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[

Foid L esdd eer

B . bw

L

E

B

s I T

02
ABSTRACT

Mer{dional and east-west séan_63DU R night airglow
photometers are bein§ extensively used at the low latitude statien,
Cachoeira Paulista (23°S 45%y, dip Tatitude 14°%), Brazil, for |
1nvesti§ation of trans-equatorial ionosbheri;-p1a§ma bubble
dynamics, The zonal velocities of the flux tube aligned plasma
bubbles can be détermined, in a straightforward way, from the

east-west displacement of the airglow intensiiy valleys observed by

" the east-west scan photometer, On the other hand the determination

of the other vélodity component of the plasma bubble motion (namely,
vertical motion in the equatorial plane) has to be based on the
meridional propagation of the airglow valleys observed by the

meridional scan photometer, such determinations of the bubbles'

‘vertical rise velocity should; however, involve considerations on

different bubble parameters such as, for exemple, the phase of the
bubble event (whether growth, mature or decay phase), the limited
east-west exténﬁion, and the often observed westward tilt of the
bubble. In this brief report we have considered in some detail,
possible influences of these different factors on the interpretation
of low latitude scanning photomefer data to infer trans—gquatorial

plasma bubble dynamics,
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RESUMO

Medidas de varredura da 1uﬁinesc§hcia do oxigenio ato
mico (A=63bﬁﬁ) no periodo noturno, nos planos verticais Leste-Oeste
e Norte-Sul (magnéticos), em Cachoeira Paulista (23°s 45°H, inclina
cao 140), Brasil, tem sido utilizadgs em grande escala no gstudo das
chamadas bolhas jonosféricas. Tais bolhas sio zonas de deplecdo de
eletron e Tons e extendem-se por milhares de quilometros ao longo
das Tinhas de forca do campo méantico terrestre ¢ transversalmente,
por.cerca de algumas dezenas ou céntenas de quilometros. As velocida
des dessas bolhas, no sentido 1este—oeste, sao facilmente determina

das pelas medidas fotometricas. Por outro Yado, velocidade vertical

de propagacao pode ser determinada pela sua projecao no plano verti

cal meridional. Contudo a determinagdo da componente vertical envol

ve consideracao de diversos parametros, tais como a fase da .botha -

(seja de crescimento, desenvolvida ou de decaimento), a Timitada ex

tensdo leste-oeste e a frequentemente observada inclinacio da bolha:

para oeste. Neste trabalho considerou-se possiveis influéncias des
tes diferentes fatores na interpretacio de dados fotométricas de bai

xa latitude, para inferir sobre a dinimica da bolha de plasma.
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. _ INTRODUCTION | . ' 03

Regular heasurements of ionosphere dynamics by north;
south and east-we;t 'scanning 6306 R airglow photometers are being
carried out over the low latitude station Cachoeira Paulista (2305,
45?w, dip lat. 1405), in Brazil. These measurements have detected
propagating valleys in the airglow 1ntensity.profiles in the
me}idionai as well as in the east-west directions, occurring most]j

from post-sunset to pre-midnight hours, and in the equinoctial and

- summer months (Sobral at al., 1980a, 1980b, 1981). From comparison

of the'velocitibs"of-these'propagéting disturbances with those of

the equatorial ionosphere plasma bubble, as measured from vhf radars
and satellite instruments (Woodman & La Hoz, 1976; McClure et al.,
1977; fsunoda, 1981) and from their occurrences in close association
with those of the range type spread F traces in the ionograms over
Cachoéira Paulista (Sobral et al., 1980b), we have inferred that
these airglow disturbances are, in fact, manifestations ¢f the plasma
bubble dynamics in the equatorial ionosphere, Different experimenta)
studies have shown that the plasma bubbles and the associated
irregularities occur highly field aligned along magnetic flux tubes
{Aarons et al., 1980; Weber at al., 1978; 1980; McClure e% al., 1977;
Dyson & Benson, 1978; Tsunoda, 1980)'extendiﬁg several degrees into
the low latitude ionosphere on either side 6f the magnetic equator,
and drifts generally eastward in the corotating frame, and upward,
with typical velocities of the order of 100 m s~ and 200 m s™°,
respectively, wilh large variations in these values (gee also the
other references ci;ed above). Different results are consistent with
the interpretation of the pTasmé bubble irregﬁ]aritieg being
generated simultaneously within magnetic flux tubes, through the
Rayleigh-Taylor mechanism under collisional regime, and also by

