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~Introduction

Shortly atter the launching oé the first wman-made
satelllites, W.E.Bordon (19%8) suggested that some of the
heasurements that were performed in sity by satellites
could be made by means of ground based radar techniques.
Two very large radar observatories, one in Jicamarca, Lima,
Feru, and the other in Arecibo, P.R., were built for this
purpoase, Soon after, French scientists built a bistatic
radar for the same purpose, followed then by a +few other
installatioms. FRecently, Germany, United kingdom, France,
Norway, Sweden and Finland have built EISCAT, a
multinational Incoherent Scatter facility in the
Scandinavian Artic. The tachnique has proved to be much
mo;e powerdull than originally envisioned. We could say
that our mocern understanding of the ipnosphere is in great
part due to the observations made with these Instruments

The tecFnique is known in the literature as  Incoherent
Scatter or Thompson Scatter when applied to Llonaspheric
plasmas in thermodynamic equilibrium. But, the sane
instrumente have been also succesfully used when the
piasmas are not in thermal equilibrium, i.s. when the
slectron density fluctuations responsible for the
scattering show some coherence. Hence, we shail use here
the term lonospheric Scatter technigue whenever we want to
stress its more general application. -

The technique 18 not limited to the study ol the
ionosphere, The technique is based on the theaorv of plasma

fluctuation dynamics and as such can be considered at an



enperimental tool for the study of Flasma Fhysics in
general. In this regard, 1t has made jmportant
contributions in validating the goodness of Flasma kinetic
Theory mathematical models.

" Our intention in this paper is to give an introduction
of the theory and practice of the lonospheric Scatter
Technique, with emphasis on the contributions it has, and
it can make, 1n the more general field of Flasma Fhysics
and in Fluctuation Theary in particular. The paper is
addressed to the plasma physicist wha i: having his first
contact with this technique.

The theoretical base of the technique invalves - as
most problems of concern to Flasma Fhysics - cumbersome
mathematics. We shall try to give sufficient heuristical
insight into thé theory and at the same time briefly
present the solid thecretical and ﬁathematical foundations
on which is based,

Brieft Description of the Radar Incoherent Scatter
Technique )

The Incoherent Scatter Technique or,in more ganeral
terms, the lonospheric Radar Scatter Technique is based on
the anniysis of the statistical properties of radar returns
trom the ionosphare. Typically, with this technigue, the
ionosphere is ilfuminatad by a radio electromagnetic pulse
with frequency between 50 to 1000 MHz. The ionosphere is
transparent to thess waves and most of the radio anergy
qoes  through, but for a very emall fraction which is
scattered in all directions bQ the free electrons. A small
traction of this scatter energy is collected by the
receiving antenna. The contributions from different
valumes at different ranges are discriminated by  their
corresponding time delay between tha\ ;ime of pul se
transmission to the time of reception. Usually, the same

antenna used for tranamission 15 used for reccoption in a
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Debye 1length, the labeled electron would oscillate ;;d
exite a scattered wave, But so would the hole around the
slectron, with an intensity equal to that of the electron.
The scatter field of the hole of electrons would scatter
bus with opossite phase. Ppoth scattered waves will cancel
sach pther with the net result that our hypaothetical model
womld not scotter at all.

This im not what one observes in a real experiment,
To obtain any scattering we need to include the nature of
the ions.

If we let the ions come into the picture, we have a
reslistic situation. As before, we can label & particular
ior and #ind that the electrons would cloud around it, and
that the other ions would make a similarly shaped hole,
The clouwd of electrons and the hole of ions around the

" labeled lon produce similar smhielding as bhefore, with the
difference that half of the shielding is due to the ion
hole and half to the electrons, as. expectted Jfrom an
e partition of energy point of view. If now, we
illuminate the plasma with an electromagnetic wave, the
ions, bezause of their wuch larger mass, would produce
negligabla scattering, but the electron hole with hal#
charge, would produce scattering equal to the negative of
what it would be produced by half a single electron. - This
expiains the factor of one half stated betore.
Furthermore, as the ion moves, the electron cloud will
follow it adiabatically and will scatter at a ¥requency
equal to the transmitter frequency plus a Doppler shift
determined by the proper projection of the velocity of the
ions. Hence, eventhough it is the electrons who are
responsible for the scattering, the intensity and the
.dynamics of the scattered field ts determined by the
dynamics bof the ions and not by the, electraons. Thia
includes the width of the frequency spectrum of the signal
vhich, as we concluded earlyer, 18 determined by the
thermal velocity of the 10ME.,



It is clear, then, that for a given composition, the
width 0of the spectrum would be a measure of the ion
temperature. In fact, since the expected ion composition
in the inosphere is confined to three major constituents,
namely O+, He+ and H+ (also NO+ and 02+ at lower
altitudes) 1t isms possible, by axcluding wunrealistic
t-mp-rnturni, to deterainad the ionic composition as well.

