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Abstract. The majority of scientific satellites investigating
the Earth magnetosphere are spin stabilized. The attitude in-
formation comes usually from a sun sensor and is missing
in the umbra; hence, the accurate experimental determina-
tion of vector quantities is not possible during eclipses. The
spin period of the spacecraft is generally not constant dur-
ing these times because the moment of inertia changes due
to heat dissipation. The temperature dependence of the mo-
ment of inertia for each spacecraft has a specific signature
determined by its design and distribution of mass. We devel-
oped an “eclipse-spin” model for the spacecraft spin period
behaviour using magnetic field vector measurements close
to the Earth, where the magnetic field is dominated by the
dipole field, and in the magnetospheric lobes, where the mag-
netic field direction is mostly constant. The modelled spin
periods give us extraordinarily good results with accumu-
lated phase deviations over one hour of less than 10 degrees.
Using the eclipse spin model satellite experiments depending
on correct spin phase information can deliver science data
even during eclipses. Two applications for THEMIS B, one
in the lobe and the other in the lunar wake, are presented.

Keywords. Magnetospheric physics (Planetary magneto-
spheres; Instruments and techniques) – Solar physics, astro-
physics, and astronomy (Magnetic fields)

1 Introduction

The period of a spinning spacecraft is usually determined
with a sun sensor. It depends on the moment of inertia of
the spacecraft which in turn depends on the temperature of
the spacecraft body. The temperature of the spacecraft is
falling during eclipse and the spacecraft contracts diminish-
ing its moment of inertia and hence the spin period until a
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final equilibrium is reached or the spacecraft exits the eclipse
and heats up and expands again. The temperature depen-
dence of the moment of inertia is mainly determined by the
wire antennae and booms because of their extension and low
thermal inertia. The spacecraft is an irregular object with
non-homogeneous thermal properties and a theoretical calcu-
lation of the change of moment of inertia due to temperature
change is difficult. Since the sun sensor doesn’t deliver infor-
mation during eclipses, the spin locked instruments and the
vector measurements cannot work properly. We developed a
method to determine the behaviour of the spacecraft spin pe-
riod during eclipse using magnetic field measurements in the
magnetosphere. The method requires eclipse measurements
of the magnetic field in a region where either a model mag-
netic field is available or where the ambient magnetic field
has a relatively constant direction. The model can subse-
quently be applied to reconstitute the spin period for eclipses
outside the magnetosphere even when magnetic field mea-
surements are not available.

2 Description of the method

The modelling of the spin during eclipse is based on the as-
sumption that each spacecraft has a specific signature in the
temperature dependence of its moment of inertia. The model
intends to describe this signature analytically. The spin pe-
riod can be determined from a magnetic field component in
a rotating spacecraft system.

The method implies the following steps:

– determination of the spin period using a spinning com-
ponent of the magnetic field in the spacecraft frame,

– correction of the spin period with the changes of the
direction of the magnetic field in the spin plane deter-
mined from the IGRF magnetic field model and record-
ing of this information into an eclipse data base,
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(a) (b)

Fig. 1. Examples of spin behaviour for THEMIS.(a) no eclipse and(b) eclipse. Top panel: Sun sensor spin-period (TS : red), FGM
spin-period (TB : black), Model magnetic field rotation (dα/dt : blue). Lower panel:1TS (red), corrected FGM spin period (1TBc : black).

– superposed epoch analysis of the eclipse data and fit of
an analytical expression to the data and

– checking the model with randomly selected eclipse data
to determine the errors of the model.

The first two steps of the method were developed using
CLUSTER data, but then applied systematically to two years
of data collected by the five spacecraft of the THEMIS
mission.

2.1 Spin period determination from the magnetic field

The magnetic field is measured both on CLUSTER and
THEMIS spacecraft with flux-gate magnetometers (FGM);
the magnetometers are described in detail in Balogh et
al. (2001) and Auster et al. (2008). They are placed on booms
situated in the spacecraft spin plane. In order to determine
the spin period we used one of the spin-plane components
of the calibrated magnetic field in the spacecraft frame. The
magnetic field direction is assumed to be constant during a
spin. The experimental measurement was decomposed into
intervals of data containing “one period sine” curves by find-
ing the zeros and taking windows slightly larger (2 measure-
ment points outside the interval) than two subsequent cross-
ings of the zero line in the same direction. A sine with lin-
early varying amplitude, which takes into account the change

of the magnetic field magnitude during a spin, was fitted to
each data interval.