ExB drift instability mechanism, that operate at the steep electron
density gradient region of the bottomside F-region‘during the post
sunset hours, in the presence of naturally:occurring ionizatien

perturbations in the equatorial ionosphere (Haerendel, 1973; Anderson
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& Haerendel, 1979; Ossakow et al,, 1979; Balsley et al., 1972)., As

the field aligned plasma bubble and associated irregularities rise
upward in the equatorial jonosphere, the low latitude extremities of
the plasma bubble should propagate away from the equator such that
the upper height 1imit of the bubble would 2also define the Tatitudinal
extent of the bubble. Consistent with this picture, we have
interpreted the poleward propagating airglow intensity valleys (or
depletions) observed in our meridional scanning photometer data over
Cachoeira Paulista as being produced by vertical rise of field
aligned plasma depletions in the equatorial ionosphere. The
velocities observed in the airglow data were compatible with those
of the plasma bubble measured by vhf radars and satellites when
projected along the field lines., The east-west velocities of the
valleys, on the other hand, were found to be ‘directly comparable

with the velocities of the bubhle measured by the other techniques,
Though our original interpretation of the meridional scanning data
was found to agree with the gross behaviour of the plasma bubble,
some detailed features of the meridional propagating disturbances do
not seem to fit in with a simple picture of a vertically oriented
plasma bubble rising vertically upward in the equatorial ionosphere,
Detailed two dimensional shape of the plasma bubbles tranverse to
the magnetic field has been presented recently by Tsunoda et al.
(1982). These authors have shown, based on comparative study of
east-west spatial relationship of ion density depletions measured in
situ by the Atmospheric Explorer (AE-E) satellite and backscatter
plumes measured by the ALTAIR radar, that plasma bubbles are
vertically elongated depletions that extend upward from the
bottomside of the F-layer in the form of wedges, having well-defined
“head" and "“neck™ regions., They develop from bottomside altitude
modulation region {Tsunoda and White, 1981) with the head region
tilted somewhat westward of the vertical, consistent with the
westward drift (in the ambient plasma) of the plasma bubbles observed
from AE-C sateliite measurement by McClure et al. (1977). The
westward tilt of the elongated €300 & airglow depletions patches

observed over Tow Tatitude by Weber et al, (1980), in fact,
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represents as they have -interpreted, field line projection of such
plasma bubble structures. It might be thought that the east-west
drift of such tilted airgiow patches could cause an apparent north-
south component in the velocities determined from meridional scanning
photometer data. Another consequence of the westward tilt could be
in the durations for which a given airglow valley is tracked in the
meridional scanning photometer, The purpose of this note is to
present a brief discussion about the influence of these and other
factors on the interpretation of scanning photometer data, especialiy
meridional scan data, with respect to the velocities and duration of

the airglow valleys.

The westward tilt discussed above is highly variable,
Satellite results of McClure et al., (1977) have indicated tilts of
10° to 400, whereas the radar plume structures presented by Tsunoda
(1981) show tilts varying from zero up to about 45°, Further cross
sectional views of the bubble tilt have been presented by Tsunoda et.
al. (1982). Considering that these tilts are measured in the
equatorial plane, the displacements west of north in the airglow
patches photographed by Weber et al. {1978, 1980) are significantly
smaller, from zero up to about 200, which is understandable on the
basis of the field line projection of the plasma bubble {see also
Mendillo and Baumgardner, 1982), Some possible causes of the
westward tilt of the plasma bubble have been discussed by Tsunoda
{1981) (see also Weber et al., 1980), and here we do not intend to
discuss them further. We will consider here different degrees of
tilts, and east-west and vertical velocities and dimension for the
plasma bubbie and examine their consequences on the observable
durations of the airglow valleys in the scanning blane, and on the

velocities of these valleys deduced from scanning data.
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Bubble Signatures in the Meridional Scanning Data

Fig.1 presents some idealized cases of possible plasma
bubble orientation in the equatorial piane {upper section). Straight
lines are used in Figure 1 to represent the bubble axis. Ionization
contours of the bubble, in cross section perpendicular to the
magnetic field, as obtained from numerical simulation (ossakow et al.,
1979), show the region of maximum depletion developing almost like a
column with a certain degree of recovery to the ambient values that
is abrupt at the top, and rather gradual in the lower part. This
latter feature .is :not apparent in the two dimensional bubble shape
produced by Tsunoda et al. (1982). For simplicity of the treatment
to follow we have represented the bubble axis by straight 1ines
although they should present a certain degree of curvature towards
Teft. The vertical dimension varies from ~100km to -400km according
to the plume maps presented by Tsunoda et al. (1982). Depending upon
the development phase of the bubble, acertain portion of the straight
Tines up to a maximum of the order of 200km from the upyper end to
downward could be considered to represent the position of the head
region, or of maximum depletion, altong the bubble axis. The east-west
dimension of the plasma bubble could be taken to be of the order of
100km, from Tsunoda et al. (1982). The distances along the x and y

axes are in correct proportion.

