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Received: 16 June 2008 – Revised: 18 December 2008 – Accepted: 27 January 2009 – Published: 23 February 2009

Abstract. Recent magnetic field investigations made on-

board the Cassini spacecraft in the magnetosphere of Saturn

show the existence of a variety of ultra low frequency plasma

waves. Their frequencies suggest that they are presumably

not eigenoscillations of the entire magnetospheric system,

but excitations confined to selected regions of the magne-

tosphere. While the main magnetic field of Saturn shows a

distinct large scale modulation of approximately 2 nT with a

periodicity close to Saturn’s rotation period, these ULF pul-

sations are less obvious superimposed oscillations with an

amplitude generally not larger than 3 nT and show a package-

like structure. We have analyzed these wave packages and

found that they are correlated to a certain extent with the

large scale modulation of the main magnetic field. The spa-

tial localization of the ULF wave activity is represented with

respect to local time and Kronographic coordinates. For this

purpose we introduce a method to correct the Kronographic

longitude with respect to a rotation period different from its

IAU definition. The observed wave packages occur in all

magnetospheric regions independent of local time, elevation,

or radial distance. Independent of the longitude correction

applied the wave packages do not occur in an accentuated

Kronographic longitude range, which implies that the waves

are not excited or confined in the same selected longitude

ranges at all times or that their lifetime leads to a variable

phase with respect to the longitudes where they have been

exited.
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1 Introduction

ULF waves are a widely observed phenomenon in various en-

vironments of the solar system. At comets pick-up of newly-

ionized particles leads to the generation of low-frequency

waves at the local ion-gyro frequency (e.g. Tsurutani and

Smith, 1986; Glassmeier and Neubauer, 1993; Glassmeier

et al., 1993). The solar wind interaction regions of plan-

ets Venus and Mars are also prone to the generation of low-

frequency waves by pick-up ions (e.g. Luhmann et al., 1983;

Espley et al., 2004). The terrestrial magnetosphere, how-

ever, is the classical environment to study ULF waves and

eigenoscillations of an entire magnetosphere (e.g. South-

wood and Hughes, 1983). Typical source mechanisms are the

Kelvin-Helmholtz instability (e.g. Fujita et al., 1996), ring-

current instabilities (e.g. Southwood, 1976), or solar wind

buffeting (e.g. Mathie and Mann, 2000).

Apart from the well studied ULF waves in the Earth’s

magnetosphere, ULF waves can also be found in the mag-

netospheres of Mercury and the gaseous planets Jupiter and

Saturn (e.g. Glassmeier et al., 2004). Khurana and Kivel-

son (1989) analyzed ULF waves confined in the equatorial

region of the Jovian magnetosphere, while Glassmeier et al.

(1989) reported about MHD waves confined to the Io plasma

torus. Based on magnetic field investigations from Voy-

ager 2, Cramm et al. (1998) showed evidence of ULF waves

and resonant mode coupling in Saturn’s magnetosphere.

The magnetospheres of Jupiter and Saturn are interesting

environments to study MHD waves as the extensive size of

these magnetospheric systems and rapid planetary rotation

will most likely not support eigenoscillations of the entire

magnetosphere. As the classical resonant coupling of com-

pressional MHD waves to Alfvén modes in an inhomoge-

neous plasma environment, the so-called field-line resonance

mechanism (e.g. Tamao, 1965; Southwood, 1974), implies
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Fig. 1. Upper panel: magnitude of the main magnetic field over

time (15–21 December 2004); bottom panel: the radial component

of the magnetic field in a mean-field-aligned coordinate system, dis-

playing two of the typical ULF waves packages centered around 18

December 2004, 15:00 UTC and 19 December 2004, 02:00 UTC.

the generation of standing toroidal magnetic field oscilla-

tions, the application of the field-line resonance theory to the

Jovian and Kronian magnetosphere needs further analysis.

