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SUMMARY

The Ion Drift Meter (IUM) on the Dynamics Explorer B (DE-B) safellite
was launched on August 3, 1981, 0956 UT ¢rom the Western Test Range. Since
turn-on of the instrument, it has performed well and data reduciion and
analysis have started, Any anomalous instrument operation can be worked
around or does not appear to adversely ;ffect the data gathering or analysis
of the instrument. Long-~term data analysis and scientific results will be
reported through publication in the appropriate scientific journals. That
effort 1s funded under a separate contract (NAS5-26068) between the Univer-—
sity of Texas at Dallas and Goddard Space Flight Center. Other f£inal reports
(such as Wew Technology and equipment) for the hardware contract have been
submitted per the contract under separate cover, Also it should be pointed
out that all instrument design reviews were completed satisfactorily and all
resulting action items closed. Design review data packages were delivered
under separate cover at the appropriate time.

The objective of the investigation is to provide a better understanding
of the plasma dynamics in the magnetosphere. In particular the instrument
will measure the components of the thermal ion bulk velocity perpendicular

to the satellite velocity vector. These measurements will be of value in

quantifying the polar and auroral convective pattern, the refilling of the




plasmasphere after a magnetic storm, and in determining the extent of
interhemisphere plasma flow. The particular measurements used here are
based on a technique tested and proven 2= Atmosphere Explorer. Unfortunately
the complementary measurements with magnetoneters and electric field antennae
(both AC and DC measurements) necessary to unravel the complete plasma behav-
flor were not made on Atmosphere Explorer, nor were conditions sampled far
into the magnetosphere., These factors, plus the cooperative use of the
upper and lower DE satellites, add whole new dimensions to the usefulness
of the measurements.
The investigation entails the in-situ measurement of the bulk motion
of the thermal ions. These data, in conjunction with other measurements that
will be carried out in the mission, will be extremely useful in our attempt
to understand the coupling between the solar wind and the lower ionosphere
and atmosphere.
It is anticipated that these measurements will yield valuable information
on:
a) the ion convection (electric field) pattern in the auroral and
polar ionosphere.
b) the flow ions along magnetic field lines within the plasmasphere,
whether this motion is simply a breathing of the protonosphere,
a refiliing of this region after a storm, or an interhemisphere
transport of plasma.
c) velocity fields associated with small scale phenomena that are
important at both low and high latitudes.
The detailed instrument parameters and investigative approach are

presented in the following paper.
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Abgtract

The ion drift meter for Dynamics Explorer B measures two
mutually perpendicular angles of arrival of thermal ions with
respect to the sensor look directions. These angles lie in the
vertical and horizontal planes and may be thought of as pitch
and yaw in the conventional aerodynamic sense. The components
of the ion drift veloclty along vertical and horizontal axes
through the spacecraft body are derived to first order from
knowledge of the spacecraft velocity vector and more accurately
with additional knowledge of the component of ion drift along

the sensor look direction.
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INTRODUCTION

An overview of the Dynamics Explorer program is given by Hoffman
and Schmerling.[l] Fulfillment of many of the scientific objeckives of
this mission require a knowledge of the motion of the lonospheric plasma.
Motion of the ionospheric ions is important both to their distribution,
composition and temperaturé.[Z] Rapid motion affects the lon temperature
by Joule heating and the ion composition by the dependence of chemical time
constants on the ion energy. Convective motilon of the lons can transport
high concentrations of ions from the dayside to the nightside of the high
latitude ionosphere and significantly affect the concentrations that might
be expected from simpie solar and particle production. Motion of the ioms
parallel to the earth's magnetic fleld may in some cases constitute a net
current while inm others it may comstitute 2 method of storing plasma during
the day. {3}

The component of the ion motion perpendicular to the earth's magnetic
field is of course derivable from an electric and magnetic f£ield measurement.
However, parallel to the magnetic field, the electrostatic field and the
ion drift velocity are not simply related and constitute quite different
geophysical parameters. Measurement of the ion drift velocity vector is
made by the Retarding Potential Analyzer (RPA) and the Ion Drift Meter (IDM)
on DE-B. These instruments are mounted so that they look along the space-
craft X axils, and figure la) shows the relationship between the direction
of the incoming lons with respect to the spacecraft and the spacecraft axes
X, f and Z. 1In the spacecraft frame the ion velocity V is made up of the

ambient ion velocity Vi and the spacecraft velocity y?. The velocity com~
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ponents parallel and perpendicular to the sensor look direction Vl' and

