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ABSTRACT

The location of the Martian magnetopause and the bow shock is studied based on 3D
solar wind proton spectra measured by the TAUS spectrometer on board Phobos 2 in its 56
circular orbits. The clear and strong dependence of the areomagnetopause position on solar
wind ram pressure was revealed, while the position of the bow shock was practically
Independent of this parameter. In the power law expression telling the dependence of the
Martian magnelotail thickness the power index turned to be k ~ 5.9 =+ 0.5. The close coincidence
of this Index with k = 6 for a dipole geomagnetic field, as well as the large areomagnetotail
thickness compared with the planetary diameter, suggests that an intrinsic dipole magnetic
fleld can be an important factor in the solar wind interaction with Mars. On the other hand,
the relatively stable position of the subsolar point of the Martian magnetopause and
unambiguous Induction effects observed by the Phobos 2/MAGMA magnetic experiment in the
areomagnetotail indicate the essential role of an induced magnetic field, too. The weak
dependence of the terminator bow shock position on the solar wind ram pressure can be
related to the relatively stable position of the subsolar magnetopause.

M.U. Bepurun, K.U., TIpunrays, TI'.A. Koropa, A.Il. Pemusos, H.M. IlbrTe,
X. Pozsenbayosp, C. AuBu, A. Puxtep, B. Puzgnep, K. liBunrenmy, K. Ceré, WU. Anatu,
M. Tarpamay: 3aBUCMMOCTb MarHATOMNay3sl M YyAapHo# BoJHH Mapca oT faBieHusA
COJHEeYHOr'O BeTpa Ha OCHOBe W3MEepeHWil, TIIpoBeldeHHbIXx cIleKTpoMeTpox TAYC KA
"doboc-2". KFKI-1991-22/C .

AHHOTALIUA

UccnepoBanoch rnonokeHne MarHMTOINay3bl M yAapHOM BOJME Mapca Ha oOCHoBe
3-pasMepHbIX CHEKTPOB COJHEYHOTO BeTpa, I[IORYyYeHHLX crekTpomeTpoM TAYC nHa 56
Kpyroeoix opbutax KA "“®oboc-2". YcTaHoBieHO, 4YTO I[IOJIOXeHWE MarHuTomnaysbl Mapca
CUJIbHO S3aBUCUT OT JMHAMUYECKOIr'o JaBJIEHWA COJIHEYHOTO BeTpa, OJHAKO, - YAApHaf
BOJHA CpaBHMTEJNIBHO HE3aBUCUMMAa OT DTOr0  rnapaMeTpa. 3aBUCHMOCTDb  TOJIWHLI
MaruHTHOrO XBocTa Mapca OT JAaBJlleHMs COJHeYHOro BeTpa I[oKasbBaeT aHaJloruo co
cnydaem 3eMiu, MMeKlled LUITONbHOE MarHUTHOe Moje, [O3TOMY MNpeRronaraeTcf, 4YTo B
B3aUMOLENCTBUM COJHEYHOro BeTpa ¢ Mapcom Gounbllyo poib UI'paeT BHYyTpeHHee
MarHUTHoOe TIoJle 9SToR nuaHeThl. OaHako, cnabasa 3aBUCUMOCTL IPOCTPAHCTBEHHOI'O
pacroNiokeHUs TepMMHATOpa YAAPHOM BOJHB OT COJHEYHOI'o BeTpa MOxeT OblTbh CBA3aHa
CO CpaBHUTEJNLHON CTaGUILHOCTbLO MAHEBHON MAarHMTOMNAay3bl, U STO O3HA4YaeT, YTO
VHOYLUMPOBaHHOE MarHUTHOE [0Jie ToxXe FABJIAETCA 3HAYATENbHbIM (GAKTOPOM B 3TOM
B3aUMOAEeNCTBUM.