Recent studies based on the magnetic field investigation

(Dougherty et al., 2004) of the Cassini mission into the Kro-

nian system exhibit a variety of periodic magnetospheric per-

turbations at Saturn, amongst others a modulation of the

magnetic field with a period close to the planetary rotation

period (Giampieri et al., 2006), which has already been ob-

served by the magnetometer experiments onboard the Voy-

ager 1, Voyager 2 and Pioneer 11 spacecraft as a reanaly-

sis of their magnetic field data demonstrates (Espinosa and

Dougherty, 2000; Espinosa et al., 2003a). Giampieri et al.

(2006) used this periodicity to derive a rotation period based

on magnetic field measurements and yielded a period of

10 h 47 min 6 s which differs significantly from the rotation

period of 10 h 39 min 22 s as officially defined by the IAU

(Seidelmann et al., 2002) relying on earlier measurements by

Desch and Kaiser (1981), based on the periodic occurrence

of kilometric radiation in Saturn’s high latitude regions.

The reported existence of magnetohydrodynamic waves in

the magnetospheres of the gaseous planets as well as the ini-

tial findings of Espinosa et al. (2003b) and Giampieri et al.

(2006) motivated the present work. In the terrestrial mag-

netosphere several source mechanisms for ULF waves are

known, while at Jupiter and Saturn knowledge about the

wave source is still sparse.

Glassmeier (1995) suggested that the tilted and rotat-

ing Jovian dipole axis causes large-amplitude and periodic

magnetic field perturbations in the Jovian magnetosphere

whose non-linear decay is able to generate a variety of low-

frequency wave phenomena. As the magnetic dipole axis of

Saturn is almost aligned with the rotation axis of the planet

a direct extension of the suggestion of Glassmeier (1995) to

the Kronian system is not possible. However, the large scale

modulation of the Kronian magnetic field, whatever cause it

has, can be regarded as a similar large-amplitude wave per-

turbation, which can be the source of ULF waves at Saturn.

In the present study we thus concentrate on general wave

properties and the spatial localization of the ULF waves in

the Kronian magnetosphere and their relation to so far dis-

covered magnetic features such as the periodic modulation

of Saturn’s main magnetic field. The frequency of the ob-

served ULF pulsations indicates that they are not eigenoscil-

lations of the entire Kronian magnetosphere, but are due to

waves bound to specific regions of the magnetosphere. The

identification of these regions is hampered by the definition

of the Kronian longitude system (Seidelmann et al., 2002),

which depends strongly on the accuracy of the planet’s rota-

tion period, which is just under discussion (Giampieri et al.,

2006; Cecconi and Zarka, 2005; Gurnett et al., 2007; Gol-

dreich and Farmer, 2007; Southwood and Kivelson, 2007).

Thus, one of the aims of our study is also to find a suitable

coordinate system, in which the observed ULF waves can

best be represented, to understand their basic characteristics

and to relate their occurrence to the global structure of the

Kronian magnetosphere.

2 ULF wave properties

We analyse measurements from the vector fluxgate magne-

tometer of the Cassini spacecraft (Dougherty et al., 2004).

For the present study we use magnetic field data with an av-

eraged time resolution of 1 min along the path of the space-

craft’s outbound trajectory from July 2004 to March 2007,

inside the magnetosphere of Saturn, which corresponds to

the first 40 revolutions of the spacecraft around the planet.

The spacecraft covered all local time ranges during this pe-

riod of time and its orbits were close to the magnetic equator

within a latitude range of ±20◦ for nearly 80% of the total

time under consideration. Radial ranges from 3 RS to 50 RS

were covered by the path of the satellite.

For our purpose of studying magnetohydrodynamic ULF

waves a time resolution of 1 min and a corresponding

Nyquist frequency of 8.3 mHz is sufficient as the main

plasma constituents of the Kronian magnetosphere (O+,

OH+, O+
2 , H2O+, e.g. Ip (2000)) have typical cyclotron
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frequencies in the range of 5−10 mHz for a background mag-

netic field of 10 nT. Thus, the observation of magnetohydro-

dynamic waves should be covered well enough by the chosen

time resolution.