Yl are determined by the RPA and IDM respectively. The RPA is described

in detail by Hanson et al.[4]. The ion velocity perpendicular to the sensor
look direction is made up of two components along the Y and Z axes of the
spacecraft. Figure lb) shows a projection onto the XZ plane nof the situation
in figure la) and illustrates the relatdionship

s 1 S i
-V, + v," = (-VX + VX ) tan o = Vl'tan o

that 1s used to determine Vzi. A similar relationship between VYi tan B

and Vll is used to determine VYi. The segmented collector shown in figure 1b)
illustrates that a qatugal asymmetry in the current to opposite collector
segments results 1if o is non zero. Since the ion current to the collector '
is proportional to the irradiated area it can be shown that the ratio R of

currents to each collector pair is given by

W/2 4+ D tan o
-
W/2 - D tan o

R

The IDM determines the current ratio R to measure the arrival angle d. By
utilizing 4 collector segments connected in pailrs a similar geometry in

the XY plane can be established and the angle B can be determined. It can
be seen that the spacecraft velocity along the X, Y and 7 axes as well as
the ambient ion drift velocity along the ¥ axis is required to determine
Vi and VZ from o and f. Thus, knowledge of the spacecraft attitude and the
RPA derived component of ion veloeity is required to produce V., and Vz with

Y
their smallest error.



INSTRUMENTATION

The IDM for DE~B is very similar in design to those used suczessfully
on the AE satellites.[§] A sensor consists of a square entrance aperture
that serves as a collimator, some electrically isolating grids and a segmented
plana; collector. The angle of arrival of the ions with respect to the sensor
1s determined by measuring the ratio of the currents to the different collec-
tor segments, This ratio is determined by taking the difference in the logarithms
of the current. We use two techniques to determine ;his ratio. In the first,
called the standard drift sensor (SDS), the collector segments are connected
in pairs to two logarithmic amplifiers. These log amplifiers provide the
inputs to a single linear gifference amplifier that measures either a horizon-
tal.arrival angle or the vertical arrival angle., The logarithmic amplifiers

1 amps to 1078 amps.

have a 5 decade dynamic range measuring currents from 10~
The linear difference amplifier has three sensitivity ranges with sensitivities
successively differing by a factor of 4, which provides a total dynamic range
equivalent to about plus to minus 50 degrees in lon arrival angle. This
technique is described in detail by Hanson and Heelis.{6] It has the advantage
that absolute differences between the log electrometers can be eliminated by
a rezeroing techmique, but a disadvantage that the horizontal and yertical
arrival angles cannot be determined simultaneously. In addition, this technique
involves some switching at the collectors themselves and thus the collectors
are maintained at ground potential to minimize the effects of electrilcal
transients.

The degire to perform the horizontal and vertical measurements simul-
taneously and to have the ability to bias the collector above and below ground
potential in order to investigate other instrument characteristics led to the

design of an alternative technique called the universal drift semsor (UDS).
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With this technique each collector segment is permanently comnected to a
logarithmic amplifier and two difference amplifiers are ugsed to determine the
horizontal and vertical arrival angles simultaneously., The logarithmic
amplifiers are identical to those used in the SDS. The difference amplifiers
have four ranges each different by Y10 so that a total dynamic range equivalent
to about plus to minus 50 degrees in ion arrival angle is again available. The
UD5 advantage of simultaneity in angle measurements is compromised by the fact
that absolute differences betwewn the electrometers cannot be eliminated from
the difference amplifier output. ’ " The IDM consists of two sensors -
one providing the SDS outpv: and the other providing the UDS output. Each
sensor is provided with 4 main frame telemetry words for analog signals and

a digital word pg;viding range and instrument function information. TFor each
sensor . the difference amplifier output is telemetered as the primary signal
that 1s almost directly proportional to the ion arrival angle. Sampling of
this output is preceded by a sequence of operations that are synchronized to
the telemetry and are different for the SDS and the UDS,