Verigin M.l., Gringauz K.l., Kotova G.A., Remizov A.P., Shutte N.M., Rosenbauer H,,
Livl S, Richter A, Riedler W., Schwingenschuh K., Szeg6 K., Apathy |, Tatrallyay M.: A
Mars magnetopauzajanak és fejhullamanak fuggése a napszél nyomasatél a Phobos 2 TAUS

- spektrométerének méresei alapjan. KFKI- 1991-22/C

KIVONAT

A Mars magnetopauzajanak és fejhullamanak helyzetét vizsgaltuk a Phobos 2 szonda 56
korpalyajan a TAUS spekirométer altal mért 3 dimenziés napszél proton spektrumok alapjan.
Megallapitottuk, hogy mig a Mars magnelopauzajanak helyzete erésen fugg a napszel
dinamikus nyomasatol, a fejhullam viszonylag fuggetlen ettdl a paramétertol. A Mars magneses
csévaja vastagsaganak napszélnyomastél valo fuggése nagyon hasonlo a dipolterrel
rendelkezé Fold esetéhez, ezért fellételezzik, hogy a napszél Marssal val6 kdlcsonhatasaban
is fontos szerepet jatszhat a bolygd beisé tere. A fejhullam terminator sikbeli helyzetének a
napszéltél valo igen gyenge fuggése viszont kapcsolatos lehet a nappali magnetopauza
viszonylagos stabilitasaval, ami azt jelenti, hogy az indukalt magneses tér is jelentos szerepet
jatszik a kolcs6nhatasban. . : :



INTRODUCTION

To study the variations in the position of planetary plasma boundaries — the mag-
netopause and the bow shock — connected with the solar wind ram pressure variations is
one of the useful diagnostic tools when investigating the origin of planetary obstacles in
the solar wind flow. | '

Theoretical and observational studies proved that the terrestrial magnetopause and
the bow shock are simultaneously being compressed and expanding as influenced by the
solar wind ram pressure variations and that the geocentric distance to these boudaries
varies in close relation with the solar wind ram pressure gv? variations: r ~ (gu?)~1/*
where the power index is k = 6 for a dipole geomagnetic field [e.g., Spreiter et al., 1966;
Binsack and Vasiliunas, 1968; Bezrukikh et al., 1976; Sibeck et al., 1991, etc.].

In the case of Venus, the dependence of the bow shock position on gv? is weak [e.g.
Tatrallyay et al., 1983]; the ram pressure dependence of the location of the magnetopause
in the induced magnetotail has not been analyzed.

Though, the early missions of the sixties (Mariner 4) and seventies (Mars 2, 3 & 5)
revealed the existence of both the bow shock and the magnetopause in the vicinity of
Mars [e.g., Smith, 1969; Gringauz, 1976], no quantitative study has been performed on the -
dependence of their location on solar wind ram pressure. The compression of the Martian
magnetosphere with the increase of gv? was demonstrated qualitatively by the Faraday
cup data on board Mars § [Gringauz et al., 1976a,b]. The attempt by Slavin et al. [1983]
to clarify the dependence of the Martian bow shock position on solar wind ram pressure
cannot be considered as a quantitative study either, since it was based on a limited number
of plasma data of the Mars 3 & 5 orbiters which were not cross-calibrated.

Only the Phobos 2 mission provided good statistics in order to study the variations of
the location of the areomagnetopause and that of the bow shock. Recently, several authors
have analyzed the dependence of the Martian bow shock terminator position on different
parameters: the phase of the rotation of the planet (areographic longitude), the density of
the upper planetary atmosphere (F10.7 index), the solar wind ram pressure, and the angle
between the shock normal and the upstream magnetic field [Schwingenschuh et al., 1990a
and b; Russell et al., 1990; Zhang et al., 1991a and b; Slavin et al., 1991]). However, the
variations of the location of the areomagnetopause have not been investigated, though the
motion of this boundary is more directly determined by the nature of the obstacle in the
solar wind flow.