BFIT = (a0+a1t) sin

(
2π t

a2
−a3

)
(1)

The “t” variable is the time andai , (i = 0–3) are the four pa-
rameters of the fit; the perioda2 of the sine function, named
TB in the following, estimates the spin period of the space-
craft (T ). Since the data have different sampling rates and
the spacecraft different rotation periods, the window lengths
in seconds are also different. The method is applicable to any
spinning spacecraft where the sampling rate of the magne-
tometer (fs) is high enough that the number of measurement
points per spin (n = fsT ) is larger than 4, the number of the
parameters inBFIT. This condition is generally satisfied by
most of the spinning spacecraft: for THEMIST ∼ 3 s and the
sampling rate is 4 or 8 Hz for the eclipse time periods result-
ing in at least 12 data points/spin; for CLUSTERfs= 22 or
67 Hz andT ∼ 4 s. The accuracy is increasing with increas-
ing number of measurement points.

2.2 Correction of the experimental FGM spin period

Figure 1 exemplifies the method for two time intervals for
the THEMIS spacecraft one without eclipse (a) and one with
eclipse (b). In the upper panels the FGM spin periodTB

(black points) and the sun sensor spin periodTS (red) are
overplotted. The two lower panels show the spin periods
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measured by the two instruments relative to the reference
value TSref: 1TS = TS − TSref (red) and here in black are
the corrected FGM spin periods1TBc = TBc −TSref by us-
ing the relative rotation of the magnetic field as described
below. The reference valueTSref, has been determined as the
median ofTS over a time interval at least 20 min prior to the
eclipse in order to avoid penumbra effects.

The FGM-periods (TB) show a discrepancy when com-
pared to the sun-sensor determination of the spin period (TS)

in the intervals when both measurements are available. The
discrepancy betweenTB andTS comes from the failure of
our assumption concerning the magnetic field direction be-
ing constant during a spin. The assumption may be right in
the lobes, but close to the Earth, the direction changes. These
changes can be determined from the magnetic field model
and may reach 10 degrees per spin for THEMIS (TS ∼ 3 s).

The determined spin periodsTB depend on the direction of
rotation of the field relative to the rotation of the spacecraft.
The time derivative of the clock angle in the spin plane is
used to make the correction. The magnetic field computed in
GSE, by using IGRF and Tsyganenko96, was transformed to
a non-spinning spacecraft frame using the attitude. The spin-
plane components of the model field were spline-interpolated
to theTB times. The clock angleα, i.e. the angle of the pro-
jection of the magnetic field vector in the spin-plane, was
computed as the arctangent of the ratio of the two spin-plane
components in the non-spinning spacecraft frame. The cor-
rected FGM spin periods have been checked against the sun-
sensor periods in time intervals without eclipse. The blue
curve in the upper panel of Fig. 1 shows the derivative of the
clock-angledα/dt that is used to correct the FGM spin peri-
odsTBc = TB −dα/dt ; now TBc agrees fairly well withTS .
The bottom panel shows the plots of the differences to the
reference spin:1TS (red) and1TBc. Depending on the re-
gion where the measurement is performed the spread ofTBc
can be relatively large and/or the magnetic field model in-
accurate. For the modelling of the spin behaviour we have
to select regions relatively close to Earth, where the field is
strong and stable. In the same time we need a large range of
eclipse lengths to have a model describing all experimentally
possible cases. For this we select the lobes where the field
has an almost constant direction.

2.3 Superposed epoch analysis of eclipse data and
model fit

A data base containing all eclipse data for the five THEMIS
spacecraft from 2007 to 2009 has been built. One difficulty
was related to the determination of the start and stop times
of the eclipses due to the effect of penumbrae. Two methods
have been investigated: one based on theoretical calculations
using the orbit data and the second on experimental sun sen-
sor data; the second proved to be more accurate.

