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Abstract. A heliospheric density model is derived by evaluthe drift rateD; measured at the frequengyand the radial
ating the spherical solutions of magnetohydrostatic equatia@murce velocity,. is given by

including the thermal pressure and the gravitational force of f 1 dN

the Sun. The model resulting as a special solution of ParkePs = N O Vi (1)

wind equation covers a range from the low corona up to 5 Aél . N
o . . uch radio sources are sub-relativistic electron beams and trav-
and, surprisingly, agrees very well with observations. Such

efﬁng shock waves, for instance, appearing as type 1l and Il

model is required for the interpretation of solar and interplangfjrsts in dynamic radio spectra, respectively (cf. € Suzuki
tary radio observations since the emission of the radio radiati& y P - resp y(cl-€.g.,
T
0

is regarded to be generated near the local electron plasma Duik (1985) and Gurnett (1995) as reviews). The knowledge

. . a2 heliospheric density model would provide the distance of
quency, which depends on the electron number density. Th%sé radio source from the Sun. Consequently, the radial velocity

the density model yields the radial distance of the radio SOUICE, " o dio source can be deduced from the drift rate of the

from the Sun and, consequently, the radial source velocity from . o : . . :
associated radio signature in dynamic radio spectra according

the. d”fF n dynam|c.rad|o spectra. The model |s-app||ed f% ). These facts illustrate the importance of the knowledge of
estimating the velocity of electron beams generating solar an

interplanetary type Il radio bursts aheliospheric density model.
P ytyp ' The heliosphere is highly structured, i. e., it is filled by

Key words: Magnetohydrodynamics (MHD) — Sun: corona?igh gnd low speed solar Wi.nd _streams_, the s_o-called helio-
} e } : o . Spheric current sheet, corotating interaction regions and travel-
— Sun: magnetic fields — Sun: radio radiation — mteplanetaﬁﬁ disturb - : )
medium g disturbances (e. g. coronal mass ejectlon§ and interplane
tary shocks) (cf. e. g. Schwenn (1990) as a review). Because of
these reasons, a global radial density model of the heliosphere
is an approximation. Nevertheless, such a global model would
be useful for the interpretation of solar and interplanetary radio
Generally, the solar and interplanetary radio radiation is cohata as presently received by the instruments URAP (Stone et al.
sidered to be generated by p|asma emission. In such p1892) and WAVES (Bougeretetal. 1995) aboard the spacecrafts
cesses, suprathermal electrons excite high frequency elecbY SSES and WIND, respectively. Therefore, we derive a he-
static waves (e. g. Langmuir waves and upper hybrid wavekyspheric density model, which is an average but in agreement
which convert into electromagnetic (radio) waves by nonline#ith observations between the low corona and 5 AU.
interaction with low frequency plasma waves and/or scattering In Sect.2 the heliospheric density model is derived by
off ion density fluctuations (Melrose 1985). This mechanisfeans of the magnetohydrostatic equations supplemented by
is responsible for the fundamental radiation. Furthermore, tA@ isothermal equation of state and the gravitational force of
coalescence of two high frequency electrostatic plasma wa{g Sun. The resulting density model is compared with different
leads to the harmonic emission (Melrose 1985). Thus, the Faeasurements of the density in the low corona and the interplan-
dio waves are emitted near the local electron plasma freque &y space in Sect. 3. Finally, the model is applied for estimating
foe = (e2N/mm.)'/? (e, elementary chargey, electron num- the velocities of energetic electrons associated with the solar and
ber density;m., electron mass) or its harmonics. Then, higtiterplanetary type Il radio bursts on December 27, 1994.
frequency radio waves (e. g. 400 MHz) are generated in the low
corona, while the low frequency waves (e. g. 20 kHz) are emitt@d Derivation of the heliospheric density model
from sources roughly located at 1 AU (1 AUI50 - 105 km). A
radial motion of a radio source would appear as adriftinthe c
responding dynamic radio spectrum. The relationship betwel

1. Introduction

Ap order to derive the required heliospheric density model the
ﬁlgnetohydrodynamic equations

dp .
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v _ 1 Table 1.The particle number densifys (fourth column) at the bottom
P [Bt + (v V)] = V- Am (B xrotB) + f ©) of the corona, i. e., 2300 km above the photosphere, the solar wind
speed 4y (third column) as deduced from the numerical solutions of
3£ — rot (v x B) (4) Egs. (7) and (9) for different values of the temperafliférst column).
ot roLty The correspondig values of the critical radiusre given in the second

