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SOME COMMENTS ON THE DETERMINATION OF
PLASMA PARAMETERS FROM THE SPECTRAL LINE
PROFILE REGISTERED BY MEANS
OF THE FABRY-PEROT INTERFEROMETER"

<

A.BRABLEC?,F. STASTNY?, Brno

In the paper presented a method is suggested enabling to test the validity of programs
for the evaluation of the initial (theoretical) spectral line profile from the registered one
by means of the Fabry-Perot interferometer, with the apparatus function known. For the
determination of the initial line parameters two different programs have been tested (the
use of the Simpson three-point formula and the advantageous properties of the rational

function). The method can be applied in the case of the investigated line having the Voigt
profile.

HEKOTOPBHIE 3AMEYAHMSA 110 TOBOXY ONPEAENEHNA TAPAMETPOB
IIA3MBI HA  OCHOBE ®OPMBl  CIIEKTPAJIBHBIX  JIMHUNA,
HABJAWIAEMBIX IPH HOMOMH HHTEPOEPOMETPA ®ABPUH-TIEPO

B pafoTe npefsnoxXeH METOMl, MO3BOAIOMIMEA IPOBCPATH IPABHIBHOCTD [IPOTPAMM IS
(TeopeTHYECKOro) BBIYKCICHMS NEPBOHAYANBHON (hOPMBI CHEKTPANBLHBIX JUHAM, HAG-
mofaeMbix npu nomomu uutepdepomerpa Pabpu-Tlepo, korma dyuxuus npubopa
u3secTHa. [{n9 onpefeneHus NapaMeTPOB NEPBOHAYANbHOMN THHMH ObUIH TPOBEPEHLI ABE
Pa3HBLIX mporpammbl (MCnonb30BaHa TpextoueyHas Qopmyna CHMICOHA M NOJE3HbIC
cBOMCTBA pauKOHANbHOM yHKUuK). [TaHHBI! METON MOXHO NPAMEHATL TAKXKE B Clydae,
KOTHa uccnepyeMas nuHust umeet ¢opmy Poiirra.

I. INTRODUCTION

Spectroscopical investigations into the spectral line profiles can bring valuable
information about an emitting or an absorbing matter such as plasma. One of the
most widely used equipment for determination of the line profile is the Fabry-Perot
interferometer.
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It can be shown that the relation between the initial (theoretical) spectral line
profile J,(1) and the so-called registered one I(1) is described as the convolution of
J,(2) with the apparatus function g(y) in the form

0= 1G-e0)dy ()

where A is the wavelength. Since both the apparatus function and the registered
profile are always measured with a certain error the evaluation of the initial line
parameters does not represent a proper problem from the mathematical point of
view [1]. It means that the relatively small error of measurement can lead to a high
error of the result. To eliminate this we must know the type of the initial spectral
line profile. On the other hand, that problem can be solved only with the help of
nonlinear minimization, which is always complicated.

In the optical diagnostics of plasma it is suitable to assume that the spectral line
has the Voigt profile which results from the independent Doppler and Lorentz line
broadening. The line shape is described by the convolution of a Gaussian with
a Lorentzian

1 1
J{oL, ap, 0)= ——=—V(x, 2)
(o, ap v /\\walw o A v\v A
y [~ e : . .
= d the Voigt f tion.
where V(x, y) - %a TR z is the Voigt function
New introduced variables are defined as follows
2d g o
= RHMM In2, v\lmmu'/\_su.

The symbol d is the distance between the mirrors of the Fabry-Perot interferome-
ter and the broadening parameters of the Lorentz and the Doppler mechanisms are
denoted by a. and ap, respectively.

To determine the initial spectral line profile means to estimate several adjustable
parameters (in our case we are interested mainly in o, and ap) of the assumed
model. The actual values of the parameters are determined from the best fit of the
model profiles to experimental data which are usually given by tabular values at
a discrete set of points of w; = 0; — INT (0;). Consequently the registered profile of
the spectral line is given by a set of N points {w;, I (w;)]. Then with the starting
value of the computed parameters the convolution of the initial line profile with the
apparatus function (it is also given by a set of points) is carried out for all arguments
of w; by means of a suitable numerical procedure. The obtained values of I,(w;) are
compared with the registered profile at the corresponding point of w; by means of
a suitable minimization procedure to find such values of the adjustable parameters
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that the registered profile and the calculated one are fitted :E:EE as much as
possible.

In every numerical solution of the above problem it is difficult to choose the
suitable precision of individual steps in the course of the minimization procedure
and to test the error of the calculated parameters.

