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1. Characteristics and causes of scatter 

The background as observed on X-ray patterns represents a diffuse level 
of intensity appearing along the whole pattern, against which narrow zQnes 
of characteristic interference lines of higher intensity emerge. This hackground 
may he attrihuted, so far as its causes jlre heing investigated, to e:l!..'1:ernal causes 
(producing extraneOllS scattering), as well as, to causes closely related to, and 
characteristic of the material tested (producing significant scattering), the latter 
hf'ing a product of interaction between X-ray photons and atoms of the sp~cimen. 

The main cause of extraneous scattcring may he found in spectral hetero
gcnity ofthe incident X-rays, heing itself a consequence of insufficient mono
chromatization. Components of continuous or "white" X-ray radiation as re
flected from reflecting atomic planes produce diffuse scattering effects 
around each line peak. Background intensity is int:;reased hy random scattering 
at thc diaphragm and other accessories (filters, screens, etc.) of the record
ing apparatus, as well as hy the so-called air scattering, which is due to ioniza
tion of gas molecules along the path of the X-rays. 

In case of film recording the fog effect depends on quality and storage 
conditions of the silver bromide emulsion, while in case of using G-M counter 
tuhes, cosmic radiation effects and other radioactive contaminations within the 
lest space will contribute to the increase of hackground intcnsity. 

Significant scattering may also be the result placed OIl several effects. Itis 
known that X-ray photons interact 'with electrons placed on several elec
tron shell of atoms. In this case the energy state of the atom is increased to 
a highcr level, from the normal state into an excited one, after photons of the 
incident X-ray beaw ha-ving been absorbed by the atom. A coherent X-ray 
scattering effect is obtained, if the photons are emitted on a frequency identical 
,vith that of the incident 'heam, the atom thus returning to its normal state 
-of energy. As a result of this coherent scattering interference lines obeying to 
Bragg's law, characteristic X-ray patterns are obtained, and in material 
testing these are evaluated by well-known processes. 
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Also significant of the material, while much less utilized for X-ray diffracto
metry, are the following effects: 

1. Incoherent or Compton scattering, which is realized by the emission of 
a lo,·ter-frequency photon simultaneously emitted with an electron, its inten-
sity being a function of the scattering angle. ' 

2. Fluorescent scattering or rather fluorescent radiation, propagating in 
every direction in a strictly identical manner, and having a wavelength exceed
ing that of the primary exciting radiation. This is observed, if the material 
to be tested is exposed to an X-ray radiation having a wavelength equal to, 
or less than, the .?t. value for the absorption edge K, L, M. . . of the specimen 
material. The harder the primary X-ray radiation, the more intense the fluo
xescent scattexing, while for a gamma-radiation of extremely short wavelength, 
almost the total scattering effect will be due to this type of scatter. 

Let us finally mention 3. the Raman scattering and 4. the Auger effect, 
which will generally also increase the diffuse background intensity level of 
X-ray patterns, although they ,,·ill only have aoolower effect. Wave mechanical 
interpretations for these phenomena are dealt ,vith by literature [1]. Even a 
short summary of these has to be omitted from this paper, as it would exceed 
its scope. 

5. For the sake of comprehensiveness thermal scattering must also be 
mentioned. A diffuse scattering effect may also be due to the fact that atoms 
in crystallites are performing a continuous thermal motion, and always prcsent 
therefore some displacement as against this their equilibrium position as defined 
by the crystal lattice points. This thermal vibration , .. ill broaden the inter
ference lines, but at the same time intensify the continuous background level, 
proportionally to the increase in reflection angle, although not necessarily in 
a monotonic manner [2]. 

6. Similarly imperfections of the crystal lattice of the material to be 
tested will also engender a broadening of lines, resp. an increase in back
ground intensity level. This, however, belongs to the range of problems asso
ciated ,~ith line profile evaluation in lattice strain analysis and therefore 'viII 
be detailed in the next paragraph. 

