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Abstract

The instrument for measurement of quasi-static and low frequency

(dc and slowly varying) electric fields on the Viking satellite

is described. The instrument uses three spherical probe pairs to

measure the full three-dimensional electric field vector with

18.75 ms time resolution. The probes are kept near plasma poten-

tial by means of a controllable bias current. A guard covering

part of the booms is biased to a negative voltage to prevent

photoelectrons escaping from the probes from reaching the satel-

lite body. Current-voltage sweeps are performed to determine the

plasma density and temperature and to select the optimal bias

current. The bias currents to the probes and the voltage offset

on the guards as well as the current-voltage sweeps are con-

trolled by an on-board microprocessor which can be programmed

from the ground and allows great flexibility.
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Instrument design

The basic theory of electric field measurements in the

magnetosphere has been described earlier (e.g., Fahleson,

1967; 1971; Mozer, 1973). Several satellites have used the

technique of spherical double probes to measure magnetospheric

electric fields, e.g., S3-3 (Mozer et al., 1979; Cattell,

1982), GEOS 1 and 2 (Pedersen et al., 1978; S-300

Experimenters, 1979), ISEE-1 (Mozer et al., 1978), and

Intercosmos-Bulgaria 1300 (Stanev et al., 1983). The design of

the electric field instrument on Viking is similar to that on

GEOS 2 (Pedersen et al., 1984). It consists of six spherical

aluminium sensors with 10 cm diameter, covered with a

resin-base graphite dispersion (Arends, 1981; Grard, 1973).

Four of them are mounted at. the ends of 40 meter long wire

booms in the satellite spin plane, and two are on 4 meter long

rigid booms along the spin axis. They will be referred to as

the radial and axial sensors or probes, respectively. Thus,

there are three orthogonal probe pairs, providing

three-component measurements of the instantaneous electric

field (Figure 1). Each unit consists of the main boom, the

guard, the inner tip, the sensor and the outer tip, as shown

in Figure 2. Their surfaces are conducting, as is the entire

satellite body, to prevent differential charging by

charged-particle fluxes or by photoemission. The lengths, for

the radial and axial booms, respectively, are: guards 50 and

10 cm, inner tips 164 and 10 cm, and outer tips 19 and 10 cm.

The purpose of these electrodes is to minimize measurement

errors, as will be discussed below.

Unity gain, high input impedance (> 10 Ohm) pre-amplifiers

in the radial probes allow signals in the frequency range of

dc to 200 kHz to be transmitted through the 40 m wire booms.

The wave experiment on Viking uses the same probes to measure

the electric field component of waves. The pre-amplifiers for

the axial probes are located in the satellite body. Each tip

is electronically boot-strapped in voltage to its
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corresponding probe, over the frequency range from dc to more

than 200 kHz, in order to minimize the disturbance on the

surrounding plasma. Each guard is similarly boot-strapped to a

controllable (usually negative) "guard voltage" with respect

to its sensor. The main boom is electrically connected to the

satellite body ("satellite ground").

The entire instrument is controlled by an on-board

microprocessor which can be re-programmed from Earth. The

processor sets the guard voltages, the bias currents to the

probes, and formats the telemetry for the electric field

experiment. It also performs the current-voltage sweeps in the

Langmuir mode (see below). After orbit 643 on June 18, 1986,

the processor has not responded to the switch-on command.

Since then, the instrument has been run in a backup hardware

mode which has a slightly different telemetry format and time

resolution, but still offers full control of guard voltages

and bias currents. One drawback is that the current sweeps

cannot be performed.

Minimization of error sources

The accuracy of the measurements depends critically on the

probe, guard and tip potentials relative to the surrounding

plasma. Figure 3 shows, in principle, the current-voltage

characteristic of a probe exposed to sunlight in a plasma. For

a negative potential the current is saturated to the

photoemission current carried by electrons leaving the probe.

