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1. INTRODUCTION

This report provides an overview of the capabilities of the

Special Sensor for Ions, Electrons, and Scintillation (SSIES), its

operating modes, and the data it produces. This information is

necessary to users of SSIES data, including scientists at the Air

Force Geophysics Laboratory (AFGL), Regis College, the University

of Texas at Dallas (UTD), and others.

The SSIES instrument consists of four sensors and associated

electronics. The sensors are a planar ion retarding potential

analyzer (RPA), a planar ion drift meter (D0), a planar total ion

density trap (SM), and a spherical electron Langmuir probe (LP).

The instrument measures in situ ion and electron temperatures or

scale heights, the bulk flow velocity of the thermal plasma, the

plasma density and its fluctuations, the ratio of Light ions (H0

and He*) to 0*, and the differences between the drift velocities

of the Light ions and the drift velocity of 0*. SSIES will be

flown on the Block 5D-2 Defense Meteorological Satellite Program

(DHSP) spacecraft S8 through S10. These spacecraft travel in sun-

synchronous, circular polar orbits at altitudes near 832 km in the

topside ionosphere.

The purpose of the SSIES is to monitor the ionospheric ther-

mal plasma, which affects Air Force communications and operations.

The total ionospheric electron content (TEC) determines the phase



delay of radio signals. The i n si tu plasma density and scale

height measured by SSIESO together with other data sources which

describe the Lower ionosphere, are used to determine TEC on an

operational basis. Density fluctuations near the peak density

regions of the E and F Layers cause scintillation of radio sig-

naLs. SSIES measurements of density fluctuations at 832 km aLti-

tude can be related to these fluctuations at Lower altitudes. The

volume rate of joule heating is a function of the electric field

and ionospheric conductivity. The electric field is proportional

to the ion drift velocity. Electrostatic analyzer (SSJ/4) mea-

surements of precipitating particle fluxes will be used as inputs

to conductivity models. Thus.. the SSIES and SSJ/4 measurements

can be combined to calculate the rate of Joule heating of the

lower ionosphere by currents driven by forces from the magneto-

sphere.

SSIES incorporates several new features which make it an im-

priý,tv,4q,!t over its predeces,3or, the Special Sensor for Ions and

E L e tSSIF). Unlike SSIE, SSIES can sense differences be-

tween the spacecraft potential and the plasma potential and can

keep the reference potential for the Langsuir probe and the ion

detector apertures close to the pLasma potential. This allows the

measurement of ion and electron temperatures under a wide range of

spacecraft conditions. Two of the sensors of the SSIES instru-

ment, the drift meter and the total ion density trap or scintiL-

Lation meter, are new to the DRSP satellites. The drift meter

2



makes measurement of the plasma's bulk velocity and, hence, the

convection electric field. The scintillation monitor measures the

power spectrum of in-situ plasma density fLuctuations. SSIES,

unlike SSIE, is microprocessor controlled. The microprocessor
I

performs on-board data reduction including calculation of the

plasma potential. Because the instrument is microprocessor con-

trolled, it has a wide selection of operating modes appropriate to

different ionospheric and spacecraft conditions.

The environment in which the SSIES operates has three major

ion species, 0, H+, and He+. O predominates. At mid-

Latitudes, nighttime ion temperatures usually are of order 10000

(.086 eV) and daytime ion temperatures of order 30000 (0.26 eV).

Nighttime electron temperatures are of order 12000 (0.10 eV) and

daytime electron temperatures of order 35000 010.30 eVW. Both ion

and electron temperatures depend on Local time, Latitude, and

magnetospheric activity. For an ion temperature of 20000, 0* has

a thermal velocity of 1.4 ke/s, He+ 2.9 km/s, and H+ 5.7 kmls. At

20000. the electron thermal velocity is 240 km/s. Plasma densi-

ties usually are between 103 and 106 cm" 3

The instrument is designed to operate well when densities

and temperatures are within these ranges. A density of 103 cm" 3

is necessary to provide ion currents Large enough to be measured

by the three ion sensors, and to provide Debye shielding of the

ion apertures and the Langmuir probe from spacecraft potentials at

3



normal plasma temperatures. Plasma densities greater than 106

cause saturation of the instrument electronics. Intense fluxes of

electrons with energies Large enough to pass through the ion

collectors' suppressor grids may occasionally contaminate the ion

measurements. For an electron temperature of 25 eV, a density >

100 electrons cm- 3 or flux > 1010 cm" 2 s-1 is required to cause

problems.

The design, development, construction and testing of the

SSIES instruments is a joint project of the Air Force Geophysics

Laboratory, the University of Texas at Dkttas, Regis C•Ltege and

AnaLytyx Electronics Inc. After completion of the hardware, the

SSIES instruments are delivered to RCA AstroELectronics, the DNSP

spacecraft contractor. The prime sensor on the ONSP spacecraft is

the Operational Line Scanner (OLS), constructed by Westinghouse

Electric Corn., Defense Electronics Division.

