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Destination after 7 years of cruise phase:

Approach from underneath the Saturn ring plane (Southern hemisphere)
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Construction and test

of orbiter Cassini



Construction and test

of orbiter Cassini

and landing probe Huygens
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Experiment HASI
Huygens Atmospheric
Structure Instrument

Space Research Institute Cooperation (Co-Is)
ACP    = Aerosol Collection Pyrolyzer
GCMS =  Gas Chromatograph & Mass Spectrometer

(Chemical  Composition of Titan atmosphere)
HASI   = Huygens Atmosphere Structure Instrument) 

(Physical parameters of Titan atmosphere)

More details on 
Huygens descent 
and Titan landing
in the Lecture on 

Geysirs, Volcanoes 
and Icy Worlds,

tomorrow.



Average distance from Sun:                         1,4 Bill. km  (~ 9.5 AU)
Saturn orbital period:                                29,5 terrestrial years
Saturn rotation period:                              10,6 hours

„surface“- temperature: ~  -180° C

ring system consisting of rocks, ice 
and dust particles

„spokes“ in the ring system
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Complementary design of spacecraft experiments

1) Cassini orbiter as relais station for Huygens probe
2) Plasma detector measurements for magnetic field model improvement
3) Radio wave observations to trace plasma density
4) Combination of experiments to foster evidence of a phenomenon 



Huygens descent and landing
Huygens scientific experiments 

in operation, directly radioed
to Cassini orbiter.

Relative Doppler shift due 
to probe deceleration

needed new orbiter trajectory.
Radio reception bandwidth

was too narrow.

Mission design must be flexible:



Complementary design of spacecraft experiments

Example: 
Observation of plasma microsignatures 

improvement of magnetic field model

Voyager
measurements
of proton density

versus 
L shell parameter

prrL /0=

1) Cassini orbiter as relais station for Huygens probe
2) Plasma detector measurements for magnetic field model improvement
3) Radio wave observations to trace plasma density
4) Combination of experiments to foster evidence of a phenomenon 



Mimas

Enceladus

The absorptionsfeatures (i.e. the
microsignatures) for the INBOUND
and OUTBOUND measurements
should appear at the same L-shell.
WHY ?



Adiabatic motion of charged particles
in a magnetic dipole configuration 

B
r

Cyclotron motion around
magnetic field line

Oscillation (bounce motion)
along magnetic field line

Drift motion around dipole
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Adiabatic invariants

Particles in the Van Allen belts
obey these adiabatic invariants !



Particles in the Van Allen belts
obey these adiabatic invariants !

Characteristic times for trapped particles
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Adiabatic motion of charged particles
in a magnetic dipole configuration 

Cyclotron motion around
magnetic field line

Oscillation (bounce motion)
along magnetic field line
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Adiabatic invariants

Particles in the Van Allen belts
obey these adiabatic invariants !



Adiabatic motion of charged particles
in a magnetic dipole configuration 

Drift motion around dipole

spacecraft trajectory

inbound

outbound
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i… different energy channels
of plasma measurements

Minimization can be yielded by
variation of spherical harmonic
coefficients of the magnetic field
model => New model minimizes
difference between inbound
and outbound microsignatures.

!



Absorption at the satellite

Time-dependent
diffusion of plasma
fills in the absorption
feature.

„Age“ of absorption features enables determination of diffusion coefficient
of  plasma components with different energies. 

viewgraph: Voyager 1 microsignature



Complementary design of spacecraft experiments

1) Cassini orbiter as relais station for Huygens probe
2) Plasma detector measurements for magnetic field model improvement
3) Radio wave observations to trace plasma density
4) Combination of experiments to foster evidence of a phenomenon 

The Jupiter plasma disk

In close vicinity of Jupiter, corotating plasma 
concentrates in the magnetic equator plane.

Further out, due to stronger centrifugal forces,  
the plasma concentrates in a plane, bended 
parallel to the rotational equator.



