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3.3 INSTRUMENT DESCRIPTION 

 

Figure 3-1 Top level block diagram of the RPWI system 

 
The Radio & Plasma Wave Investigation (RPWI) is a versatile instrument for in situ investigations 
of the highly dynamic and in many respects very different space plasma environments that will be 
encountered by the JUICE spacecraft around Jupiter’s icy moons and in Jupiter’s magnetosphere. 
To this end, RPWI makes use of several different sensors and receivers. Altogether, the instrument 
uses 12 sensors and 4 receivers. The sensors are Langmuir probes, magnetic field sensors, and radio 
antennas. The radio antennas provide remote sensing capabilities to the RPWI, including the 
possibility to perform polarimetry and direction finding of coherent (non-thermal) radio emissions; 
for instance, the Jovian decametric radiation, which can be studied in great detail and with 
unprecedented sensitivity. The receivers cover a wide range of frequencies, from DC up to 45 MHz. 
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Nyquist (Thermal) noise
Thermal noise/Nyquist noise/Johnson noise
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Shot noise
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Quasi-thermal noise (QTN)
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Two different models

QTN dipole antenna
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Small signal equivalent circuit model
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Ganymede’s ionosphere
Cold and dense plasma: 300 cm−3, 0.1 eV

Vbias = 1 V
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n e =300 cm−3

T e = 0.1 eV
V b i a s= 1 V
L/λD m

= 44.2

Quasi-the rmal noise
Ambient plasma Nyquist noise
Ambient plasma shot noise
Photoe lec tron Nyquist noise
Photoe lec tron shot noise

Vfloat = −0.221 V
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n e =300 cm−3

T e = 0.1 eV
V b i a s= -0.221 V
L/λD m

= 44.2

Quasi-the rmal noise
Ambient plasma Nyquist noise
Ambient plasma shot noise
Photoe lec tron Nyquist noise
Photoe lec tron shot noise
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Jupiter’s magnetosphere
Hot and tenuous plasma: 0.2 cm−3, 130 eV

Vbias = 1 V
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n e =0.2 cm−3

T e = 130 eV
V b i a s= 1 V
L/λD m

= 0.0317
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Vfloat = 3.874 V
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n e =0.2 cm−3

T e = 130 eV
V b i a s= 3.874 V
L/λD m

= 0.0317
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Jupiter’s magnetosphere
”Intermediate” conditions: 50 cm−3, 40 eV

Vbias = 1 V
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n e =50 cm−3

T e = 40 eV
V b i a s= 1 V
L/λD m

= 0.902
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Vfloat = −119.4 V
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n e =50 cm−3

T e = 40 eV
V b i a s= -119.401 V
L/λD m

= 0.902
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Ambient plasma Nyquist noise
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Ganymede’s ionosphere

328 A. Eviatar et al. / Planetary and Space Science 49 (2001) 327–336

Fig. 1. Horizontal projection of the G1 and G2 encounters of Galileo
with Ganymede.

Fig. 2. Vertical projection of the G1 and G2 encounters of Galileo with
Ganymede.

discuss the published Galileo Ultraviolet Science (UVS)
and PLS data.
We also quote data and inferences from the energetic

particle detector (EPD), radio occultation studies, ground
based observations and HST !ndings. The implications of
the combined data sets will be shown to be consistent with
our model. The horizontal and vertical projections of the
encounter trajectories are shown in Figs. 1 and 2.

2.1. PWS data

Fig. 3 shows the electron density obtained from PWS
measurements of the upper hybrid resonance frequency dur-
ing the G1 and G2 "ybys. For a discussion of the technique

Fig. 3. Electron density pro!les on Ganymede 2 obtained by means of
the PWS instrument on Galileo.

Fig. 4. The ratio of density to magnetic !eld magnitude as measured by
the MAG and PWS instruments on Galileo.

involved, see Gurnett et al. (1996). The densities are de-
rived from the density-dependent upper hybrid resonance
and are accurate to the level of the channel separation, i.e.
about 6%. The G1 inbound and outbound curves and the
G2 outbound share a more or less common slope over most
of the range and the steepening of the slope shown by G2
inbound is based on too little data to be considered real.
The common slope of the !rst mentioned triad corresponds
to a scale height of 600 km and a surface density of about
400 cm−3. We shall conclude below that very near the sur-
face, the scale height may be expected to be considerably
smaller, and the surface density correspondingly greater, but
nonetheless, our predicted density will be well below the
upper limit of 4 × 103 cm−3 obtained by Kliore (1998) in
the radio occultation observation. This density should be ap-
proximately equal to the density of O+2 , since atomic oxygen
is a minor constituent of the bound ionosphere, as we show
in Section 4.2.
In Fig. 4, we plot the ratio of density n to magnetic !eld

magnitude B as measured by the magnetometer and PWS
instruments on Galileo as a function of radial distance along

Gurnett

Eviatar

Figure 3. (a) Electron density plotted as a function of electron temperature and color‐coded by altitude with data from all
included flybys. (b–e) The same data as in panel a but subdivided into ram or wake side of Titan and night side or day side,
as indicated at the top of each panel. The least‐squares fit only includes data from below 2 RT and the expression of the
curve is given in each panel together with the coefficient of determination (R2) and the number of datapoints (N).

EDBERG ET AL.: TITAN’S COLD PLASMA L20105L20105
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Jupiter’s magnetosphere

A few key properties, of importance for the plasma environment near the Galilean moons of Jupiter

Body Io Europa Ganymede Callisto

Radius (km) 1815 1565 2640 2420
Distance from Jupiter (Rj) 5.9 9.4 15.0 26.4
Orbital period (days) 1.8 3.6 7.2 16.7
Relative co-rotation velocity (km/s) 45–57 84 127 228
Ne, Jovian magnetosphere (cm!3) 4000 50 4 0.2
Co-rotational dynamic pressure (nPa) 400 12 2 0.4
Average Ionospheric Te (eV) 4 43 130 130
Average Ionospheric Ti (eV) 43 52 60 86
Ionospheric thermal pressure (nPa) 30 0.8 0.1 0.01
Jovian magnetic field (nT) 1800 450 100 10
Intrinsic B field (eq. surface, nT) 1300? Small 700 Small
Alfvén velocity (km/s) 130 300 250 300
Acoustic velocity (km/s) 19 26 37 40
Magnetosonic velocity (km/s) 133 310 250 300



QTN antenna impedance

300 cm−3, 0.1 eV
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0.2 cm−3, 130 eV
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