Mechanically, the size and grid arrangements for the two sensors

are identical and are shown in cross-section in figure 2. The entrance
apertures are covered by double grids, Gl’ that are grounded amd surrounded

by a flat gold plated ground plane to ensure that transverse electric fields are
minimized inside and outside the sensor. The grid G, is always grounded

in the SDS to provide a field free drift space inside the instrument. In

the UDS different: potentials are applied to this grid to investigate
the effects of spurious currents - that will be described later, The insgtru-
ment sensitivity can be drastically changed when hydrogen ions are present,
since their random thermal velocity isrcomparabla to the spacecraft velocity.[gim

ol
While correction for this sensitivity change can be made, O ions are almost

always present to allow a signal from ions whose random thermal velocity is

ity
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much smaller than the spacecraft velocilty, Thus grdid GS may be biased

at a small positive potential to prevent hydrogen ions from striking the
collector. Grid G4 is always biased at ~l5V to prevent thermal electrons from
striking the collector and to suppress photo-emission from the collector, The
collector itself is grounded in the SDS, whereas in the UDS it -~

is blased at =2 V or +17 V, depending on its mode of operation. A summary of
the instrument's characteristics and functions is given in Table 1.

SDS Operation

As was pointed out earlier, the SDS has the advantage that absolute
differences between the logarithmic amplifiers can be removed from the arrival
angle determination. These differences are removed by performing a "rezero" and
"offget! sequence. :During a "rezero" operation the output of the difference
amplifier is stored in a capaciltor and this value is set to the middle of the
telemetry band (2.5 V) to ensure maximum sensitivity to subsequent deviatioms of
either sign. The inputs to the logarithmic amplifiers are then ianerchanged and the
difference amplifier output relative to the capacitor value is telemetered.

Thus a value equal to twice the absolute_"offset" between the two logarithmic
amplifiers 1s telemetered. Fpllowing this offset operation the original log-
arithmic amplifier inputs are re~established and values relative to the rezero
value are telemetered until the sequence is repeated. During the rezero and
offset sequences the difference amplifier input passes through a 3 pole Bessel
filter that is 3 dB down at 270 Hz to lessen the effects of switching transients.
Subseguently a slower filter that is 3 dB down at 27 Hz is used to prevent
aliasing at the sample rate. Ground commands are used to determine if the
rezero and offset sequence occuples 1/8 second or 1/16 second and to' set the

repeat frequency for rezero and offset sequences to 1/8 second or 8 seconds.




During these operations any cne of 16 positive blas voltages

between 0 to +3.75 V in 0.25 volt increments can be selected by ground command
and applied to grid G, to prevent H" fons from striking the collector. In general
this grid will either be grounded or have the minimum voltage necessary to retard
H+ ions applied to it. 1In addition, ground commands are available so that the
collector configuration for rezero and offset sequences and subsequent relative
arrival angles may alternate between horizontal and vertical angles or be fixed on
either one. If the rezero and offset sequence is repeated only every 8 seconds
there is a substantial period during which there is no collector or electronic
switching, and the absence of transilents from these operations makes the data
amenable to power spectral analysis. The RPA has associated with it a series

of 6 fllters covering ¢imy range 64 Hz to 8.5 KHz in factors of e, and it will

be pogsible to shdre the lower 5 of thess filters between the total ion current
meagured by the RPA and the horizontal or vertical arrival angle measured by

the SDS. Thus a measure of the small-scale structure in the velocity will be
avallable. Details of the filter bank are described more fully by Hanson et al,[4]

UDS Operation

For this sensor great care has been taken to remove any offsets
between the logarithmic amplifiers that might be interpreted as ambient ion drifts.
Nevertheless, precautions must be taken to ensure that such offsets do not
adversely affect the signal and prevent us from making use of the instrument
sengitivity. In order to ensure such sensitivity the difference amplifier
output is periodically grounded through a capacitor and the telemetry output
is set to the middle of the telemetry band., Subsequently the difference

amplifier output is monitored relative to the newly established "zero' on
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the capacitor and with maxizom sensitivity to deviations of eithexr sign.
During this zero operation the absolute output of esch logarithmic amplifier
is also telemetered. The "zero" operation occupies 1/16 second and is
repeated every 8 seconds. Since only single collector segments supply the
inputs to the difference amplifiers, thera are always two collector pairs

that provide horizontal or vertical arrival angles. The UDS provides auto-
matlc selection of a collector segment pair for a given arrival angle
direction by determining the collector segment with the largesc current and
gselecting it and the appropriate adjacent quadrant. ‘The capability

also exilsts to override the automatic collector selection in case of
fallure and to determiame the characteristics of all the logarithmic amplifiers.
It is, therefore, possible to select a given collector segment and the appro-
priate adjacent quadrant by ground command, Ground commands are alsc used

to enable " each ,difference amplifier to be configured for horizontal
ion arrival angles only, vertical ion arrival angles only or alternate between
horizontal and vertical at the "zero" sequence repeat rate (8 seconds). As
wlth the SDS any one of 16 positive blas voltages between 0 and +3.75 V in
0.25 V increments can be selected by ground command and applied to the
repeller grdid G3 to prevent H+ ions from striking the collector.,

