
HAL Id: hal-00316692
https://hal.science/hal-00316692v1

Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Study of the magnetic turbulence in a corotating interaction
region in the interplanetary medium

J. F. Valdés-Galicia, R. A. Caballero

To cite this version:
J. F. Valdés-Galicia, R. A. Caballero. Study of the magnetic turbulence in a corotating interaction region in the
interplanetary medium. Annales Geophysicae, 1999, 17 (11), pp.1361-1368. ⟨hal-00316692⟩

https://hal.science/hal-00316692v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Study of the magnetic turbulence in a corotating interaction region
in the interplanetary medium

J. F. ValdeÂ s-Galicia, R. A. Caballero

Instituto de GeofõÂ sica, UNAM, 04510 MeÂ xico, D.F., MeÂ xico
E-mail: jfvaldes@tonatiuh.igeofcu.unam.mx

Received: 16 July 1998 / Revised: 9 June 1999 /Accepted: 5 July 1999

Abstract. We study the geometry of magnetic ¯uctua-
tions in a CIR observed by Pioneer 10 at 5 AU between
days 292 and 295 in 1973. We apply the methodology
proposed by Bieber et al. to make a comparison of the
relative importance of two geometric arrays of vector
propagation of the magnetic ®eld ¯uctuations: slab and
two-dimensional (2D). We found that inside the studied
CIR this model is not applicable due to the restrictions
imposed on it. Our results are consistent with Alfvenic
¯uctuations propagating close to the radial direction,
con®rming Mavromichalaki et al.'s ®ndings. A mixture
of isotropic and magnetoacoustic waves in the region
before the front shock would be consistent with our
results, and a mixture of slab/2D and magnetoacoustic
waves in a region after the reverse shock. We base the
latter conclusions on the theoretical analysis made by
Kunstmann. We discuss the reasons why the composite
model can not be applied in the CIR studied although
the ¯uctuations inside it are two dimensional.

Key words. Solar physics, astrophysics and astronomy
(magnetic ®elds) á Space plasma physics (turbulence;
waves and instabilities)

1 Introduction

Discussion of the geometry of the interplanetary mag-
netic ®eld (IMF) ¯uctuations usually refers to the slab
model because we think in terms of AlfveÁ n waves
propagating along the mean magnetic ®eld. In this
model, ¯uctuation wave vectors are aligned with that
®eld. However, in recent years some published work
provides for the presence of the ¯uctuation of IMF with
a two dimensional (2D) component (Matthaeus et al.,
1990, 1995). In the case of 2D turbulence the wave

vectors are aligned preferentially in the plane perpen-
dicular to the mean magnetic ®eld direction. Con-
sequently, a composite model was proposed, by
Matthaeus et al. (1990) and Bieber et al. (1996) that
included slab and 2D components, to explain the
observed ¯uctuations in the IMF.

Laboratory plasma experiments motivated studies of
possible 2D turbulence in the interplanetary medium. In
particular, Robinson and Rusbridge (1971) studied the
¯uctuations of electric and magnetic ®elds in the Z-pinch
instability, and found that correlation scales along the
mean ®eld were much longer than those perpendicular
to the mean ®eld. This very large anisotropy in the
turbulence resembled bidimensional turbulence in ¯uids
according to these authors. Experiments in tokamaks
provided another test of bidimensional turbulence:
Zweben et al. (1979) found that the correlation length
in small-scale ¯uctuations of the magnetic ®eld along the
toroidal direction is considerably larger than the length
in poloidal and radial directions.

Moreover, thorough MHD numeric simulations by
Oughton et al. (1994) showed an asymmetry in the
¯uctuations, with the main transfer of energy to wave
vectors that are transversal with respect to the mean
®eld. This is a proof that 2D ¯uctuations exist, when
turbulence is fully developed.

In the studies of cosmic ray transport the slab model
has ®gured predominantly (Jokippi, 1966; Hasselmann
and Wibberenz, 1968). As is known, there is a long-
standing discrepancy between the mean free path
derived from the theories and the calculated value based
on solar proton event pro®les (Kunow et al., 1991;
ValdeÂ s-Galicia, 1993). Recent studies (Bieber et al.,
1994, 1996) have shown that this old problem may be
resolved if a turbulence composite slab/2D model with
dominant 2D component (�80%) is able to ®t the
observations. This is another motivation to investigate
the geometry of the magnetic ¯uctuations and especially
the bidimensional model.

