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1. INTRODUCT LUN

Ine of the most useful diagnostic methods for plasma investiga-
tions uses an electromagnetic wave propagating across the plasma as a
source of informations about plasma parameters. These methods are gene-
rally referred as "optical methods" and they include:

- optical interferometry which enables to measure the plasma

density,

- Schlieren and shadowgraphy which give information on the first

and second drivatives of the plasma density,

~ Faraday rotation methods based on the measurement of the rota-

tion of the polarization plane of the wave crossing the plasma
which enables to measure distribution of the magnetic field in
plasma,

- scattering methods giving density, temperature and turbulence

structure.

The first and the second of these methods are very well establis-
hed 1n several areas of investigations especially in arecdynamics, for
mure than half century. Actually the optical methods of interfecometry
and Shlieren and shadowgraph photography are widely used in laboratory
plasmas whose configuration can be reasonably assumed to have one or
two-dimensional symmetry.

he progress in high-brightness light sources particulary the
invention and developement of lasers orginated a rapid growth of inte-
rest in these methods. The monochromaticity, callimation, high brightness
and short duration of the laser pulse have greatly simplified the inhe-
vent difficulties of the standard interferometric se:t-ups. Additionally
feastbte measurements of the Faraday rotation became feasible in the
optical region after the discovery of the laser sources.

Greaﬁefforts are being made in the developement of the scattering

metniods as Lhey could be helpful in understanding of the wicroscopic
hehaviour of the plasma. Although the discovery of the lasers made such
measuiement conceivable on laboratory plasmas, the requirements on the
power , monochromaticity of the light and precision of uetecting and
analysing of a very low scattered signals are so serious that the met-
hod is very difficult in application. Nevertheless there ace numerous
examples of successful utilization of scattering methods in plasma inves-
tigations 1), 2} etc.

Let us consider an electromagnetic wave propagating across a plas-
ma (Fig.1).

Fig.l. Propagation of a light ray through a density inhomogenity.

An individual ray which in the absence of any disturbance would
reach the screen 5 at the point X at the time t, if there is a plasma
on its way it would reach the screen at point X’ at time t*. The inser-
tation of appropriate optical equipment into the light path will furnish
on S a record of the following:

-} the phase lag T = l' -t

-} the deflection ok

-} the displacement d = x‘— X

If an electromagnetic wave is initially polarized and the plasma
is magnetized with nonzero component of 8 field paralel to they ray
direction, the rotation of the polarization plane will occur.

An interferometer is a device which is able to record time lag,

a schlieren is that which records deflections, a shadowgraph records
displeacements and a polarimeter measures changes of the polarization
plane of the wave.



2. PLASMA RLERACTIVITY

Ihe effects of the phase lag and a ray deflection are manifenta-

tion of changes of the refractivity index. The index of refragtion n is

defined as:
o ck {w v, - phase velocity
nE Nt T e f (1)
14 k - wave numher

Although the term "plasma" describes a fully ionizied gas of cero
net charge density, in general one deals with gasecus mixture nf: free
electrnné, residual neutral atoms, atoms once, twice ... or campletly
ionized etc. The refractivity of the gaseous mixture (here including
neutral and charged particles) can be considered as the sum of the ref-
ractivities of the various components. Therefore we can write, for the
refractivity of the plasma.

n=14+ K1 Ni

where Nj is the density of the i-th component of the mixture and
Ki is the specific refractivity.

The problem of plasma and wave interaction has been wide invesliga-
ted. The most complete description of wave phenomena is obtained by sol-
ving the Boltzman transport equations and the complete set of Maxwell
equations. Detailed description of this problem and various froms of
dispersion relations can be found in basic plasma handbooks and teview
papurs 3), 4).

In the most simple case of fully ionized plasma, neglecting the ion
plasma fregquency which is much lower than the electron one the expression

for the refractive index can be approximated as:

nt =1 - %E}Eﬁ GJDE - electron plasma freguency (2)

This formula shows that the propagation of an electromagnetic wave is
possible only if ("J>wpe‘

lo pervent intense absorbtion, reflection and deflection the wave
fregquency should be much greater then the plasma one. Thus the condition
the electromagnetic wave length should fulfil can be written as:

1,12°10%? Ne [om™’]

Al« Ne A [um] (3

For (3 UJDF the expression of the refractive index (2) van be appro-
ximated to the first arder by:

2
nzl-%-%{-" (4

This is the formula commonly wsed in practice.