4



2. THE DRSP SPACECRAFT

The DNSP spacecraft are a series of vehicles built and

Launched since the 1960's under the direction of the Air Force

Space Division for the Air Force Air Weather Service (AWS). They

are operated by AWS from Global Weather Central, Offutt AFS, NE as

a service to the DoD community. The prime sensor for the space-

craft is the Operational Line Scan (OLS) system which makes high-

resolution white-Light and infra-red images of the earth's cloud

systems. Other instruments which measc.re the tropospheric and

space environment are included as payload capacity and operational

needs allow.

The ONSP spacecraft are launched into a 832 km, 98.70 in-

clination circular orbit, The non-spherical terms of the earth's

gravity field cause the orbit plane to precess so that the orbit

plane always has the same orientation with respect to the earth-

sin Line; i.e. the orbit is sun-synchronous. The DASP spacecraft

have a planned lifetime on orbit of 3 years. Two functioning DMSP

spacecraft are supposed to be on orbit at all times: one in the 6

a.m. - 6 p. , meridian plane and one in the 10:30 a.m. - 10:30

p.m. meridian plane. (The orbit in the 10:30 .. - 10:30 pm plane

often is referred to as a noon-midnight orbit.) Before Launch.,

the spacecraft are referred to as "spacecraft number" 7 or S7 and

after launch, they are referred to as "flight number" 7 or F?.

Since the beginning of the current Block 50 series, the S number

5
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and F numbers have been the same, but they may be different in the

future. At this writing, F6 (launched in December, 1982) and F7

(Launched in November, 1983) are functioning and S8, S9 and SIO

are waiting for Launch.

Figure 1 shows both the S8 spacecraft as it will appear in

orbit and the spacecraft coordinate system. The solar panel is

attached to a boom which points in the +Z direction, and the OLS

is attached to the precision mounting platform at the -Z end of

the spacecraft. Successful OLS operation requires that the space-

craft be three-axes stabilized. The X-axis points along the nadir

and the Y-axis is parallel or anti-parallel to the spacecraft

velocity vector. The Z-axis is normal to and on the sunward side

of the orbit plane. In the primary operating mode, this orienta-

tion is maintained to within 36 arc-seconds. In an allowed sec-

ondary mode, the attitude tolerance is 140 arc-seconds.

The SSIES ion sensors must face the ram direction. Figure 1

shows the ion sensors mounted on the +Y surface. This is the

standard placement, used whun the ascending node of the orbit is

in the morning or noon sector. If a DRSP spacecraft is Launched

with the ascending node in the evening or midnight sectors, the

$SS.IEý ion sensor array will be mounted on the -Y surface. The ion

se,,sors are on a spacecraft surface which may bend and flex

slightly, but due to the tight spacecraft attitude requirements,

they are always within 0.50 of thei- preferred orientation.

7



The solar array must face the sun. The nolar array boom is

parallel to the +Z axis; the array's Long axis is perpendicular to

the boom; and the short axis make a 600 angle with the boom. The

solar array rotates 3600 on its boom about the Z axis. For a

noon-midnight orbit, the solar array is always perpendicular tb

the earth-sun ecliptic plane, and thus it rotates 3600 per orbit

in spacecraft coordinates. For a dawn-dusk orbito the solar array

angle with respect to the ecliptic changes with season. As a

result of the changing asoect of the solar array in spacecraft

coordinate, the tip of the solar panel is forward of the SIES ion

sensor array twice per orbit.

The glare obs* uctor (GLOB) is not shown in Figure 1. This

is i pair of panels whiich hang down (in the +X direction) froe the

+X surface. The panels' are attached to the middle of the space-

craft and make approximately a 450 angle with the X-Z plant. Thus

the tip on one panel is slightly forward of the SSIES ion sensor

array. The purpose of the GLOB is-to prevent sunlight from reach-,

ing the optical instruments on the +X surface of the p-ectision

mounting platform. The GLOB is used only for dawn-dusk orbits;

not for noon-midnight orbits.

The data from atl space environmental moritorS including

SSIES are acquired by the OLS system and merged vitb the OLS data.

The OLS sy3tem stores the data on tape recorders which are played

back upon command from ground tracking stations. The ptaybacks

8



occur at intervals of one to three orbits (100 to 300 minutes).

The DMSP data system uses a 36 bit word. The SSIES sends data to

"the telemetry system in 9 bit words.
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3. THE SSIES INSTRUMENT

Figure- 2 is a block diagram of the SSIES sensors, electron-

ics packages and electrical system. The instrument has four

sensors, Labeled on the diagram as drift meter ODN), ion SM (scin-

tidlation monitor), RPA (ion retarding potential analyzer), and

electron sensor (Langmuir probe, or LP). The first three of these

measure ions and are mounted in a common ground plane (shown in

Figure 1) which is electrically connected to the ion sensors'

aperture grids. The ion sensors with the ground plane are shown

in Figure 3.