We study the geometry of magnetic ¯uctuations in a
CIR observed by Pioneer 10 at 5 AU between days 292Correspondence to: J. F. ValdeÂ s-Galicia
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and 295 in 1973. We apply the methodology proposed
by Bieber et al. (1996) allowing a comparison of the
relative importance of two geometric arrays of vector
propagation of the magnetic ®eld ¯uctuations: slab and
2D. In Sect. 2 the data and the techniques selected to
analyse them are presented. In Sect. 3 we give a brief
explanation of the turbulence model, and how we
applied it to our data. Section 4 contains the results of
the work. There is a discussion in Sect. 5, and our
conclusions are given in Sect. 6.

2 Data selection

The data used are magnetometer measurements taken
on board Pioneer 10 spacecraft at 5 AU from the Sun.
The period of observation corresponds to the days
between 287 and 300 in 1973. In Fig. 1 we show hourly
averages of the IMF for this time period.

Some of the original data we received (by courtesy of
Prof. E. Smith, JPL, NASA) have a time resolution of
up to 0.375 s and contain the three components of the
IMF in an RTN system of coordinates (the x compo-
nent in the radial direction, the y component in the
transversal direction in the ecliptic plane and the z
component in the normal direction). However, as a
major part of the data had a temporal resolution of
0.75 s, we selected that resolution for our work. Periods
of data with smaller time resolution were accordingly
decimated. This allowed our analysis to be completely in
the inertial range, since the cuto� frequency for this time
resolution is very close to the limit boundary with the

dissipative range (�1 Hz). The precision within each
IMF component is 0.001c.

Each array contained 1024 data giving enough
statistical reliability, (this corresponds to 768 s or
13 min). In this manner we were able to complete 445
sets of data with a temporal resolution of 0.75 s where
the data gaps were not greater than 10 s. Gaps were
linearly interpolated. The usual spectral techniques
require the data to represent an ergodic and stationary
process in order to have reliable power spectral esti-
mates. The criterion that the autocorrelation function
must be of the Lanczos type guarantees that the power
spectra obtained are reliable (Matthaeus and Goldstein,
1982a, b). Therefore, we veri®ed that for a lag between
40 s and 80 s, approximately, the autocorrelation func-
tion decreases to 10% of its value for zero lag. We
calculated the autocorrelation function for each com-
ponent of the 445 arrays and analysed the behaviour of
the trace of Rij (L), where L is the lag, using the
Blackman-Tukey technique to calculate the autocorre-
lation (Blackman and Tukey, 1958). A stationary
behaviour was observed in only 284 arrays, these
constituted our work set. The stationary arrays were
divided into three intervals for its analysis: (1) the period
before the forward shock, known as ``before the CIR'',
with 118 arrays; (2) the period of time between the
forward and reverse shocks, or ``inside the CIR'', with
68 arrays; and (3) the period after the reverse shock
crossed the spacecraft, referred to as ``after the CIR''
with 98 arrays. The convergence test (see Sect. 3) was
also made for the samples ``before'' and ``after'' the CIR.
The division was done with the aim to analyse separately

Fig. 1. Cartesian components and magnitude of the IMF measured by the Pioneer 10 at 5 UA. We present hourly averages. The forward shock
of the CIR (F) appears about 11:15 on day 292, while the reverse shock (R) is around 03:20 on day 295
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the behaviour of the magnetic ¯uctuations before, during
and after the CIR and detect possible di�erences since
they constitute three separate magnetic regimes.