A data file has been recorded for each eclipse where FGM
data and model field data were available. The data file con-

Fig. 2. Eclipse-spin model (ESM) and its application to despin mag-
netic field data. The eclipse time interval is delimited by the dashed
lines. Top panel: difference of the spin period to the reference value
before eclipse:1TS (thick red line) from Sun sensor,1TB (black
and blue points) from magnetometer measurements andTESM (thin
red line in the eclipse) eclipse spin model. I and II denote the inter-
val of short and long eclipses and the arrow point to the shoulder in
between. Lower 3 panels: magnetic field in spacecraft system; red:
despun with constantTS and black: despun withTESM. The mag-
nitude of the fieldB (blue) is shown in the bottom panel together
with the component along the spin axisBZ (black).

tained the time series of the sun-sensor periods (TS) and
the corrected FGM periods (TBc). Two reference values are
needed to perform a superposed epoch analysis one in the
timeline (EStart) and one in the spin period (TSref defined in
Sect. 2.2). The eclipse start time,EStart, is defined as be-
ing the sun pulse time delivered by the sun sensor about 15 s
before entering the eclipse. These values are subtracted from
the time (t) and from the spin period values (T ), respectively.

The numbers of files in the data base were 130, 20, 84, 177
and 152 for THEMIS A, B, C, D and E from a total of 231,
45, 213, 319 and 324, respectively, because not every eclipse
had FGM coverage. The majority of the eclipses are close to
the Earth where the magnetic field strength is high and the
duration of the eclipses is less than 30 min.
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Figure 2 shows an interval of data of THEMIS B from 7
March 2009, where the spacecraft was in a long eclipse (de-
limited with the dotted vertical lines). The top panel con-
tains relative spin periods to the reference value: the sun
sensor measured relative periods1TS (thick red line) that
have a constant fake value in the eclipse and the values de-
termined from FGM data (1TB blue data points). Overplot-
ted in black starting atEStartare all1TBc for the close-to-
perigee eclipses in the year 2008.

All these FGM spin periods were used to define an empir-
ical eclipse-spin model (ESM) which appears as a thin red
line in the upper panel of Fig. 2.

The spread of the data points for these short (<30 min)
eclipses is small compared to the blue dots for the long
eclipse. Long eclipses are infrequent; they occur when the
spacecraft are mostly far away in the tail where the magnetic
field component in the spin-plane is small. Sometimes the
field is disturbed by wave activity and henceTB cannot be
determined with sufficient accuracy in order to be used for
fitting a model.

The continuous decay of the spin period with time in the
eclipse is interrupted with a relatively constant part that we
name “shoulder“ and mark with black arrows in the Figs. 2,
5 and 6. A similar feature due to the same physical pro-
cess appears during the warming up phase after re-entry in
the sunlight and is specific to all THEMIS and CLUSTER
spacecraft. This is determined by the spacecraft design, par-
ticularly the contraction and dynamics of the wire booms
(Cherchas, 1971; Lai, 1979).

The fitting function was selected to reflect the physical
processes supposed to produce the change in the spin period.
The physics behind Eq. (2) is presented in Sect. 2.4.

The following function has been taken for the fit:

TFIT =

(
3

√
1

(a0t +a1)
2
− 3

√
1

a2
1

)
a2+a3 (2)

whereai , (i = 0–3) are the free parameters andt is the time
in eclipse.

The fitting of the analytical function (2) is done in the
two intervalsI andII (top panel of Fig. 2) separated by the
shoulder. The eclipse-spin model is given by a piecewise
function (3) containing the results of the fit.

TESM=


T I

FIT t ≤ tsh−τ1

Tsh tsh−τ1 ≤ t ≤ tsh+τ2

T II
FIT t ≥ tsh+τ2

(3)

whereTsh= (T I
FIT(tsh)+T II

FIT(tsh))/2.
tsh ∼ 30 min, the center time of the shoulder, is derived

from the experimental data observations. The values ofτ1
andτ2 result from the continuity conditionsT I

FIT(tsh−τ1) =

Tsh(tsh−τ1) andT II
FIT(tsh+τ2) = Tsh(tsh+τ2).