2. Problems of line profile evaluation 

.. 
Up-to-date evaluation of interference line distortions becomes a first-class 

problem especially during lattice deformation analysis or for determining crys
talline grain size. Accor"ding to data published in literature, accurate descrip
tion of line profiles has been successfully tried by several authors, using Fourier 
coefficients [3, 4]. It has been proved that for observing and quantitatively 
representing lattice defects or density of dislocations, microstructural strain 
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processes, the intensity-density distribution of X-ray patterns, i. e.line profiles 
must be generally known to the utmost precision. 

Actual distribution may be inferred to - after introducing different 
corrections - from diagrams directly obtained or through microdensitometric 
evaluation. The essence and the application of these corrections are dealt 
with elsewhere by the author [5]. According to literature sources a true 
reproduction of the actual line profile may be considered - after application 
of the necessary corrections - the more reliable, the more effectively the 
intensity level of backgrouncl scattering can be reduced [6]. Especially during 
the estimation of background level at partially overlapping or coincident line 
patterns, errors may be committed resulting in over- or under-estimating the 
areas below the curve, and thus increasing the uncertainty of determining the 
integrated or Laue breadth of the line. 

Thus, at first glance solution of this problem may depend upon the rate 
of how background effects ean be eliminated in X-ray patterns. 

3. Possibilities for red~cing background scatter 

a) A substantial part of extraneous scattering may be relatively easily 
eliminated. Insertion of a crystal monochromatizer, or of a beta=filter foil, 
will filter off the major part of continuous radiation. However, this procedure 
entails a significant decrease in overall intensity level, so that it may be only 
compensated at a rate of powerful increase in exposure times. This has a marked 
uneconomical effect. 

The elimination of air scattering may be particularly essential when 
using soft X-ray radiations, as the scattering effect proportionally increases 
with the wavelength. It may seem advisable to evacuate the internal space 
of the recording cassette and to fill it ,dth a gas of low scattering effect 
(e. g. H or He). 

In a diffractometer using connter tubes, background intensity level due 
to continuous radiation is not critical [7], as particularly proportional counters 
in a special pulse-sorting circuit are usually sensibilized to a much narrower 
wavelength range, than film emulsions. Thus a direct counter will operate as 
a monochromatic receiver without any noticeable loss of intensity [8]. However, 
difficulties of another nature are observed in this case. Optimum choice of the 
time constant of a counting circuit may present a problem [9]. Increasing the 
time constant ·will result in a reduction of the random or statistical noise level, 
but it 'vill also entail a shift in apparent line peak position. On the other hand, 
by accelerating the counting rate, lines of lower intensity 'vill be smoothed into 
the background and their evaluation ,dll become impossible. 

1* 
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Atmospheric contaminations due to cosmic and other radioactive radiation 
sources will always be added to the background level by the counter tube. 
Their elimination in the form of a shielding-off of very hard rays has not yet 
heen solved. 

b) Elimination of significant scattering may also present serious difficult
ies. A rise in background level, due to fluorescent radiation may only be can

celled if the material for the X-ray tube target can be chosen so as to have 
an atomic number exceeded at least by 5, that of the constituent element pre
valent in the specimen. OUI" most common target materials: Cl', Fe, r.o or Cu 
are identical with. or very close to the metallic elements most frequently inves
tigated in X-ray diffractometric tests. Thus the possibility of fluorescent scatter
ing must always be taken into account, although its elimination can be solved 
in many cases [10]. Filtering effect of an aluminium foil placed between the 
object and the film may somewhat impI"ove the conditions. Other kinds of 
significant "cattering cannot be practically eliminated due to their intrinsic 
nature. 

4. Principles of e:~:periments 

The last sentence provides the key to the new procedure. Namely, if elimi
nation of background scatter entails substantial difficulties, then it may be 

better to leave off from eliminating it, and to consider it as a technical constant 
characteristic of the specimen, the testing arrangement as well as recording 
conditions. As a working hypothesis for our experiments, we proposed to inves
tigate whether the measured background scattering intensity can be used as 
a reference basis for evaluation, resp. for line profile corrections. 

It is an ahsolutc premise for the comparative evaluation of line profiles to 
;.;tricdy maintain constant - ft1l: the duration of a series of experiments - the 

setting ofthe testing arrangement, the recording technique and in case of films 
even the conditions of development. Otherwise any variation in line profiles may 
be a consequence, not only of a changed lattice strain rate, but also of a summa
rized or individual effect of several other parameters of recording technique, 
leading to ob-dously erroneous test results. 