Complementary design of spacecraft experiments
The Jupiter plasma disk

Nonthermal Continuum
Radiation (NTC)
within the Jovian
magnetosphere

Wave frequency cutoff
periods: The observed
frequency  f = 562 Hz
cannot penetrate the 
denser plasma: 0

2

2
1

επ m
nef p =

Observation of various frequencies enable a density screening of the disk.
(Rucker et al., JGR, 1989)



1) Cassini orbiter as relais station for Huygens probe
2) Plasma detector measurements for magnetic field model improvement
3) Radio wave observations to trace plasma density
4) Combination of experiments to foster evidence of a phenomenon 

Complementary design of spacecraft experiments

Jupiter

Saturn

• radial geometry
Voyager 2 observations
for certain periods of time:
2)  extremely low density
3)  radial IMF-field
4)  occurrence of NTC
5)  disappearance of SKR
6)  expansion of Saturn

magnetosphere size

r

Jupiter
magnetotail

~9000 Rj



Lightning phenomena
in the Saturn atmosphere



Flyby at Earth:  August 18, 1999

RPWS antennas

Terrestrial
Lightning
Observation
by Cassini



Terrestrial
Lightning
Observation
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Flyby at Earth:  August 18, 1999



Terrestrial
Lightning
Observation
by Cassini

Flyby at Earth:  August 18, 1999

closest approach
CLA (03:28 SCET)
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Terrestrial
Lightning
Observation
by Cassini

Flyby at Earth:  August 18, 1999



Saturn Electrostatic Discharges (SEDs)
as seen by Voyager 1

Fig. 1: SEDs recorded
by Voyager 1-PRA 
(from Kaiser et al., in Saturn, 
Gehrels and Matthews, 1984)

PRA properties: 
sweeping receiver
from 40 MHz to 1.2 
kHz in 6 sec. scan of 
198 frequencies (30 
ms integration time)

SED occurrence in 
episodes with periode
of 10 h10 min !!



SEDs as seen by Cassini  (Sept. 25, 2004)



Optical evidence...

South pole

Picture taken with
Cassini/ISS at Sept. 13, 
2004 between 00:00 
and 00:10 SCET.

SEDs observed from
Sept. 12, 20:35 to  
Sept. 13, 01:10 SCET.

Cloud features (here on 
dawn side) are
normally above 1-bar 
level and could be
„tracers“ of storms. 



Lightning phenomena
in the Saturn atmosphere

Dragon storm



UTR-2 Kharkov, Ukraine
World largest radio telescope 

in the decameter – wavelength range

January 30, 2006:
First detection of
Saturn radio emission
from terrestrial grounds.

20.03 MHz

23.57 MHz

25.42 MHz

5 sec

Saturn Electrostatic Discharges (SEDs)



Uranus
Voyager 2 flyby Jan 24, 1986 (CLA 107,000 km)

Distance to Sun:            19.2 AU

Orbital period:              84.011 years

Equator. radius:       25,550 km (4.007 Re)

Rotational period:           17.24 +/- 0.01 hrs



Uranus
Rotational period: 17.24 +/- 0.01 hrs



„Bite out“:

Determination of
Uranus rotational
period

Manifestation of
„hollow cone“-
theory of planetary
radio emission

Uranus
Rotational period: 17.24 +/- 0.01 hrs

Voyager 2

Voyager 2



Strong asymmetry of Uranus magnetic field

Shape of 
magnetosphere
with daily and 

seasonal variations

see viewgraphs



Neptune
Voyager 2 flyby August 25, 1989

Hohmann transfer ellipses: cruise phase 30.6 year

(CLA would have been 2008)

Average distance from Sun: 30.05 AU

Orbital period: 165 years

Planetary radius: 24.760 km (3.883 Re)

Rotational period:   16.11 +/- 0.05 hours

Viewgraph: Gravity assist speeds



Neptune

Clouds and storm systems



Neptune  Magnetosphere



Neptune satellite TRITON

Temperature ~ 40 K
Nitrogen as ice on surface



Triton

Advertisement for tomorrow: Geysirs , volcanoes, and icy worlds


	Saturn Electrostatic Discharges (SEDs)�as seen by Voyager 1
	SEDs as seen by Cassini  (Sept. 25, 2004)
	Optical evidence...