Figure 1 displays a typical example of the ULF waves ana-

lyzed. The oscillations are rather irregular and do usually not

exhibit any quasi-sinusoidal character as often observed in

the terrestrial magnetosphere. The wave activity is strongly

modulated and resembles a certain correlation with varia-

tions of the background magnetic field. To access and distin-

guish these small amplitude oscillations from the background

magnetic field and to distinguish oscillations transverse and

parallel to the background magnetic field, we transform the

magnetic field data into a Mean-Field-Aligned (MFA) co-

ordinate system (er , eφ, e‖), where e‖ denotes the unit vec-

tor in the direction of the background magnetic field, eφ the

unit vector perpendicular to the plane spanned by e‖ and the

spacecraft position vector rsc. The unit vector er completes

the right hand (er , eφ, e‖) triad. The coordinate system used

is thus defined as follows:

er = eφ × e‖ (1)

eφ =
〈B〉 × rsc

|〈B〉 × rsc|
(2)

e‖ =
〈B〉

|B|
. (3)

The mean magnetic field 〈B〉 is determined by a second order

polynominal fit within a sliding window of 141 min width,

whose window size comprises the large scale modulation

of the background magnetic field well. In the MFA-system

(br , bφ, b‖) denotes the magnetic disturbance field vectors.

As we are only interested in field perturbations the mean

value of the field-aligned component has been subtracted.

The MFA-system allows one to inspect also the polarization

of the analysed oscillations with (br , bφ, b‖) approximately

describing poloidal, toroidal, and field-aligned components,

respectively.

A series of clearly distinguishable wave packages with

mainly transverse amplitudes generally not larger than 0.5 nT

can be observed in the components perpendicular to the mean

magnetic field for the chosen time interval. Figure 1 shows

an interval of increased ULF wave activity as an example

which exhibits two of the package-like structures centered

around 18 December 2004, 15:00 UTC and 19 December

2004, 02:00 UTC, respectively.

The predominance of transverse over compressional fluc-

tuations can be inferred from a spectral analysis of the two

different components. Figure 2 shows a sample spectrum

for the time interval 18 December 2004, 12:00 until 19 De-

cember 2004, 05:04 UT. The power spectral density distri-

bution is rather featureless, does not exhibit any clear spec-

tral peak being larger than the confidence limit, and decays

with a spectral index of about −5/3. The perpendicular spec-

tral density is at least an order of magnitude larger than the
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Fig. 2. Power spectral density of the ULF wave activity in the

time interval 18 December 2004, 12:00 UTC to 19 December 2004,

05:04 UTC. The black line represents the sum of the spectral power

density of the magnetic field fluctuations perpendicular to the back-

ground magnetic field. The grey line shows the spectral power den-

sity of the magnetic field fluctuations parallel to the background

magnetic field. The dashed lines illustrate the spectral slopes fitted

to each spectral power density.

parallel one. Therefore we classify the observed ULF wave

activities as Alfvénic fluctuations.

The cross-spectral density which was calculated for the

two transverse components Br and Bφ of the magnetic field

represented in Fig. 3 shows, that no maximum is clearly ac-

centuated from the background spectrum and the coherency

has values generally much smaller then γ=0.7, which im-

plies that the degree of polarization in the plane perpendic-

ular to the background magnetic field is also small. Before

investigating this correlation any further we like to comment

on any wave activity distribution as observed in the Kronian

magnetosphere.

Because of the rather irregular level of fluctuations we use

the Carson-Gabor or analytical signal representation (Glass-

meier, 1980) to yield an instantaneous amplitude of the mag-

netic field oscillations in order to determine and calculate a

wave activity index. In this representation z(t)=x(t)+iy(t)

is a complex time series with x(t) representing the original

time series and y(t) being defined as

y(t) = H(x(t)), (4)

where H denotes the Hilbert-transform. The instantaneous

amplitude A(t) is now given as

A(t) =

√

x2(t) + y2(t). (5)

We define a wave activity index W(t) for each magnetic field

component as the hourly time average of the instantaneous

amplitude. As an example Fig. 4 displays the radial variation

of the transverse wave index, W⊥=(Wr+Wφ)/2, together

with the magnitude of the background magnetic field as a

www.ann-geophys.net/27/885/2009/ Ann. Geophys., 27, 885–894, 2009
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Fig. 3. The cross spectral density of the ULF wave packages in the

time interval from 18 December 2004, 12:00 UTC and 19 December

2004, 05:04 UTC for the two transverse magnetic field components.

function of radial distance for the time interval 15 December

2004–22 December 2004; indices denote the magnetic field

components used. Apparently the wave activity correlates

with the large scale variation of the magnetic field strength.