3 Application of the composite slab/2D model

The composite slab/2D model assumes that:

1. The magnetic ¯uctuations are alfvenic.
2. The magnetic turbulent ®eld ~B�t;~x� may be decom-
posed as a sum of the mean magnetic ®eld ~B0 and
¯uctuating ®eld ~b with mean value equal to zero.
3. The turbulence is homogeneous. This implies that the
correlation function does not depend from spatial
position, that is:

Rij�~r� � hbi�~x�bj�~x�~r�i
is independent of the choice of~x. The power spectrum:

Pij�~k� � 1

�2p�3
Z

d3rRij�~r�eÿi~k~r

only depends on ~k.
4. The turbulence is axisymmetric with respect to the

mean magnetic ®eld. We can describe the spectral
decomposition in terms of the parallel component of
the wave vector, kk � ẑ �~k, and the perpendicular
component k? � ĵz�~kj. In the slab case the spectra
only depend on kk, while k? � 0. In the 2D model the
spectra depend on k?, and kk � 0. Here the axis z is
along the direction of ~B0. The condition of axisymmetry
implies that the tensor Pij�~k� is invariant with respect to
the rotation about the direction of the mean magnetic
®eld, i.e., about the z axis.

5. The power of the magnetic ¯uctuations along the
direction of the mean magnetic ®eld is smaller than the
power of the ¯uctuations in the plane perpendicular to
this direction.

Bieber et al. (1996) analysed the functional form of
the power spectra for each of the geometries, slab and
2D. They denote P 0k � Pxx to the radial direction
spectrum that they call ``quasi-parallel'' because it has
a component along the sampling direction, and
P? � Pyy , the spectrum perpendicular to the radial
direction. By making a ratio of the two components of
the composite model one obtains:

P?=P 0k �
cosw� �qÿ1� 1ÿr

r

ÿ �
2q
1�q

� �
sinw� �qÿ1

cosw� �qÿ1� 1ÿr
r

ÿ �
2

1�q

� �
sinw� �qÿ1

where r � CS=�CS � C2D� is a constant ratio of ampli-
tude components.

If we know the angle between the radial direction and
the direction of the mean magnetic ®eld (w), we may
calculate the value of r for the best ®t of the theoretical
model to the observations. In this manner we may
compute the proportion of each type of ¯uctuation in
the IMF. If we have only slab type ¯uctuations, r = 1,
and the the ratio of spectra will be 1. If the ¯uctuations
are purely 2D, r = 0, and the ratio of the spectra will be

equal to the spectral index q. Hence, in the inertial
range, Kolmogoro� (1941) theory predicts r = )5/3.

Bieber et al. (1996) applied the model to IMF data
from the Helios spacecrafts at heliocentric distances
between 0.3 and 1 AU. For this analysis they used
454 arrays of 34 min each with a temporal resolution of
8 s. The frequency range analysed was between
9.8 ´ 10)4 Hz and 2.05 ´ 10)2 Hz. They calculated the
ratio P?=P 0k for each spectrum and obtained the
geometric mean value of this ratio as 1.4. The ratio is
larger than unity (slab model) and closer to 1.67 as
predicted by the 2D model. This result is an evidence of
an important presence of bidimensional ¯uctuations.

Since one of the assumptions of the model is that the
turbulence is axisymmetric, we calculated power spectra
in a system of reference that is rotated in relation with
the RTN system. The new system of rectangular
coordinates (x0; y0; z0), is oriented in the following man-
ner: the x0 axis is in the direction of the average magnetic
®eld and pointing away from the Sun; the z0 axis is in the
plane that contains the mean magnetic ®eld and the
radial direction, that is, contains the axes x0 and x, and
also points away from the Sun; and the y0 axis completes
the right handed system in such a manner that it is
perpendicular to the plane that contains the direction of
the mean magnetic ®eld and the radial direction. We
denote �bxm; bym; bzm� the components of the mean
magnetic ®eld with magnitude bm in the RTN system,
and �b0x; b0y ; b0z� the components of the ®eld in the new
system.

In our case, the direction of the mean magnetic ®eld is
the direction of the x0 axis,~b0m � �bxm; 0; 0�. The direction
y0 is the direction of the perpendicular ¯uctuations (P?),
while the direction z¢ is the direction of the ¯uctuations
quasi-parallel to the sampling direction of P 0k.

We calculated the values of the mean IMF orienta-
tion for each of the 284 arrays, with respect to the radial
direction (w) to complete the transformation of coordi-
nate systems. After the passage of the forward shock,
the mean magnetic ®eld rotates towards large angle
directions with respect to the radial direction, in contrast
with the data used by Bieber et al. (1996) where the
values of the mean magnetic ®eld are distributed in a
large range of directions.