In the present brief paper, the results of the first quantitative studies of the variability
of the Martian magnetopause will be presented. The location of the Martian magnetopause
will be studied as a function of solar wind ram pressure and it will be compared with that
of the Martian bow shock. '



INSTRUMENTATION AND OBSERVATIONAL DATA

The TAUS spectrometer on board Phobos 2 was designed to measure 3D spectra of
protons, 3D spectra of alphas, and 2D spectra of heavy ions separately. The instrument had
a field of view of ~ 40° x 40° centered on the nominal aberrated solar wind direction (~ 5°
deviation from the solar direction in the ecliptic plane) and divided into 8 x 8 channels
for angular resolution. Its energy per charge range of ~ 30 — 6000V was subdivided
into 32 channels. A more detailed description of the TAUS experiment was presented by
Rosenbauer et al. [1989a].

During the active life of the Phobos 2 orbiter, data were obtained by TAUS from four
- elliptical orbits with low (h ~ 850km above the surface) pericenter, from one elliptical
orbit with high (h ~ 6400km) pericenter, and from 56 circular orbits quasi-synchronous
with the orbit of the Phobos moon (h ~ 6150km). For systematic studies of the variations
of the Martian plasma boundaries, it is reasonable to use the longest uniform set of TAUS
data measured in the circular orbits (February 20 - March 26, 1989). In this period TAUS
was operated in a low telemetry rate mode: 1D proton and heavy ion energy spectra
(compressed on board from the original 3D and 2D spectra, respectively), and moments
of the proton distribution function were provided once in every two minute interval. The
energy per charge range was 150 — 6000V in these measurements.

The bow shock and magnetopause crossings (sometimes multiple ones) were deter-
mined by the specific changes of the charged particle spectra as described by Rosenbauer
et al. [1989b}], i.e. the Martian bow shock crossings were defined by the sudden decrease
of the mean energy and by a broadening in the proton spectra, while the magnetopause
separating the shocked solar wind plasma from the Martian magnetosphere was charac-
terized according to TAUS observations by the disappearé,nce of solar wind protons and
often accompanied by the appearance of heavy planetary ions.

The solar wind instant proton densities and velocities were derived from the moments
of the distribution function computed on board. In order to cross-check these param-
eters, the densities and velocities determined from on board moment calculations were
compared with those determined from 3D raw data for the periods when raw data were
also transmitted from board. A good agreement was found.

For the present study, we used proton density and velocity values of the upstream
solar wind averaged over a time interval of 20 - 30 min ending/beginning ~ 30 min be-
fore/after the inbound/outbound bow shock crossing. This procedure was selected bearing
in mind that (i) a few tens of minutes upstream of the Martian bow shock crossing, solar
wind deceleration could be observed [Verigin et al., 1991b], (i) the inbound/outbound
magnetopause crossings in the circular orbits occurred about one hour after/before the
bow shock crossing, and (iii) the spacecraft was often rotating roughly around the axis

2



pointing towards the Sun with a period of about 10 minutes. In the latter case the in-
stantly measured proton densities were modulated by the s/c rotation and we used only
the maximum values while averaging.

Finally, the problem of inflight calibration of proton channel efficiency [Verigin et al.,
1991b] is now resolved. The reason for the initial underestimation of proton densities
(increasing during the flight) was that the proton exit slit was not completely opened by
the piezoelectric actuator. Postcalibration of this slit was performed by using the proton
ghosts in the heavy ion channel where the slit was continuously open. The recalibrated
TAUS proton densities agreed well with proton number densities obtained by IMP 8 near
the Earth for the period when Phobos 2, the Earth, and the Sun were nearly aligned (Sept
21 - Oct 3, 1988).

DATA ANALYSIS

Figure 1 presents the statistics of the bow shock and the magnetopause crossings
(the latter is hatched) in aberrated cylindrical solar ecliptic coordinate system (ase) as
determined from the TAUS data measured in the circular orbits of Phobos 2. Aberration
angles were calculated using upstream proton velocity (see above) and the Martian orbital
velocity of 24.1km/s. Fig. 1 shows the number of bow shock and magnetopause crossings
(including multiple ones) in 5° bins of angle measured from the X,,, direction.