It has been well established in data from the Atmosphere Explorer
satellites that neutral particle impacts on the drift meter collectors can
produce ion emission that can distort the output signal and in some cases
completely dominate the ambient ion current.[4] These net negative

currents can be measured with the UDS. : Here the shield grid G, is

2
biased at +15 V to prevent ambient ions from striking the collector. The
collector is blased at +17 V to ensure that any ions leaving the collector

can overcom¢ the +15 V shield grid potential and not return to the collector,



and the suppressor (ivid is maintained at -15 volts. In this configuration

we are able to measuve the absolute ion currents produced by neutral particle
impact. In addition, if the ion emission from the collectors is uniform

across the cnllector surface, the difference amplifier output should be
proportional to the neutral particle arrival angle and hence to the trans-

verse neutral drift velocity, While we have limited confidence that this ,
mode will produce geophysical data, it might provide excellent data concern-

ing the nature of these backgrouns currents.,

Negative colleq;or currents also result f£rom energetic electrons and
photoelectrons that strike the collectors. We are able to assess thu effect
of these signals on our data by uging the previcus grid voltage configuration
except that the collector is blased at -2 V to suppress’the liberation of
lons discussed above.

In all the above functions the 8 sec cycle time described at the
beginning of the UDS description is preserved., However, in recognition of
the fact that there is a possibility of providing neutral particle drift
data, a mode 1s alsc included that allows the UDS to alternate between ambient
lon measurements and neutral particle measurements every l/4 second.

In principle the UDS is capable of providing simultaneous horizontal
and vertical fon arrival angle data, although the technique has not been
tried before. In the unlikely event that this proves to be superior to the
SDS sensor or that the SDS sensor should fail, we have the capability to
asgign all the telemetry to the UDS by ground command. In this mode we can
regain the 1/64 sec resolution cn simultaneous measurements available from

operating the UDS and SDS in tandem.



TABLE I: INSTRUMENT SUMMARY

Weight Electronics Box 2.20 kg
Sensors 1.70 kg
TOTAL 3.90 kg
Power 3.5 watts
Telemetry 1.28 kbps
Grid Biases SD§ UDS
Tong Neutrals Electrons
Collector 0 -2 +17 -2
Suppressor G, -15 =15 ~15 ~15
Repeller Gg 0-3.75 0-3.75 0-3.75 0-3.75
Shield Gy 0 0 +15 +15
Input Gy 0 0 0 0
Nominal
Geophysical Parameters Range Accuracy Resolution
Transverse Horizontal ion drift -4 km/sec to + 4 km/sec + 50 m/sec® 1/32 sec
Transverse Vertical ion drift -4 km/sec to + 4 km/sec + 50 m/sec 1/32 see

*The instrument sensitivity 1is about 3 m/sec and an accuracy of 50 m/sec is
determined from the expected accuracy in vehicle attitude determination of
about 0.5 degrees.
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DATA PRESENTATION

Routina dato processing for both UDS and SDS will be performed by
progrums run on the Science Data Processing System, Microfilm/microfiche
displays will be the primary source of visual data; Figure 3 shows a typical
microfilm display, The data will initially be converted from arrival angle
to drift velocity assuming the ram component of drift from the RPA is zero.
In general the X component of the gpacecraft veloeity will be much larger
than the same component of the ambient ion drift velocity and the error in
the derived velocity components aleong the Y and 2 axes will be quite small,
The data ara plotted independently for the UDS and the SDS and a 20 minute
frame will contain data points every 1/4 sec. The data will be stored at
this time base in the Mission Analysis Files (MAF's). In addition, when
data ars availlable at higher time reselution additional plot frames will
ba produced in 1 minute frames. These high resolution data will not be
stored in MAF's. The display will show one or two velocity components for
SDS depending upon the instrument mode and differentiated by different line
patterns. In addition the components of the spacecraft velocity relative
to a covotating atmodphere along the two transverse axes Y and Z are also
‘plotted. These will be labelled "pitch" and "yaw" respectively and are

denoted by dashed lines in the figure,
The UDS display will show a maximum of four velocities corresponding

to piteh and yaw angles measured by each difference amplifier. We expect
that correspondiag piktch and yaw values will be very close, but tha ability

to view them simultaneously will provide tha integrity checks that are needed.
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Ip addition, the pitch and yaw data descwihed previously will he plotted.
Routine operations on the Mission Analysis Computing System (MACS) will
involve the generation of ion drift velocity vectors and their
graphical presentation as line plots and on polsr dials. Figure & shows

an example of such a display. The three components of fon drift together
with additional information available from the RPA and £ilter banks will

be stored in a revised MAF, The displays from these routine operations will
be produced on microfilm and microfiche. The displays shown in Figure 4 will
also be avallable from a fully interactive graphics program available to DE

investigators.,
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FIGURE CAPTIONS