To calculate the power spectrum we use the fast
Fourier transform (FFT). Aiming to remove the least
well-determined elements of the spectrum and eliminate
noise from our results, we discarded the ®rst 5 points
and kept only the subsequent 50 points for each
spectrum. The corresponding frequency range is
7.8 ´ 10)3 Hz to 7.16 ´ 10)2 Hz. In Fig. 2 we show an
example of the power spectrum for one of the arrays.

4 Results

A power law was ®tted to the spectra. The values of the
spectral index (q) that result from our calculations are
generally smaller than the Kolmogoro� value ()5/3).
The median of the spectral index for the 284 spectra is
)1.07 � 0.37. There is no statistically signi®cant di�er-
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ence between the values of q for quasi-parallel or
perpendicular spectra.

To obtain the ratio of perpendicular (P?) to quasi-
parallel (P 0k) spectra we use the intermediate frequency of
our interval (3.97 ´ 10)2 Hz).

In Table 1 we present the median value of the
spectral index q and the weighted average of P?=P 0k. All
the values are smaller than 1. This means that, on
average, the parallel power is greater than the perpen-
dicular power. This is contrary to the results of Bieber
et al. (1996) where this ratio is always greater than
unity.

Finally we calculated the ratio P?=P 0k and the
standard deviation for each class interval de®ned every
10°. The outcome of this analysis is presented in
Figs. 3±5. In each ®gure the value of the ratio for each
class, is positioned at the average angle for that class. In
all three ®gures the errors represent the dispersion
around the average value.

Due to poor statistics it is di�cult to make an
attempt to ®t any kind of curve to our results. The best
®t possible is a horizontal line at the average value
before the forward shock. This indicates that the
¯uctuations have more power in the direction quasi-
parallel to the radial.

Inside the CIR the mean value of the ratio
(0.74 � 0.43) is not inconsistent with a value of 1,
which would indicate slab type ¯uctuations. Note that in
this region the average ®eld bends away from the radial
direction.

After the CIR reverse shock, ¯uctuations are again
much more important in the quasi-parallel direction
than in the perpendicular direction.

The interpretation of the symmetry of the ¯uctua-
tions depends critically on a well-de®ned average mag-
netic ®eld direction. The test of ergodicity as represented
by the autocorrelation function being a Lanczos type
function guarantees that the time average of the IMF
data samples over an interval T ([B]T) converge to the
ensemble average b, where b is independent of time
(Matthaeus and Goldstein, 1982b). Nevertheless, we
went beyond the ergodicity test and a considerable more
restrictive condition was imposed on the data samples
before and after the CIR, where ¯uctuations are clearly
larger in the quasi-parallel direction than in the perpen-
dicular direction. The condition corresponds to ¯uctu-
ations that are completely uncorrelated for times
t > T0, where the autocorrelation function is
R(t > T0) » 0, and may be expressed as:

Fig. 2. An example of power spectra perpendicular and quasi-parallel
to the mean ®eld inside the CIR

Table 1. Mean values of the spectral index and the ratios of the
spectra before, during and after the CIR

Before the CIR In the CIR After the CIR

hqi
(median)

)1.13 � 0.39 )1.10 � 0.39 )1.02 � 0.33

P?
�

P 0k 0.66 � 0.30 0.74 � 0.43 0.64 � 0.37

(weighted average)

Fig. 3. Ratio P?=P 0k as a function of the angle of the mean magnetic
®eld for the interval before the CIR

Fig. 4. Ratio P?=P 0k as a function of the angle of the mean magnetic
®eld within the CIR
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D2 B� �T � B� �T ÿ b
ÿ �2D E

� 2r2 Tc=T � O Tc=T� �2

(Matthaeus and Goldstein, 1982b).
In Fig. 6 we show plots of D2�B�T normalised by r2

versus Tci/T, where Tci is the corresponding correlation
time for i = x,y,z. The values of D2�B�T and r2 were
calculated following Matthaeus and Goldstein (1982b).
The plots correspond to data taken on day 292, in the
region ``before the CIR''. A similar behaviour is
observed when calculations are made with data ``after
the CIR''. All three components show a fast conver-
gence as T exceeds Tc, with the z component converging
faster than the others. Thus the second order moments
apparently converge rapidly enough to guarantee that
we are dealing with ¯uctuations that are completely
uncorrelated.