In the case of a magretized plasma the problem is more complicated
and the formula for the refractive idex depends on the value of a magne-
tic field, plasma density and‘the angle between a magnetic field and
wave number.

The various effects of an external magretic field are practically neg-
ligible if 7Y 79—(_ (.Q.e - electron gyro-frequency) that is

if 3): .t
B & —————‘-"; O [Hes] | Afumd (5

In the case of noncomplet ionization, the refractive index is
influenced by the presence of neutral atoms. The refractivity of the

neutral gas can he approximated by Cauchy s formula of the from:
8
n=4+A+=z (6)

where the values of the coefficients A and B can be found in 5) for
several gases.
The condition for the refractive effect of the residual neutral atoms

N, s A
W‘ » 0.830 53 M

neglection is 3):

A - first coefficient of the Cauchy formula

-3
Ne, N - electron and neutral atoms density [cm ]

It should be noticed that the refractive index of neutral atoms
is greater than unity and has an inverse squere dependence on

In case that all previous inequalities are satisfied, the refrac-
tivity of the plasma can be expressed by formula {4). Hawever, we wish
to emphasize the fact that a careful inquiry into the actual existing

experimental conditions is required each time one uses approrimation

(4) 3)e



5. INFERFERUME TRY

Interferameiry 1s conceptually the most direct technigue for mea-
surements expleiting piasma refractivity. It leads directly to a density
determination by comparing the optical path length trough a plasma with
the equivalent optical path length in the absence of the plasma.

lwo differente approaches to the interferometric density measure-
ments are possible;

- spatial coverage (line-cf-sight integrated) at une instant in
time - used for plasma-focus and z-pinch investigations (pulse
lasers in visible range),

- temparal coverage 1niegrated along one line of sight
- applied for instance in tokamaks (CW - lasers in submilimeter

range).

Although the thearetical basis of the two approuches 1s the saine,
but they are realized in ditferent ways. The following text is limited

to the former of these methods.

3.1. Interterence of Two Monochromatic Waves.
Tne eleciric field of the monochromatic wave may be expressed as:

E=hexpliw[t-3)] ®

(Ine can transform this expression to obtain the product of spatially
and temporally varying factors

E=A exp (-i@) exp (l'wll) (%)

where : ¢ = wz/v = 2””2/}\ phase n - refractive index

Ihe product p = nz - is the optical path between the orgin and the point z
We: con than rewrite (9) as :

E = at’.xp[:w*) wece: a=Aexp(-i9) Qo
Because of extremaly high frequencies of visible light waves direct
abservations of the electric field are not normally possible. The only
measurable quantity is the intensity, which is the time average of the
amount of energy which, in unit time, crosses a unit area nerimal to the

direction of the energy flow. [his is proportional to the time average

of the syuare of the electric field.
T
e

2 : 4 z A
{E? =lm 35 [Edt =& an
Tr20 :ZT-F Z

Since we are not interested in the absolute value of the intensity
but only in relative values, we can ignore this factor of 1/2, as well

as any other factors of proportionality, and define the optical intensity

as: 2 2
I=A '/0/ (12)
If two monochromatic waves propagating in the same direction and
pularized in the same plane are superposed at a point P, the total elec-
tric field at this point is:

E = E1 + E2

where tl and E2 are the electric fields due to the two wawes. [f the two

waves have the same frequency, the intensity at this point is:

{13

I-= IAl + A2|2 where A, = alexp(—iqb ) (14)
Ay= ajexp(-i )
Accordingly

2+ A 2+ AA t . A ‘A =1

DAy Ae MAy v A A = )

+ Ly 2 (1 1) 2cas(Ay (19)

where I, and I, are the intensities at P due to two waves acting separa-
] 2
tely, and A¢ = ¢¢ '¢z is the phase difference between them.
If [\p is the corresponding difference in the optical paths, the
order af interference is k = le/}\ . The intensity has its maximum

value 1 when;
max

k = m, p=ar, A¢:?Fm

where m is an integer, and its minimum value Im‘1n when;

k= (2m+ 1)/2 p= (2m +1)/2:A Ap= (m + 1)/2-T

A convenient measure of the contrast of the interference phenomenon is
the visibility which is defined by the relation:

- -[ﬁﬁx '-[nh
\/ - -I}kax + laniu



For two monochrometic waves polarized is the same plane with
equal amplitudes tbe visibility may be equal to unity.

The superimposion of two beams may be achieved in several ways.
fig.? presents some of ttese possibilities realized in : the Michel-on,

Mach-Zehader, Saynac amd Jamin interferometers,

— L > - IM

M
B8
‘ Michelson
Vrrlm g

Mach —Zehnder

Jamin

Sagnac

Fig.? Interferometer systems.