The essential feature of data presented in Fig. 1 is the significant variability in the
location of the bow shock and that of the magnetopause behind the terminator. One of
the obvious reasons for such a variability could be the variations in the solar wind ram
pressure. Fig. 2 shows the histograms of the logarithmically averaged ram pressure (we
used proton dynamic pressure as a proxy of ram pressure) for the same sets of crossings
as shown in Fig. 1. It is clearly seen that the solar wind ram pressure was higher on
average when the magnetopause was observed close to areomagnetotail axis (X,,.) than
in the cases when the magnetopause was observed far from the tail axis. This is a firm
observational proof for the compressibility of the Martian magnetotail depending on solar
wind ram pressure variations. On the other hand, the location of the planetary bow shock
seems to be practically independent of the solar wind ram pressure (Fig. 2).

In order to study the variability of the bow shock quantitatively, we used the tradi-
tional procedure of mapping the observed bow shock crossings to the terminator plane.
All bow shock crossings recorded by the Phobos 2/TAUS instrument were mapped to this
plane by using the hyperbolic shape of the shock surface (eccentricity was taken to be 1.02,
focus was located at X,,. = 0.55Rp [Slavin et al., 1991]). For each bow shock crossing,
the parameter called semilatus rectum was chosen in a way that the surface should pass

through the observed bow shock position.



Figure 3 shows the scatter plot of the bow shock terminator distances D; determined
applying the above method as a function of the proton ram pressure. According to these
data, the average terminator distance to the bow shock was 2.62Rp with a standard
deviation of +0.39Ry. The dependence of the shock terminator distance on pv? is very
weak if any:

Dy~ 6000(9')2)—0.023:0.01. ’ (1)

The dashed line in Fig. 3 corresponds to this power dependence.

The mapping approach used for the Martian bow shock crossings cannot be applied
for mapping the areomagnetopause crossings because in the latter case the shape of the
boundary cannot be considered as invariant since (i) in the magnetotail close to the termi-
nator, the position of the magnetopause shows significant variations and the thickness of
the tail is changing by a factor of 2-3 according to the data presented in Fig. 2 , while (ii)
~ observational data available on the dayside magnetopause position imply that the distance
to the subsolar point of this boundary r, is relatively stable, its variations are about +15%.

The latter peculiarity of the areomagnetopause cannot be considered established as
firmly as the former one due to poor statistics of the dayside boundary crossings. Only a
few dayside magnetopause crossings have been observed by the orbiters Mars 2 & 3 and
Phobos 2. In the first three elliptic orbits, Phobos 2 observed the dayside magnetopause at
distances of ~ 4300+100km from the center of Mars (see Fig. 5 by Verigin et al. [1991a] and
Riedler et al. [1989]), while the proton ram pressure was about 3.6 times higher in the first
orbit than in the third one. On J anuary 8, 1972 Mars 2 crossed the subsolar magnetopause
at 4500 — 5000km from the center of the planet [Breus and Verigin, 1976] which may be
considered as an upper limit of the observed r, values. The lower limit of r, can be obtained
from theoretical considerations. If r, were lower than Rjs + 300km = 3700km, the solar
wind flow would be absorbed via charge exchange (cross-section of ~ 107%3¢m?) in the
dense layers of the planetary atmosphere where cold oxygen density is n ~ 3 - 10%¢cm™3
[Stewart and Hanson, 1982], and the mean free path for charge exchange is of the order
of Rps . This rapid absorption would lead to the disappearance of the detached planetary
bow shock (cf. Moon). None of the missions has observed such an effect. On the basis of
the above considerations, r, was taken to be 4300km + 15% for the following quantitative
study of the areomagnetotail variability.

We described the variable areomagnetopause shape by applying a first order differ-
ential equation with a single free parameter H/r, [Spreiter et al., 1970]. For each mag-
netopause crossing we searched for a specific value of H/r, so that an integration curve
beginning at point r, of the X,,. axis should pass through the observed magnetopause
position. Then we continued:this integration curve far downstream in order to find the
asymptotic areomagnetotail diameter D.

