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Abstract: This paper describes how a digital computer was used in combination with an emission  spectro- 

meter to determine chemical compositions of some  steels. A mathematical model describing  the relations 

between the  composition and the intensities of the spectral  lines was derived and experimentally tested. 

Both overlapping and  matrix effects were considered.  The  computer was also  used  to calibrate the instru- 

ment. 

Introduction 

Quantitative chemical analysis, based on  the measure- 
ment of electromagnetic radiation  from a  sample whose 
atoms have been excited, originates from experiments 
performed by Kirchhoff and Bunsen in the middle of the 
19th  century.  Optical emission spectroscopy was used. 
More recently the same principles have led to x-ray 
fluorescence chemical analysis. This  paper deals with 
optical emission spectroscopy and shows how a digital 
computer was used in  some experiments to establish a 
relationship between composition and spectral line in- 
tensity. 

Chemical analysis based on emission spectroscopy has 
developed into  an elaborate technique. Two  major diffi- 
culties encountered have been the instability of the spectro- 
scopic light  source, which leads to a  large  statistical error 
or poor precision, and matrix effects, which introduce 
systematic errors  or poor accuracy. In  order to discuss 
the  nature of these problems and some previous work, we 
will  give a short introduction to fundamental concepts. 

Spectrochemical analysis is based on  the fact that  the 
light intensity of a spectral line is related to  the compo- 
sition of the sample. Ideally the intensity of each line de- 
pends on only one particular  constituent of the sample, 
and  as a first approximation  this simplification is generally 
acceptable. In addition the light intensity also depends 
on  the excitation conditions. Because of the inherent in- 
stability of the two  excitation processes most commonly 
employed (arc and  spark discharge), the recorded  in- 
tensities generally fluctuate heavily. In  order  to  smooth  out 
the fluctuations,  simultaneous  integration of all the  ob- 
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served lines is applied  with respect to time. Division by the 
integration  time will  give the intensity average of each 
line. If the integration  time is kept  constant from run 
to  run, this division need not be  carried out explicitly. 
When the integration  time is kept constant,  the outcomes 
of repeated measurements will still differ from  run  to 
run, primarily because of varying excitation  conditions. 

Whether integration is applied or  not,  it is often  ob- 
served that  the fluctuations of two different line  inten- 
sities are close to being proportional, i.e., the two signals 
recorded are strongly correlated. The two lines then 
form  an homologous pair.' This  means that  in  an idealized 
case their intensity ratio does not vary, either with excita- 
tion  condition or time. When the condition of homologous 
pairs is approximated, it is possible to counteract the 
effects of light source instabilities by applying the method 
of relative intensities (using an internal standard), which 
will now be outlined. 

A reference line is chosen corresponding to  the  internal 
standard, some specific constituent of the sample. Gen- 
erally the major  constituent is selected as the  internal 
standard. First, let us assume that  the concentration of 
the  standard does not differ from  sample to sample such 
as in  the case of Fe in carbon steel. The time of integration 
is then determined in such  a way that  the integral of this 
reference line reaches a preset value, the reference level. 
Thus the effect of the correlated noise is eliminated and 
repeated measurements will now give results having far 
less spread. The remaining  spread is due to uncorrelated 
noise, e.g., from intensity  fluctuations of scattered light 
in  the spectrometer and  thermal noise in  the multipliers. 

If the  concentration of the internal standard varies, 