To quantify this possible correlation we formally determine

the cross correlation function between both time series. To

remove the trend of the total magnetic field we have fitted a

dipolar declining function to the minima of the total field ra-

dial variation. The resulting residuum is correlated with the

wave activity index for a maximum lag of 1500 min. The first

local maximum occurs for a lag time of approximately −2 h,

that is the background magnetic field reaches its maximum

two hours after the wave activity maximizes. The cross-

correlation function shows a clear periodic structure with a

maximum correlation coefficient of about 0.5. This correla-

tion coefficient is lower than anticipated by visual inspection

of Fig. 4 and due to variations of the instantaneous amplitude

at around 24 RS and 37 RS . Correlating the two time series

between 26 RS and 35 RS gives one a maximum correlation

coefficient of 0.75 and a corresponding lag time of −98 min

(Fig. 5). We conclude that there is an interesting relation be-

tween ULF wave activity and the variation of the background

magnetic field.

To further analyze the wave activity distribution we use the

data in the MFA-system to calculate the total wave activity

index Wtot=
1
3
(Wr+Wφ + W‖), the transverse wave activity
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Fig. 4. Upper panel: magnitude of the main magnetic field

over radial distance in the time interval from 17 December 2004,

06:00 UTC and 21 December 2004, 03:00 UTC. The dashed line

shows the trend which has be subtracted from the magnetic field

magnitude for further correlation analysis. Bottom panel: trans-

verse wave activity index W⊥ over radial distance.

index W⊥, and the parallel wave activity index W‖ for those

time intervals, where the spacecraft was inside Saturn’s mag-

netosphere. Wave activity distribution functions are deter-

mined using a bin size of 0.1 nT. The resulting distributions

in Fig. 6 indicate, that for all three indices the wave activ-

ity index declines exponentially for larger indices. The to-

tal wave index distribution shows that most fluctuations have

small amplitudes, generally not larger than 3 nT, which are

all situated well above the instrumental noise-level which is

stated to be better than 25 pT2/Hz (Dougherty et al., 2004).

The transverse and compressible distributions bear a sim-

ilar feature. For wave indices less than 0.5 nT we observe

a higher number of transverse wave indices as compared

to parallel wave indices, while for larger amplitudes up to

1.5 nT both polarizations contribute equally. For amplitudes

larger than 1.5 nT the number of parallel wave indices are

slightly larger compared to the transverse wave indices.

To investigate a possible dependence of wave activity on

the magnetospheric regions they have been detected in, we

calculated distributions of the total wave activity index with

respect to magnetic local time, radial distance, and magnetic

elevation.

Total wave activity is clearly enhanced between 3−6 h and

around 23 h magnetic local time. However, to exclude any

dependence on the probability of the Cassini spacecraft vis-

iting a certain region of the magnetosphere the distributions

need to be normalized to the corresponding distribution of

the probability to find the spacecraft in a specified region.