Figure 4 presents a scatter plot of magnetotail diameters calculated using the above
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method as a function of solar wind proton ram pressure. The compression of the areomag-
netotail with the increase of solar wind ram pressure is obvious in this figure. The best
power fit for the observed dependence of D on gv? is: '

D ~ 550(gv?) /¥, @

with a power index of k ~ 5.9 & 0.5. In Fig. 4 a solid line presents this dependence.

DISCUSSION

The Phobos 2/TAUS data obviously revealed the dependence of the areomagnetopause
position on solar wind ram pressure (Figs. 2 and 4). The power index for the best fit
curve turned to be k ~ 5.9. The close coincidence of this index with k = 6 for a dipole
geomagnetic field implies that an intrinsic dipole magnetic field can be an important factor
in the interaction of Mars with the solar wind plasma which is significantly contributing
to the pressure balance.

This new argument in favour of the essential contribution of an intrinsic areomagnetic
field to the solar wind deflection around the planet seems to complete the earlier proposed
argument by Gringauz [1981] and by Whang and Gringauz [1982] which was based on the
relative thickness of the Martian magnetotail as compared to Venus. The good statistics
of the areomagnetotail crossings by Phobos 2 provides a stronger observational evidence
for this argument (see.also Rosenbauer et al. [1989b] and Verigin et al. [1991a]).

Figure 5 presents the summary statistics of the inbound and outbound magnetopause
crossings determined from TAUS data measured in the circular orbits of Phobos 2 (cf.
Fig.1). This figure also shows all data available on the location of the magnetopause in
the induced tail of Venus at 1 — 3 planetary radii downstream of the terminator (from Fig.
12 by Saunders and Russell [1986], and from Fig. 7 by Luhmann et al. [1991]) scaled by
the planetary radius. When comparing the two sets of data, one can conclude that (i) the
diameter of the Martian magnetotail close to the terminator is 1.5 - 2 times thicker on the
average than that of Venus (in planetary radius) and that (ii) the observed positions of
areomagnetopause crossings are essentially more spread than the magnetopause crossings
at Venus. These two observational facts can hardly be explained without the contribution
of an intrinsic magnetic field which can produce a larger and softer obstacle in the solar
wind flow than a purely ionospheric hard obstacle.

 The power index k = 6 in relation (2) for the purely dipole magnetic obstacle is
obtained from the theoretical consideration of the pressure balance at the magnetopause:
ov? ~ B?/8 ~ (M/r®)® , where M is the dipole moment and r is the magnetopause
dimension. In this case the variations in the solar wind ram pressure control the location of
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the magnetopause and that of the bow shock through the same power law and the shape of
both discontinuities remains invariant. Several observational studies on the motion and the
shape of the terrestrial magnetopause and bow shock [e.g., Spreiter et al., 1966; Binsack
and Vasiliunas, 1968; Bezrukikh et al., 1976; Sibeck et al., 1991, etc.] conﬁrmed these
theoretical expectations at least for solar zenith angles less than ~ 120°,

The relative motion of plasma boundaries seems to be completely different at Mars
where observations revealed a significant magnetotail compressibility with 1/k = 0.170 3
0.015 in expression (2), while the bow shock position was practically independent of gv?
(see relation (1) and Figs. 2 and 3). This latter observation was earlier reported by
Schwingenschuh et al. [1990b] analyzing bow shock crossings obtained by the magnetic
experiment MAGMA and preliminary uncalibrated pv? data of TAUS. The very weak
dependence of the Martian bow shock terminator position on the solar wind ram pressure
is similar to the case of Venus [Tatrallyay et al., 1983].

How is it possible to explain the simultaneously observed high compressibility of the
areomagnetotail and the weak dependence of the bow shock terminator position on solar
wind ram pressure? It can occur if the variations of the subsolar point are very limited ( see
the previous section). On the basis of Fig. 4 by Spreiter et al. [1970] (Mach number was
8 and specific heat ratio was 5/3 in their hydrodynamic model) the bow shock terminator
position D¢ can be approximated by the following empiric relation:

k)] 3)

To

This expression can be used to determine the expected dependence of D, on gv? when
this shock was formed upstream of an obstacle with a fixed nose position r, and with a
magnetotail thickness of D determined by expression (2). In Fig. 3 a solid line shows this
calculated dependence.