In these interferometers the two beams are obtained from a single source
by division of the amplitude over the same section of the wave front,
A surface which reflect part of the incident light and transmits part
of it is comonly used.

If in one of the arms of the interferometer a transparent object
is placed the interference frings pattern will change according to the
changes of the optical paths caused by the object.

3.2. Some problems of interferometer designing.

In this paragraph some problems of designing of the interferometer
system will be presented, takeing as an example the arrangement used on
the PF-150 Plasma-Focus device in IPPLM,

Among a variety of possible interferometer schemes, the Mach-Zehn-

der type seems to be the most useful, as it has several advantages:

- 1t enables to easy separatc the two beams,

- the fringesin Mach-Zehnder interferometer can be localized in
arbitrary position,

- this kind of interferometer is manoeuvreable and versatile,

- the interferograms obtained are relativiely easy in interpre-
tation and processing {contrary to shearing and gratting inter-
ferometers). _

The scheme of the Mach-Zehnder interferometer is presented in Fig.3.

g I
Laser A \\ (1/:\) M,

Fig.3. The Mach-Zehnder interferameter.

The laser beam passes through the telescope (T) and its diameter
grows from initially B mm up to 100 mm. Then the beam is divided at the
semireflecting surface B1 into two beams, which after reflection at the
mirrars M1 and M2 are recombined at the semireflecting surface BZ‘
Between the beam splitter 82 and the screen S there is a lens L placed
in such position that the symmetry plane of a plasma is at the object
plane of the lens and the screen at the image one.

In our interferometer the mirror M2 and the beam splitter 82 are
adjusted in such a way that two beams meet at the point O placed at the
axis of the plasma. Becouse of two wave fronts make a small angle
with each other (see fig.4) at the O plane, the interference pattern of

parallel eguidistant straight lines is created on the screen in the



. 19 -3 . .
3 H as sity 2«10 "cm * and the maynetic field
absence of the plasma (fig.4b). [his pattern {pems the reference for or the peak plasma density ) © .J
) ‘ ‘ hetow 1 MOs observed in the plasma-focus devices, relations {(3), (5)
recording the fringeeshift in the presence of the plasma. )
are fukfiled, so the simplified formula for the refractivity index (4)

may be used.

There are some limitations on the interferometer device equipped
with the rubbiy laser used in plasma-focus phenomenon lnvestigations.
They are caused by the effect of the ray beanding on the steep density
gradients. This problem will be analysed below in more detailed way.
Now we can say that this kind of interferometer allowed us to investi-
gate the plasme-focus phenomenan for initial pressure within the range
1 - 7 Torr.

The optical path difference between two arms of the interferome-

ter caused by the presence of the plasma in one of its arms may be

expressed as (Fig.5):

AP[x)-Ifi-n)dl (16)

A

Flg.4 The geometry of wave fronts.

There are several demands the laser used in the interfercmeter
should fulfil:

#fr)

- the wave length A of the laser should satisfy conditions (3), dl

(5) ta prevent intense absorbtion and reflection, /_
- the energy of the pulse should be high enough to ensure possi-

B
bility of the fringesregistration in the presence of the resi- « 'y
dual plasma radiation, X <
- the laser beam should be spatially uniform and have coherence <

length long enough to create good interference patterns,

dr
- the pulse should be short enongh to prevent the fringesstructure ’g'x‘
disturbance by the measured density field changes during the
: Fig.5. Geometry of a ray path leading to the Abel intergral.
pulse duration.
As a source of the light for our interferometer we have chosen For the axially symmetric density distribution #(r) and the
the rubby laser ( A = 0.69 Wm) with pulse duration about 1 ns and refractivity index: & M
- - - 5
pulse energy 100 mJ. h[r)zi .?IV h l ﬁﬂr}
r Cr (17)
. . -3 - .
where: N, - electron densily ! (N, = N, max_}f (r))
N,. - critical density for rubby laser {cm™"]

i



oner ¢can obtain following expression for optical path difference:
A 22

AP{*)—:"%F:—"K _E(f)—_:f_r i18)

and for the phase difference:
i
#hx) - 2 Apl) v

The value of ;ﬁ(x) can be determined from the interferograms
obtained and than, after solving the equation (1B} the density distri-
bution can be found. The problem how to solve the equation (18) will
he described in the last paragraph.