Figure 7 shows the propability to find the spacecraft in each

Ann. Geophys., 27, 885–894, 2009 www.ann-geophys.net/27/885/2009/
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Fig. 5. Cross-Correlation of the detrended magnitude of the mag-

netic field and the wave activity index for the subinterval of the time

series depicted in Fig. 4 restricted to the the radial range between

26 RS and 35 RS . The first maximum peaks at a time-lag of approx.

100 min. A negative time-lag implies that the detrended magnitude

of the magnetic field has to be shifted backwards in time to show a

maximum correlation with the instantaneous amplitude of the wave

activity index, thus appearing along the rising flanks of the magnetic

magnitude.

local time region with respect to a binsize of 1 h. Such a

normalized distribution (Fig. 8) exhibits that wave activity

indices are generally not larger than 1 nT and more or less

uniformly distributed over magnetic local times. There is a

slight indication for larger amplitudes of about 0.5 nT around

local noon. However we do not regard this as a significant

structure and would like to conclude a rather equal local time

distribution from the observed distribution. In a similar way

we also determine normalized distributions as a function of

radial distance and magnetic elevation. The radial distribu-

tion is almost uniform over all radial distances with wave ac-

tivity indices generally not larger than 0.5 nT. The magnetic

elevation dependent normalized distribution indicates only a

minor enhancement for magnetic elevations larger than ±30◦

and is uniform otherwise. The minor enhancement is most

probably an artifact, as the spacecraft’s probability distribu-

tion is fairly low for these elevations and thus the normal-

ized distribution is over-emphasized for elevations beyond

±30◦. We thus conclude that ULF wave activity of com-

parable magnitude is observed all over the magnetospheric

regions visited by Cassini so far.

3 ULF wave activity and a rotation-related coordinate

system

The relation between background magnetic field and

ULF wave activity suggested by the results presented in

Figs. 4 and 5 deserves further attention as we found similar

correlations also for other time intervals.

To further our hypotheses it is desirable to represent the

wave activity in a rotation-related coordinate system. The

spacecraft’s position with respect to standard Kronographic
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Fig. 7. Histogram of the probability to find the spacecraft within a

magnetic local time range, which is used to normalize the distribu-

tion of the hourly averaged total wave activity index with respect to

their amplitude and magnetic local time.

coordinates is calculated by means of JPL’s Navigation and

Ancillary Information Facility (NAIF) Toolkit (Acton, 1999).

Saturn’s ephemerides used by the NAIF toolkit are based on

the rotation period defined by the IAU (Seidelmann et al.,

2002). However, a time-variable longitude system needs to

be introduced as studies of (Giampieri et al., 2006), using the

periodic modulation of Saturn’s main magnetic field, derived

a rotation period of 10 h 47 min 6 s differing significantly

from the officially defined rotation period of 10 h 39 min 22 s
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890 G. Kleindienst et.al.: Quasiperiodic ULF-pulsations in Saturn’s magnetosphere

0 6 12 18 24
 

0.0

0.5

1.0

1.5

2.0

2.5

3.0
 

 

 

0 6 12 18 24
 

0.0

0.5

1.0

1.5

2.0

2.5

3.0
 

 

 

 

 
 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
um

be
r 

of
 E

ve
nt

s

Local Time [h]

W
av

e 
A

ct
iv

ity
 In

de
x 

[n
T

]
Total Wave Activity

Fig. 8. The histogram shows the number of wave events of the

hourly averaged total wave activity index with respect to their am-

plitude and magnetic local time distribution. The local time distri-

bution has been normalized with the probability distribution of the

spacecraft’s local time position. The resulting histogram is normal-

ized to one. The histogram does not show any region of pronounced

wave activity and the number of wave indices is more uniformly dis-

tributed then before the normalization. Only a slight indication for

an enhanced wave activity with marginal larger amplitudes may be

observed around local noon.

given by the IAU (Seidelmann et al., 2002). This differ-

ence between the IAU and Giampieri et al. (2006) rotation

periods indicates a variable apparent Kronian rotation rate.

As a consequence Giampieri et al. (2006) suggested to cor-

rect the Saturn prime meridian and the rotation period ac-

cordingly. Any localization of physical processes such as

the observed wave activity with respect to Kronian longi-

tude will become obsolete if an incorrect rotation rate and

longitude system is used. Therefore we need to correct the

longitude of any wave activity observation with respect to

the new, magnetic field based rotation period. The simplest

method to introduce the required correction is to consider the

phase shift of the prime meridian arising from the difference

between TIAU=10 h 39 min 22 s and TCassini=10 h 47 min 6 s.