- Figure | show a theoretical calculated spectrum, Fiw),
for the case of O+, no magnetic field and no collisions.
We shall say mors about the mathematical theory later on.
The control of the itons over the spectral width is evident
$ar the case where the radar wavelength is larger than
Debye length we have discussed. But note that when when
the probing wavelength of the radar is smaller than the
wavelength, the spectrum has a width comparable tao the
thermal wvelocity of the slectrons. In this case only the
labeled electron contributes to the scattering. The
electron bhole is large snough to make cancelling positive
and negative cunt;lbuttonn-bnc-usa of cpposite phases of
the illuminating as well as scatterewd-wave. The spectral
line at the plasma frequency is a consequence of the
tendency of the plasma to oscillate at this frequency. It
is exited by the motiona of the very fast electrons at the
tail of the Maxwellian distribution. ' The total power under
this line is a wmall fraction of the paower under the
ion-controlled part of the s;;m:trun.

It should be clear by now the potential of the
Incoherent Scatter Technique in the study of Ionospheric
plasmas. We have mentioned already five properties of the
‘medium  which can be measured bty the technique _n;mcly:
density, temperature, O+, He+ and H+ composition. We can
easily add to the list the thres components of the 'pla-na
bulk velocity by simple Doppler shift \A(guments; Two
components, those perpendicular to the magnetic field, are
& measure of the Electric Field, since for the small

colliseion frequencies present in the lonosphere, the ions

of the medium ~when in thermodynamic equilibrium - {g

referred to as the Incoherent Scatter Theory. This theory
is based on very solid grounds and has been fully tested
r;lperlmnntally, as we will have a thance to sea later,
Although length constrains for the pressnt paper will not
allow wus to go into it fully, we shall later present the
starting point and the general conclusions. The reader is
'referred to the work by Dougherty und Fari.v (1960, 1963),
Farley (1944, 1946), Fejer (1940, 1941), Hagfors (1961},
Rosenbluth and Rostoker (19462}, Salpeter. (1960, 1963) and
Woodman{1947) 4or details.but first, let us try to explain
heursstically and qualitatively the conclusion about the
roll of the ions stated earlier .

Let us first consider a plasma model with no ions. In
‘order to take care of the collective charge of ths
electrons, Jlet us replace the ions by a continuous and
rigid fluid of constant positive charge with a charge
density egual to the average of the slectron density, in
order that the pl--;a be neutral in the average. As far as
the electron gas is concerned, we will consider a realistic
electron plasma model. Because of Coulomb
mlectron-electron repulsion, we sxpect that the probability
to +ind another electron in the vecinity of any of them
should be low and directly related to their distance. In
terms of electron densities, we would expmct that, if we
labe)l a particular electron, the average density of the
others will show a hole around the labeled electron. This
is the classical Debye problem, which when solved give us a
cusped shape for the electron hole with a characteristic
length <{Debye length) given by #—KTI4-hﬂ with typical
ionospheric values gf the order of ten centimeters.

The integrated charge of the electron hole is aqual to
the charage of the electron in the center, effectively
shielding its electric field and confinmipng it to a few
Debye  lengths. 14 we illuminate this plasma with an
electromagnetic wave, with a wavelength larger than the
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radar fashion, Many ranges are observed simultaneously in
parallel,

Relationship between the Statistical Properties of the
Signal Received and the Dynamics of the Hedium, .
Heuristic Description

The signhals received in an ionaspheraic Scatter radar
®xperiment result from the linear sSuperposition of the
contributions from weach scattering electron within the

scattmring voluﬁe defined by the beam Ppattern and the pulse

length, Each Contribution has a Phase which depends on the
radial position of the electron and a Pphase rate which
depends on the radial velocity of it, Since the positions
and velocities of the electrons define a random process in
space and time, it ig ®xpected that the superposition of
their contributions, i.s. the received signal, be also a
random process in time.