The plasma ion current is negligible in comparison. At several

volts positive potential the current is again only weakly

dependent on the voltage, because most of the plasma electrons

arriving in the vicinity are attracted and caught by the

positive probe, and only a small fraction of the

photoelectrons escape. Clearly, a 3mall current imbalance or

slightly unequal photoemission properties of the probes in a

probe pair will cause large errors in the measurement if the

probes are operated in the saturation regions. The probes are
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therefore current biased to the measurement point M on the

probe characteristic (Figure 3), where the dynamic conductance

dl/dV has its maximum. The best value for this bias current is

found by operating the probe in the Langmuir mode, which is

discussed below. During most of the Viking data taking period,

the bias current (defined as positive towards the probe) was

kept at -150 nA, which is about 30 \ of the photoelectron

saturation current.

The magnetospheric plasma is usually so thin that the

saturated photo-electron current is much larger than the

saturated plasma-electron current. Therefore, if

photoelectrons emitted from the probe or the boom/satellite

(whichever is at lower potential) are allowed to flow freely

along the boom and hit the more positive surface, they will

load the measuring circuit and cause an error as shown

schematically in the circuit diagram of Figure 4. The purpose

of the guard is to prevent this. If the guard is charged

negatively it will provide a barrier for the photoelectrons.

The guard area should be smaller than the probe area, in order

to minimize the number of photoelectrons from the guard

hitting the probe. By inserting the inner tip, which is kept

at probe potential, most of the photoelectrons from the guard

that would otherwise have hit the probe will now hit the tip.

The guard voltage on Viking has generally been kept at -9

Volts with respect to the probe.

During the part of a spin when a given radial probe is further

from the sun than is the satellite body, the boom will cast a

shadow on it, without a corresponding shadow appearing on the

opposite, sunward probe. Thus, an asymmetric photoemission

current is obtained. To prevent this, an outer tip is used,

which casts a similar shadow on the sunward probe. The outer

tip is also boot-strapped to the probe potential.
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Special care was taken to ensure homogeneity of the work

functions of the probe surfaces. The work function is

generally larger than the plasma potential difference, in

particular for the axial probe pair, with a probe-to-probe

separation of only 8 m. This causes no problem as long as the

work function is homogeneous over the probe surface and the

same for all probes, because the instrument output depends

only on the work function difference between probes in each

pair. Therefore, the surfaces were treated in special ways to

avoid contamination before deployment in orbit. On Viking, the

work function differences are very small, and do not pose a

problem when analyzing the radial probe measurements.

The magnitude of and correction for such offsets in the axial

probe data are being evaluated. The analysis is complicated by

the fact that one of the axial probes was effectively

short-circuited to satellite ground through a 1 kOhm resistor

at launch. The axial measurements are nevertheless of some

value for constructing the full vector electric field.

Exhaust from the rocket engines during ascent, cosmic dust,

and meteorites may contaminate or damage the probe surfaces

non-uniformly, causing variations in photoemission and

effective work function during a spin period. The result may

be an apparent offset field added to the real field. Such

errors can be detected and corrected for by detailed data

analysis and repeated test runs in the Langmuir mode (see

below) at different sun-boom angles. No indication has yet

been seen of any such error source in the Viking data,

although a more detailed study of the data is necessary to

completely eliminate the possibility of such an error source.

The Lanqmuir mode

To find the desired operational point M with current IM and

voltage Vu on the probe characteristic (Figure 3) one probe in
n

a probe pair is subjected to a current sweep (Figure 5) while
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the current to the other probe is zero. By simultaneously

measuring the probe-probe voltage for each step, the probe

characteristic for the given ambient plasma conditions is

obtained. The bias current, for the following electric field

measurements is then kept at a value close to I to optimize

the measurements. The bias current is, however, not set

automatically, but rather by ground command after careful

study of the Langmuir sweep. This is done to avoid the

selection of non-appropriate bias currents if one sweep should

be disturbed by, e.g., large and rapidly varying electric

fields during the sweep.

