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Abstract Keywords 

Different bremsstrahlung spectra from tungsten 

anode x-ray tube generated at 30, 40 and 50 kV have been 

examined theoretically and experimentally for an attempt 

to find a most suitable spectrum to radiograph a test object 

of 0.01 cm thickness of Cu and Ag. The high contrast 

using this suitable spectrum is demonstrated and the 

possible effects of fluorescent radiation are discussed. 
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 يار المناسب لطيف الاشعة السينيةتحسين التباين الاشعاعي بالاخت
 

 عبد الفتاحعبد اللطيف ثامر عبد الجبار، عدنان محروك،  فضيلمازن 

 العراق-/ بغدادالنهرين قسم الفيزياء, كلية العلوم, جامعة

 

 الخلاصه

و  00, 30تم اختيار اطياف اشعة كبح  مختلفة منبعثة من انبوب الاشعة السينية باستخدام هدف التنكستن بفرق جهد  

كيلو فولت نظريا وعمليا   في محاولةة لاياةاد طيةن مناسةص لت ةوير الاسةم الاختبةارو المتكةوح مةن النحةا  والف ةة  00

سةةم شةةعاعيا0جرق تح يةةب  التبةةاين الاشةةعاعي العةةالي باسةةتخدام هةة ا الكيةةن المناسةةص وكةة ل  تو ةةيح تةةا يرا   0000بسةةم  

 الاشعة التفلورية0

 

 

Introduction 

The discovery of x-ray by Roentgen in 

1895 attracted public attention more than 

any other discovery made by man. The 

fact that x-rays permitted one to "see" 

through opaque objects was sensational. 

Radiography may be considered as the 

projection of internal structure of an object 

onto an external recording medium. 

  Radiography is traditionally performed 

using the broad spectrum of x – ray that 

generated by hitting target materials with 

energetic electrons. However, when 

radiography an object in which two 

adjacent regions contain two different 

elements, it is clear that maximum contrast 

between these regions will be achieved by 

using bremsstrahlung spectrum whose 

energies are contained between the K – 

absorption edges (Kab)'s of these two 

elements, fig.(1) [1]. 

In fact the contrast is reversed out side 

these absorption edges. 

 
Fig 1. Mass absorption coefficient curves for 

Cu and Ag together with 30 kV x-ray energy 

spectrum as a functions of energy.[1] 
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However, if (Kab) of Ag (as shown 

in fig.1) is situated somewhere between 

low and high energy side of the 

bremsstrahlung spectrum, then the net 

contrast may be very small. The need to 

obtain high contrast in radiography, made 

Clark and  Shafer[2] to use monoenergetic 

x- rays and molybdenum polychromatic 

radiation for radiography They found that 

the latter gave greater contrast than copper 

radiation. 

The possibility of employing Ag K 

x-rays to radiograph foils of Mo-Cd placed 

side by side has been discussed by Mahrok 

et al .[3]. They obtained high contrast by 

the proper selection of x-ray energies and 

foils. In order to enhance the contrast of 

some areas in the body and making them 

appear whiter, Erkonen and Smith [4] 

suggested the use of contrast media. 

Dilmanian et al [5] used gadolinium (Gd, 

Z=64) instead of iodine as a safe contrast 

agents for radiography in an attempt to 

enhance image quality. But all beam 

tailoring method they used involve multi-

fold loss of x – ray intensity. Their results 

indicate that the method could be 

implemented in clinical CT if x-ray tubes 

with about twice higher output become 

available. However, it was realized later 

by Thomson [6] and others that a 

comprehensive literature review revealed 

that according to experimental data Gd- 

based contrast media have more 

nephrotoxic potential than iodine; 

therefore Gd should not replace iodine in 

patients with renal insufficiency for 

radiographic examination. In this paper, an 

attempt is made to obtain high contrast for 

Cu–Ag foils placed side by side using 

suitable broad spectrum radiation and to 

prove that if the radiation spectrum is not 

properly selected then the net contrast may 

be very low.  

 

Theoretical Calculations 

Radiation contrast, as defined by 

Meredith and Massey [7] is the logarithm 

of the ratio of the x-ray intensity 

transmitted through one part of the 

radiography object to that through another 

part. In order to examine the effect of 

selecting broad bremsstrahlung spectrum 

on contrast, a test object of 0.01 cm 

thickness of Cu and Ag each of them is a 

square of 2cm x 2cm placed side by side is 

considered. The mass absorption 

coefficient MAC of Cu and Ag together 

with the incident spectrum as functions of 

energy is shown in fig.(1). It is clear that 

the incident spectrum is selected such that 

the majority of the photons in it is 

contained between the (Kab)'s of Cu and 

Ag where the difference in MAC is 

maximum. Hence high contrast is 

expected. The Kab for Cu and Ag are at 

8.981 keV and 25.514 keV, respectively.  