Intuitioq would tell us that the Power of the signal
received should be Proportional to the number of eplectrons
and that the frequency spectrum of the signal received
should be spread around the transmltter frequency with a
spectral width determined by the Doppler shift
Corresponding to the thermal velocity of the electrons,
This would indeed be the case if the position of the
electrons would ba independent from each other, when at

distances esmaller than the radar wavelength. But, this

does not occur in the real world| not wWith the densities
encountered in ionsopheric plasmas and the wavelength of
the radars used. When the interpartical dependance
(Coul omb interaction) jg taken into account, it results
that the power received is close to one half the electron
density (i+ the plasma 1S in thermodynamic equilibrium) and
the spectrum has a widthn which correspond (o the thermal
velocity of the jons and not of the electrons,

The theory which bredicts the enact spectral shape of

the radar returns jin terme 0t the thermadynani o properties
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and ejlectrons gyrate alang the magnetic field and they
all drift perpendicular to the magnetic field with a
valocity given by ExB/E'.

Theoraetical approach
The starting point in a theoretical approach is, as in
the case of above heuristic description, the linear
superposition af the contributions of ®ach electron, Let
Siti=sin (L), v, (t)) be the contribution of single electron
position at x;, Than, the signal at the receiver end of an
lorospheric Scatter radar is given by

Sti=Ve () ()
-

It is possible to ®xpress the right hand side in terms
of a spatial maicroscopic integrals and instantaneous
density aof ®lectrons, Nglz,t}s This density is a random
ProZest 1n space and time and hence, S5{t) is & random
prozess in time. It is fully charactherized by i{ts
carrelation function,C(T),defined as:

CHImcS(ISTEsT) > ' 2

Replacing the integral equivalent of {1} inte (2}, one
ohtains an expression of the form:

T 3 L) * - ., .
c‘t)-fdﬁdzdtdt;‘tit,z)x(t*;lt"t.ﬁ*:’n(x.t’ ) [$s$)

where RIr,T) is the space-time autocorrelation function of
the electron density defined as:

R{:,T)-(n,(ﬁ.t)n,(5+;.t+t)> ’ : {4)

.
ancd Xltltﬂg) is a deterministic function which describes
the signal recesved,s({t), in the case an electron appears

rnstantanecusly in X oat t-,



The important fact about equation {(3) is that C(T) is a
functional of R(s.'b). which defines the wmedium, and
Xit;tzn3. a Kernell which defines the jinstrument, Under
certain conditions, or justifiable approximations, one can

write
Cithim KR(2K,T) , (5

where ﬁtzk.t) is the spatial Fourier transform, k is the

wave number of the incident illuainating radicowave and K is

a constant of proportionallity.Notice that only the
fluctuations with wave-number 2k contribute to the radar
signals. Fourier components with different wave-number . do
not contribute because of self interference, i.e. for
every region in space nhi:ﬁ contributes to the schow with a
given phase, there is another which contributes with
opposite phase.

Equation (%) .can be written instead in terms of its
temparal Fourier transform, Fiw),i.®. the more familiar
frequency power spectrum of the signal and the wave-numoer-—
frequency spectrun.ﬁ(Zk.ul ’ of the electron density
fluctuations of the medium under 6b-ervation, namely:

Fiwim KR(2k,w) . ' ta)
Equation (35} ,or more gensrally, (3),is the basis of the

lonospheric Radar Scattering Technique. Essentially, Lthey
both tell us that it is possible to infer from the

statistical properties of the radar signal received,

information about tha statistical properties of the mediuwm,
The power of the technique can be appreciated if ane
recalls that a fluctuating aedium is fully characterized by
ita space-time {or wave-number ‘add frequancy)
autocorrelation function  (or spectrum) ,which we are
sffectivelly meassuring remotely from the ground

In the case of thermodynamic squilibrium, it is

possible to obtain theoretical exprossions of Re2u,1),

or
of 1ts Fourier transform, RiZk,Wwl, in terms of the
thermodynamical parameters that define the medium, as we

shall see in more detail later on. These parameters can
then be obtained by comparing the erxperimental versus the
theoretically determined values of C(T),

We have already discusseq heuristically and
Qualitatively the eftects of temperature composition and
bulk or drift velocity on Fiw). We can add other
parameters like collision frequency, electron over 1i1on
temperature ratio, direction and magnitude of the magnetic
field.All of these parametert can be measured as a function
of time and altitude, which makes possible in turn the
measurement of the macroscopic properties of the medium and
its dynamx:s. Figures 2 to 5 show profiles and contour
plots of some of these parameters to {llustrate this
potential. (see Evans, 1949, and Walker, 1979 {or Adurther
esamples).