The presence of a dominating photoelectron current has the

advantage that there is rarely any need for changing the bias

current, since the shape of the probe characteristic is only

weakly dependent on plasma conditions. After a trial period,

when the bias current was kept at -37 nA, it has been kept at

-150 nA throughout the Viking data taking period.

The whole sequence of current steps takes a few hundred

milliseconds. During the strongest currents, when plasma

electron current saturation is obtained, the satellite body is

driven to perhaps 10-50 V negative potential. This causes some

easily identifiable disturbances for the low energy particle

experiment. The Langmuir mode has not been used after June 18,

1986, since the current sweep cannot be done in the experiment

hardware mode.

Measurement capabilities

The radial probes measure the electric field with a single bit

resolution of 0.03 mV/m if the field does not exceed 50 mV/m.

For larger fields, the bit resolution is 0.25 mV/m, and the

maximum measurable field is about 450 mV/m. The numbers are 10

times higher for the axial field component. The uncertainty of

the electric field measurement depends on error sources that

vary with plasma properties and with the relative orientation
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the sun, magnetic field and satellite velocity directions with

respect to the booms, and even with time, due to changing

probe surface properties. It is believed that after careful

data analysis an accuracy significantly better than 1 mV/m

should be possible for the radial electric field measurement,

except, possibly, during periods of extremely low plasma

densities.

In addition to measuring the electric field as the potential

differences between opposite probes, the electric field

instrument also transmits a potential called "floating ground"

in the telemetry stream. This floating ground potential (Vf )

is determined as the average potential of two selected probes

with respect to the satellite ground. V- depends on the

electron density and more weakly on the electron temperature.

It can therefore be used as a crude indication of the ambient

density (Lindqvist, 1983). The normal case with negative Vf

corresponds to positive satellite potential with respect to

the plasma. Positive V- occurs only in unusually dense

plasmas. The absolute level of Vf depends on the bias

current, and is more negative for a larger (negative) bias

current.

The sampling rate of the instrument is 53.3 Hz for the axial

and one radial electric field component, 106.7 Hz for the

other radial component, and 26.7 Hz for the floating ground

potential Vf . In the hardware mode (used after June 18, 1986)

the sampling rate is 33.3 Hz for all probes except one radial

probe and Vf , which are sampled at 2.2 Hz.

Time-sharing with the wave instrument

The probes measure ac-fields as well as dc-fields. The

ac-signals with frequencies above 1 Hz are processed by the

electronics of the Viking wave experiment. The dc-measurements

of the electric field experiment are made simultaneously with

the ac-measurements of the wave experiment. However, the wave
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experiment includes, as an essential part, measurements of

electron density fluctuations (the dn/n-experiment), using one

or two of the radial probes. This probe cannot then be used

for electric field measurements, due to operation in the

plasma electron saturation region of the probe characteristic

(Figure 3). When one probe is in the density mode, the

accuracy of the electric field vector in the spin plane is

reduced approximately by a factor of 2. When two probes are in

the density mode, the electric field vector can only be

obtained by a sine wave fit to the raw signal of the remaining

probe pair, which gives a time resolution of the order of the

spin period, or 20 seconds.
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Figure captions

Fig. 1. The probe configuration on Viking.

Fig. 2. Schematic picture of the guard and tip configuration

around the probes on Viking's electric field booms.

Fig. 3. The current-voltage characteristic, in principle, for

d probe in sunlight. M denotes the most favourable point for

electtic field measurements, implying the smallest

probe-plasma impedance.

Fig. 4. Simplified circuit diagram, showing the influence of

photoelectrons on the electric field measurement. The

equivalent (voltage dependent) impedance Z . due to

photoelectrons flowing freely between the probe and the

boom/satellite if not impeded by a negative guard) is of the

order of 1-10 MOhm whereas the input impedance Z. of the
11

amplifier is > 10 Ohm.

Fig. 5. The current sweep in the Langmuir mode. The duration

of the sweep is variable by ground command.
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