The sensitivity of the interferometer can be appreci%éd in the
following way: for the plasma of the length L the optical path diffe-
rence between two arms is eqgual to:

AF= (,,-J)L (20)

if the critical density is expressed in terms of A (N__= 1,12-101})fﬁ
from {17) one can find that: o

Ap = G460 NN WMo fow] L], 2] PV

For the minimum detectable phase shift assumed to be Z&P: 0.1-A
it is possible to obtain expression for minimum plasma censity measura-
ble by the interfernmeter:

I
N = 2.3%-10
Emic L
For the fubby laser and L = 1 om, N, . = 3,2 -1016[cm‘%
in~ 7
Now, let us appreciate the capability of our interferometer arran-

gement to measure the plasma density in the plasma focus device. We will

{22)

aralise:

a) the {ringesdensity and the resolution of the interferometer
b) the problem of the ray deflection caused by the density yradients

and demands on aperture diameters,

c) the time resolution of the interferometer for fast phenomena.

ad u) Spatial resolution of the interference fringesregistration is
getermined by several factors:

- the abberation of optical elemenis used (windows of the PP

chamber, lenses, mirrors etc.),

- resolution of the registering device (photographic f1ilm in our

case).

It is difficulate to appreciate the total resolution of the whule
pptical arrangement but it is possible to determine this resolution by
means of special optical tests. In this manner we have found that our
interferometric system is capable to record 10 lines per milimeter.

The order of interference far the x coordinate is equal to

L= Ap/a

Thus from (M:
R

dk = —?‘——N—‘-ﬂ-'-—d—su where S{XJ= If{r}(r‘—x‘)%rt!f (23)

dx 4.42-10° dx

has a sense of the fringesdensity.
To check whether the fringesdensity connected with the presence

b 4

of the plasma sheath during collapse phase of PF discharge is not grea-
ter than the resolution of the system, let us assume that the plasma gden-
sity distribution has the form of parabolfa characterized by two para-
meters: N, .. and the thickness A (Fig.s).

With this assumption {(reasonable for the outer edge of the sheath as
confirmed by our measurements) the fringeadensity ca be found numerically
from eq. (23).

Fig,7 presents results of these
computations and one can see that ﬂ:!@}i
the maximum fringesdensity is ;

lower then 10 lines per milimeter ]
for plasma density and sheath
thicknesses chosen.

Fig.6 Assumed plasma density
distribution.
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Fig.7. Maximum fringesdensity vs. radius of the sheath.

ay b) The deflection of a ray caused by the density gradient can be
determined from the formula:

oé()f}*Jégde (20)
A

fig.B. Ray deflection on density gradient,

If the angle ol is small:

afx )= ,f,’; Ifa gg‘ ﬁ':—,é_'"? il

bor parabolic density distribution (1ig.s) one van obtain:

A% Nepe dk .
i Dol 4w i o

33
it was assumed that the maksimum deflection angle recarddg/y our inter-
terometer should be equal to cx’max: 7 mrad.

From this assumption and relation:

Xmgy + Sl < 0.5 @. (21

we have obtained diameters of optical elements (lenses, mirrors etc.).
X .® Lner electrode radius = 2.5 cm {PF-150 device).
S - distance from object plane to the lens (mirror).

| B ¢L N

Fig.9. Ray traces in the recording system.

ad c) Let us assume that during the exposure time T = 1ns the
fring pattern changes only due to displacement of the plasma
sheath as a whole with a velocity V. If the fringe shift caused
by this movement was smaller than the half distance between two

neighbouring maxima, the pattern would be legible. The following
condition should be fulfield:

V-T < O.S(gl:—)-i (28)

figure 10 illustrates the limitations of the plasma sheath density

measurement due to spatial and time resolution and ray deflection.



5 x 7
Ihe: sheoth velocity Vodependence on the tadius V(r) = 2.7 100 -

- 0.7 -IU7-r was taken from experimental measurements.

E?i of (1)
x
[m ["‘"'d] spatial resolution
IV IIIOIDD DI ////X(,

94 nemaxs 2-10'8 cm 3
J A =0,6943pm

7-

5435

34

Fig.10. The limitations of the density measurement.