The fitted parameters for THEMIS B are given in Ta-
ble 1. Furthermore we distinguish a penumbra region be-
fore the entry into eclipse and before re-entry into the sun-
light; this part is not modelled, but it is taken care of by
smoothly joiningTESM with TS before and after the eclipse.
The three lower panels in Fig. 2 illustrate the use of the orig-
inal fake spin period (red curves) and of the model spin pe-
riod (black curves) for despinning the magnetic field for the
data of 7 March 2009. They contain the three components
of the magnetic field in a despun spacecraft coordinate sys-
tem where the z-axis is aligned with the spin axis and the
x-z plane contains the direction toward the Sun. The lowest
panel shows in blue the field magnitude that is very constant.
This is a very good case for determining the spin periods
from FGM data since the magnetic field has also an almost
constant direction parallel to x;BY andBZ are close to zero.

2.4 The physics behind the fit function

The fit function (2), which has been used to approximate the
spin period behaviour in eclipse, is not an empirically found
function. Instead the following physical considerations lead
to its development. The spin period of the rotating space-
craft is proportional to the moment of inertia which is pro-
portional to the square of the distance of the mass elements to
the rotation axis. The temperature loss depends on the tem-
perature of the spacecraft components conforming to Boltz-
mann’s law and is proportional to the fourth power of the
absolute temperature. The contraction in the radial direction
is dominated by the contraction of the wire antennae and of
the booms and depends linearly on the temperature loss. A
few steps in the deduction of the fitting function are presented
below.

When the spacecraft enters eclipse, the thermal budget will
be mainly influenced by the emission of heat with a power
proportional toθ4, whereθ denotes its temperature. The heat
energy content of the spacecraft will decrease with the rate
proportional to the first derivative ofθ . Hence, the following
differential equation will hold:

c1θ
4
=

dθ

dt
(4)

c1 is here an unknown constant, which includes the Stefan-
Boltzmann-constant, the spacecraft’s heat capacity, as well as
a measure of its area to mass ratio. The differential equation
can be easily solved by:

θ =
3

√
1

c2t +c3
(5)

Here c2 is proportional toc1 and c3 denotes a constant of
integration. Equation (5) describes the decrease in temper-
ature of the spacecraft. If the wire boom length is assumed
to behave proportionally to the temperature, the moment of
inertia I of the wire booms, which is basically proportional
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Table 1. Model parameters for THEMIS B.

TESM a0 a1 a2 a3

T I
FIT 1.09102×10−6 4.81989×10−3 6.69644×10−4 0.0

T II
FIT 8.63622×10−8 4.30367×10−4 1.21247×10−4

−3.67598×10−3

to the square of their length, should show the following time
dependence:

I =
3

√
1

(c4t +c5)
2

(6)

c4 and c5 are, again, unknown constants, which now also
include a value for the mass of the wire booms and the con-
stant of proportionality between temperature and wire boom
length. Since the spacecraft conserves its angular momentum
during the eclipse, the productIω or the ratioI /T should
remain constant. Hereω andT denote the angular spin fre-
quency and spin period of the spacecraft respectively. Hence,
the spin period behaviour should be analytically well de-
scribed by the formula:

T =
3

√
1

(c6t +c7)
2

(7)

wherec6 andc7 also contain the angular momentum. For the
computation of the spin period behaviour only the change
in this period is considered. Att = 0 (beginning of eclipse

time)1T should be 0. Hence, we added−1/ 3
√

c2
7 to Eq. (7).

We also included to the final approximating function a scal-
ing factor (c8) and a constant offset (c9), which is particu-
larly important when the second branch (extended spin pe-
riod model) is calculated, since the decay in period does not
start fromTSref (corresponding to1T = 0) but from some
shorter period (negative1T ). Thus we obtain the final fit
function (2):

1T =

(
3

√
1

(c6t +c7)
2
− 3

√
1

c2
7

)
c8+c9 (8)