Figure 1.

In part (a1) and (by) of Fig. 1 we have assumed that
the tilt angle, By {namefy the andle that the bubble axis makes with
vertical} is unchanging with time, which seems to be close to the
observations of Tsunoda (1981} during the development phase of a
bubble. In the part {(a,) of the figure we have considered a probable
extreme case of b, = 45% and the orientation of the bubble at its
initial stage of development is shown by the 1ine marked t=0, having

a length of about 70km and Jocated at the reference longitude (say



09

the longitude of the scanning measurement) indicated by the arrows.
Vertical rise velocity (vy) and eastward velocity (v,), both be'ing
taken for the sake of convenience as 100 m s™? {vx/vy=1), are
represented by the soltid lines, and the bubbie head for this case
moves strictly vertically upward, namely remains overhead at the
longitude of the bubble conset. The extensions of the solid lines by

1

the broken lines represent the case of v, /v =0.5, namely, vy=200n13',

. ¥

a typical case representative of an average situation as per published
b

works {see for example Tsunoda, 1981). For this case we could observe

that the bubble head moves westward of the stations as it rises up,

which perhaps represents a rare situation.

Projection of the bubble axis {for the case {a,)) along
the magnetic field line, onto the low latitude F-layer at a height of
250km is shown in part (ap)} of the figure in which the horizontal
range of 600km to 2200km (from the equator) represents the photometer
scanning range, Also marked is the latitude of the photometer
location, 1400km form the equator. The slant lines here represent the
directions of orientation of the airglow deplietion patches, drawn as
field Tine projection, onto an altitude tevel of 250km, of the plasma
bubble axis shown in the upper part of the figure, These slant lines,
in practice, will not be straight, but would present a certain degree
of curvature due to the horizontal stratification of the ionosphere as
well as the westward curvature in the equatorial plane mentioned
before. The airgloew intensity along the depeltion patches represented
by these Tines would depend upon the local electron density and
height of the fonosphere. In general, the region of lowest intensity
(corresponding to the maximum depletion of the bubble), that give
rise to valieys in the north-south airglow profile, would be expected
to be confined toward the poleward ends of these lines. The parts
{by) and (b, ) of Figure 1 represent the bubble evolution for a
different tiit angle, namely, et=20°. The solid tines correspond to
vx!vy=1, while the extensions 0% these by the broken Tines represent

the case of vx{vy=0.5, the separation of the lines being ilustrative
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of vxziﬁﬁm s™! as in the part {a,) of the figure. For this case the
bibble head moves eastward of the station, since vvay > tan 6.,
whereas in the part {a,) the movement {represented by the broken
Tines) was westward, since vx/vy < tan Bt.

Buration of the Airalow Vallevs in the Meridionas1l Scan Data

Vertical growth and east-west drift of the plasma
bubble, as depicted in Figure 1, would cause propagation of airglow
depletion valleys in the meridional scan photometer data. We will
consider first the duration for which ap airglow valiey produced by
a givén plasma bubble that develops in the séme meridional plane as
that of the airgiow mea5urement wou]d‘be tracked in_the scanning
data {this meridian is indicated by the arrows in F1gure 1), If the
bubble axis is vertically upward in the equatorial plane, its
projection over the low latitude ionosphere will be strictly aligned
along the magnetic meridian and, therefore, the maximum duration (1)
for which this could be tracked in the‘meridiona1 scan photometer
would be.r=w/v¥, where w is the east-west dimension of the plasma
bubble. For a typical value of w=150km and vx=1DD ms~ ', 1=1500 sec.
In the lqng series of meridional scan data now available over
Cachoeira Paulista, we have come across widely varying values for T.
The events shown in Figure 2(a) have durations {of the order of 30-35