The planar ion sensors are designed so that al.l ions fatling

on the aperture w'LL be cotlec:ced on a plate behind the aperture

unless blocked by a -)rid wire or ty an electrostatic potential anO

all thermal electrons fLlIng on the aperture will be electrostat-

ically btocke4 from reeching the collector plate. The scintilla-

tion monitor and the RPA have circuLar spertures and collecting

plates. The drift meter has a square aperture and a circutar

collector divided into four quadrants. In all the ioi sensors,

the wires of various grids physically bLock a few ion.. In the

case of the SA, alt ions which do not strike a grid wire reach the

collector. When the drift meter is in normal mode, internal grid

biases mat be set so that aI ions which do not strike a grid wiro

reach a segment of the collector, or so that a fixed retirdir'g

voltage excludes tight ions. The threshold energies required to

10
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reach the coLLector of the RPA or that of the drift meter in H+

mode are systematically varied by changing the retarding voltages

applied to the sensors' internal grids.

The Langmuir probe is a spherical collector surrounded by a

spherical grid. A Langmuir probe unit for the SSIES-2 instrument

is shown in Figure 4. The SSIES Langmuir probe is nearly

identical. The Langmuir probe is mounted on a boom on the -X

surface of the DMSP spacecraft. The spherical grid physically

blocks a few ambient electrons and is a source of photoelectrons

which can reach the collector. The potential of the grid is swept

from positive to negative with respect to the plasma. At positive

voltageso the Langmuir probe draws current from the plasma, while

at negative voLtages, some electrons are electrostaticaLly

excluded from the collector. The potential of the spherical

collector is maintained high enough to collect all thermal

electrons which pass through the grid and to exclude thermal ions.

The drift meter determines the components of the plasma flow

velocity along two axes perpendicular to the spacecraft's velocity

vector. The scintillation monitor measures total ion density and

the power spectrum of density fluctuations with scale sizes from I

m to 100 km. The ion RPA data are used to determine the temp-

eratures, masses and densities of the different ion species pres-

ent, their velocities parallel to the spacecraft's direction of

motion, and the spacecraft potential. Data from the Langmuir

12
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probe are used to determine the electron temperature and density

and the spacecraft potential. The data handling and control

systems are not shown in Figure 2. These sensors are controlled

and the data collected by a Texas Instruments SBP9900A micro-

processor which also analyzes data from the ion RPA and electron

Langmuir probe.
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3.1. ION DETECTOR THEORY

Although the designs of the three SSIES ion sensors have

been optimized for the determinlation of different ionospheric

parameters, all three measure the current from the ambient plasma

to planar surfaces. The same concept is involved in calculating

the geophysical parameters from the current measured by the three

sensors. This concept is that the current collected depends in a

known manner on the distribution functions of the different ion

species present, on the spacecraft velocity, and on the maximum

electrostatic potential barrier between the ambient plasma and the

collector plates. Information about these quantities is extracted

from the current measurements.

The three detectors have gridded apertures electrically con-

nected to the common aperture plane shown in Figure 3. The sen-

sors and aperture plane are designed to make the apertures behave

as if they are part of an infinite equipotentiat plane. The

electric field of an infinite conducting plane affects only the

component of ion motion normal to the plane. When the infinite

plane approximation is valid the electrostatic potentials of the

SSIES ion aperture plane and the ion sensors' grids affect only

the motion of ions parallel to the spacecraft Y axis, which is

perpendicular to the aperture plane, Ions with trajectories

normal to the aperture plane are not deflected toward or away from

the sensor apertures. As Long as the potential of the aperture

plane remains < 0 with respect to the piasma, changes in the

16



aperture potential do not change the total current to the aper-

tures. In flight, the aperture potential should be between 0 V

and approximately -2 V with respect to the plasma. Under these

conditions, the infinite plane approximation is valid. A strong

(tens of volts) negative potential would focus ions toward the

aperture plane and increase the current to the sensors.

When there is a retarding potential with maximum vaLue 0 > 0

between the aperture plane and an ion sensor's collector, the ion

current to the collector plate is a function of 6:

I(S A a 2: ' vyvydv Idv z, V yv) (1

-(2q 112 -0 -W

where

A = Area of collector accessibLe to ions

a = grid transparency

fi = phase space distribution function for ion species "i"

expressed as a function of velocities in the ambient

pLasma

mi = mass of ion species "i"

Ni = number density of ion species "i"

qi = charge of ion species "i"

vr a bulk plasum ram velocity

17



= spacecraft speed plus component of ion drift normal to

sensor aperture

(VxpVypVz) = ion velocity at aperture plate in spacecraft frame of

reference

0 = maximum retarding potential which exists between the

ambient plasma and the collector

The velocities in Equation I are in the spacecraft frame of

reference. In Equation I the Limits on the integral over Vy run

from -(2qid/mi) 1 l 2 to -o because the y component of the velocity

of an ion must be negative in the spacecraft coordinate system

(shown in Figure 1) for the ion to enter an ion sensor aperture.

An ion with velocity Vy in the spacecraft frame has velocity vy +

vr in the reference frame drifting with the olasma, so that

fi(VxVyOVz)o the phase space density expressed as a function of

ion velocities in the spacecraft frame, is fi(vxvy + vrv z )

expressed as a function nf velocities in the drifting plasma

frame.