Let us see which parameters of the recording technique should be kept 
exactly constant. 

I. The horizontal dimension a of the primary X-I'ay beam section, being 
itself a function of the following variables: 

1. finite dimension of X-ray tuhe focus 
2. size of collimating slit 
3. divergence of the X-ray heam 
4. distance hetween collimator and specimen 
5. distance (Ta) hetween specimen surface and recording plane. 
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Il. Angle of incidence Po of the primary X-ray beam again"t specimen 
surface. 

Ill. Angle a between the rccordjng surface and the direction of primary 
radiation. 

IV. Sensitiyity of the film ui'ed for recording: 
1. slope of the linear part of the characteristic cury!' 

2. fog density. 
V. Exposure, being a product of 1. X-ray tube current intensity and 

2. exposm'e time. 
VI. Deyelopment conditions: 1. actiyity and 2. temperature of the deye

loper, 3. deyelopment time. 
The first three parametel's having geometrical character may be kept 

practically constant 'With relatiye case, at least so fa~ as their influence on 
line profile shape is concerned, because a precision in distances not higher than 

0,1 mm and in angles not exceeding 1 degree is needed to achieve this. It may 
be solved by using templates, gauges and direct contact. Requirements concern
ing parameters IV. may not always bc satisfied, as no assurancc can be given 
that films used for recordiI.g belong to the same production batch and period. 
Criterion V. may be regarded even lei's as a constant, because voltage fluctua
tions could occur in an overloaded main network; variations in intensity have 
an integrated effect during identical exposure times. Finally, the constancy of 
development conditions VI. is a ques tion of laboratorium reliability. 

Obviously parameters IV.-VI. are very difficult to control in a reliable 
manner. It appears to be much more favourable to work under less restrained 
recording conditions and reduce the recorded patterns to a common base using 
an appropriate method. This principle has been realized by our investigation. 

5. A mathematical approximation of the background scattering function 

The influence of variables on the distribution of scattering level as a 
function of the numing coordinate rp may he approximately descrihed in a 
mathematical way by taking geometrical conditions into aceount, and also 
certain physical (X-ray optical) laws. 

RelatiYe intensity level of background scatter for a giYell angle <p will 
be directly proportional to F' (i. e. to the "working" projection of the reflecting 
surface layer F), to the cosine of the incidence angle f3 included by the reflected 
X-ray heam and the recording plane, as well as inversely proportional to the 
square' of the path length h of the secondary heam. 

This may be expressed by the formula 

(Is}rol = C . ~. cos [1 
, h2 

(1) 
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where the coefficient C also accounts for dependence on film sensitivity, exposure 
"and development conditions. 

It can be seen from fig. I that if the horizontal dimension of the primary 
X-ray beam is a, then the dimension of specimen surface exposed to X-ray 
radiation will be proportional to 

F= __ a __ 
sin Po 

II--'-ri,--Recording 
plane 

Fig. 1 

(2) 

The useful projection of this surface in direction of the angle cp, i. e. the area 
influencing the recording plane is given by 

Ft = F . sin (Po : cp). (3) 

Arrangements to the left,resp. to the right from the centre pOSItion can be 
accounted for by using fig. 2ja. and 2jb., resp. The angle of incidence {3 of the 
reflected beam is defined by fig. 1. 

In case of a cylindrical camera arrangement according to Debye-Scherrer 
the path length h will be constant for any angle cp and equal to the camera 
radius simultaneously defining the distance Ta. In case of back-reflection patterns 
the path length h is continuously variable. To derive its expression for a general 
case the sine theorem may be used according to fig. 3 : 

Ta: h = sin [180° - (a + cp)] : sin a 

from where we have 
.! 

h= 
Ta· sina 

sin (a + cp) 
(4) 
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Here a denotes - as given by the figure - the angle included by the primary 
beam and the recording plane. For a common back-reflection cassette we haye 
a = 90° and the formula assumes the following simple form: 

Podia/ion reflected 
to fhe:/ side 

r:, = rSinfY(,-'f') 

Fig. 2ja 

Primary 

Specimen 

Fig. 3 

Padiallon reflected 
to the -( side 

Fig. 2jb 

(4a) 