A three-dimensional view and 1 dimensional projection of the geometrry
involved in lon arrival angle measurements by the IDM.
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Schematlc cross—-section of the IDM sensor showing the grid configuration

and segmented collector,

Typical example of expected ion drift velocity output as a function of
time along the satellite track. Data from Atmosphere Explorer are
used to illustrate the variations that can be expected. Pitch and

yaw traces will be identified by different line patterns.

Example of refined data display available from geophysical parameters
derived from the IDM and RPA. Again Atmosphere Explorer data

are uysed, but better resolution will be available from DE.
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FINAL REPORT
CONTRACT NO, NAS5-24298
RETARDING POTENTIAL ANALXZER
FOR

DYNAMICS EXPLORER

SUMMARY

The Retarding Potential Analyzer (RPA) on the Dynamics Explorer B
(DE-B) satellite was launched on August 3, 1981, 0956 UT from the Western
Test Range. Since turn-on of the instvument, it has performed well and
data reduction and analysis have started. Any anomalous instrument operation
can be worked around or does not appear to adversely affect the data gather-
ing of the instrument., Long-term data analysis and scientific results will
be reported through publication in the appropriate sclentific journals.
That effort i1s funded under a separate contract (NAS5-26071) between the
University of Texas at Dallas and Goddard Space Flight Center, Other £inal
reports (such as New Technology and equipment) for the hardware contract
have been submitted per the contract under separate cover. Also it should
be pointed out that all instrument design reviews were completed satisfactorily
and all resulting action items closed, Design review data packages were
delivered under separate cover at the appropriate time,

It has been demonstrated on Atmosphere Explorer that it is possible to
use data from a carefully designed Retarding Potential Analyzer to measure
the ram component of the plasma velocity. Since the other two components
of the plasma velocity are readily obtainable from an Ion Drift Meter (also
flown on AE by UID), it is thus possible to obtain the complete vector veloeity

of the bulk plasma motion both along and perpendicular to the magnetic field



in a noninterfering manner, i.e. without the use of booms, antennae, or
external clectric and magnetic flelds.

These techniques have not previously been available, and on A.E. the
lack of magnetometers and electric field (AC and DC) instruments has pre-
cluded many of the useful correlative studies that can be expected on DE
relating to auroral current sheets and other high latitude activity.

This particular investigation defines the thermal structure, bulk motion,
and concentxation of the thermal lons within the ionosphere and plasmasphere.
Knowledge of these parameters, together with others (e.g., particle fluxes,
magnetic f£ields, electric fields, alrglow, neutral winds, etc,) that will
be measured on the same two spacecraft will allow a very realistic attack
to be made on many aspects of the solar wind-atmospheric interaction. The
measurements are made with a multigriided planar Retarding Potential Analyzer
very similar in concept and geometry to the instruments carried in the current
Atmosphere Explorer satellites.

The detailed instrument parameters and investigative approach are

presented in the following paper.
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Abstract

The Retarding Potential Analyzer for Dynamics Explorer B
measures the bulk ion velocity in the direction of the spacecraft
motion, the constituent ion concentrations and the lon temperature
along the satellite path. These parameters are derived from a
least squares f£it to the ion number flux versus energy curve
obtained by sweeping or stepping the voltage applied to the
internal retarding grids of the RPA, In addition, the spectral
characteristics of irregularities in the total don concentration
are determined by high time resolution measurements and by use of
a comb f£ilter. These data are obtained from a separate wide aperture

sensor.