When there is no retarding potential between the plasma and

the collector plate the integral over Vy runs from 0 to -w. When

the mean ion thermal speed is much less than the ram velocity,

I A a vr 1 qj Ni (2)

18



This current is the current onto the scintiLLation meter

collector plate at aLl times, onto the drift meter coLLector

plates in the normal mode and on the RPA collector plate at zero

retarding voltage.

If we replace the arbitrary distribution function in equa-

tion (1) with the MaxweLLian distribution, we wiLl obtain the same

formula for I(W) and for duldS as given by Rich and HeeLis (1983).

Figure 5a shows the theoretical ion current collected I as a func-

tion of retarding voltage # in a MaxweLlian plasma with two ion

species, 0+ and H+, with the same temperature. Figure Sb shows

the theoretical dI/dS as a function of S. In Figure 5a, IM) is

plotted as a solid Line. The dashed Line shows the 0 contri-

bution to the total current in the voltage range where the H÷

current is significant. In Figure Sb, dIt/dI is plotted as a solid

line, and the H+ and 0 Maxwellian distribution functions for

speed v a vr - (ZqjO/m4) 1 1 2 are plotted as dashed Lines. Note

from Equation I that for MaxweLtion distribution functions dI/dS

is proportional to -1 (qj21/m) fiyvu vr-(2qi#lmi)l/23 where v is

the ion speed in the plasma. Assuming the sensor potential is 0 V

with respect to the ambient plasma and vr u Vs/c a 7.44 ke/sec (no

bulk plasma motion), the minima in the derivative curve in Figure

5 are at 0.29 V due to the peak of the H+ distribution function

"and at 4.6 V due to the peak of the 0' distribution function. A

negative (accelerating) aperture potential would increase the

19
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voltage of the two minima equalLy. A bulk motion of the plasma

along the Y-axis would change the difference in voltage between

the two minima.

Both the ion RPA and the DM in H+ mode measure ion current as

a function of variable retarding voltages. The RPA sweeps a

retarding voltage upward over a 4 second interval and measures the

ion current collected versus retarding voltage. The result is a

set of current versus retarding voltage curves similar to the one

shown in Figure 5a. These curves are analyzed to determine ion

density Ni, ion temperature Ti, ion mass mi, the Y component of

the bulk plasma motion, and the potential of the sensor aperture

with respect to the ambient pl-*sma. In H+ mode, the ion drift

meter operates by rapidly oscillating the retarding voltage around

a base Level which is slowly stepped upward. The quantity

measured depends on the magnitude of the oscillation and the

electronic processing of the current collected. The fluctuating

currents resulting from small oscillations in the retarding

voltage are processed to give an itaLog measurement of dI/dG

versus * at several points which lie on a curve similar to the

derivative curve of Figure 5b. The current fluctuations produced

by large oscillations in the retarding voltage are used to measure

the perpendicular drift of tht light ion component of the plasma

w' ich produces the sharp peak in the derivative curve of Figure

Sb.
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Equations 1 and 2 are excellent approximations when the

infinite aperture plane approximation holds and when vr is much

greater than the thermal velccities and perpendicular drift velo-

cities of the ion species. This is true for the RPA, the scintil-

Lation meter, and the drift meter in normal mode, but not for the

drift meter in H+ mode. In realitye the range of perpendicular

ion velocities which have access to a point on a sensor's collec-

tor dces not run from -o to +x. This range depends on Vy and on

Location on the collector plate. Ions with grazing trajectories

(Large ratios nf perpendicular to parallel velocity) do not have

access to all points on a collector. However, because the space-

craft velocity is much greater than the drift velocity or the mean

ion thermal veLocity, most ion trajectories are nearly perpendic-

ular to the aperture plane.

The RPA and scintillation meter hiee been designed to *ini-

mize position dependcnce and maximize the range of arrival angles

with which ions reach their collector. The drift meter uses the

variation in ion access to its collectors with vX/Vy and vz/Vy to

measure perpendicular vetocities. However, as long as the sp#ce-

craft velocity is wuch greater than the thermal velocity, Equa-

tions I and 2 are valid if A is set equal to the area of the

collector accessible to ions with vy d -vr and perpendicular

velocity equal to the perpendicular drift velocity. For H+ and

Ne+, thermal velocities ore comparable to the spacecraft velocity.

Therefore, Equation I is nGt accurate for the drift meter in H*
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mode. Either a complex calculation or a cross calibration of the

Light ion drift signal with the 0* drift measurement is necessary

to obtain Light ion drift measurements.
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3.2. THE DRIFT METER

The SSIES drift meter (DR) was designed at the University of

Texas, DaLLas. In physical design, it is identical with the drift

meter flown on the HILAT sateLLite (Rich and HeeLis, 1983) and

very similar to the drift meters flown on Dynamics Explorer 8

(Hanson et aL., 1981) and on the Atmospheric ExpLorer sateLLites

(Hanson et aL.,, 1973). The measurement techniques used in the

SSIES drift meter have been described in detail by HoLt (1984).