minutes) compatible with w and v_ mentioned above. Events having

X
smallter duration than these could possibly, not necessarily correctly,
he explained by smaller w and/or higher Vo However, there are
frequent cases of large t's that cannot simply be explained by
reasonable values of w and Vo For example{ in the case of the event
shown in the part (b) of the Figure 2 that has 1 = 75 min the bubble
dimension should be -450km if we assume a typical eastward veloci%y
of 100 m s™', There are other examples when simultaneous eastward
vélocities were also measured. The east-west bubble dimension for

many such cases when calculated as T=w{vx also come out to be high

(~400km or more) (Nakamura et al., 1984, present a typical example of
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such a "loag" duration event}. Such large east-west dimension for an

individual bubble seems to be unacceptable on the basis of sateilite
and radar measurements of the bubble cross section {Tsunoda, 1981;
Tsunoda et al., 1982; McClure et al.,, 1977). This difficulty can be
overcome if we include the tilt angle &t in the determination of the
t. Based on straightforward geometrical considerations from the

Figure 1, we can show that t is in fact given by

tan o
t (1)

Vx
(— - tan et)
v

Y

t(for @

H

t > v

< -1 : _ oW
tan (vx!Vy)) " T 1

{+ and - signs correspond to the < and > signs, respectively). A plot
of the 1, normalized to w/vx,_against vvay is presented in Figure
3(a) for different values of the tilt angle, namely, for rt=50 up to
et=45°. The solid curves represent T/(w/vx) for 8, < tan'l(vx/vy)
and the dashed cruves shown, for clarity of the figure, only for et
values of 45° and 50,.repr999ﬁt cases of &, > tan"l(vx/vy). When
Btetan"{vx/vy) 1 becomes infinite, and the plasma bubble projection
over low latitude, namely that of the "head" of the bubble, would
remain always in the meridional scanning plane and could be tracked
until the bubble rises to an altitude over the equator that is traced
to a latitude outside the scanning range. -Gn either side of the
infinity © decreases steadily, towards r=w1yx for higher vx/vy values
and towards t=2 w/vx for lower values of vx{vy, a 5ehaviour clearty
noticeable in the case of the curves shown for rt=5°. For

8, < tan'l(vx/vy) the duration decreases due to the bubble "head"
moving outside the scanning plane to eastward (as_ shown in Figure 1b),
while for 6 > tan"‘(vx/vy} the decrease in the duration is due to

the bubble "head"” moving to westward of the station (as shown in
Figure 1a)., Thus, from a knowledge of the velocities and east-west
dimension of a bubble that could be obtained from the meridional and

east-west scanning measurements over low tatitude, it seems to be

possible to estimate the tilt angle of the plasma bubble in the
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plane. For example, we have estimated with the help of Figure 3{a)
that the event presented by Nakamura et al., (1984) in their Figure
1 could have been produced by a plasma bubble having its axis

tilted westward by ~20% in the equatorial plane,
‘Figure 2,

Figure 3,

For scanning measurements on longitudes westward of the
bubble generation {assuming that the hobtizontal drift of the plasma
bubble is always eastward), the detection of the airglow valleys
would be restricted to unigue combination of Ops V. ‘and v_. For

X y
example, when 0, > tan‘l(vx/vy) and vx/vy < 1 {see Figure 1a) airglow

valleys could be observed in the meridicnal scan measurements on
longitude westward of that of the bubble onset, but they are most
1ikely to go undetected in equatorward diretions within the scanning
range, One possible example of the detection of such a behaviour,
namely, observation of the valley in the poleward portion of the
scanning range, is present in the event shown in Figure 2{b)., The
first event in part (a) of the Figure 2 also presents a possible

exemple of this case,

When the bubble generation gccurs on or westward of the
longitude of the scanning measurements, airglow valleys should, 1in
general, be always detectable in the scanning measurements. However,
for some typical values of o, (namely, 8 < tan‘itvx{gy)) when
vvay £ 1 it is possible that the valley could be sg¢en mainly in the
northern portion of the scanning range. The second event in the

Figure 2(a} could be representative of such a case,
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Bubble Rise Velocity Determined From Meridional! Velocitv of Airglow