Expected and observed bow shock positions are in good agreement within the large
range of bow shock variations (Fig. 3). This agreement provides an indirect observational
evidence for our assumption discussed above that the position of the subsolar magnetopause
is relatively stable.

The quite stable position of the subsolar point of the Martian magnetopause and
unambiguous induction effects observed by the Phobos 2/MAGMA magnetic experiment
in the areomagnetotail [Yeroshenko et al. 1990; Schwingenschuh et al., 1990b) indicate that
the planetary atmosphere/ionosphere is also playing an essential role in the interaction of
the solar wind with Mars.

Another consequence of the stable subsolar areomagnetopause position can be the de-
pendence of the bow shock terminator position on the angle between the shock normal and
the upstream interplanetary magnetic field discussed by Zhang et al. [1991a]. This effect
was earlier observed at Venus (Tatrallyay et al. [1983]) where there is a rigid ionospheric
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obstacle, but it completely disappears in the large amplitude motions of the terrestrial bow
shock where there is a compressible magnetosphere. From the statistics of the Martian
bow shock crossings presented in Fig. 1, it appears that in the inbound leg of the circular
orbits, the bow shock was most frequently observed at 5°-10° lower solar zenith angles than
in the outbound leg. This angular difference corresponds to a difference of 800 — 1600km
in the mean terminator position of the bow shock between the dusk and dawn side of the
planet.

The spiral interplanetary magnetic field geometry suggests that Phobos 2 could ob-
serve quasiperpendicular shocks more often in the inbound leg, while quasiparallel shocks
were more frequent in the outbound leg as it was also discussed by Zhang et al. [1991b].
Thus, the observed asymmetry in the shock terminator positions can be related to the
different speed of magnetosonic and Alfven disturbances propagating perpendicular and
parallel to the interplanetary magnetic field, respectively. This asymmetry between the
inbound and outbound shock positions quantitavely corresponds to the difference of 1000—
2000km in the terminator position of quasiparallel and quasiperpendicular bow shocks as
determined by Zhang et al. [1991a] and it can be considered as an indirect support of their
observations. :

CONCLUSIONS

The first quantitat‘ive study of the Martian magnetopause variability based on 3D
solar wind proton spectra measured by the TAUS spectrometer on board Phobos 2 in its
56 circular orbits revealed the clear and strong dependence of the location of the areomag-
netopause on solar wind ram pressure.

The power index k in thie expression D ~ (pv?)~!/* describing the dependence of the
Martian magnetotail thickness D on solar wind ram pressure turned to be k ~ 5.9 3 0.5.
The close coincidence of this index with k = 6 for the dipole geomagnetic field and the large
areomagnetotail thickness compared to the planetary diameter suggests that an intrinsic
dipole magnetic field can be an important factor in the solar wind plasma interaction with
Mars.

On the other hand, the terminator position of the bow shock turned to be practically
independent of solar wind ram pressure. This observation can be explained by the stable
position of the nose point of the magnetopause. This incompressibility of the subsolar Mar-
tian magnetopause and unambiguous induction effects observed by the Phobos 2/MAGMA
magnetic experiment in the areomagnetotail indicate that the induced magnetic field also
plays an essential role in the solar wind interaction with Mars.
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Fig. 3. Terminator positions of the bow shock in the inbound (*) and in the
outbound (x) leg of the Phobos 2 circular orbits as a function of the upstream solar
wind ram pressure. The power law fit given by relation (1) is presented by the
dashed line. The expected dependence of the terminator position of the bow shock
on gv? according to expressions (2 and 3) is shown by the solid line.
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Fig. 4. Scatter plot of the magnetotail diameter extrapolated from the inbound *)
and outbound (x) magnetopause crossings of Phobos 2 as a function of the upstream
solar wind ram pressure. Power law fit is shown by the solid line.
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on the location of the magnetopause of Venus at 1 — 3 planetary radii downstream
of the terminator (from Fig. 12 by Saunders and Russell [1986] and from Fig. 7 by
Luhmann et al. [1991]) are also presented scaled by the planetary radius.