. . . column.
are employed with the velocity of flow, the mass density,

the thermal pressure p, the magnetic fi&tdand the external (10° K) 7. (Rs)
force f. They are supplemented by the gravitational force

viav (kms™')  Ns (em™®)

2.0 3.43 674 1.40 - 107
Fep GMg ‘n ) 1.4 4.90 528 1.61-108
r2 " 1.0 6.91 427 5.14 - 10°

(G, gravitational constanfy/s, mass of the Sumy,., unit vector
along the radial direction) and the isothermal equation of state The constant appearing in[J7) is fixed by plasma in-situ
p=1.92 NkpT (6) mea_surements atl Ap. At1l AU a Iong duration average of the
particle number density and the particle flux was found to be
(N, electron number densityjz, Boltzmann's constant,, tem- N = 6.59cm 3 andNv = 2.8-108 em~2s~! (Schwenn 1990),
perature). The mass densjiyand the electron number densityrespectively, by means of the plasma data of the HELIOS 1 and
N are related by = 1.92 fim, N (m,, proton mass) with the 2 and IMP satellites. This results in a mean solar wind speed
mean molecular weighi (cf. e. g. Priest (1982)). In the solarof 425kms™! at 1 AU. Thus, the constar® is determined
corona and the solar wind has a value of 0.6 (Priest 1982)to beC = 6.3 - 103* s~!. Now, the temperatur® is the only
Here, stationary, spherical symmetric solutions[df (2) &hd (Barameter appearing inl(9) (7) ahtl (9) are numerically evaluated
are required. Thus, all quantities should only depend on the far three values ofl’, i. e., T = 1.0-10% K, 1.4 - 10° K,
dial distancer from the center of the Sun. The magnetic fiel@d.0 - 10¢ K. The results are summarized in Table 1. The third
and the flow velocity are assumed to be radially directed, i. and fourth column contain the calculated values of the solar
B = B(r)n, andv = v(r)n,. Then, [2) can immediately bewind speed at 1 AU and the particle number density in the low
integrated to corona, respectively. In the low corona, i. e., slightly above the
5 transition region or 2300 km above the photosphere, a typical
r®-N(r)-o(r)=C () electron particle number density 6f 10° ¢m 3 is given by
with the constan€’ and, subsequently](3) transfers into ~ Vernazza et al. (1981). Inspecting Table 1, the solutiori of (7)
and [9) with a chosen temperaturelof - 10° K is in good
dv _ kT dN GMs (8) agreement with the observed solar wind velocity of 425 kin's
2 at 1 AU and the particle number density in the low corona (cf.
TR ; ; i Vernazza et al. (1981)).
Eliminating N (r) in 8) by using[[¥),[[B) can be integrated to Thus, the solution of{7) anfl(9) with = 1.0-10° K ,i.e.,a
v(r)? ) o(r)?\ At (1 4.7 g g) Special solution oParkers (1958) wind equation, is very com-
2 ! <v§> =)t T ©) patible with the observationsin the corona and the interplanetary
) N ) space and can consequently be regarded as a reasonable global
with the critical velocity (r = re) = ve = (kpT)/jim,)'/*and - pejigspheric density model. Fig. 1 shows the radial dependence
the critical radius. = GMs /2v? (cf. Priest (1982))[19) rep- of the particle number density and the solar wind speed
resents the well-knowRarkers wind equation (Parker 1958)-according to[(7) and19) by choosifig= 1.0 10° K. The cor-

The density modeN (r) is found by substituting the solutionegponding radial dependence of the electron plasma frequency
v(r) of (@) into {@). (9) has different solutions. Such a solution s depicted in Fig. 2.

is chosen, which is continuously connecting the region of the
solar corona, i. ex < r., with the interplanetary space, i. e., ) )
r > r.. Sincev, is the sound velocity;. represents the distance’: Discussion

from the Sun, at which the solar wind becomes supersonic. Now, the heliospheric density model derived in the previous
In the limit v < v, (4) and[(9) can be solved analyticallysection and presented in Fig. 1 is compared with observations

v.aiiﬂmpN.W r

Tc

in terms of a barometric height formula in the solar corona and the interplanetary space.