Vatley

The vertical rise velocity of the plasma bubble in the
equatorial plane is related to the meridional velocity of the airglow
valley over Cachoeira Pauwlista, the latter being higher by a factor
of approximately 2.5, as shown by Nakamura (1981) from a detailed
numerical simulation of this problem based on plasma bubble
generation by Rayleigh-Taylor instability mechanism, The above
relationship of the velocities was-obtained assuming that the events
that showed systematic poleward propagatiom of the airglow valleys,
in fact,. represented the growth phase of a plasma bubble event that
had its onset on or c¢lose to the tongitude of the scanning
observation. Depending upon the bubble development phase and
separation of the longitudes of the bubble development and scanning
measurements, one could expect results that are different and often
difficult to interpreted purely as arising due to vertical rise
velocity of the plasma bubble in the equatorial ionosphere. Some

specific possibilities are considered helow.
@) Observations on, or westward of, the meridian of bubble onset

0, > tan“lvx[vy (bubble head moving westward): If the
airglow valley propagates to the southern 1imit (poleward end) of
the scanning range within a time less than or equal to 1, {namely,
when the bubbles rise rather rapidly}, then the velocity relationship
{namely, the vertical bubble velocity being approximately 2.5 times
less than the meridional airglow depletion velocity) discussed above
is vaiid, If on the other hand this propagation time is more than T,
then for the time interval that exceeds T, the photometer scanning,
will not be passing through the "head" of the bubble, but, instead,
will include regions of relatively smaller depietion along the
bubble axis, thereby causing a discontinuity in the displacement

with time of the airglow valleys in the scanning data, This effect

could easily be visualized with the help of Figure fa. After the
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discontinuity occurs, the valley will be weaker and might be
propagating with relatively different velocities, and as such this
part of the data will not yield reliable results for the bubble rise
velocity as will be shown presentiy.

1

For 6, < tan~ vx/vy {bubble head moving eastward),

t
scanning observation on meridian westward of that of the bubble onset

will not detect any effect.
b) Observation eastward of the meridian of the bubble onset

This corresponds to relatively later phases of a bubble
life time and the photometer might be scanning initially through

¢ 2
measured as meridional would, in fact, always be an apparent velocity

mostly weaker depletion regions. When 8, 2 tan"(vx/hy) the velocity

produced by the eastward propagation of the slant bubble axis (see
Figure 1a}., The vertical apparent velocity (v;) deduced from this

will be related to the eastward velocity by v'! = vx!tan 8 Plots of

.
'v§ against v , normalized to Vs are presenteﬁ in part (b) of Figure
3 for different values of 8, (for small By v; could become very high
even for -small eastward velocity of the airglow patches). This
situation, though possible to occur, does not seem to be present in
the scanning signatures that we have analysed so far, for the
following reasons: The photometer, during its scan in the northern
part of the scanning range, should be seeing depletion corresponding
to regions closer to the "foot" of the plasma bubble and, therefore,
should detect weaker airglow.valleys than from the southern part of
the scan where it should detect air§1ow depletion corresponding to
the part of the bubble relatively closer to the head of the bubble.
Therefore the depth of a valley might increase from north towards
south in the scanning range, Results of statistical analysis of a
large number of events by Nakamura {1981) showed that the amplitude

of the valley varied in exactly opposite sense within the scanning

range,
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When e, < tan™? (vx/vy) {see Figure 1bh) the photometer

scan would first intercepit relatively weaker depletion regions
corresponding to the part of thé bubble axis closer to the "foot® of
the bubble. However, with passage of time deeper depletion or valley
corresponding to regions closer to the bubble "head" would be
encountered towards the southern part of the scanning range. The
southward propagation of the airglow valley from then -onward will
permit valid determination of the vertical bubble rise velocity in

the equatorial ionosphere.
Figure 3,

Conclusions

We have considered here different aspects of plasma
bubble dynamics in the equatorial ionosphere that leave characteristic
signatures in a meridional scanning photometer operated over Jow
Tatitude;, For the bubble axis orientation in the equatorial plane
and their vertical and herizontal motions we have considered
idealized situations, but based on available vhf radar and satellite
observational results. If there would be significant variations in
the tilt angle of individual bubble during its -tife time, this could
certainty complicate our interpretation of the scanning data. The
most important conclusions from the presents analysis are the
following. Rise velocities of the plasma bubble in the equatorial
ionosphere could be determined from meridional velocities of the
airglow depletion valleys measured by scanning photometers over low
latitude when such measurements corresponds to development phase of
a bubble event., Such estimations of the rise velocities are easily
possible when the bubbie onset occurs on or near the magnetic
meridian of the scanning measurements. The duvration for which an
airglow depletion valley is observed in the meridional scanning
plane could vary significantly depending upon the rise velocity,