When the medium ix not in thermadynamic equilibrium and
spuecially when it is in an unstable state, it is not
possible to obtain analytical - or even numerical -
expressions for ﬁle,t). Nevertheless, expessions (3) to
(3) are still valid and one can obtain still usefull
intormation from the experimentally determined C(i '} or
Fiw}. This information is dsually limited to the physical
interpretation of the first three moments of F(w).

The zerceth moment, i.e. the area under Fiw), or
equivalently, the value of C(T) at t = 0, CO), is a direct
measure of <ﬁ§ﬂ&. the electron density fluctution variance
at wave number 2. In the case of a furbulent plasma, for
instance, it 1s a firect measure of the turbulence
intensity. Figure &, illustrates the p;tantial of the
technique 1or the study of the morpholoay of F-region
ronocapheric irregularities, This picture gave an i1mportant
clue (Woodman and La Haz , 1774) about the physical

mechanlsme  responsible 1or F-region  equatorial
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irregularities, a phenomena that had been 5tud1ed close to
U years and f{for which there was no valid physical
e:zplanation.

The first moment is a measure of the mean Doppler shift
of the echoes and directly related with the radial velocity
ot the medium. It has been used to measure winds at
mesaspheric heights (Fig. 7} and electric Fields apd
turbulence behaviour at the E and F region of zhe
1onosphere (see helley and Fejer, 19680, for a review).

The second moment is & measure of the frequency spread
o the spectrum and can be interpreted either as -he
lLitetime of a wave with 2k wave~number or as the variasce

ot turbulent velocities in a turbulent medium,

lonospheric Scatter Radarﬁ 48 an Experimental Tool for
Plasma Physcis.

W have discussed the potential of incoherent Scattier
or lonospheriec Scatter Radars for the study of the state of
the ionosphere and the physical processes which take place
1 it . The potential of these instruments is not limited

te this applicationt they can make important contributions

in  the understanding of the dynamits of waves and
turbulence in plasmas in genaral,

. We can thani, of the ionosphere as a natural plasma

laboratory without any problems ot confinement. It is "’

unbounded and, hence, mathematical modelling is simpler.
It is wusually in thermodynamic equilibrium, which also
simplifies modelling. lonospgheric plasmas can also presant
instabilities, either because of the existance of large
€nough density gradients or because counter-streaming of
fons  and electrons. Some of these instabilities can be
staled to similar conditions in laboratory plasmas, and
what 18  Jearned about plasmas ir the aponosphere can be
applied to the laboratory,

We have yust seen above that radar techn:gues permat  a

mrect etudy o1 plasma fluctuations. As ment)oned beforo,

A4

the fluctuation field is completely determined by the
Space-t.me autocorrelation function of the fluctuating
parameter. Radar technics perm:t.thc direct experimnentai
evaluation of the spatial Fourier transform of the electron
dansity correlat.on function,ﬁ(:k,t } evaluated at a
pParticular wave number 2k. Other . fluctuating quantities
like mlectric fielg fluctuations, can be related to it,

Radar mpasurements are statistisal in nature related to
statistical properties of the electron density randowm
field. But they can also be interpreted in terms of the
deterministic behaviour of deterministically exited wave in
the same plasma. It can be shawn (Weinstock 1964, Woodman
1967) that the temporal behaviour of R(ZK,T) as a function
of T , is wxactly the same as the temporal behaviour -as a
function of t- oqf an electron density wave ng (2K, t) N
responding to a particular tnitial perturbation. Thas
Should not be sSurprising since the dynamics aof a thermal ly
and randaomly exited wave shiould not be different than the
dynamics of a deterministic axternally exited one, provided
it is 1n the linear regime.

One of the principal objectives of the kinetic theory
of plasmas is tao Qive us the laws of behaviour of the
fli,v.t), or its corresponding density nix, tl. kadars
permit an experimental determination of the time behaviour
of one of the Fourier components s Ad2k,t), of ntx,t), to
be compared with theoretically determined values of the
same (see below!, The wavelenghth dependance, although
fired far a particular radar, éan also be checked by
scaling the results from different characteristics lenghts
of the ionospheric plasma. for 1nstance Debye lengths, mean
free path, gyro radius, etc. lonospheric radar experigments
qive perhaps the best experimental confirmation of the

aoodness of plasma Linetic theory models,



Theory of fluctuation dynamics
Wopdman (1967) has shown that Kir,t) can be expressed
as the product of two densities, namely!