3 Model check and error analysis

The eclipse-spin model (ESM) derived in Sect. 2.3 can be
applied for every eclipse without determining the spin period
from the magnetic field. The ESM was checked against all
eclipse data between March 2008 and July 2009. The final
error φ, an accumulated phase deviation, was estimated by
adding up the spin periods during the eclipse and comparing
with the first sun pulse time after the eclipse. The change
of the period in the eclipse is approximately 0.005 s after
30 min. This corresponds to 600 spins, since the THEMIS

Fig. 3. Accumulated phase error,φ in degrees, versus eclipse length
for the THEMIS B eclipses between March 2008 and July 2009.
Black: all eclipses up to about 1 h duration for 2008 and 2009,
blue: long eclipses in 2009, green: long eclipses in 2008, red: bad
results due to manoeuvres. The arrows point to the long eclipses
with very long stay in penumbra.

spacecraft completes a rotation in 3 s. Adding up the er-
rors in the spin periods in the case when no correction is
performed the Sun direction will be out of phase with one
spin or 360◦ after 30 min. This is visible in the two middle
panels of Fig. 2, where incorrectly despunBX andBY (red
lines) make an apparent 360 degrees rotation during the first
30 min and a total of 14 rotations during the 3 h 14 min of
the eclipse. Figure 3 shows the errors in terms of phase de-
viation for the eclipses between March 2008 and June 2009
versus the duration of the eclipses. This interval has been
chosen to cover the main phase orbits for THEMIS B, i.e.
after the boom deployment and before the injection of the
spacecraft into the transfer orbits for its journey to the moon.
During these months the orbit of THEMIS B did not signif-
icantly change in shape, but rotated around the Earth due to
the Earth’s motion around the Sun; the tail seasons causing
long eclipses are included for 2008 and 2009.

When applying the ES model to despin the magnetic field
for the long eclipse (black curves in the two mid panels of
Fig. 2) the accumulated phase errorφ is less then 1◦. The
model was determined based on this case (blue cross marked
with the black arrow on Fig. 3), so an error analysis of other
applications of the model is of interest.
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Most of the eclipses do not last longer than one hour. The
black crosses mark the eclipses close to perigee, i.e. in large
magnetic fields. In these cases the modeled spin periods give
us extraordinarily good results with accumulated phase devi-
ations of less than 10 degrees. Short eclipses for which the
model application was not successful are marked in red. In
these three cases the spin period has been changed by the use
of the spacecraft thrusters shortly before eclipse start. Hence,
the reference spin periodTSref could not be obtained accu-
rately. This results in a constant offset between the model
spin period and true spin period which ultimately leads to
a large accumulated phase deviation. The green crosses in
Fig. 3 mark the long eclipses observed in March 2008 and
the blue crosses those from March and April 2009. The ac-
cumulated phase deviation for 2009 is below 40 degrees for
eclipses not longer than 3 h. The same conclusion applies
to the eclipses of 2008 not longer than 2 h. An interesting
feature of Fig. 3 is the increasing separation of the phase dif-
ference curveφ with increasing eclipse duration for the two
years 2008 and 2009. Obviously, the second model branch,
which has been determined from a 2009 eclipse, leads to bet-
ter results for long eclipses of this year: The phase devia-
tion increases drastically for 2008 eclipses longer than 2 h.
This means, that the spin period behavior was different in
2008 and 2009. One reason may be the fuel content of the
spacecraft, which was larger in 2008. The release of fuel will
probably have slightly changed the moment of inertial of the
spacecraft over the course of time.

The crosses marked with arrows correspond to the first
eclipses in March 2008 and 2009 of the series of eclipses
marked in the two respective colors. The penumbra phase
was particularly long in these cases, since the spacecraft
only skimmed the region in full shadow and did not fly right
through umbra.

From this statistical analysis we can conclude, that for
short eclipses the accumulated phase error is below 10◦ while
it is up to 40◦ for eclipses lasting less than 2 h. A possibility
to improve the application is to adapt the model to each indi-
vidual eclipse. This can be done by distributing the phase de-
viation at the reentry in the sunlight over all the periods dur-
ing the eclipse and reconstructing the sun-pulse times. The
phase deviation after this adapted model application is close
to zero (see Sect. 4).