The DR measures the two components of the plasma drift velocity

perpendicular to the instrument's direction of motion. The drift

meter is designed to operate in a plasma containing 0', He+, and

H+. At 20000, their thermal velocities are 1.4 km/so 2.9 km/so

and 5.7 km/s respectively, aLL Less than the D1SP spacecraft

velocity of 7.44 km/s and greater than the typical plasma drift

velocity (zero to 2 km/sec).

The drift meter has two operating modes, normal mode and H÷

mode. Normal mode is intended to measure the average drift velo-

city of aLL ion species. The H÷ mode is intended to separate the

measurement of the drift velocities of Lighter ions, H÷ and He*,

from the total ion drift velocity which is dominated by 0÷.
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3.2.1. Normal Mode

In normal mode, the drift meter determines the components of

the plasma drift velocity perpendicular to the aperture normal.

It does this by measuring the difference in the currents to the

top and bottom or left and right halves of its collector plate.

The drift meter collector actually is divided into four quadrants

which are aligned with the aperture so that the four plates meet

directly below the center of the aperture. The connections be-

tween the four plates are switched electronically to form either a

horizontal or a vertical pair of collector plates.

The telemetered normal mode data is proportional to the

difference between the logarithms of the currents to the halves of

the collector plate. To find this difference, the currents are

measured with logarithmic amplifiers, and their outputs are input

to a difference amplifier. The rezero and offset technlque is

used to cancel the effects of biases in the log amp outputs when

those outputs are input to the difference amplifier. The teleme-

tered data is the difference amplifier's output shifted to a range

of 0.0 V to 5.10 V.

Under normal ionospheric conditions, the logarithm of the

difference in the currents to the halves of the collector plate is

proportional to vx/vy or to vz/vy. Here, (vxvyvz) is the plasma

drift velocity in the spacecraft frame. The plasma velocity

parallel to the spacecraft velocity (or anti-parallel to the
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spacecraft velocity if the ascending node of the satellite orbit

is in the dusk-evening sector) is Vy. The two perpendicular

velocity components are vx and v.. If vy is known, vx and vz can

be determined. (See Rich and Heelis E19833 for the procedure.)

In the spacecraft framer -Vy is the sum of the ion drift into the

sensor and the spacecraft velocity. However, the ion drift is

generally very small compared to the spacecraft velocity, and can

be neglected in calculating perpendicular drifts during routine

processing. The relationship between the currents to the collec-

tor plates and vx/vy or Vz/Vy is derived by assuming that the ions

follow parallel trajectories within 250 of the aperture normal.

This approximation is valid when the 0+ is the dominate ion spe-

cies, as is normally the case atong a DOSP satellite orbit.

At times, the plasma may have a substantial H+ or He+ com-

ponent with thermal velocity comparable to the spacecraft velo-

city. To exclude such Light ions, the drift meter has a repelLer

grid (the H+ grid in Figure 2) which can be biased to a d.c.

voltage of I V, 1.5 V, 2 V, 2.5 V, or 3 V above the aperture

potential VAP. 0+, which has a mean energy near 4.6 eV in the

spacecraft frame of reference, will pass through the repetler

grid, while H+ and He+, with mean energies near 0.29 eV and 1.2

eVO are excluded. The repelter grid is preceded by a compensation

grid which is biased to keep the location and angle of incidence

of ions which reach the collector as close as possible to their

values in the absence of both grids. A shield grid precedes the
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coLLector, and returns ion velocities to their value at the sensor

aperture. The suppressor gird eLectrostaticaLLy blocks ambient

electrons from reaching the coLLector and drives photoelectrons

from the coLLector plate back into the the plate.

3.2.2. H+ mode

The goaL of H+ mode is to reject the Large drift signal from

0+ ions and detect the much smaLLer drift signal due to the Light

ions. At DRSP's alttitude, where coLlision frequencies are Low,

the ionospheric electric field causes thermaL ions and electrons

to convect perpendicular to the geomagnetic field with a drift

velocity independent of mass or charge. However, in the polar

regions, ions may fLow upward aLong the magnetic field Lines with

mass-dependent velocities. The H÷ mode is designed to measure

field-aLigned fLow velocities of Light ions at high Latitudes.

This measurement is difficult to make because the Light ions, H+

and He+, make up onLy a smaLL fraction of the ion population in

the high Latitude regions and because the thermal velocities of

these ions may be a Large fraction of the spacecraft velocity.

For these reasons, the tight ion current coLLected by the drift

meter is much smaller than the 0 current.

The subtraction of 0 current from total ion current is

accompLished by moduLating the Light ion signal and synchronously

detecting it. The drift meter repeLLer grid voltage is sLowly

stepped through a series of retarding voltages. The current to
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the collector is modulated by a small 200 Hz (100 Hz for DRSP S8)

square wave voltage (referred to as a 'wiggle") to the retarding

grid voltage. The current from each half of the collector plate

is input to a synchronous detector. The output of each synchro-

nous detector is proportional to the amplitude of the part of the

input signal which shows a 200 Hz modulation.