The exemplary interferograms obtained with our interferometer are

presented on Fig.1il.
3.3. The Schi¥eren method and shadowgraph,

The Schiieren methods are all those optical methods which record
ihe deviations suffered by a light ray crossing a spatially nonuniform
medium (the plasma in our case). If pf is the angle between the refrac-
tive gradient and the dxrectign of the incident light, the deviation can

ol = [#/Vn/:iu{ﬂd.‘x (29
o

These angular displacements of the light rays can be recorded by

be expressed by:

various means, which can lead to quantitive or gualitive representa-

tion of the phenomenon, For the plasma-focus investigatinons, where the

angle o is not very small, the guantitive methods are rtifficult in
. . Neveriﬁelgsa . .

application. Newe the Schiieren like methods may be very useful for

gualitive description of the plasma dynamics. They enable to obtain

: {‘~ z: /HI

r

i

Fig.11. Interferograms of the plasma in PF device.

sharp pictures of the geometry and position of the sheath and for multi-
frame arrangements, the changes of this position.

L

Fig.12. The Schlieren method fer recording density gradients.

In the absence of the refractive index gradients the collimated
laser light after passing through the lens L (fig.12) fopms the bright



Fousaul
ring on the screen %, When the kncte (named the deesedd ki fe) is moved

along X plane (focal plane of the lens), the brightness of the ring
drups ygradually and for some position of the knife the ring vanishes,
It takes place for focus spot completly covered by the knitfe.

Now let us assume that in the transparent object {1 there is an
area of the refractive index gradient. Thus the ray passing accros this
area will be bended and as it is shown on Fig.12 it will pass by ihe
«nife edge creading a bright boint on the screen 5.

If the object is placed at the object plane of the lens and the
screen 9 1s placed in its image plane, one can obtain the picture of the

refractive index gradients (density gradients) location within the object.

Ihe value of the density gradients recorded may be controlled by the
position of the knife. The higher position of the knife (fig.12) the
move deflected rays will reach the screen only.

The shadowgraph photography in its classic form described in lite-
rature is not very useful for PF phenomena investigations, but the chan-
ge of this meihod which may be called an inverse Schlieren method gives
the possibility to obtain a picture of the plasma sheath shape.

If in the focal plane of the lens L {Fig.13) insted of the knife
the small apperture was placed, rays of the collimated laser light, def-
lected on the refractivity index gradients would be stopped. Thus in
opposite to the Schlieren method the ~
areas of the refractive index gra-

dient would be black at the screen
plane. when the method is used for
PF investigations the shade of the
plasma sheath can be recorded on
the screen (Fig.l13).

Fig.13. The shade af the plasma
sheath in PF,

4. FARADAY ROTATION MEASUREMENTS

After traveling the lengtn L of the magnetized plasma re
lineary polarized wave suffers a rotation of the potarization

given by: « [nL “ﬂg!
?3 2c L

where is the freguency of the light and s Ngs are the ref
indices of the left-hand and right-hand components. By substit

appropriate formulas for nL and nR wez obtain:
- 2
¢= 296350 XN 8L
where: ‘A [pm], Ne[ch] , B[kGs], L[cm]

For axially symmetric object with BB field the rotation
be expressed by the Abel integral of the fopm:

/x) j Ne["} B[") rdr

t

The maximum value of ‘iﬂ for plasma-focus conditions (Ne maxﬁl(
R ~ 0.2 cm, B - some hundreds kGs) is of the order of L - 2°,
precise method for measuring small rotation angles is necessal

Figure 14 shows the scheme of the diagnostic system. It consis

((comn g f! F
coanial cable te TV camaera F
N% anaiyzer w

3 Sk

fie>i
N
N

[

zer expander

PF chamber slectrodes

Fig.l4. Experimental system for magnetic field measurements.



following subsystems:

- a pulsed ruby laser {100 mJ per Z ns pulse),

- a system for diagnostic beam formation (Glam hompson polarizer

and beam expander},

- a Mach-Zehnder interferometer,

- a polarimeter,

Jo analyse the FR angle the Glan-Thompson polarizer had a contrast ratio
better than 10_5. Two separafe diagnostic paths can be distinguished: one
for FR measurement and one for shadow picture registration, each was
equipped with an identical optical system of magnification 0.7, consis-
ting of two lenses (flt 225 mm, f,= 158 mm). Additionally, a beam split-
ter was placet in the "shadow” path, which attenuates the light intensity
10 times tu adjust it to the characteristic of photographic film used
{I/OPANCHROM-17, made in the U.5.5.R.).

The polarimeter consists of the following elements: the analyser
(Glan-Thompson), the electro-optical filter and the photographic camera.
An important element of the polarimeter is the electro-optical filter
which is composed of a Pockels cell and an additional Glan-Thompson pola-
rizer. It is used for gating of both the exposure time and the spectrum
of parasitic plasma luminescence. Filter contral was achieved by applying
a voltage pulse of half-wave amplitude (for a ruby laser wavelength) of
10 ns duration to the Pockels cell. The synchronization with the diag-
nostic laser was achieved by means of a coaxial cable of suitable length.