A [Rs In Fig.3 the density model (full line) is represented
N(r) = Ns - exp {R (T - 1)] (10) in the corona, i. e., in the range/Rs = 1.04-1.30 or

s

28000—210000 km above the photosphere, in comparison with
with A = iGMg/kpT andN (r = Rg) = Ng. Rg denotesthe the fourfold Newkirk (1961) model, i. e N(r) = 4 x
radius of the Sun. Note, that the well-known Newkirk (1961, - 10*32%s/™ with Ny = 4.2 - 10* em~3. The Newkirk
model given byN(r) = Ng - 104328s/7 with N, = 4.2 - (1961) model resulted from measurements of white light scat-
10* em—3 corresponds to a barometric height formula with thiering in the corona during a solar minimum period. The inspec-
temperature of .4 - 10* K. tion shows, that the model agrees well with the fourfold Newkirk
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Fig. 1. Radial dependence of the particle number denaity) (full ~ Fig-3. Comparison of the particle number density(r) (full line)
line) and the solar wind velocity(r) (dashed line) according to the&ccording to Fig. 1 and the fourfold Newkirk (1961) model (dashed
numerical solution of Egs. (7) and (9) with atemperatureof10° .  line) in the rangd .02Rs — 1.30Rs

The radial distance is given in terms of the solar radtys= 6.958 -

10° km and astronomical units AU = 150 - 10° km _ _ _ o
radial behaviour of the particle number density in the range

r{AU) 5-50Rg according to the model (full line) and the radio sound-
0.01 0.1 1 . . . .
10° S — S ing measurements (dashed line) during the ingress phase (cf.
Fig.4) and egress phase (cf. Fig.5) (Bird et al., 1994). The
107} \ radio sounding measurements were perfomed by Bird et al.
\ (1994) during the 1991 solar conjunction of the ULYSSES
- 10 \% spacecraft. The ingress and egress phase cover a5adgRg
T \ and5—45Rg, respectively. The inspection of the Figs.4 and 5
Z 4 S reveals, that the model derived in Sect. 2 agrees well with the ob-
j‘_i \\\ servations by ULYSSES in the range betwééty and50Rg.
101k S The deviation between the model and the measurements has a
N mean value of 18%.
102 \\_\ Fig. 6 represents the radial density behaviour according to
Ny the model (full line) (cf. Sect.2) in comparison with in-situ
107 A bk b i b . s density measurements (dashed line) by the HELIOS 1 and 2
1 10 o/ Rs 100 1000 satellites (Bougeret et al., 1984) and the so-called RAE model

(long dashed line) (Fainberg and Stone, 1971) in the range
Fig. 2. Radial dependence of the local electron plasma frequengyi—1.0 AU. Bougeret et al. (1984) derived a radial density
fpe(r) model of the heliosphere by employing the in-situ density mea-
surements during the period 19741980. These observations
are made in the range3-1.0 AU. The best fit of the data are
model within a mean error of 15%. The deviation between tobtained byN (r) = 6.14 - (r/Ryay) %1% in em ™3 for so-
Newkirk model and the model derived in this paper is growirigr minimum conditions. The RAE model (Fainberg and Stone
beyond1.3Rgs. Recently, Koutchmy (1994) reported on opti1971) results from the investigation of type Il bursts and type Il
cal ground based measurements during the eclipse on Julyratljo storm bursts in the frequency range below 1 MHz by in-
1991. The resulting radial behaviour of the electron density wgsplanetary radio measurements. Type lll radio bursts appear
presented in Fig. 4 of the paper by Koutchmy (1994) for coronas rapidly drifting emission stripes in dynamic radio spectra in
loops, streamers, quiet equatorial and polar regions. The dére rangel0 kHz — 300 MHz. They are interpretated as the ra-
sity in these regions differ by three orders of magnitude. Fdio signature of sub-relativistic electron beams travelling from
example, a density &-10° em—3,8-10% em 3, and6 - 10% is  the solar corona along open magnetic field lines into the inter-
found in coronal streamers, quiet equatorial and polar regigolanetary space (cf. Suzuki and Dulk (1985) as a review). The
at a distance of .3Rs (cf. Fig. 4 in Koutchmy (1994)), respec-model derived in Sect. 2 agrees well with the averaged data of
tively. At the same distance the model provides a density thie HELIOS in-situ measurements as demonstrated in Fig. 6.
2.15 - 10® em—3, which is the mean value of the density in th@he deviation between the model by Bougeret et al. (1984) and
corona at this height. our model has a mean value t8%. On the other hand there
The density behaviour in the outer corona and the interplas-a great difference with the RAE model. This difference is
etary space was recently studied by the coronal radio soundima too surprising, since the RAE model (Fainberg and Stone
experiment at the ULYSSES spacecraft. Figs. 4 and 5 show #t8/1) is a indirectly derived model, i. e., it results from type IlI
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Fig. 4. Comparison of the density model (full line) (cf. Fig. 1) withFig. 5. The same format as displayed in Fig. 4 for the ULYSSES data