For a combined conical camera [11] one has to substitute a = 45°. For the 
latter case we have the following expression: 

Ta' sin a h = ------=-------
sin a . c'os rp + cos a . sin rp ~ cos rp + sin rp 

(4b) 

Substituting all derived quantities into equation (1), the following general 
relation is obtained: 

(sin a . cos rp + cos a . sin rp)2 

sin2 a sin Po 
(5) 

... 
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For different types of recording cameras table I summarizes various expressions 
of the scattering fimction. Graphic interpretation of the calculated and measured 
level distribution (!s)rel can be ~~en from the sets of curves in fig. 4., 5. and 6. 

Recording 
equipment 

h= 

G. 

'Po 

f3 

Is = 

~o. of 
releyant 
diagram 

Dcbyc ..:am('r:l 

C:JIl5-tunt 

yariable 

oblique 
angle 

identically zero 

Table I 

Bnck·rt·flectioll 
camera 

yariable 

oblique 
angle 

Combineu eOllical 
camera 

yariabl .. 

1-0 . .) 

C . sini~'Qi=.'p) C , . Crh' 'r C, cos" 'T 
sin ¥'o 

Si.ll(If.',o.=.' q,') C . (cos <p + sin <p)2. '., - C· co s'! '[ 
sin V'o ·coscp , sin(45°-!.-<p) 

1. s. 6. 

Note. For a given test setting the quantities a and Ta may be regarded as constant. 
Thus the formulae for Is do not contain them in explicit form, but they are included in the 
factor C. 

6. Experiments 

'Our views concerning the variation of background scatter level are support
ed by numerous experiment;;, carried out in recent times at the laboratory 
of the Institute for Mechanical Technology of Poly technical University, 
Budapest. In order to clear the main problems, experiments have been grouped 
according to the following aim~. 

1. To measure the individual effect of the enumerated variables in record
ing technique : 

1. on the slope of background intensity level, 
2. on the shift of ordinates of line profiles. 
Il. To determine the eventual discrepancies between empjrical and cal

culated background level distribution curves. 
Ill. To investigate the relation between variations 1/1. and I/2. due to 

the same cause; try to find an uiiequivocal relation between them. 
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___ Curve ObiQlnea from 1.4 
caiculated data 1,3 

Curve ob/amed from 
measured da:a {,2 

plGln carbon s/2el 

i45_0+-~~-r~~ ______ ~~~~~ ______________ _ 
C45 1;0 J5 30 2'5 20/5 .fo 5 (; 5 10 -15 202530,]5 40 !!.~o 

Fig. 4 

--- Curve ob!a;iled from f,2 
ca/cuiated data 

1,1 
Curve obfat;7ed from 

measured data 

1900 

i75° 

1450 

0,6 

0,5 

0,4 

Dj 

0,2 

0,1 

Co-Kr;. 
Back-reflectTon 

camera arrangement 
0,7percent C 

plain carbon steel 

,,°45 4() 3530 25 20 {5 iD 5 0 5 fO 15 2025 30 35 40 45 t/l0 

Fig. 5 



.. 

184 I. S. SZ.4STO 

IV. To check for a known loading rate i. e. for a known lattice deform
-ation, whether X-ray patterns recorded under different conditions 

1. actually show a technically constant slope in background intensity 
level, thus the summarized effect being of the variables investigated, 

2. show no variables of a character excluding thc possibility of simply 
superimposing scatter components, . 

3. do not indicate a disturbing influence by lattice deformation on back
ground level variations and 

4. yield full identity of interference lines by vertical correction - as 
based on characteristic technical constants - of the measured line profiles. 

