly  small range of dens i t i es  can be copied on any one copy 

negative. Another charac te r i s t ic  of t h i s  technique which m y  present some 

problems t o  the f i lm  reader accustonied t o  conventional radiographs i s  t h a t  

the  copy i s  a posi t ive  compared t o  the  or ig ina l  radiograph. 
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I n   spit^ of these minor dioadvantages, however, it i s  our opinion that 

the technique is  very useful and can be employed t o  make' e a s i l y  v i s ib le ,  

density changes which may be marginal on the or ig ina l  radiograph. Although 

it i s  not clainted t h a t  the use of copy f i lms r e s u l t s  i n  improved contras t  

sens i t iv i ty ,b  the improved v i s i b i l i t y  of t e s t  pieces o r  f l a w s  having low con- 

trast on the or ig ina l  radiograph does help remove doubt i n  questionable cases. 

bThe radiqgraphs on which these t e s t s  were made yielded contrast  s e n s i t i v i t i e s  

..in the  order of 0.2$ a s  determined by experienced observers. Although copy 

films helped i n  the detection of images just  on the threshold of v i s i b i l i t y ,  

the  concensus of opinion was t h a t  s ens i t i v i t y  improvements were not obtained. 

I n  other words, no 'images were made v is ib le  on the copy f i lm  t h a t  could not 

be detected by experienced viewers on the original .  
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