The contrast calculation for the broad 

bremsstrahlung spectrum depends on 

knowledge of photon spectrum and 

relevant absorption coefficient of the radio 

graphed object. 

The effect of polyenergetic beam of x-ray 

on the contrast can be obtained only by 

calculation the transmitted intensities for 

any energy contained in the incident beam 

and integrating these intensities over the 

whole range of energies, [8]. However, 

when considering incident radiation of 

energy above Kab of an element to be 

radiographed, it is necessary to estimate 

the effect of the re-radiated florescent 

radiation as this was found to contribute 

significantly to the total transmitted 

intensity. Accordingly, Cu is expected to 

emit fluorescent radiation because the 

incident energy spectrum (10 - 30) keV is 

higher than the (Kab) energy (8.891) keV 

of Cu .However, only the shaded part of 

the incident spectrum is higher than the 

(Kab) of Ag and capable to produce K 

fluorescence radiation. Therefore, the 

mathematical expression for radiation 

contrast (CR) for Cu – Ag test object will 

be, [7]. 
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where Bi is the incident bremsstrahlung 

intensity for the energy Ei . The symbols 

(µi)Cu and (µi)Ag are the MAC in cm
2
 /g 

corresponding to the energy Ei of  the 

incident spectrum for copper and silver 

respectively.  

(ρ)Ag   = 10.5 g/cm
3
, (ρ)Cu = 8.96  g/cm

3
 

and  t = 0.01 cm. Where (ρ)Ag  and (ρ) Cu 

are the densities of Ag and Cu in g/cm
3
 

respectively, (t) is the thickness in cm for 

each Ag and Cu.               

Values of MAC in cm
2
/g for all the 

photon energies Ei used in this paper were 

obtained partly directly and partly by 

interpolating the data given by Storm and 

Israel [1] . Σ (TF) Cu  is the summation of the 

K-shell  fluorescent radiation emitted from 

Cu foil in the direction of the x-ray film.  

This was obtained from knowledge of 

fluorescence yield Wk given by 

Bambyneck et al.[9]. 

In order to calculate the contribution 

of K-shell fluorescent radiation that 

emitted from Cu foil towards the x-ray 

film, the thickness of Cu foil was 

considered to be divided into 100 section 

of equal thickness. The fraction of the 

incident radiation absorbed in each slab 

was calculated by applying the exponential 

law. Then the fraction of the fluorescent 

radiation transmitted through the 

remainder of Cu foil was calculated by 

applying the appropriate absorption 

coefficient. The incident radiation of 

intensity (Bi) is attenuated by Xi (see 

fig.2), thus the intensity arrived at ΔX will 

be, 

         Bi exp (- (µi)Cu (ρ)Cu  Xi ) 

The intensity absorbed in the slab (ΔX) 

will be : 

   

The above expression has to be  

multiplied by the fluorescence yield of Cu, 

that is (Wk )Cu, to obtain the total 

fluorescence emitted from the slab (ΔX ); 

and then divided by 2.2 to allow for the 

geometry of Cu foil to become that part of 

the total fluorescence emitted from Cu in 

the direction of the x-ray film . This is 

written as follows, 

 

 
 

Now this expression is attenuated by 

the rest of Cu foil, that is Yi, before 

leaving the foil and arriving at the x-ray 

film . 

Hence, 

 

                       

 
Rearrange,, 

 

    

   

The summation in equation(4) is done for 

all the photon intensities contained in the 

incident x-ray spectrum , and was repeated 

for each slab.( µ ) Cu  refers to the MAC for 

Cu with respect to Cu K x-ray energy  and 

equals to 51.27 cm
2
/g [1]and (Wk)Cu = 

0.439[9]. 

The significance of other symbols in the 

above equation is shown in fig. (2). 

 

 

 

 

 

 

 

Film        _______________________ 
Fig. 2.Transmitted and fluorescence radiation 

from Cu-Ag test object 
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Similarly, for Ag, the total fluorescence 

arrived at the x-ray film will be  

 

 

where (µ)Ag  is the MAC for Ag with 

respect to Ag  K x-ray energy and equal to  

14.88   cm
2
/g[1],and (Wk)Ag =0.831[9] 

Equation 1 is applied for each one of the 

bremsstrahlung spectrum generated at 30 , 

40  and 50 kV individually . The values of 

CR for Cu-Ag test object expected from 

these spectra are tabulated in table 1. 