Having established the fast convergence of the
averages we may now summarise our results, with the
Bieber et al. (1996) model as reference, to say that
before and after the CIR ¯uctuations are predominantly
quasi-parallel and within the CIR ¯uctuations could be
slab-like. An interpretation of the geometry of the
¯uctuations in terms of the composite slab/2D model of
Bieber et al. (1996) is not possible in our case. Therefore
we o�er plausible alternative explanations in the fol-
lowing section.

5 Discussion

In this work we perform a study of the geometry of the
magnetic ¯uctuations before the forward shock, inside
and after the reverse shock of a corotating interaction
region observed by Pioneer 10 at 5 AU during days 292±
296 in 1973. To do this we calculate the spectra
perpendicular and parallel to the mean magnetic ®eld
according to the methodology proposed by Bieber et al.
(1996). These authors designed a composite slab/2D
model for the magnetic ¯uctuations and applied it to the
data obtained by the Helios spacecrafts between 0.3 and
1 AU. In that work, they estimated that approximately
85% of the energy of the ¯uctuations is in the 2D
component and concluded that this component is
predominant over the slab component. The average
value of the ratio of the perpendicular and the parallel
spectra to the mean magnetic ®eld obtained by Bieber
et al. (1996) was 1.4, larger than 1, that corresponds to
the slab case, and smaller than 1.67 as it would be in the
pure 2D model. We obtained appreciable di�erences
with respect to the results of these authors. It is evident
that the composite model proposed by Bieber et al.
(1996) can not be applied to our results.

We expect that near the forward and reverse shocks
the physical processes of compression and rarefaction of
the plasma play an important role to generate the
magnetic ®eld ¯uctuations. For that reason compressive
¯uctuations should be considered in the analysis of
the ¯uctuating ®eld. In particular, we may consider
the presence of the magnetoacoustic mode. Moreover,
the main assumptions of the composite model may not
be necessarily applied in the conditions of the CIR
where strong interactions of the MHD ¯uid between the
fast and slow streams are at work. In this sense it is
possible that the condition of axial asymmetry with
respect to the mean magnetic ®eld may not be valid, and
that the ¯uctuations may be aligned to another direc-
tion, which could be the radial or a direction associated
with the shock wave front. Therefore it is not surprising
that the model in question did not work under these
particular circumstances. Nevertheless the calculations
served as a con®rmation of one of the limitations of the
Bieber et al. (1996) model and the need to consider
alternatives to describe the IMF turbulence around
CIRs.

The composite model proposed by Bieber et al.
(1996) enforced additional condition that the power of
the ¯uctuations along the mean magnetic ®eld (Pzz) were

Fig. 5. Ratio P?=P 0k as a function of the angle of the mean magnetic
®eld for the interval after the CIR

Fig. 6. The variance of the means D2�B�T normalised by r2 for the x,
y and z ®eld components of data taken on day 292, ``before the CIR'',
calculated for intervals T and plotted as functions of Tci, the
corresponding correlation time
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negligible with respect to the perpendicular ¯uctuations.
That condition was justi®ed based on the results of
Belcher and Davis (1971). This is not strictly true for the
data analysed here, in many cases the power spectrum
parallel to the direction of the mean magnetic ®eld was
of the order of the perpendicular power spectrum.

Let us ®rst discuss the results of the region within the
CIR. From Table 1 we see that this is the only case
where the value of the ratio is statistically consistent
with 1, at a ®rst view that suggests predominance of the
slab geometry. Nevertheless, analysing the values of the
angles of the mean IMF (Fig. 3) one realises that these
are larger than 60°, that is, the mean ®eld is almost
perpendicular to the radial direction. For these angles
the composite slab/2D model of Bieber et al. (1996)
presents the major deviations with respect to their own
experimental results (see their Fig. 1). This is an
indication that perhaps we should look for an alterna-
tive model to explain our ®ndings.