If the longitude of the prime meridian at the beginning of the

J2000 epoch (1 January 2000, 12:00:00 UT) is ϕ0=38.90◦

(Seidelmann et al., 2002), the phase evolution due to the two

differing rotation periods, TCassini and TIAU, can be calcu-

lated. In the following the rotation rate ω=360◦/T (◦/s) is

used for further considerations. We first consider the phase

evolution of the prime meridian due to a constant defined ro-

tation rate ωIAU and due to a variable rotation rate ωKrono(t):

ϕIAU(t) = ϕ0(t0) + ωIAU(t − t0) (6)

ϕKrono(t) = ϕ0(t0) +

∫ t

t0

ωKrono(τ )dτ (7)

where t is the time elapsed since t0. Obviously the prime

meridian has a different time evolution for the two rotation

rates and the phase difference between them can be expressed

as

ϕKrono(t) = ϕIAU(t) + 1ϕ(t) (8)

1ϕ(t) = ϕKrono(t) − ϕIAU(t) (9)

=

∫ t

t0

ωKrono(τ )dτ − ωIAU(t − t0) . (10)

Any Kronographic longitude λIAU calculated on the basis of

ωIAU needs to be corrected with respect to this phase differ-

ence 1ϕ(t) in order to obtain a modified longitude λKrono

which is stationary with respect to the prime meridian at

ϕKrono(t). The corrected longitude in the modified Krono-

graphic coordinate system thus reads:

λKrono(t) = λIAU(t) + 1ϕ(t) (11)

λKrono(t) = λIAU(t) − ωIAU(t − t0) +

∫ t

t0

ωKrono(τ )dτ (12)

If one assumes that ωKrono is constant in time and

the prime meridians were congruent at t0, the phase

shift between a prime meridian calculated with respect

to ωIAU=9.384×10−3◦/s (TIAU=10 h 39 min 22 s) and

ωCassini=9.272×10−3◦/s (TCassini=10 h 47 min 6 s) is

1ϕ(t) = ϕKrono(t) − ϕIAU(t) (13)

= ωKrono(t − t0) − ωIAU(t − t0) (14)

= (ωKrono − ωIAU)
︸ ︷︷ ︸

1ω

(t − t0) . (15)

with 1ω=−0.1127×10−3◦/s (1T =7 min 44 s). This leads

to a phase shift of the prime meridian of 4.3◦ per nominal

rotation and sums up to a complete rotation every 37.2 days.

The longitude determined with any standard tool such as the

NAIF Toolkit is easily corrected by adding the phase shift of

the prime meridian:

λKrono(t) = λIAU(t) + 1ϕ(t) (16)

Longitudes corrected in this way are used to infer any local-

ization of the observed ULF waves in a Kronographic coor-

dinate system.

Above considerations can also be used to determine the

actual rotation period by observing a certain physical fea-

ture and its dependence on longitude. To illustrate this let

us consider a stationary structure on Saturn’s surface, e.g.

an anomaly as suggested by Galopeau et al. (1991), which

causes a magnetic signal measurable at the position of the

spacecraft. An observer, who calculates the longitude with

the correct actual rotation rate will measure this signal al-

ways at the same longitude, while an observer who uses an

ambiguous rotation rate for his longitude calculation will ob-

serve a longitudinal drift motion of the signal’s source, re-

sulting in a dispersed distribution of the signal with longi-

tude. From the observed drift motion of a signal S one can

calculate the correct actual rotation rate by using the relation

Ann. Geophys., 27, 885–894, 2009 www.ann-geophys.net/27/885/2009/
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Appearance of Maximum Wave Activity
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Fig. 9. Position of the maxima of the wave activity index in krono-

graphic longitude over radial distance based on the rotation period

of 10 h 39 min 22 s defined by the IAU (Seidelmann et al., 2002).

λS,Krono(t) = λS,IAU(t) + 1ϕ(t) (17)

=λS,IAU(t)+

(∫ t

t0

ωKrono(τ )dτ−ωIAU(t−t0)

)

.