the density measurements (dashed line) by the coronal radio sourttigng the egress phase (cf. Bird et al. (1994))

experiment (Bird et al. (1994)) of the ULYSSES mission during the

ingress phase Table 2. Comparison of the radial source location of different plasma
frequency levels (first column) as deduced by the radio measurements
aboard HELIOS (third column) (cf. Kayser and Stone (1984)) and

. . the model (fourth column) (cf. Sect. 2). The errors between the mea-
storm radio bursts measurements, while the model by BOUgesr@rrements and the model are given in the fifth column. The particle

et al. (1984) uses the HELIOS in-situ measurements. _Similﬁl'mber densities (second column) are calculated by the assumption of
differences have been noted for other radio source locations {&fimonic emission.

e. g. Steinberg et al. (1984, 1985)). Robinson (1992) deduced a
radial density behaviour a¥ (r) ~ 7 - (r/Riav) 22" em™  f(kHz) N(cm™?%) R/Rs R/Rs error

from studying the radial variation of interplanetary type Ill burst HELIOS  model %
source parameters. His result agrees with our model. 000 2.79.10* 6.0 6.51 78
The radio instrument aboard the HELIOS satellite was able 55q7 167 . 10¢ 77 77 6.5
to localize the radio source in the interplanetary space. Kayserizsg  5.40 - 103 125 1158 7.9
and Stone (1984) studied type Il radio bursts and determined1010  3.16 - 103 15.7  14.31 9.7
the source location of the different frequencies emitted during 765 1.81-10° 20.0 17.88 11.9
the movement of the electron beam in the interplanetary space. 585  1.06 - 10° 254 2230 139
The result is presented in Table 2. Here, the radio waves are 445  6.14 - 10 320 2277 152
assumed to be predominantly emitted at the harmonic of the 340  3.59 - 10 40.6 3553 14.9
plasma frequency Thus, the particle number densities in the 255  2.02- 102 522 4540 150
second column of Table 2 are calculated from the frequencies 195 1.18- 101 658 57.33 144
: . . 150 6.98-10 82.8 7279 13.8
(left column of Table 2) by the assumption of harmonic emis- 115 40110t 1043 9249 12.8
sion. The corresponding radial source location obtained from 994 .10 1355 121.83 11.2
the radio instrument aboard HELIOS is given in the third col- 45 131 . 10! 1711 155.91 9.7
umn. Thus, the frequency rangeMHz — 26.5 kHz covers a 50 775 215.0 198.70 8.2
range betwee6Rgs upto374Rg = 1.73 AU (1 AU = 214Rg) 26.5 2.18 373.5 35888 4.1

in the heliosphere. The source location according to our model

(cf. Sect. 2) is presented in the fourth column. The inspection

of third and fourth column in Table 2 shows, that the model At5 AU our model provides a particle number density of
derived in Sect. 2 agrees very well with these observations 0021 cm =3, an electron plasma frequency of 4.15 kHz and a so-
a great range in the heliosphere. The deviations between tdrewind speed of 533 knTs. These values were also approx-
observations and the model have a maximum and mean valately found at 5 AU in the ecliptic plane by the ULYSSES
of 15.2% and 11% (cf. right column in Table 2), respectively.satellite (Bame et al., 1992; MacDowall et al., 1996).
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10¢

3 can be found withyy = 100620 km by means of (1)[{10)[(11),
and [I2). On the other hand, the radial behaviour of the density
\ can be approximated by

N N@:Nw.( " )_a (14)

Riav

3 .
10 With Nyay = 6.53 em ™3, Riay — 150 - 106 km, anda —

2.16 beyound 0.2 AU. In the rand®e2-5.0 AU ([@4) reflects the
behaviour of the derived density model within an erroB8#f.
This result agrees roughly with the density model by Bougeret
etal. (1984) (cf. also Fig. 6). Usingl(1) arid{14) the relationship
between the drift rat® ; and the radial source velocity;.