If we note that the quasi-parallel spectrum can be
decomposed in a component parallel to the radial
direction and another perpendicular to it, and if we
take into account the fact that the ¯uctuations parallel
to the direction of the mean magnetic ®eld may not be
neglected and that for angles W close to 90° this
component contributes mainly to the spectrum perpen-
dicular to the radial direction, then the ratio P?=P 0k will
increase considerably. A plausible interpretation of this
may be that we are in the presence of Alfvenic
¯uctuations propagating in the radial direction. This is
in agreement with the results of Mavromichalaki et al.
(1988). Making a di�erent analysis of the same CIR,
these authors found evidence of the presence of large
amplitude AlfveÂ n waves propagating near to the radial
direction. Hence, we reject the interpretation of a slab
geometry of the ¯uctuations within the CIR. The
situation is in fact much closer to a 2D structure of
the ¯uctuations since the propagation direction (radial)
is nearly perpendicular to the IMF. The model is not
able to accommodate our results due to the explicit
neglect of the ¯uctuations parallel to the average IMF.
On the other hand, an inclusion of Pzz would make it
impossible to have a simple analytical expression for the
ratio P?=P 0k, with which we could make comparisons.
Nevertheless it is remarkable that the results of our
analysis admit an interpretation in terms of 2D turbu-
lence. This might be an indication that the turbulence
structure was preserved inside the CIR from the inner
heliosphere out to 5 AU.

How can we interpret the outcome of our work
outside the CIR? The theoretical model of Bieber et al.
(1996) neither work here since the averages of P?=P 0k are
always less than one. Therefore we should look for a
di�erent theoretical context for our results.

Kunstmann (1978) made an analysis of four models
that are employed in the study of IMF ¯uctuations: (a)
slab model (¯uctuations propagating parallel to the
mean ®eld), (b) axisymmetric AlfveÂ n waves (equivalent
to a composite slab 2D model), (c) isotropic waves, and
(d) magnetoacoustic waves. He was able to deduce
analytical forms of the spectral matrix in each of the

four cases. For his study Kunstmann (1978) considered
a system of coordinates where the parallel direction is
the direction of mean magnetic ®eld and points towards
the Sun, the direction ``E'' is in the ecliptic plane and
points toward positive y values in the solar ecliptic
system, and the direction ``N'' completes the right
handed system. Likewise, the spectrum parallel to the
mean magnetic ®eld is P K

k , and the spectrum perpendic-
ular to the direction of the mean magnetic ®eld by
P K
? � 1

2 �PEE � PNN �, where PEE and PNN are the power
spectra of directions ``E'' and ``N'' respectively.

In this system Kunstmann (1978) arrives at an
expression for the ratio of spectra P K

k =P K
? as a function

of the spiral angle when the mean magnetic ®eld is in the
ecliptic plane (h = 0°) and obtains the behaviour of this
ratio for di�erent combinations of the four mentioned
models.

In order to realign our spectra to the Kunstmann
(1978) theoretical models we had to rotate our IMF data
accordingly and calculate the new spectra and ratios
P K
k =P K

? . During this process we observed that the
average zenith angle of our samples was not zero, as
required by the Kunstmann (1978) analysis. Neverthe-
less our data did not show average ®eld directions larger
than 20° and the attempt to interpret our spectral ratios
in terms of the Kunstmann (1978) models will have
some meaning at least qualitatively.

Figure 7 shows our results for the region before the
CIR. This result can be interpreted as a combination of
the isotropic and the magnetoacoustic models. Accord-
ing to the theoretical model of Kunstmann (1978), the
ratio P K

k =P K
? for magnetoacoustic waves has a behaviour

similar to that in Fig. 7, i.e., the ratio decreases with
increasing spiral angle of the mean magnetic ®eld if the
spectral index is close to one, as is our case. However the
ratio obtained here ranges from values around unity to
nearly 0.2. These values of the ratio are more typical of
isotropic ¯uctuations according to Kunstmann (1978).
Qualitatively we may therefore say that before the CIR,

Fig. 7. Ratio of parallel to perpendicular spectra as a function of the
spiral angle for the interval of time before the CIR. Directions of
spectral components are de®ned according to Kunstmann (1978)
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the IMF have fundamentally two components: one
isotropic and another magnetoacoustic.

If we now make the same calculation for the time
interval after the CIR, we obtain the plot that appears in
Fig. 8. According to the work of Kunstmann (1978),
this ratio could be representative of a combination of
the axisymmetric AlfveÂ n waves (composite slab-2D)
with a proportion of around 30% of magnetoacoustic
waves (see his Fig. 4).