(18)

From this the time derivative of λS,IAU(t) as well as the true

rotation period can be determined, because dλS,Krono/dt=0

for a stationary source:

dλS,IAU(t)

dt
= −

(

ωKrono(t) − ωIAU

)

(19)

ωKrono(t) = ωIAU −
dλS,IAU(t)

dt
. (20)

The above considerations are used to study any possible lo-

calization of the wave activity in the Kronian magnetosphere

and its relation to the modulation of the background mag-

netic field. For the time interval July 2004–January 2007

the maxima of the activity index are shown as a function of

the standard Kronographic longitude λ and radial distance R

from the planet (Fig. 9). A total number of 1630 maxima of

the total wave activity index have been selected by an auto-

matic algorithm.

No structured distribution is observed, but the wave ac-

tivity maxima are uniformly scattered in longitude and radial

distance. Correcting the longitude as discussed above and us-

ing the rotation period suggested by Giampieri et al. (2006)

yields a slightly different distribution (not shown here), but

still an almost uniform one. This either implies that the

source of the wave activity is not stationary, or it hints to-

wards a variable rotation rate. To check this later possibil-

ity we derive a variable rotation rate based on the modula-

tion of the z-component of the background magnetic field,

which best exhibits the periodic variations of the magnetic
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Fig. 10. Longitude representation of the maxima of the z-

component of the magnetic field modulation based on a rotation

period of 10 h 47 min 6 s according to the results of Giampieri et al.

(2006). The grey lines mark the regions to be shifted by an integer

multiple of 360◦ to produce the continous longitude representation

of the displayed maxima. The time axis starts on day 2004-148.

 

 

0 200 400 600 800 1000
Time since 2004-07-01T00:00:00 [d]

0

360

720

1080

1440

1800

Lo
ng

itu
de

 [d
eg

]

Fig. 11. Longitude representation of the maxima of the z-

component of the magnetic field modulation based on a rotation

period of 10 h 47 min 6 s according to the results of Giampieri et al.

(2006) with data points shifted by n·360◦, n∈{0, 1, 2, . . .} in the

selected regions divided by the grey lines in Fig. 10 to obtain a con-

tinuous representation of the maxima without phase jumps at 360◦.

The line represents the best fit model for a polynominal function to

describe the drift-curve due to an erroneous rotation period. The

time axis starts on day 2004-148.

field. Figure 10 displays the maxima of the z-component as a

function of longitude and time of occurrence. Corrected lon-

gitude based on the Giampieri et al. (2006) rotation period

is used. A structured pattern with clearly visible bands of z-

component maxima can be identified. It is suggestive to view

these bands as 360◦ phase skipped parts of one and the same

longitude function. Correcting for these phase jumps gives

one the longitude-time curve displayed in Fig. 11. The con-

tinuous longitude curve resulting in this way either indicates

that the source region of the background field modulation is
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Fig. 12. Longitude representation of the maxima of the z-

component of the magnetic field modulation after removal of the

fitted driftcurve to the datapoints, thus correcting the observed lon-

gitudes with respect to a time-varying rotation period. The time axis

starts on day 2004-148.

drifting in longitude or a still incorrect rotation rate is used. If

this latter hypothesis is correct a time-varying rotation period

needs to be assumed. To determine the apparent temporal

variation of the rotation frequency we have fitted a quadratic

function of the form

λBz,max(t) = λ0 + α · t + β · (t − t0)
2 (21)

to the curve displayed in Fig. 11. The following parameters

are found:

λ0 = (34.09 ± 15.3) ◦ (22)

α = (1.37 ± 1.70) × 10−5 ◦/s (23)

β = (2.283 ± 0.077) × 10−13 ◦/s2 (24)

t0 = (40622810 ± 373500) s ≈ (470 ± 4.3) d (25)

where the time t is counted in s since 1 July 2004, 00:00 UT.