_ 2(=Dy) . Riav ) ( f >2/a
Yr = f a nfiau (19)

isfound withf; 4y = 23 kHz. In (I3) and[(Ib)» = 1andn = 2
should be used for the fundamental and harmonic emission,
respectively.

In order to demonstrate the use of the density model derived
in Sect. 2, itis applied for estimating the source velocity of solar
and interplanetary type Ill radio bursts. As already mentioned
type Il radio bursts represent the radio signature of electron
beams produced by solar flares and, subsequently, propagating
along open magnetic field lines through the corona into the inter-
planetary space (cf. Suzuki and Dulk (1985) and Gurnett (1995)

1 4 L as a review). On December 27, 1994 a group of solar type Il
0.1 (AU) 1.0 radio bursts have been observed by the radiospectrometer (40—
r 800 MHz) (cf. Fig. 7) (Mann et al. 1992) of the Astrophysikali-
Fig. 6. Comparison of the density model (full line) (cf. Fig. 1) with thesches Institut Potsdam. They started at 170 MHz on 10:42:15
model by Bougeret et al. (1984) (dashed line) and Fainberg and St&JiE (cf. Fig. 7). The associated interplanetary type Il burst ex-
(1971) (long dashed line) tended to lower frequencies, i.e. up to 20 kHz, as recorded by
the WAVES instrument (cf. Fig. 8) (Bougeret et al. 1995) and

As already mentioned the radial density behaviour can he URAP instrument (cf. Fig. 9) (Stone et al. 1992) aboard the

approximated by a barometric height formula (EF](10)) in thé IND and ULYSSES spacecraft, respectively. The comparison

corona. The analytical expressign|(10) is valid with = 5.14- of the Figs. 7, 8 and 9_sugges¥s tha_t the group of solar type |l
10° em—3 and A/Rs — 13.83 and represents an appropri(,itéadloburstswasmerglngtoasmglemterplanetarytypeIIIburst,

approximation of the solutions dfi(7) arid (9) with atemperatu}’ee" the single electron beams produced in the low corona were

of 1-10% K in the rangel.02-3.0Rs within an error of 2%. merging to a giant electron beam in the interplanetary space.

: The measurements of the drift rates of these type Il bursts in
Thus, the electron plasma frequeny behaves according to the dynamic radio spectra (cf. Figs. 7, 8, 9) reveals a relationship

N(cm™?)

10

™ 7T T T Ty

10

T

Foulr) = fs - exp [A (RS - 1)] (11) Dy = —0.007354 "7 (16)
QRS r

between the drift raté; (in MHzs™!) and the frequency

(in MHz) (cf. Fig. 10). The drift rates have been determined at

the leading edge of the individual type IIl bursts. Thus, a mean

drift rate of -18.3 MHz s! and -0.0255 kHzs! has been ob-

with fs¢ = 644 MHz. A plasma frequency of 6.4 MHz is cal-
culated atr = 3Rg. The radial distance of a level with the
plasma frequency,,. is deduced to be

Rg served at 85 MHz and 40 kHz, respectively. In the corona the
"= |+ 2Rs 1 (doe (12)  radio emission of type Il bursts can take place near the funda-
{ Tx (Ts” mental or harmonic of the electron plasma frequency (Melrose

i i 1
from (11). Then, a relationship between the drift r&gin dy- .1985)' Then, aradial velocity of 43000 km_]sor 59000kms
. . . ) . is found for the type Il related electrons in the coronalhy (13)
namic radio spectra and the radial velodifyof the associated . . o .
. in the case of fundamental or harmonic emission, respectively.
radio source . L :
Furthermore, the radio radiation of interplanetary type Ill bursts
(—Dy) F\17? is generally assumed to be emitted at the harmonic of the elec-
V, = -vo - |14 0.1451n

f (13) tron plasma frequency (Reiner et al. 1992). Then, the radial

nJs



G. Mann et al.: A heliospheric density model and type Il radio bursts 619

OSRA —Tn:n;sﬂurf—ﬁe!rmnny o S ——— Wind Waves RAD2 receiver: 1994/12/27
File: 94122703.roh olal file time: 5542 = o W 30 3 40 %0 B0 70 B 80 100
Event date: 27.12.1984 Tolal time: 353.8 "

smp rate: 16,167 He e slort Lme: 10:41-56.8 UT Log{intenaily) [orb. units]

ur %!_!M!lk
10:42: 0.0 10:4% 0.0 10:44: 0.0 1o:d5: DO 10:48: 0.0 10:47: 0.0

E 10 1 12 13 15 16
£ GMT (HRS)

g .