(Is)ret 

1,6 

1,5 

1.4 

f,3 

1,2 

1,! 

f,O 

0,9 

0,8 

Co-Ko: 
Combined camcal casselle 

0,7 per cent C plain carbon steel 

- - - Curve obtamed trom 
measured dala 

o,7~~~~~ __ ~~ __ 
5 10 15 20 25 3035 40}£ y70 

Fig. 6 

Measurement~ have been performed on X-ray diffraction units of the 
Seifert and VEM works. X-ray tubes , ... ith Co, Cr or Fe targets have been used, 
applying tube voltages of 30 to 40 kv and tube currents of 10 milliamps. Records 
have been made on Agfa-Laue X-ray no-screen films with emulsion layers on 
both sides. As recording equipment a cylindrical camera of 9 cm diameter 
(Unicam), a plane camera (Seifert) and a combined conical camera (0","11 design) 
has been used. Evaluation has been performed on an l\IF-2 type non-recording 
microdensitometer, using a slit aperture of 1 X 18 mm; The grey wedge as a rule 
has been adjusted so as to produce half density. The enlargement l'atio between 
diagram and original record was 5 to 1. 

The major part of the experiments was carried out on roned plain carbon 
steel of 0,7 per cent C content, while the minor part which was concerned of 
extruded aluminium alloys of 0,58 per cent titanium content. 

Results of several characteristic serieE: of experiments are summarized in 
the diagrams sho,m on figs. 4 to 10 . 
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7. Discussion and conclusions 

Comparison of the calculated curves of scatter ,vith (IsbJ carves obtained 
from experimental measurements (cp. the diagrams plotted in figs. 4, 5 and 6 
with continuous,resp. dotted lines) permits to conclude an identical character 
<Qf variation for both theoretical and empirical curves; the relatively satis
factory coincidence of these curves appears to prove, that description of pheno
mena along the theoretical considerations, already mentioned, yields a true 
first approximation. 

Minor discrepancies between calculated and measured values are partly 
due to uncertainties in measurements (background level measurements through 

Ire! 

t 
i-t = cons! 
Co-K.x (J10) 
1O=goo 

Fig. 7 

Development lime 
6min 4min 
. " .-+,.;. 

--- Ta Tan </' 

film recording and densitometric analysis are less reliable, than those performed 
through direct counting of discharge pulses amplified electronically); on the 
other hand exposition and development could not be constantly maintained for 
the whole series of recordings, thus the factor C itself cannot be regarded as 
being of constant value. 

Comparison of the curve sets shown also permits the conclusion that 
intensity level of background scatter is above all a function of variations in 
the path length h. This may be clearly established by the fact that in case of 
the Debye-Scherrer arrangement (fig. 4) no effect of h can be observed, while 
curve shapes are ob"iously modified in figs. 5 and 6 because of the latter 
effect (and also because of air scattering) . Variations in the angles a, Po and 
f3 yit:1d a qualitative influence on the curves which are close to the theore
tically expected ones. 

Using the diagrams of Irfi versus angle cp (vs. Ta. tan cp) as shown in fig. 7 
it can be clearly established, that in case of identical geometrical arrangement 
and constant ex-posure the slope of increase in background scatter intensi~y 

\ 
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level and simultaneously the vertical dimensions of line profiles are prj[)p.)rtlOll
"ally varying to development time (but also similarly to developer telnp'er:atlue 
and activity). Influence of these three factors on the characteristic 
the film (as seen in the scheme in the upper right corner of fig. 7) 
essentially identical. Any increase in the slope of the working section, charac
terized by j', entails a proportional increase in background level and line 
profile. 

_lO.tanlfl 

Fig. 8 

It may be seen from fig. 8 that slope angle of backgl'oUlHI scatter level 
( w) and linp profile will also vary as a function of exposure under identical 
development conditions. Experience has shown that the relation is linear, 
insofar that the variation concerned falls onto the straight section of the density
exposure curve. Line profiles may be replotted proportionally between them 
to the angles w. This will be more detailedly referred to in the next paragraph. 
As a result of replotting, profile identities may be obtained ,,,ithin the tolerance 
limits of measurement uncertainty. 

Curves shown in figs. 9ja and 9/b representing specimens under load, 
and after unloading, prove altogether that background intensity level remains 
practically constant, so that it may be regarded as a technical constant, sup-
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posing that under unchanged circumstances exposure and development were 
conducted, and if a significant specimen load has not caused plastic deformation 
in the major part of crystallites. Microdensitograms taken from exposures 

Co - Ko: (JfOj 
''''=;= .. 5° / SidE) 

Fi_!!. 9irl 

---. Ta-ran '" 

under an angle of incidence Po = 45° show that curves on the"· /" side (fig. 9ja) 
are much more sensitive to line profile changes due to lattice strain, than curves 

'""---
Co - Ho: (JiO) 

Yc = 4-5° -I side 

f"' 
I \ _Afrer unlOadina 
I \ -

\ 

_ 7Q.tan y7 

Fig.9/b 

on the "-/" side (fig. 9jb). This observation may be interpreted on the base 
of X-ray physics and is dealt with in detail elsewhere [5]. 