With

ωKrono(t) = ωCassini −
dλBz,max(t)

dt
(26)

= ωCassini −
(

α + 2β(t − t0)
)

(27)

we obtain a rotation rate

9.278×10−5◦/s > ωKrono(t) > 9.238×10−5◦/s

(38 800 s < TKrono < 38 970 s) for the beginning (1 July

2004) and the end (30 January 2007) of the considered time

interval for the longitude drift.

With this variable rotation rate we can also correct the

longitude-time distribution of the background magnetic mod-

ulation (Fig. 12). Though considerable scattering is still ap-

parent, the putative source location of the disturber caus-

ing the background magnetic field modulation is well con-

strained. The time-varying rotation rate and period function

can also be extrapolated to past times to enable a comparison

with earlier measurements of the rotation rate by e.g. Voy-

ager 1. For the year 1980 a rotation period of T =37 366 s

Appearance of Maximum Wave Activity
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Fig. 13. Position of the maxima of the wave activity index in krono-

graphic longitude over radial distance based on a variable rotation

period.

is determined in this way. This value clearly deviates from

the earlier determined and IAU-accepted value. Thus, the

suggested model for a time-varying rotation rate is only ap-

plicable to the time interval covered by the Cassini mission

so far.

Using the above derived apparent time-varying rotation

rate the wave activity maxima and their relation to corrected

Kronian longitude can be further discussed. Figure 13 dis-

plays the resulting distribution. It is as featureless as the un-

corrected distribution.

4 Summary and conclusion

The results displayed in Fig. 4 suggest a possible relation be-

tween the large scale modulation of the Kronian magnetic

field and the ULF wave activity. Such a relation could be due

to a corotating magnetic field anomaly either caused by an in-

ternal non-axisymmetry of the Kronian dynamo or, for exam-

ple, caused by a current system as proposed by Southwood

and Kivelson (2007). Any such region of perturbation is lo-

cally causing a large-amplitude magnetic field disturbance

decaying into shorter period oscillations such as suggested

by Glassmeier (1995) for the Jovian magnetosphere. While

the disturbance propagates through the magnetosphere only

selected regions allow the excitation of ultra low frequency

plasma waves. Some of the data intervals analyzed support

this scenario. It would also imply that the ULF wave activity

is confined to special regions in kronographic longitude re-

lated to the current longitude position of the exciting pertur-

bation. The longitude distribution of the ULF wave activity

(Fig. 9) which does not correspond to an accentuated longi-

tude range implies, that the life-time of the waves in one of

the selected regions is larger than the period of the exciting

disturbance. Therefore we cannot determine which phase of
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the modulation excited the observed waves in an individual

region of the Kronian magnetosphere.

Furthermore we seized the suggestion made by Giampieri

et al. (2006) to correct the Kronian longitude system with

respect to a new rotation rate and introduced a simple

correction method based on the phase evolution of Saturn’s

prime meridian for two different rotation periods. The appli-

cation of this method did not organize the longitude distribu-

tion of the ULF wave activity within distinguishable regions

of preference, but it revealed a clear longitudinal drift of the

maxima of the magnetic field modulation (Fig. 10) which

suggests a time-variable period of the perturbation.

Therefore a time-variable kronographic longitude system

was derived, based on the z-component of the magnetic field

data, assuming a variable rotation period. The rotating sys-

tem found well orders the background magnetic field modu-

lation within an accentuated longitude range, hence indicat-

ing a suitable kronographic longitude system for the repre-

sentation of the ULF wave activity. However, the application

of this longitude system to represent the ULF wave activity

information does not yield any systematic longitude distribu-

tion (Fig. 13). This questions our hypothesis.

Nevertheless, the simple model of an eccentric excitation

and subsequent decay of a large amplitude perturbation needs

more detailed considerations. A detailed model is required

to take propagation effects within the magnetosphere, local

conditions for the excitation of ULF waves in selected re-

gions and considerations concerning the life-time of ULF

waves in those special regions into account. Such consid-

erations are beyond the scope of the present study.

Finally, we like to note that our time-variable Kronian lon-

gitude system is comparable to that one recently introduced

by Kurth et al. (2007).
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