We emphasise that the results, shown in the last two
®gures, are only qualitative. Better statistics and a
sample where the vectors of the average magnetic ®eld
lie closer to the ecliptic plane would be necessary to
make a quantitative comparison of experimental results
with theory. Nevertheless it is comforting that at least a
qualitative comparison can be made with a theoretical
model. Moreover our results here serve to call attention
to the importance that magnetoacoustic ¯uctuations
may have in some regions of the interplanetary medium.

It may seem unusual that we have uni®ed the data
inside the CIR for our analysis since there two di�erent
plasmas exist, separated by an interface. However we
did ®rst analyse the spectra separately and did not ®nd
any signi®cant di�erence between them. On the other
hand the criteria of stationarity applied to extract the
useful data forced us to discard a good proportion of the
original measurements, therefore separating the data
within each of the regions of the CIR would result in
very poor statistical inputs from which no conclusions
could be extracted.

Finally we would like to stress that the model
proposed by Bieber et al. (1996) was applied to a set
of data representative of the region between 0.3 to 1 AU
from the Sun. There the stream interaction has not yet
taken place as opposed to the 5 AU region where a full
CIR has had enough time to develop completely. In that
sense it is remarkable that ¯uctuations inside the CIR,
far from the compression regions are found to be of
Alfvenic nature and in qualitative agreement with the

predicitions of a 2D dominated model. The results
outside the CIR came as no surprise since these regions
do not ful®ll some of the model assumptions. On the
other hand we were able to ®nd a qualitative interpr-
etation of our results in the latter regions considering a
signi®cant proportion of magnetoacoustic waves in the
observed ¯uctuations.

6 Conclusions

In this work we performed a study of the geometry of
the IMF ¯uctuations in a corotating interaction region
observed by Pioneer 10 at 5 AU on days 292±296 in
1973. We tried to apply the composite slab/2D model
proposed by Bieber et al. (1996), that has successfully
explained the turbulence geometry of a large set of
data in the inner heliosphere (see also Leamon et al.,
1998). We proved that the magnetic ¯uctuations in this
CIR are not in agreement with the predictions of this
model. We found a qualitative explanation of our
results before the forward shock and after the reverse
shock based in the theoretical analysis of Kunstmann
(1978) for the regions outside the CIR. Inside the
CIR our results and previous work done by Ma-
vromichalaki et al. (1988) indicate a predominance of a
2D geometrical turbulence which would ®t in a less
restrictive model.

Our conclusions are the following:

1. The composite slab/2D model proposed by Bieber
et al. (1996) is not completely applicable to the regions
near or within our CIR.

2. In the region before the studied CIR (next to the
forward shock), the magnetic ¯uctuations are a combi-
nation of isotropic and magnetoacoustic waves, as could
be appreciated when comparing our results with those of
the theoretical study made by Kunstmann (1978). This
theoretical model predicts, that for this combination of
the ¯uctuations, the ratio of the parallel to the perpen-
dicular spectrum with respect to the mean magnetic ®eld
decreases with the increase of the average IMF spiral
angle as our results indicate (see Fig. 7).

3. In the region within the analysed CIR, the ¯uctu-
ations are Alfvenic, propagating near to the radial
direction and with vectors of the mean magnetic ®eld
almost perpendicular to the radial direction. Here the
disagreement with Bieber et al. (1996) is mainly due to
the restriction imposed in their model where they neglect
the power contained in ¯uctuations of the component
parallel to the average IMF. Nevertheless, our results
are in accordance with a geometry where there is a
dominant 2D component in the turbulence. This
conclusion is in accordance with one of the results of
the study performed to this CIR by Mavromichalaki
et al. (1988); they arrived at the conclusion that within
this CIR the ¯uctuations are Alfvenic, with nearly radial
wave vectors.

4. According to the results of Kunstmann (1978) in
the region after the CIR, the ¯uctuations have a
behaviour in agreement with a mixture of AlfveÂ n waves
with axial symmetry and magnetoacoustic waves.

Fig. 8. Ratio of parallel and perpendicular spectra as a function of
the spiral angle for the interval of time after the CIR, according to
Kunstmann (1978)
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