INTRODUCTION

The planar retarding potential analyzer (RPA) is a device that measures
the energy spectrum of the ambient thermal ions in the vehicle frame of ref-
erence on the Dvnamics Explorer-B (DE-B) spacecraft. The instrument described
here has a lineage that goes back over 20 years, [1],[2],[3] 1Its precedessors
have been flown un several rockets, Air Force satellites, 0GO-6, Viking, and
Atmpsphere Explorers (AE) C, D, and E. Inditially the RPA was used to measure the

ion concentration (Ni) and ion temperature (Ti)’ In satellites it can also

sort Ni into 1ts constituent parts 1f the various ions present have widely
different masses. On 0GO-6 a sensitive mode for studying detailed changes
in Ni was introduced (2] t@at was intended to look for whistler "ducts."
Even there.these functions were ascribed to the "duct'' .mode, though the
techniques employed have evolved comsiderably. Tests with the 0GO-6 data
also revealed the capability of measuring the bulk ion velocity component
normal to the sensor face, and this parameter was routinely derived from
the AE data. On AE both the ion characteristic curves and their derivatives
were measured since it was anticipated that the latter would be more easily
analyzed.[3d On Viking, digital stepping of the retarding potential was
employed, rather than a continuous voltage ramp.[4]

In conjunction with the Ion Drift Meter (IDM), also described in this
volume [5], the complete bulk ion velocity vector %d 1s measured from DE-B. This
quantity is fundamental to many of the science objectives of DE at all latitudes.
The lon motion affects the ion temperature, both enhancing(6] and diminish-
ing(7] it, and it can also strongly perturb the ion composition at high
latitudes£8]. In addition, it has been observed on AE that there is cfrten

e
a strong correlation between Vd and Ni down to scale sizes of less than 1 km.
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Various kinds of plasma instabilities are suspected to be operative in the
ionosphera, but to date good evidence for them, particularly at high and

mid latitudes, has not been well documented. The combined GA and Ni data

from DE will cover a large dynamic ranga in both amplitude and scale size,

and it is reasonable to expect that a significant amount will be learned about

plasma turbulence, the more so because of the electric and wagnetic wave

fields also being measured,

INSTRUMENT. DESCRIPTION

A. RPA Sensor Functilons

The DE RPA utillizes the planar retarding potential analyzer

sengor shown In figure 1, which is orlented with its front face nearly
normal to the vehicle veloeity vector. Ious entering the aperture in
the sensor face pass through a reglon that is electrically'segmented by
a serjes of gold plated tungsten grids before striking the solid collector.
The collector ilon currents are measured by a linear, automatic ranging
electrometer.

The two sensor entrance grids are grounded to the vehicle and
surrounded by a conducting ground plane. The next grid inward
is the double retarding grid, to which a time-varying slectric potential
1s applied. The suppressor grid 1s held at a negative potential (15 volts)
to prevent low-energy ambient electrons from reaching the collector and to
prevent secondary~electron escape from the collector, The function of the
shield grid is to protect ths electrometer connected to the colleztor from
the electrical transients generated by changing potentials on the retarding
grids; it is also held at vehicle ground. All the grids are woven from 0.025

mm (1 mil) wire, and the number of wires per inch for each grid (in two




perpendicular directions) is indicated in parventheses in the figure.

The retarding potential is variable in the range from anproxi-
mately +32V to OV. The detalls of this voltage trace, and whether it is
continuous or stepped, depend on the operating mode of the instrument.
The automatic ranging absolute linear electrometer measures the collector
current versus retarding voltage, and the derivative of the ion current
with respaect to retarding voltage can also be measured simultaneously.

The derivative is measured by superposing a small 3400-Hz voltage
on the retarding grid voltage. The modulation of the lon current at 3400 Hz,
which is proportional to the derxivative of the ion current with respec: to
the retarding grid voltage, is synchronously detected, then amplified and £il-
tered before being presented to the spacecraft data acquisition system. The
main electrometer has 8 sensitivity ranges, with adjacent vanges differing in
Oliz ‘

sensitdivity by 1 , whereas the ranging derivative amplifier has six

sensitivity ranges (also with 101/2

sensitivity ratio). During the deriva-
tlve operation the mailn electrometer and the derivative amplifier can each
be monitored by 2 minor frame analog telemetry words, or all 4 words can
be assigned to the derilvative amplifier. The sensitivity ranges of the

two dev%ces are both monitored with minor frame digital words.

The lon-current charactevistics measured in these modes is the primary
data transmitted to the ground from tha RPA. Shbsequently a. least-squares
fitting technique is used to retr'ave the ion temperature, total ioq
(electron) concentration, information on the composition of major ions, the
vehicle potential, and the component of the ion-drift velocity that is
parallel to the sensor normal (vd ). In essence this velocity component
1s extracted from the least~squareg fitting by finding the mean energy

separation hetween lons of different mass and comparing this energy to that

expected from just the vehicle velocity itself.