Rir,ti= n n, (r.t) (7)

(]
where he 18 the actual electron density of the medium and
na{r.t) 18 the electron density of the same medium but
disturbed at time t=0 and r«0 by thep presence of an
"average electron”, More precisely, ngtﬁ, t} is the

solution of an init1al value proublem such that
.
natﬁ,t)- Ne *_j;Z‘e‘”'V't' (&)

where fg(x,v,t} is given by the solution of the linearized

set of i1ntegro-differential equations:

O, o4 oM, b} -
-4 L= .sg.-_ —dh—— vt U, M ——m—— f
ot e -~ oy av u""a‘av.ﬁv"m
z x =3’ a .
TRl PSS =
E.l:“fb/“’id'!. 4ﬂ|§-¢'l"“§'!’t)azq‘!’ 9)

with 1mitial conditions:

f/.,(:_:.x,t)\ = 8,e900)~ nudZumip (pih) /K to)

Lea

There is one equation of the form (9) and (10) HFor
every u, uhere,u.stands for the electrons,e,and each one of
the ifferent ion species, S%M.is the gyrotrequency, Jj‘ an

ettective Fokker Flank collision frequency, the

is
thermal velocity, u&l the plasma frequency and Z,r:he charqe
numbir corresponding to the difterent ions (=-1 for Lhe
flectrone) . The {unction ?zbzl, 1E &  Maxwellian
u:strtbut:on.é,t 1s equal to zero eiept tor the elect-on
SPEClLy

Equations (9) are a tet of extended V)asaoy

. e®quations,
where the effect of collisions and  magnetic fielg is
included, Coltisions are modelled in tarms of a
Fokker-Flank collision model . The different fquations

Corasponding t¢ the different species are coupled through
the self consiatent wlectric field represented on the right
hand side of the eguations.

Despite the formidable appuarance of eguations (9) and
110),they can be solved analytically. The eguations have
been solved by Woodman (1967) including numerical
svaluations and discussions of the functions R (2,7,
thence of C(T)) for typical values of the ionosphere and
for the wavelenath of the Incoherent Scatter radar at
Jicamarca, Lima, Peru (2kx = 0.02) €m=1}. The solution is
found in‘ termn of the space-time Fourier Laplace
tran-forn,ﬁelg,z).of ng{x,t) ,which is given by:

- - 1 5.t T
CRglf,2rm T, 04,20 4o T 2Tadda) (1)

2 dh, 1 +Z —‘-.-f'—;ié.t!!_.z)

and lqt;.zl and B 1(§:2) are in turn tha Laplace transforms
of T (ﬁ.t) and § #¢f,t) given by:

T
T.er- m;:-xpt - fi-r-wt-u-xp«-ﬂtn -

u
:;".ii«,-tcn-:m #tcos @Qt-26) 1) a2

AL, trm _Itit] 5____ - -
L.t Hy s i{sine +exp(-Yt)sinQt~a))

u ) ;
+-;ij-;u -oxp(-)’tn‘l \ (13



where 1,5,/.2.9 stand for I,,.§...Jj. +8u.6u tor each of the
1o0n species and the electrons. Here o =arctn tﬂ%@).

Since C(7) depends on the spatial Fourier transfarm
®izk.T) of Rir,t),we need only to perform the Laplace
inverse of T {f,2) and evaluate it for the particular wave
vector 2klt is not our intention to overwhelm the  reader
wilh the cumbersome formulas shown in (11} to (13), Our
intention 1% to show the solid grounds on which the theory
15 based,and that analytical expressions for the
theoretical shape of the density correlation function
exist, with no approximations other than the ones that Qo
into modelling the ion~ion and electron-ion colllqionn. and
the linearization of the kinetic equations, highly

Jjustified for the small thermal fluctuations. '
i Numerical evaluations of the theoretical shapes of the
autocorrelation function, € (I), have been performed using
abave formulas. Figures B8 to 10 show some of these
computations, where some of the parameters have been varisd
to discuss their effact. ‘ : ’
Despite the complerity of these functions, we can
discusé their shape in physical terms. Let us start with

curve A in Figure @ which corresponds to pure O+ and a wave '

vector -parallel to the direction of the magnetic field.
Under these conditions, the dynamits of a fluctuation wave
is not affected by the magnetic fieid and has a shape
identical to the case where thers is none.This curve
corresponds to the transform of Fi{w) shown in Figure § for
& = 00,0024,