The result is that only the portion of the ion current I for

which dI/d# * 0 is detected (see Figure 5). When the d.c. step

voltage on the repeller grid is close to the mean energy of the

Light ions, a Large portion of the Light ions alternately will be

allowed to pass and will be blocked from reaching the collector by

the wiggle potential. Since the sum of the step voltages and the

a.c. "wiggle" voltages are too small to affect the 0* ions, the 0+

current will not be modulated, and will not be detected. The

size of the current detected will depend on the value of the d.c,

voltage and the wiggle voltage. When the d.c. potential is ap-

proximately equal to the mean energy of the light Ions, dl/d# will.

be maximum and the detected current will be maximuo. When the

wiggle voltage is small compared to kTNl/e, only a small portinn

of the Light ion current will be detected. When the wiggle volt-

age is Large compared to kyH+/e, most of the Light ion current

will be detected.
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Because the Light ion species, pLasma potentiaL, and the

downrange drift veLocity are unknown, the Light ion mean energy in

the spacecraft frame of reference cannot be determined in advance.

To insure setting the repeLLer grid voltage close to the Light ion

mean energy, the H+ mode employs a 4 second cycle during which

both the repeLLer grid d.c. voltage and the wiggle voltage are

varied. During the first and second seconds, data is coLLected

for determination of the vertical Light ion drift. During the

third and fourth second, data is coLLected for determination of

the horizontal Light ion drift. As in normal mode, twelve mea-

surements are made each second. A initial DC voltage of 0, 1, 2,

or 3 V for the repeLLer grid is selected by command. For the

first two measurements of each second, no wiggle voltage is ap-

plied and two normal drift measurements are made, one horizontal

and one verticaL. For the third through twelfth measurements, the

200 Hz (100 Hz for S8) modulating voltage is added. The repeLLer

grid d.c. voltage is increased by 0.2 V after each measurement

from the third to the twelfth sample. At the end of a second, the

modulating voltage is removed, the repelLer grid voltage is re-

turned to its original value, and the grid voltage cycle is re-

peated.

The goal during the first and third seconds of a four second

H÷ mode cycle is to identify the Light ion mean energy. During

these seconds, a smaLL amplitude is selected for the modulating

square wave applied to the repeLler grid, so the synchronously
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detected signal from each half of the collector is proportional to

the derivative, dI/dO. The signal from one half of the collector

is output to the telemeter. The voltage at which the signal has

its maximum identifies the minimum of dI/df and the light ion mean

energy. The first and third seconds of a 4 second H+ mode cycle

are referred to as the H+DERIV mode.

During the second and fourth seconds of the H+ mode cycle,

the aim is to measure the light ion drift velocity. A larger

modulating voltage is applied to the repeller gride so that when

the grid d.c. voltage equals the mean light ion energy, the signal

from each synchronous detector is proportional to the light ion

current to half of the collector plate. During the ten Light ion

measurements, the telemetry is proportional to the difference in

the logarithms of the modulated signals from the two halves of the

collector plate. The exact relationship between the telemetry and

the Light ion drift velocity cannot be determined before launch.

The relationship will be found from flight data by using the fact

that the horizontal drift velocity of the light ions is the saime

as that of 0. The second and forth seconds of the 4 secotid HN

cycle are referred to as the H+DS mode.

Table I shows the HN mode four second cycle with the twelve

measurements made each second. The beginning of this cycle is

indicated by inserting the vaLue 511 (all I's in a binary 9 bit

word) in word 60 of the SSIES data format (see section 4). in the
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table, horizontal measurements are marked with an "H" and vertical

measurements with a "Vol. During the first two measurements of

each second, the horizontal and vertical drift velocities of the

total plasma are measured as in normal mode. During the final 10

measurements of a second, the repeller voltage is modulated with a

200 Hz (100 Hz for DMSP S8) square wave. There are two choices

for modulation amplitudes, WIGLO, and WIGHI. If WIGLO is select-

ed, the modulation is 50 mV for H+DERIV measurements, and 400 mV

for H+DS measurements. If WIGHI is chosen, the modulation is 100

mV for H+DERIV measurements, and 800 mV for H+DS measurements. To

avoid changes in H+DERIV or H+DS due to changes in the 0+ arrival

angle as the repeller grid voltage changes, the drift meter com-

pensation grid is biased in the opposite sense from the repeller

grid, and its bias is modulated 1800 out of phase with the repel-

ler grid modulation.
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TABLE I: H+ MODE 4 SECOND MEASUREMENT CYCLE

SampLe CycLe A CycLe 8 CycLe CEcLe D

1 H H V V

2 V V N H

3 H+DERIV (V) H+DS (V) H÷DERIV (H) H+DS (H)

4 of to 9, 6

5 t of it

6 ofof0

7 to it it

9 to to 99 *

10 it to*.

1 1 to to to to

12 " of
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3.2.3. Drift ?Aeter Data Reduction

Twelve drift meter measurements are made every second.