Testing the validity of the program for the calculation of the parameters
determining the initial spectral line profile it is mostly assumed that the apparatus
function is also given as a Voigt function, which is then convoluted with the second
Voigt function. In this way we generate the registered profile (it is also the Voigt
function) whose parameters are in simple relation with the parameters of both
given Voigt functions. However, this test cannot eliminate all the discrepancies in
the program. For example, one of the reasons is the fact that the Voigt function
must be calculated numerically and that does not describe the sight behaviour in
boundary cases.

II. TESTING OF PROGRAMS

To test all possibilities of our programs there were used conclusions presented in
{1, 2j.

The apparatus function of the ideal Fabry-Perot interferometer (the inter-
ferometer with absolutely plane mirrors and absolutely parallel ones) can be
expressed by means of Airy’s function as follows:

(1-RY
1+ R*—2R cos2aw 3)

I(w)=
;_Srnan R is the reflexivity of mirrors. If the initial spectral line profile is described
by the Voigt function (2), then the registered profile of the ideal Fabry-Perot
interferometer can be expressed as

1 1-R
NEAQFuQUv H+~N X _HHATN:MLNNNﬁ@Nﬁ]

- A=~AONVH_ cos Nuasm_
2n

where Q= /\aau, R.=Rexp(—2rmaL).
n

NAQF« ap, Ev =

4)

Using the relation (4) the registered profile can be generated for a chosen
reflexivity of R and the parameters (a., ap) of the initial line profile. Choosing the
suitable values of R, ar, ap the applicability of the program can be tested for
a different ratio of the width of the registered profile and the apparatus because the
accuracy of calculation depends on this ratio.
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Convoluting the apparatus function with the initial spectral line profile we used
two different procedures. In the first case the apparatus function was interpolated
by a cubic spline and then it was convoluted with the initial line profile (Voigt
function) using the Simpson three-point formula. It was shown to be able to
represent the line profile by points in that I(w)>0.03. The numerical integration
was carried out in 99 points on the wavelength scale. In the second method the very
advantageous properties of rational functions are used because they are suitable for
approximations of line profiles with only little computing effort. Another definite
advantage is the possibility of an easy convolution of several rational functions,
which is used to predict line profiles [3]. In our case the apparatus function was
approximated by two-term approximations which give good results. Now, the
convolution with the Voigt function can be made without direct numerical
integration.

Next, the Marquardt-Levenberg algorithm was used in both cases for finding
values of the mentioned parameters according to the requirement of minimization
of the mean deviation from the approximated profiles according to the method of
the least squares.

IIL. DISCUSSION AND CONCLUSION

In Tab. 1 there are presented results of our computations for several typical
values of @y and ap. Symbols introduced in this Table mean E, and E, are the
relative errors of ai, ap respectively. SSD is the squares sum of deviations.
Numbers 1, 2 denote the first and the second method mentioned above.

We see that the direct integration (the first method) gives more precise results.
The highest discrepancy appeared in determining a.. However, calculations made
in this way require at least three times as much time than those by the second
method, with the processing of one profile taking over 15 minutes using the HP
9825 A topdesk computer.

As it follows from the results presented it is necessary to have at the disposal of
a sufficiently effective testing method of programs to write a suitable program for
the computation of spectral line parameters. Even in the case of the problem not
being solved in its whole generality (e.g. presence of systematic deviations of
measurement error and influence of back-ground, ...) it is not easy to achieve the
required coincidence of given and calculated parameters (twelve-digit mantisa)
from which it follows to be careful to make conclusions from the calculated
parameters. It means to increase the efficiency of our procedure not only in the
accuracy of evaluations but also in speed so as to be able to process the measured
spectral line profile on line by means of a similar computer such as the HP 9825 A
one. We suppose that the suggested method makes it possible to determine the
influence of measurement errors on thé accuracy of calculations of the spectral line
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Tablel

a. E. Go Eop SSD

given value 0.01700 0.01700

1. 0.01742 2.5% 0.01662 2.3% 4.1x10°°

2: 0.01772 4.2% 0.01629 4.4% 5.9%x107°
given value 0.01700 0.03400

1. 0.01755 32% 0.03372 0.8% 7.7x107*

2. 0.01822 7.2% 0.03316 2.5% 4.0x107°
given value 0.01700 0.05100

1. 0.01735 2.1% 0.05108 0.2% 2.3x10™

2: 0.01876 10.0% 0.04997 2.1% 1.9x10°°

parameters, which appears to be fundamental problem of the interpretation of
results when the spectral line profile is measured.
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