Experiments conducted "With different kinds of radiation (fig. 10) resulted 
in establishing the fact that for corrective measures based on variations in 
scatter level the Co-K radiation may prove to be the most suitable in case 
of ferrous and aluminium alloys. Although the slope angle of the background 
level will be somewhat higher for Cr-Km resp. Fe-Kfh when taking the-
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. .effect of the same recording parameter, this is largely counterbalanced by the 
non-negligible fact that any specific change in line profile due to a given lat
tice strain 'will be less, than for Co-Ka . ....A loss in recording sensitivity may 
be accounted for by the fact that for the Cr-radiation the indicating array 
of atomic planes will give evaluable reflections, only at an angle value of 
'J} := 11°57' (cp '" 24°), while for the Fe-Kp radiation in the neighbourhood 
of 1] = 14° 19' (i.e. cp /'J 29°). 

Ire! 

t 

Co--K. 

Fig. 10 

----24 
3Q6 

0=48 kg/mm2i "10 =75° 
i side 

~29 ___ <fI 0 

"9.3 ___ Ta.ranrp[mmJ 

Using the above enumerated conclusions let us now see how line profiles 
may be corrected according to variations in background scattering. 

8. The zeta·correction proced~ 

The slope of a background scatter level belonging to a line profile to be 
corrected, can be computed by substituting the value of reflection angle 2r/ 
as measured at the line peak in place of the angle cp in the expression for the 
first derivative of the corresponding Is-function with respect to cp. 

E. g. for a back-reflection camera adjusted to the perpendicular position, 
the derivative of the formula as taken from table I is given by : 

d (Is}re1 C 3 • -'---'- = tan Wl = - l' cos cp. sIn cp 
dcp 

(6) 
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For a Co-Ka1 radiation and steel testing the reflection angle corresponding 
to the indicating array of atomic planes (310) 'will be cp = 9° 19' 30". Thus 
the value to be substituted: cp = 2T) = 18° 39'. 

Substituting into expression (6) we obtain tan 01 = - Cl . 0,272 
The slope of curve b in fig. 8 most closely approximates this theoretical 

figure. As tan U)l equals - 0,23, we have for Cb a value of 0,846, the measured 
value of (j)b being 130 

... 

This value is obviously negative, because decreasing scattering intensity 
Is is obtained for increasing angles cp within the recorded range. 

X-ray patterns taken under changed conditions (e. g. with a longer 
exposure) are referred to in this basic reference value. The slope as taken from 
the microdensitometric curve at the same angle cp (see curve a, fig. 8) equals 
Wa = 18° 16'. The scales of both microdensitograms being identical, any 
variation in the slope angles may be only the result of a change in the value 
of C due to the different exposures. 

Thus we have 

- tan 13° = - Cb . 0,272 = - 0,846 . 0,272 = - 0,23 

- tan 18° 16' = - Ca . 0,272 = - 1,210 . 0,272 = - 0,33 

The ratio of the C factors yields the correction factor ;, i. e. 

(7) 

'- 0,846 0 ~ 
For our example ~ = --- = , i. Consequently all ordinates of the curve 

1,210 
a must be multiplied by this factor to achieve full agreement between profiles 
band a. 

'" dIs 
As the referencc value tan Oh = -- may be considered as a technical 

dcp 
constant by force of our experiments, any difference bet'W-een actual co i values 
of the individual X-ray patterns 'Will only entail that setting, adjustment and 
developmtnt conditions have been unequal. 