eastwaird drift and tilt angle of the plasma bubbie. Most of the
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velocity determination based on the systematic southward displacement

of the airglow valley we have carried out so far (Sobral et al., 19804,
1980b, 1981; Nakamura et al., 1984; Sahai et al., 1983) seem to
conform to these conditions. Since the east-west velocities of
airgtow valleys obtained from the east-west scan photometer is
directly related to the plasma bubble zonal velocities in the
equatorial plane and hence their interpretation is rather
straightforward, 'we have not discussed. them here in detail. However,
it is worthwhile to point out that since the magnetic flux tube
alignment characteristics of plasma would permit relating the plasma
bubble zonal velocities at the equatorial apex height of the magnetic
field line to that measured at the "foot" of the field line over low
Tatitude, simultanéous scanning measurements of East-West velocities
of airglow valleys at latitudinally separated stations could enable
determinatien of F-region bulk plasma velog¢ity shears in the
equatorial iohosphere (Tsunoda et al., 1981; Kudeki et al.,, 1981,
Abdu et al., 1985},
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ON THE LOW LATITUDE SCANNING PHOTOMETER SIGNATURES
OF EQUATORIAL IOWOSPHERE PLASMA BUBBLES
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Figure 1,

Figure 2.

LEGENDAS DAS FIGURAS

{a.) Plasma bubble orientations in the equatorial plane
(represented by the bubble axis of simmetry in this plane)
shown for different times, at intervals of 10 minutes,
starting from the onset (t=0), the separation of the
lines being representative of an eastward velocity

v, = 108 m s !, The horizontal scale is marked at 100km,
The bubble axes are shown with a tilt angle, Bt, of 45°
assumed fixed with time. The solid lines represent bubble
axes orientations when the vertical rise velocity vy is
equal to the eastward velocity v, of the bubble. The
extensions of these lines by dashés represented the case of

v_y =2 V.‘('

(az) Projection along the magnetic field lines, onto the
low latitude icnosphere at 250km, of the bubble axis. The
latitude of the scanning photometer location is marked by
the horizontal Jine at 1400km from the equator. The
meridional scanning range extends from &6§00km to 2200km

from the equator shown along the y axis,

'=20°,

(by) Same as {a;) but for 8,

{b2)} Projection of the bubble axes .as in (a:).

(a) An example of a meridional scan 6300 R airglow
intensity profiles showing an airglow valley predominantly
on the sourthern portion (upper part) and another
predominantly on the northern portion (lower part) of the
scanning range. They correspond to the circumstances
described in the text, The intensity scales are arbitrary.
These two events are representative of medium duration
events for which experimentally observed average values of
w and vy would seem to apply. Local times are marked on the

intensity profile as well as on the corresponding base line,



Figure 3.

{b)} A tong duration event that also shown presence of an
airglow valley predominantly on the sourthern portion of

the scanning range, The right end of the meridional profiles
(marked- 75°N) is the northern 1imit and the left end

(marked 75°S} is the southern limit of the scannings.

{a) Curves of r{(wlvx) Versus vx/vy as per the Equation 1

in the text, plotted for et=5O up to 45% 4n steps of 5°.

The s0l1id curves represents the case of + sign and the

dotted curves represent the case of - sign (corresponding
-1 -1

to the cases of o, < tan (vx/vy) and 8, > tan (vx!vy),

respectively) of the Equation 1,

{b} Plots of v;fvx versus v /v for different values of e

y t
according to the expression v& =_vx{tan et discussed in the

text.



-
- ——
-

-
- -
-
- -

Ll

Y
LONGITUDINAL

DISTANCE N Km

I0NGSPHERE

LATITUDE

-]

1000}
900+~

Wy Hi LHSI3H

800 —

8O0 —
1000 |—

400

HOMd FONV.

1810




G3-04212 16

2930706/ T8

ona?

20h31
el

.

20h36
sl
20ha1
e
20ha6

20nh5I

20h55

o

2ih00

\

AT T T T T

2Iho

{a)

CACHOEIRA PAULISTA {b)

Fig. 2



18 20

15

4

12

0 2 4 6 8

Vy/ Vy

7 1080 159/20°f 25°%/30% 3597 405

455

2 3 4 5 6 7 8 %

1.0
9_9
Bl
7
-y
51-
- 4
Al
2

LO

d

0

Vi / Vy

3

Fig.