  
Experiments and Results 

    The Cu-Ag test object described above 

has been radio graphed using 

bremsstrahlung spectrum from an x-ray 

tube operated at 30, 40 and 50 kV. The 

radiographs are shown in fig.(3). 

 

  
  Fig.3.Radiograph of Cu-Ag test object taken 

with x-ray tube operated at 30 kV. 

 

 The ultimate contrast UC on the x-

ray film was measured by optical 

densitometer. The optical density OD of 

the x-ray film at a point is a measure of the 

degree of blackness in that point. OD is 

expressed by  

OD = log (Io/It)           (6) 

Where Io is the intensity of visible light 

incident on small area of the film, and It is 

the intensity of the light transmitted by 

same area of the film. The ultimate 

contrast UC measured on the x-ray film is 

shown in table.1 .UC is the difference in 

OD between two points on the x-ray film. 

 

  

Table (1). Calculated and measured contrasts 

for Cu-Ag test object for the spectra generated 

at the stated voltages. 

 

 

The values of UC are always higher than 

those of CR for the same system .Because 

of the calculated CR value represent the 

contrast present in the x-ray pattern just 

after emerging from the radio graphed 

object. The image formed here is called 

latent image. While the UC value is the 

contrast measured in the x-ray film and 

this normally higher than CR because the 

x-ray film acts as an amplifier, where each 

X-ray intensities in the pattern emerging 

from the object is multiplied by the slope 

of the characteristic curve of the x-ray film 

to end up with UC. 

Here  

        UC  =  γ CR                         (7) 

 

where γ is the slope of the straight line 

portion of the characteristic curve of the x-

ray film. 

However, in our first trail, the x-ray films 

were overexposed and this is the reason 

why γ is not really constant 

 

Discussion and Conclusions 

  A close inspection of equation (1) 

and fig.(1), one concludes that CR of the 

radio graphed object would have been 

better without the K-shell fluorescent 

radiation. Therefore, the fluorescent 

radiation has always negative effect on 

contrast. 

Fluorescent radiation emitted from higher 

shells (L shell, etc) of Cu foil are ignored 

in the calculation since their energies are 

so small (about 1/10 the energy of Kshell 

Spectrum 

generated at        

  stated 

voltage 

(kV) 

Calculated 

radiation 

contrast 

( CR ) 

Measured 

ultimate 

contrast 

(UC) 

30         0.39 1.5 

40 -0.106 -0.4 

50 -0.343 -1.07 
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fluorescent radiation) and are highly 

absorbed by the x-ray film cover and 

hence does not have a chance of reaching 

the x-ray film. 

   In contrast calculation, the fluorescent 

radiation emitted from Cu is considered to 

be emitted as Kα1 as this line is the most 

intense line in K series of Cu.The same 

consideration was applied for Ag. 

   The detailed spectral information for 

theoretical  calculation of contrast were 

taken from Fewell and Shuping[10 ] and 

Birch et al.[11] .These spectra are similar 

to the practical spectra used to radiograph 

the test object as they all are obtained from 

x-ray tube with tungsten target at 30,40 

and 50 kV.  

The shaded part of the x-ray spectrum 

generated at 30 kV in fig.(1). is small  

compared to those generated at 40 and 50 

kV.Larger number of photons in the 

shaded area means more fluorescence 

radiation from Ag foil because these 

photons are higher in energy than the Kab 

of Ag. However, this fluorescent radiation 

has negative effect on contrast for the 

thickness 0.01 cm of the test object used as 

it is obvious in table (1). 

  Calculated values of CR as shown in table 

(1) demonstrate that there is marked 

improvement in contrast when radiograph 

Cu-Ag test object with x-ray spectrum (30 

kV in this case) chosen to have the 

majority of its energy between the 

absorption edges of the two elements 

involved. The negative sign of the contrast 

means that the contrast is reversed for 40 

and 50 kV comparable  with 30kV .Here 

Ag is relatively more absorbing than Cu. 

 In table (1) UC values agree reasonably 

with CR values only from the arrangement 

point of view because of the overexposure 

makes the inclusion of    γ   with   CR     

incorrect.                       

It is believed that proper selection of x-

ray spectrum yields improved contrast. As 

well, as it is also investigated possible 

practical application of this technique. 
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