The use nt the electro-optical filter in the polarimetier increases
the signal-to-noise ratioc to El/E;)= 10} {where E1 is the laser beam
energy and ED is the energy of parasitic luminescence of the plasma).

The polarimeter provided the registration of fR images with a spatial
resolution betier than 20 lines per mm, The polarimeter-interferometer
system allowed the registration of either FR picture and shadowgraphs
or interfefograms.

The magnetic field measurement by means of the polarimeter system
described here consists of two essential steps, i.e. determination of
the FR angle and the electron density distribution. Uncertainty of the
result depends on errors connected with these two independent measure-

ments.

A FR angle is derived from the registered TR pictures and may be
read with large errar. The errors are usually caused by the nonhomoge-
neaus intensity distribution within the probing beam and its dumping
in plasma. In order to minimize the errors the data acyuisition was do-
ne on the basis of sets of calibration curves. These were constructed
by successive exposures of the polarimeter by laser radiation of diffe-
rent intensities for the fixed turn-angle of the analyser. Thus, for
any selected angle there was a relationship beiween the optical density
in the Faraday channel and in the shadown channel. This is why the ab-
solute value of the FR angle in the plasma does not depend on the abso-
lute intensity of radiation entering the polarimeter. Thus the error of
FR angle readout is minimized (in our experiment its value dues nut exce-
ed 5 angle-minutes). Some calibration curves and the way to determine

the FR angle readout are shown in Fig.15.

Ds D,
P 'y | ”
q . |2.5 2.
| 1
03 D,
- 77
qﬂ';ﬁli’/’ | !
b/_,af:j D
0 o /03, i
t, 2
4

Fig.19. The calibration curves.



Fiy.le presents a R piclure and
magnetic field distribution obtal-
ned by means of the polavimeter
system described. Jhe measurements
were carcied out plasma-iocus
PF-360 device. More detailed desc-
ription of the polarimeter system
and resul tsoachieved using 1t can
be found in 5).

Fig.lé Magnetic field distribut-
tion in the pinch phase.

5. NUMERLCAL SOLUTION TO ABEL INTEGRAL EQUATION.

The Abel integral equation:

ylx) = 2 .‘./T_}_r% px<d vgréd 33

permits the radial distribution {the function £{r)) to be determined

by knowing, e.g. from measurements, the distribution function y(x)
obsecved perpendiculary to the axis of the object. The physical example
may be the search for the radial distribution of the refractive index
of the plasma from the distribution of the interference fringes y(x).

fhe sulution Lo eq (33), known under thi name of the Apel integral

inversion, has the form: J( } p J? T . C{x
vj=- 2
vﬁ% »
* 4 J ﬁ!x!XC/X (39)
‘lrj=-lTF l"r x -rt

The result of measurements of the function y(x) is the discrete
set af the values y  at the points xk(k = 0,1,2 ..., N). A tabulated
form of the function y(x) makes it impossible to solve analytically the
Abel equation, which makes the application of the numericall methods
necessary.

The great variety of methods have been developed up to now fur
solving this equation 6).

Ihe first step when solving numerically the Abel equation is the choice
of the form of the function approximating the values Yy {in the case

of the equation {34) and (35) or values rk (in the case of of the equa-
tion (33)). Among the known methods of approximation the interpolation
and the quadratic mean approximation are used, while the polynominals

are employed as the approximating functions in view of their being
easily integrated. After approximatian of the values ¥ of fk the prob-
lem reduces to solving of the algebraic equations set. The detailed desc-
ription of methods useful for the Abel equation salving can be found
e.g. in é).

we would like to point out to two problems: testing of the methods

and sensitivity of methods to measuring errors.

It is necessary to test the numerical methods to be used for sol-
ving Abel eguation. The known analyticall solutions of the Abel equation
presented on Fig.6 may be useful in this aim.

In order to illustrate the effect of the measuring errors upon
the quality of the reproduction of the function f(r) by different met-
hods of the Abel equation solving, the calculations have been periormed
for the first test function (Fig.16), with a superimposed "noise".

The results of the calculation are reproduced in Fig.17.
One can see that there is a great aifference of this quality and

careful testing of the method is necessary before utilisation.
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Fig.17 Lffect of measuring errors upon reproduction guality of

function f(r).