B. Duct Seneor Functions
On previous missions we have utilized the same sensor on a

time~share basis to measure both the RPA curves and the small scale irregu~-
larities in Ni' A separate sensor 1s used here for the Ni measurements
to avoid time sharing and to gchleve a faster electrometer
response by using a larger collecting area. The duct sensor is shown in
figure 2. It has approximately 5 times greater effective collecting arza
than the RPA sensor, and ekcept for the negative. electron-suppressor grid
all elements are held at gpacecraft ground.

The ion current to the collector is measured 64 times per second,
approximately every 120 meters of flight path. These measur¢nents can be
taken directly from the duct electrometer, or from a difference amplifier
that examines changes in the ion current with a 10 times increase in
sensitivity. To prevent aliasing, these signals are passed through a
three~pole Bessel filter with a 32 hz cutoff before being telemetered.

The ionospheric irregularity measurements are extended to much
smaller scale sizes on DE with the aid of a comb filter bank. Six filters
are employed, each having a bandwidth of a factor of e (2.72); their

frequency ranges and mean scale sizes are given in Table 1. These filters

are connected to a linear wide band amplifier with 5 sensitivity ranges

that differ successively by 10& in gain. The amplifier sensitivity is

¢ ede ke e s e e

controlled by feedback from the filter with the largest output voltage. The

filters measure the mean irregularity power within thedir respective bandwidths



Table 1

Filter Number 1 2 3 4 5 6
Frequency band (hz) 32-86 86-233 233-630 630-1700 1700-4600 4600~12400
Mean scale size (m) 125 46.5 17.2 6.35 2.35 0,87
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with about a 45 ms averaging time. Thelr outputs are sampled every 2 seconds
within & period of 375 ms. The wide band amplifier normally monitors
the output of the duct slectrumeter, but every other 2 second perdod it can
be assigned to the difference amplifier output from the Ion Drift Meter.[5]
In effect this permits the determination of the irregularity power in the
transverse ion drift velocity components at the same scale sizes as those
at which Ni irregularities are being examined.
Operations
A, RPA Modes

The various RPA mbdes are differentiated by the manner in which
the retarding potential variles with time. This potential can be varied
in continuous linear ramps or it can be stepped digitally. In both cases
a 3400 hz "wiggle" voltage of selectable amplitude (including zero)
is superposed to permit measurement of the derivative of the thermal ion
energy spechrum.

Consdider first the stepped digital modes. Thy digital voltages are
obtained from an 8 bit digital to analog converter with 10 bit accuracy. The
maximum potential of 31.875 volts is divided into 255 equal increments (256
positions) of 125 mv each, and the dwell time per step can be either 16 ms or
32 ms. There is also a digital memory with 256 locations made up of 8 blocks
of 32 twelve bit words. The first 8 bits of each word define one of 256
voltage stepper positions and the next three bits define ke wiggle ampli-~
tude to be superposed, The 8 possible wiggle peak to peak amplitudes are
Q, 25 mv, 50 mv, 100 mv, 200 mv, 300 mv, 450 mv, and 600 mv. The twelfth
memory word bit selects the output of either the main electrometer or
derivative awmplifier to be telemetered. This memory can be reloaded in

an arbitrary manner by grownd command. When the memory is used to control

Y T S e T
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the retarding grid potential any tvo of the 8 blocks can be selected to

be used alternately. These 64 steps will occur in one second if 16 ms

steps are used, or 2 geconds if 32 ms steps are selected. It 1s anticipated
that this will constitute the principal RPA mode of operationm.

.- Another mode of digital operation, called the counter mode, has a neaxly
fixed format with a four-second ecycle time, First the ramp voltage is stepped
from 31.5 volts to zero in 64 0.5 volt steps with a finite wiggle amplitude.
During the next sweep cycle the ramp voltage is stepped fvom 7.875 volts to zero
in 64 0.125 volt steps, again with finite wiggle amplitudes. These two ranges
are normally repeated with zero wiggle amplitude. If a 32 ms dwell time is
selected, then only the first two ramps ocecur, but both the electrometer and
derivative amplifier will be sampled each step., The 5 basic linear ramp voltage
swaeps avallable to control the retarding grid potential are described iz Table 2.
All but the first one may be used alone, or the first can be alternated with. any
of the last four, In addition, the two 12 volt or the two 24 volt ramps can

be alternated. The wiggle amplitude can be separately chosen for sweep No. 1

and its alternata,

Table 2
Sweep No. 1 2 3 4 5
Sweep range 0+3 12 + 0 0+ 12 24 + 0 0+ 24
(volts)
Sweep perdiod 300 350 350 700 700