Based on equations (7) and (B) ,We can interpret, Cit),
A% the time history of a ulVﬂ.ﬁ}(Zk.t),uith uave—numbir 26
= 0.0021 cmo~1 whose initial conditions are trose
corresponding to equations (10}, It corresponds . to an
electron wave which follow adiabatically art ion wave, with
almost the same amplitude. FHoth form a quasi-neutral
perturbation.Because of the free streaming of the iona, in
2 time caomparable to the time it takes an average ion to

A5

travel half a wavelength, the initial 10n wave 1% almawst

dissipated. The actual dissipation of the wave at this

, the
Feason being, that the heutralization of the Coulomb forces

-% not exact. The faster thermal motion of the

t;me(-lnsec). 4% shown in figure @, is not complete;

2lectrons,
try to impose a faster diffusion than the lons would allaow
L]

praducing a Polarization field. This field pProduces g
secondary disturhanc. in the background plasma, such that,
“hen the initial wave has been dissipated, a n#gative
smplitude wave has been Created as a result ‘of the
repulsion produced by the residual pusitive tharge 1n the
ariginal perturbation. This SEcondary wave diffuses {n
turn, pProducing this time & positive terciary wave, The
resultant sequence is the slight oscillation depicted in
figure B. The decay of the wave js exponential, and after

* few characteristic times the wave amplitude has been
raduced to practically zero.

Figure § 1llustrates the nature of damping in plasma
wWaVEeS, 14 we consider the case of & wave vector slaghtly
arf Perpendicular, let us Edy curve E, we see practicaliy
tne same time history as before, but if we wait long
enough, after a time forresponding to a gyro-perind (40
times longer than the diffusion characteristic time) the
arplitude ‘of the wave practically resurrects to & value
Comperable td the initjal one. The damping of the wave can
be identified with ion Landau damping, and the
“resurrection® |g evidence that this type of damping does
not  increase the entropy of the wave. The order of the
Pplasma s still there, despite the disappearance of the
imtial Perturbation.The ions stream away +rom their
or.iginal position, destroying the original perturbation,
but come back to the same field lina after a gyro period.

Mot shown on Figure & are came small  high freguenc,
osc1llationg corresponding toa the plasma frequency, Theses
wecillations are predicted by theory, (cep frequency cpectra

vy Fayg. 1y thesr amplaitude 3 Efad i &c compared to  tli
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fluctuations produced by the discrete nature of the 1ons.
Theory (Ferkins et al, 19%9&5) predacts  they should be
snhanced whenever there 18 a population of electrons with
valocities which match the phase velocity of the plasma
wave under observation (vw W, /2k). This velociﬁy range s
almost empty in purely thermal distributions, but are
enhanced under the presence of photoelectrons. This
enhancement has been observed experimentally and has bgan
used to {nferred information about the electron density
{defines w,) and the physics of photoelectron prnductianlln
the ionosphere.

Figure 11 shows experimental measurements of the
"resurrection" of plasma fluctuations in the ionosphere
under the presence of the magnetic fisld.We could have also
show thousand of sxperimental curves showing agresment with
the theoretical shapes for ¥'s close to the origin. They
constitute the basis for the suctess of Incoherent Scatter
Theory in determining the different parameters that define
the state of the ionospheres.

It 15 this type of agreement which gives us great
confidence in the validity of the Incoherent Scatter theory
and technique, and in the validity of Plasma Kinetic Theory
including the theory on the dynamics of fluctuations.

The beauty of the incohent scatter technique 5 that
despite the complex dependance of CI(T}) on all of the
parameters that define the medium, the large number of
degrees of freedom and the complexity which this function
has with respect to time, the axperimentally detersined
values agree with the th-nruiicnl predictions, within the
expected statistical errors of the measurement.

.
-l
£
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Figq. 11. Comparisan between calculated values of the

correlation function at tire del ays corresponding to one
end two gyro periods. Natice the almost perfect agreement,
despite the ctomplexity of the theoretical prediction (see
tentl), In thais case O+, H+ compo&ltion and ion-ion
collision are included. (Woodman 19587, Farley 1947).