Because H+ mode is experimental and requires in-flight calibra-

Stion, there is no routine procedure for converting raw H+ mode

data into velocities. In normal mode, the connections to the

collector quadrants are switched immediately after each sample

from the difference amplifier is obtained. The timing of the

samples is related to the sample location in the SSIES data format

"(see Section 4). To a reasonable approximation, the samples are

uniformly spaced in time and a Fourier analysis of the flight

measurement can be done. The switching of the connections to the

quadrants results in 6 horizontal and 6 vertical measurements of

the ion drift per second.

The data analysis software at AFGL (see Section 5) gathers

one minute of drift meter data into an array called DRIFT(12,60).

The formula used to obtain a velocity in km/s from normal mode

telemetered data is:

V = (SCVEL + VOR) * (.O1'DRIFT(IJ) - VDO) * CD

where

V computed drift velocity (k/&s)

$CVEL spacecraft velocity (km/sec)
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VDR = downrange (y component) of the plasma drift

velocity

DRIFT(IOJ) = teLemetered drift meter output for "I"th sampLe

in the "J"th second of a minute (range 0 to

511)

VDO = rezero voltage MV)

CO = calibration constant (unittLess)

InitiaLLy, we will use 7.44 km/s for the spacecraft veloci-

ty, set VDR = 0, VDO = 2.53, and CD = .1413 for routine processing

(for S/N 01 on S8). If the spacecraft does not reach its nominal

orbit, SCVEL wiLL be adjusted. Instrument performance may indi-

cate a need to adjust VOO and CD after Launch. VDR is much

smaLLer than SCVEL, the spacecraft vetocity. Setting VOR a 0 wiLl

cause an uncertainty < 10 in the perpendicular velocities calcu-

Lated from the drift meter output. for special purposes, VON

sometimes can be determined from the RPA data.

The output of each of the two Log ampkifiers is included in

the telemetry data every other second. These data could be used

to obtain the ion density, but are only intended to be used to

verify the operation of the drift meter.
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3.2.4, Drift Meter Calibration Data

The SSIES drift meter units Fl, F2, and F3 were calibrated

at 00 CO 25c C, and 500 C. The calibration changes very little as

a fur.ction of tempera~ure. Past experience indicates that the

drift reter electronics units, which are located in the Equip-

ment/Service Module (ESM), will always be at 25 oC +/- 5 oC.

Numerical values for the calibration data at any temperature may

be obtained from AFGL or the University of Texas, Dallas if neces-

sary.

The drift signal zero values for SSIES drift meter units Fl,

F2, and F3 at 250 C are 2.53 V, 2.56 V, and 2.54 V respectively.

In Figures 6, 7, and 8, the logarithmic amplifier outputs for

these units are shown as functions of input current and the drift

signal outputs are shown as functions of the ratio of the currents

to the halves of the drift meter collector at 250 C. LLA and LLS

are the two logarithmic amplifiers used to ampLify the signals to

the halves of the collector. C2/Cl is the ratio of the currents

to tho halves of the collector. The number to the Left of each

point on the plot of drift signal versus log(C2/C1) is the value

of C2/Cl at that point.
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DRIFT METER SN/Fl (25 DEC C)
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Figure 6: CaLibration data for drift meter unit Fl.
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DRIFT METER SN/F2 (25 DEG C)
LOGO AMP OUTPUTS %OW" INT CU.RD4T
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DRIFT METER SN/F2 25 DEC C
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Figure 7: Catibration data for drift meter unit F2.
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DRIFT METER SN/F3 (25 DEG C)
L-•l AMP OUTPUTS VRSUS INPUT CURRENT

4-
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DRIFT METER SN/F3 25 DEG C
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Figure 8: CaLibration data for drift meter unit F3.
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3.3. THE SCINTILLATION METER

The scintillation meter (SM) was designed at the University

of Texas at Dallas, to measure variations in the plasma density

over scale Lengths from kilometers to 1 meter. This ion sensor is

a simple ion trap (Faraday cup) with no retarding voltage. The

voltage on the SM aperture will be maintained at an electrostatic

potential close to the plasma potential. An internal suppressor

grid is employed to block ambient electrons from reaching the

collector plate and to avoid any photoelectron current from the

plate. Thus, the current collected will be proportional to the

product of ion density and ion ram velocity as in Equation (2)

above.

The scintillation meter processes the collected current in

two different ways. First, the magnitude of the ion current to

the collector plate is sampled 24 times per second from the output

of an electrometer or a difference amplifier. Since the nominaL

satellite velocity is 7.44 km/s, the 12 Hz Nyquist frequency of

the electrometer-amplifier measurements means that the smallest

irregularity scale Length which can be measured with the individ-

uaL samples of the ion current is 620 a. Second, to detect the

presence of smaller scale irregularities, nine bandpass filters

with center frequencies from 17.7 Hz to 8.2 kHz are attached to

the output of the electrometer or difference amplifier and are

sampled once per second. The size of a time-stationary density

variation which will produce a signal at 8.2 kHz is about 1 a.
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3.3.1. ELectrometer-Amplifier Measurements

The electrometer-amplifier system for measuring the magni-

tude of the collected current has been designed to give accurate

readings for a wide range of density values. The electrometer has

5 Linear sensitivity ranges. The range is adjusted automatically

to maintain maximum sensitivity while staying within the telemetry

band. Sensitivity decreases by a factor of 101/2 for each range

change from 6.32 x 10-9 amps/volt to 6.32 x 10-7 amps/voLt.