In order to achieve commensurability of line profiles all ordinate seg
ments must be modified accordingly by the resulting correction factors C i' 
Thus a so-called homologous set of curves is obtained, where uncertainties due 
to random variations in recording conditions cannot disturb the evaluation 
of lattice strain as based on relative profile variations. In our case the quantity 
Wref fulfils - using an analogy v,,-ith operations on fractions - the role of the 
common denominator. 
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9. Application: a semi-quantitative X-ray method for measuring lattice 
strains 

On fig. 11 an experimental homologous set vf curves is shown. Under 
relatively constant recording conditions serial measurements have been taken 
from a steel plate specimen clamped to a bending fi.xture. By bending the 
specimen around knOVt'Ll radii of curvature, step-,vise increasing bending loads 
have been obtained. Load increase oecurred in steps of approximately 10 kgs 
per st{. mm. 

6" = 19:; kglmm 2 6' = 28,9 kglm~ 6" = 38,5 kglmm2 
- (=Ta.tan<iJ 

Ire! 

6 = 48,2'<glmm2 0= 57.7 k.9/mm2 6 = 67,4 kg/mm2 
- {=Ta·tancjJ 

Fig. 11 

After densitometric evaluation X-ray patterns have been subject to a 
zeta-correction procedure, the individual ordi:aate segments being shifted, 
parallelly to themselves, to the basic level. Thus comparison of the line profiles 
between themselves and rapid approximative information became possible 
about the magnitude of stresses. In microdensitograms pertaining to single 
stress steps, relative changes in profile are very marked; the line shape may 
be especially well-observed on the part between the Kal and Ka2 peaks. 

It is possible therefore to gain approximative information with an accuracy 
of ± 5 kgs per sq. mm for steel and for a setting distance of Ta = 80 to 90 
mm, ,vithout having to perform the tedious work of preeisely determining. 
the location of a line peak or resolving the Kala2 doublet. To give up the separa
tion may be of direct advantage. It will not only mean an economy of time, 



but also enables the investigator to draw more reliable conclusions from the 
saddle portion 011 the I rel (cp) curve between the line peaks K a1; and K a2 , as 
could have been obtained by analyzing the profile of any of the component 
curves. Both interference lines Kal and Ka2 and the general trend of the curve 
will be separately affected by a lattice strain. However, adjacent parts of the 
two modified curves "Will be superimposed one on the other; line profile changes 
are recorded 'with double sensitivity on the saddle portion of the resulting 
curve, illustrated clearly by fig. 11. 
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Summary 

For a quantitative analysis of lattice defects, density of dislocations, generally of any 
strain process in the microstructure of metals, intensity-density distrilmtions of X-ray patterns, 
especially interference line profiles with the maximum of accuracy should be known. According 
to prevailing views up to the present, evaluation of line profiles may he considered the more 
reliable, the more the background intensity level on the X-ray patterns can he reduced. This 
hackground ~cattering effect may be due to several causes. 
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The introduction of the paper gives a schematic summary on the different kinds of 
'scattering, and deals with the possibilities of their elimination, resp. reduction. It is stated 
that in Cdse of film recording the presence of significant scatter is almost unavoidable. 

Under these circumstances the concept has been evolved to utilize background scatter 
for the up-to-date evaluation of line profiles, instead of eliminating it. The author has arranged 
multiple experiments to observe the influence of different recording parameters on the slope 
of background scatter level, and also in conjunction there,~ith, the shift in ordinl!tes of 
profiles. Under certain, rather easily reproducible recording conditions unequivocal relations 
among the variables investigated have been found. The influence of these variables has been 
mathematically described, taking geometrical and partly X-ray optical conditions into account. 
Computed curves of hackground scattering function show satisfactory agreement ~ith empirical 
diagrams. The first derivative of the scattering function - after substituting numerical values 
characteristic of a given arrangement - may he considered as a technical constant, which 
may be used as a reference for the so-called zeta-correction procedure used for comparative 
evaluation of line profiles. 

The paper is concluded hy a demonstration of applying the correction method. The 
series of diagrams as given in the paper proves that approximative information on the stress 
distribution in a steel part can he obtained with an aceuraey of ±5 kgs per sq. mm in a rela
tively rapid and simple manner, without. having to perform the tedious operations of deter
mining line peak locations or separating the Ka102 doublet. The correction procedure described, 
provided means for evolving a semi-quantitative X-ray method for measuring lattice strain. 
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