5 0 2 3 5

E intensity (dB) relative fo background

H

g Wind Waves RAD1 receiver: 1994/12/27

Y ama 1000

kHz

0 ] 0 300
Stort time offset [1] Craotes: Tus Sep 37 15:0458 1908 200 -

10 " 12

Fig. 7. Dynamic radio spectrum of the solar type Il burst group on D¢ aMT fHiRs)

cember 27, 1994 as recorded by the radiospectrometerg@@MHz) T —

of the Astrophysikalisches Institut Potsdam v o1 2z 8 4 5 8 7 8 8 W
intensity {dB) relative to background

Fig. 8. Dynamic radio spectrum of the interplanetary type Il burst

. . on December 27, 1994 measured by the WAVES instrument aboard
velocity of the type Ill burst related electrons is found to b@,np. In the RAD2 plot, signals in the 8-10 MHz range are man-
about 100000 km's' (cf. (I5)) at the 40 kHz level correspond-made terrestrial signals, broadened by the interpolation used to provide
ing a radial distance of 1.14 AU from the Sun. On the othearcontinuous spectrum. In the RAD1 plot, the blotchy signals from
hand, Lin et al. (1996) measured the energy spectrum of th@se-400 kHz are terrestrial kilometric radiation (TKR)
type lll electrons by the 3D plasma instrument (Lin et al. 1995)
aboard the WIND satellite on December 27, 1994. These el vivssss seacecrarr/vmap oara ———
trons have energies in the rangd23 keV < Ejin < 109 kel | st e fhmhs i o, e
(cf. Lin et al. (1996)), which correspond to radial velocitiés T T e PTTTTRL e TRTT ek e PTTTTO & |
of 22000 km s~! < V,. < 170000 km s~'. Thus, the beam,
which is responsible for the type Il burst on December 2
1994 (cf. Figs. 7, 8, 9), has a broad energy spectrum. The
dial velocities of the type Ill burst related electrons show th.
the slower electrons of the beam, i. ¥,, ~ 50000 km s~ !,
generated the type Ill burst in the MHz range, while the fast
electrons withV, =~ 100000 km s~! are producing the inter-
planetary type Il burst at 40 kHz. This can be explained in tt
following manner: As already mentioned the radio radiation
generated by Langmuir waves or upper hybrid waves (Melra
1985). These high frequency electrostatic waves are produ
by energetic electron beams “via a beam-plasma” instabili o e i A
Such an instabiltity occur if the distribution functigi{}’) of _ ) _
the electrons has aregion with a positive slope, & £/9V > 0, Fig. 9. Dynamic radio spectrum of the |nterplaneta_1ry type Il burst
(cf. Krall and Trivelpiece (1973)). (Her&, denotes the velocity on December 27, 1994 measured by the URAP instrument aboard
of the electrons.) Initially, electrons with a broad energy spe LYSSES
trum are produced by a flare in the corona. The slower part of
this electron ensemble is able to fulfill the above condition ofin- The comparison between the density model (cf. Figs. 3—6)
stability. Consequently, these slow electrons are producing #red different density measurements in the heliosphere, i. €.,
solar type Il burst. However these electrons are propagatifigm the corona up to a distance of 5 AU in the interplanetary
along open magnetic field lines into the interplanetary spaspace, demonstrates that the model representing a special so-
Thus, the faster part of these electrons is running away, i. e., thigon of Parkers (1958) wind equation (9) reflects very well
fastest electrons are first to reach the interplanetary space (ehg.radial density behaviour in the heliosphere, in particular, in
the 40 kHz level at 1.14 AU), where they produce the interplatiie region near the ecliptic plane. The density model derived in
etary type Ill burst. This scenario agrees well with the radi®ect. 2 and illustrated in Figs. 1 and 2 should be regarded as a
measurements presented in this paper and the measuremeng®by approximation of the radial behaviour of the density in the
Lin et al. (1996) (cf. Figs. 1 and 3 in Lin et al. (1996)). heliosphere, although the heliosphere is spatially and tempo-

70 81 8o 00
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