waPHOBOS 2
S~ MAGNE TOPAUSE
(H/r,=0.3)
PHOBOS -2
orbit 4
/
/
/
- 1
T 1 1 T T | 1 ]
2 1 42 3 -4 5 Xiger Ru



The issues of the KFKI preprint/report series are classified as follows:

Particle and Nuclear Physics

General Relativity and Gravwitation

Cosmic Rays and Space Research

Fusion and Plasma Physics

Solid State Physics

Semiconductor and Bubble Memory Physics and Technology
Nuclear Reaclor Physics and Technology

Laboratory, Biomedical and Nuclear Reactor Electronics
Mechanical, Precision Mechanical and Nuclear Engineering
Analytical and Physical Chemistry

Health Physics

Vibration Analysis, CAD, CAM

Hardware and Software Development, Computer Applications, Programming
Computer Design, CAMAC, Computer Controlled Measurements

ZEZrAC-I@MMOO®>

The complete series or issues discussing one or more of the subjects can be ordered,
institutions are kindly requested to contact the KFKI Library, individuals the authors.

Title and classification of the Issues published this year:

KFKI-1991-01/M A. Ambrozy. Experience during applying the ORACLE 4GL system
(in Hungarian)

KFKI-1991-02/M S. Dibuz-Wagner: A knowledge-base for protocols

KFKI-1891-03/G Gy. Ezsol et al.; Adaptation of RELAP5/MOD2 code: Analysis of IAEA-SPE-3
{in Hungarian)

KFKI-1991-04/G Gy. Ezsdl etal.: IAEA SPE-3. Valuation of measurement results (in Hungarian)

KFK1-1991-05/G A. Takacs et al.. SMABRE - as the dynamical model of the primary circuit for
the code KARATE (in Hungarian)

KFKI-1991-06/A J. Balog et al.: Locality problem for the Liouville field

KFKI-1991-07/E N. Eber et al.: Linear electromechanical effect in a polymeric ferroelectric liquid
crystal

KFKI-1991-08/C B. Lukacs: Prices and sunspots
KFKI-1991-09/E M.V. Kozlovsky et al.: A chiral side-chain polymer with layered structure

KFKI-1991-10/G P. Vértes: Calculation of transmission and other functionals from evaluated
data in ENDF format by means of personal computers

KFKI-1991-11/E F. Téth: Non-destructive testing methods (In Hungarian)

KFKI-1991-12/H Vera Janossy et al.: Multichannel recordings and data analysis from spinal
cord explants and cell cultures

KFKI-1991-13/G Z. Szatmary: User's manual of program RFI_1" Part 1. General description



KFKI-1991-14/G Z. Szatmary: User's manual of program RFIT. Part 2. Parameter estimation
KFKI-1991-16/G Z. Szatmary: User's manual of program RFIT. Part 3. The data files

KFKI-1891-16/G Z. Szatmary. User's manual of program RFIT. Part 4. Statistical analysis.
Task PLOT

KFKI-1891-17/A. T. Haugset et al.: Is the breakup time a free parameter when describing heavy
lon collisions? '

KFKI-1991-18/G Margit Telbisz: SNARE — A response matrix based few-group nonlinear
reactor cocde in hexagonal geometry

KFKI-1991-19/B G. Paal et al.: Inflation and compactification from galaxy redshifts?

KFKI-1891-20/G L. Perneczky: ISP-27. Pre-test calculations for BETHSY SB-LOCA test with
RELAPS/RMA code (in Hungarian)

KFKI-1991-21/A V.Sh. Gogohla et &l.. Phenomenological dynamics in QCD at large distances

KFKI-1991-22/C M.Il. Verigin et al.: The depandence of the Martian magnetopause and bow
shock on solar wind ram pressure according to Phobos 2/TAUS ion spectrometer measure-
ments .