The effect of the Earth albedo radiation on the spin
period

Whenever the spacecraft comes close to the Earth, the in-
frared radiation form the Earth’s surface becomes important
for its thermal budget. Heating the spacecraft up increases its
moment of inertia and, hence, its spin period. The radiation
from Earth may be due to the reflection of sunlight (albedo)
or simply thermal radiation of previously stored energy (on
the night side). The Earth’s radiation on the night side and
the cooling of the spacecraft in eclipse have an opposite ef-

Fig. 4. Spin period change (1TS) due to Earth radiation versus
radial geocentric distance to the Earth. The colours show the local
time (in hours) of the perigee crossing.

fect on the spin period behavior. Although it seems to be ob-
vious, that in eclipse the spacecraft will overall cool down,
the question remains how much slower this cooling process
evolves in the presence of the additional terrestrial radiation.

In order to quantify this effect we performed the follow-
ing statistical study of THEMIS B spin period data deter-
mined by the sun sensor from the interval March 2008 to
July 2009. The interval was divided into subintervals includ-
ing only times, at which the last eclipse had ended at least
12 h before and the next one lay at least 10 min in the fu-
ture. This ensures that the spacecraft has had enough time
to recover its natural spin period in thermodynamic equilib-
rium after eclipse, such that our analysis is not affected by
the spacecraft cooling in shadow. For each of these subin-
tervals the median of the spin periods of THEMIS B were
computed belonging to times when the spacecraft was more
than 5RE (Earth radii) away from the center of Earth. These
are the reference spin periods to which we can compare the
ones measured closer to Earth. The change in spin period,
1TS , with respect to these reference periods is shown for all
the subintervals in Fig. 4.

As can be seen the effect is more important the closer the
spacecraft approaches the terrestrial surface. For the min-
imum perigee distance to the surface of about 0.2RE (cor-
responding to a radial distance to the center of the Earth of
1.2RE) the change in spin period can be at most 0.0005 s.
The effect is drastically diminished, when the spacecraft is
further away from the Earth. For instance at 2.5RE geocen-
tric distance,1TS does not exceed 0.0002 s.

The color of the data points displays the local time position
of the (temporally) closest perigee pass to the corresponding
spin period considered. The closest approaches to the ter-
restrial surface correspond to the perigee passes around local
noon (light blue and green dots), where we would expect the
radiation from Earth to be largest due to the direct reflection
of sun light in addition to the larger thermal radiation from
the surface, which diminishes during night time. Both effects
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Fig. 5. ES model application to a long eclipse for THEMIS B on
11 March 2009. Top panel: spin period differences toTSref, mid
panel: magnetic field despun with uncorrected spin times, bottom
panel: magnetic field despun with corrected spin-times using the
ESM. The eclipse time interval is delimited by the dashed lines.

(closer spacecraft and larger radiation) enhance the increase
in spin period. Close-in perigee passes around local midnight
are excluded from the analysis due to perigee in the umbra.
Noon/afternoon (green dots) and midnight local time (red)
passes can be compared at a distance of 2 RE from the Earth’s
center. The increase in the spin period produced by the Earth
radiation is<10−4 s, whereas the decrease produced by the
cooling in near-Earth eclipses is of the order of 5×10−3 s, so
terrestrial radiation does not have an important contribution
to the spin period change and has been neglected.

4 Examples of model application

4.1 Application of the ES model in the Earth tail

We illustrate in Fig. 5 the application of the ES model to the
longest eclipse (3 h 45 m) encountered by THEMIS B on 11
March 2009.

The red line in the top panel is, similar to Fig. 2, the dif-
ference of the spin period delivered by the sun sensor to
the reference value prior to eclipse (1TS). The limits of
the eclipse [EStart, EEnd] are marked by the two vertical
dashed lines. The thin black line is the ESM. The two lower
panels show the 3 components of the magnetic field (x:blue,
y:green, z:red) in a despun spacecraft frame, z aligned to the
spin axis, x toward the Sun. In the mid panel the fake con-
stant value has been used for despinning while in the lower
panel the model values (TESM) were used.

Fig. 6. ES model application for a THEMIS B lunar-flyby, 13
February 2010. Top panel: spin period differences toTSref, mid
panel: Magnetic field despun with uncorrected spin times, bottom
panel: magnetic fieldB despun with corrected spin-times using the
ESM. The eclipse time interval is delimited by the dashed lines.