(ms)




B. Duct Modes
The sampling of changes in the duct sensox ion current is designed
to provide higher sensitivity when the lonosphere is smooth than when it is
rough. When the ionosphere is rough it is also desirable to have relatively
long continuous blocks of data for spectral analysis. This increased sensitiv-
ity 1s achieved in essence by periodically storing the electrometer output
voltage at one terminal of a difference amplifier with a gain of 10 X, then
connecting the live electrometer to the other difference amplifier terminal.
The difference amplifier output is simultaneously set to the midpoint of the
0-5 ™ analog output so that both positive and negativé changes in Ni cza be
measured. When IANi/NiI becomes of the order of 0.1 (depending on she elec-
trometer voltage) the difference amplifier will. hit either the upper or lower
edge of the output band, at which point the duct electrometer is monitored
directly, Enable pulses accompanying esch of the RPA words on the
subcommutated telemetry frame are used to control the timing of this
switching procedure. These enable pulses occur every 2 seconds. If the
difference amplifier over-range cccurs within 1 second, the words are switched
back to the electrometer through the next 8 digital subcom enable pulses
(17 to 18 seconds). At the end of this period, they are switched back to the
amplifier. If over-range occurs again within 1 second, the words are switched
back to the electrometer for amother 17 to 18 second period. If over-range
does not occur during the 1 second period, Sne of the two following events
will occur:
a. An amplifier over-range will switch the words to the electrometer
and the next digital subcom enable pulse will initiate a new cycle;
b. After a 16 second period, the words are switched to the elec—
trometer for 1 minor telemetry frame (62.5 ms) and then a new

cycle 1s initiated.

T Y = - Pt h s




Thus if the ionosphere is relatively gmooth, i.e., with ANi/Ni of less than
a few percent, it will be seen in large blocks of amplifier data. If the ilono-
sphere is rough, then large blocks of duct electrometer daira will be taken. At
high latitudes the ionosphere is almost always rough by these standards,

As previously described, there is a comb filter bank that samples
the irregularity power in (ANi/Ni) every two seconds (every four seconds
if the filter is being shared with IDM). It will be possible on command

transfer to monitor the first 5 filters every 1/4 second.

‘DATA ANALYSIS AND PRESENTATION

It is anticipated that all routine data processing will be performed
b7 programs run on the DE Science Data Processing' System at Goddard Space Flight
Center. Such large quantities of data can be surveyed nost effectively
by examining visual data displays, and the data will be plotted on
microfiche in severa; d%ﬁferent formats to aid in its digestion. Many of
the data, particularly derived parameters, will also be stored on the
computer in mission amalysis files (MAF's).[9] For checking data validity
and for examining small scale phenomena, routine‘plots will be made of
measured ion characteristic curves and their computi- fits, as well as of
the raw data and spectral analysis of 4 second (and larger) segments of the
duct detectdr data.

Plots of ionospheric parameters will usually be made in 20 minute frames.
A routine merging of the ram ion drift velocity component from the RPA with the
transverse components from the Ion Drift Meter will take place using data from
the mission analysis files, The combined results will be available on the 20
minute time plots as well as in a polar plot format (see IDM description in[5]).
The ion temperature, ion constituent concentrations (of H+, He+, 0+ and of

molecular ions near perigee), the spacecraft potential, the ram ion drift com-
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ponent, and a crude ionospheric roughness parametgr will all he plotted together
in a 20 minute time frame. In additlon, the spectral power of lonospheric

13 in scale size (from less than 1l m to

irregularitics over a range of e
>100 km) will also be plotted in 13 separate spectral bands in 20 minute
time frames.

Many specialized plot routines, having some £lexibility in
parameters plotted (including those available from the MAF files from other
ingtruments) as well as in format,will be utilized on the UTD graphics
terminals, This software will be available to other DE investigators with

compatible hardware.
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Figure 1

Figure 2

Figuxre Captions

Schematic cross section of RPA sensor.

All exposed surfaces and inner elements of the RPA sevsor,
except insulators, are gold plated. The numbers in paren-
thesis describing the grids give the number of one mil wires

per inch. The nominal grid element separation is 2.5 mm.

Schematic cross section of duct sensor.
The duct sensor has the same characteristics as the RPA sensor

except for the aperture size and the number of grids.
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