The modeled spin periodsTESM are taken betweenEStart
andEEnd. EStartdenotes the time 15 s prior to the eclipse
onset, as flagged in the data,EEnd is the time of the eclipse
end, from which time on sun sensor measurements are again
available. The modelTESM may be adapted to a particular
eclipse by adding a small linear driftδ = d(TESM)/dt yield-
ing a modified spin period ofTESM+δ (t−EStart). The free
parameterδ will be used to reduce iteratively the final phase
deviation to zero.

By using a linear interpolation between the last measured
spin period and the first modeled one we ensure a smooth
transition from the sun sensor measurements into the model.
After EEnd the first 60 s of measured spin period data are
linearly extrapolated to times beforeEEnd until the point,
where this straight line extension and the modeled spin pe-
riod function cross each other. Before this point in time the
spin period is obtained from the model, afterwards the linear
extrapolation bridges the last gap of eclipse time. This takes
into account, that the spacecraft is heated up again shortly be-
foreEEnddue to entering the penumbra region. Inside of this
region sun sensor measurements are still not available, but
the spin period increases again considerably. Furthermore,
we ensure with the linear extrapolation a smooth transition
from the model to the sun sensor measurements at eclipse
end.

4.2 Application of the ES model in the lunar wake

The crucial question is to which extent the model can be ap-
plied to reconstruct the correct spin periods and sun pulse
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times during eclipses, where the true spin period and space-
craft rotation phase can no longer be derived from a ter-
restrial magnetic field model. Since two of the THEMIS
spacecraft are flying to the moon to be inserted into lunar-
centered stable orbits, we have had the unique opportunity
to test the model with data from the recent lunar flyby of
the THEMIS B spacecraft, which took place on 13 Febru-
ary 2010, see Fig. 6. The spacecraft entered lunar eclipse at
about 08:53 UT. The end of the eclipse took place roughly
47 min later at about 09:30 UT. The duration of the eclipse
was, hence, larger than the first branch of our model. Would
this have been a terrestrial eclipse under the circumstances
considered for our statistical analyses, a resulting phase de-
viation of the order of 10 degrees would have been expected.

The accumulated phase error is in this case 27.4 degrees,
which is a low value in absolute terms, but quite a high
value considering the length of the eclipse of only 47 min.
The explanation maybe the fuel consumption during the time
elapsed since the eclipses used to define the model. After
adapting the model to cancel out the final phase deviation
we expect that the error in phase maximizes at the middle of
the eclipse without exceeding half the value measured before
adaptation. Although a minor deviation in phase may still
be present in the despun data, the improvement is consider-
able: the model helped to recover the flyby data and make
them usable for scientific purposes. A detailed study of solar
wind transient features and the lunar wake structure during
the flyby event based on a comparison of the eclipse-spin
model despun data with results of hybrid simulations can be
found in Wiehle et al. (2011).

5 Discussion and conclusions

The spacecraft spin behaviour during eclipse is characteristic
for each spacecraft and reflects the dependence of its moment
of inertia on temperature.

An “eclipse-spin model” for the spacecraft spin period be-
haviour can be developed by using the magnetic field vector
measurements in a spinning frame. The magnetic field must
be either close to Earth where its change in direction can be
deduced from a model magnetic field or have a constant di-
rection and a slowly varying magnitude in order to be usable
for modelling. After defining an eclipse-spin model, it can
be applied to eclipses in other regions of the magnetosphere
or outside of it without the need of magnetic field measure-
ments. The ES model compensates for the lack of experi-
mental spin phase information from the sun sensor, such that
satellite experiments, depending on correct spin phase infor-
mation, can deliver science data even during eclipses.

The application of the method to CLUSTER and THEMIS
data confirm the validity of the assumptions and give good
results for the spin period reconstitution. This method can
be applied to all spinning spacecraft carrying a vector mag-
netometer after a number of eclipses were recorded in the
magnetosphere. The ESM defined for THEMIS will bring a
valuable support to the ARTEMIS mission by the possibility
to use the on-board instruments in the lunar shadow.
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