To achieve higher sensitivity to small density changes when

Large fluctuations are absent, the electrometer output is stored

periodically at one terminal of a xlO difference amplifier. The

Live electrometer output is connected to the other terminal. The

zero output of the difference amplifier is set to the middle of

the telemetry band so that either positive or negative density

changes can be detected. Either the electrometer or the differ-

ence amplifier output may be telemetered, depending on the magni-

tude of the density variations. If the output of tho difference

ampltifier falls outside preset upper or Lower Limits which are

near the edge of the telemetry hand, the electrometer is connected

to the telemeter. At the next "To Cycle 1" pulse, the amplifier

is reconnected to the telemeter. ("To Cycle 1" pulses indicate

the beginning of an odd second in the SSIES operations cycle.) If

the amplifier output falls outside the preset Limits again within

one second, the electrometer is connected to the telemeter until 8

"To Cycle 1" pulses have occurred (15 to 16 seconds). At the end
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of this period the telemetry output switches back to the amplifi-

er. If over-range occurs again within I second, the electrometer

output is telemetered for another 15 to 16 seconds. If over-range

does not occur, the amplifier output is telemetered until one of

the following events occurs:

1. An amplifier over-range switches the telemetry bac' to the

electrometer. The next "To Cycle 1" pulsc begins a new

cycle

2. After 16 secondsp the electrometer output i.• telemetered for

two samples.

The electrometer and amplifier readings appear in words 2,

7, 12, ... , 117 of the SSIES data format (Section 4), and in the

array SCIN in the SSIES Phase II data proctssing at AFGL (Section

5). Control flags replace regular data in the scintillation meter

telemetry to indicate when switching between vhe electrometer and

difference amplifier occurs. Table 1I shows the possible events*

and the nominal telemetry reaJings which Park them. The actual

flags may differ from the nominpl values by one or two. A number

indicating the ranges of the electrometer and the wideband

amplifier for the fiLters is also telemeterei once each second in

Word 51 of the SSIES di;ta format, which bucoues SMFILT(IO,J) in

the SSIES Phase 11 processing program.
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TABLE II: SCINTILLATION METER CONTROL FLAGS

Event FLag Duration

Amplifier to electrometer switch 0 Either 1 or 2
with no electrometer range change samples

Electrometer range change (always Either I or 2
causes an amplifier to electrometer samples
switch)

Range Sensitivity

1 6.32 x 10-9 A/V 28

2 2 x 10-8 A/V 24

3 6.32 x 10-8 A/V 20

4 2 x 10-7 A/V 16

5 6.32 x 10- 7 A/V 12

Electrometer to amplifier switch 511 1 sample
(occurs only at To Cycle 1)

The upper and Lower bounds at which the electrometer ranges

have been set so that the flag values are outside the normal data

range, If the instrument encounters densities Less than 700 cm-

3, the electrometer will be in Range 1 and telemetered data wilL

have values Less than 34, which may be confused with control

flags. Densities much above 106 will cause the scintillation

meter amplifier to saturate in range 5. In this case, the

telemetry will show a steady stream of 511's, since this is the

highest number possible to telemeter. Since the 511 control flag

can appear only in the first telemetry reading of an odd cycle,

saturation should be easy to distinguish.
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The first step required to convert electrometer-amplifier

raw data from the SCIN array to densities is to determine whether

an element of SCIN represents an ion current measurement or a

control flag. To process a current measurementt, control flags

received earlier must be examined to determine the source of the

data (electrometer or difference amplifier) and the electrometer

range. The formula for converting an electrometer reading to a

density in units of cm" 3 is:

DENSITY = 20.77 x 1 0 (MTR-1)/2 x SCIN(J,K)

Here, MTR is the electrometer range, and SCIN(JK) is raw teLe-

metered data in the range 0 to 511. For a difference amplifier

readings the formula is:

DENSITY = 20.77 x 1 0 (NTR-1)/2 x

(OLDSCIN * CSCIN(JK)-273]/10.06)

OLOSCIN is the Last availabLe element of the SCIN array which came

from the eLectrometer4
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3.3.2. The Filters

Nine bandpass filters are used to detect the presence of

higher frequency variations in the ion current than can be resol-

ved in the 24 samples per second of electrometer and/or amplifier

data in the telemetry. If the ambient plasma is time-stationary

"during the one second sampling period, these higher frequency

components represent small scale variations in the ambient plasma

density over the distance covered by the satellite in one second,

To measure these higher frequency density fluctuations, the

output of the electrometer is a.c. coupled to a wide band ranging

amplifier (WIBAN), and then to the bandpass filters. Each band-

pass filter is followed by an AD536 RMS-to-DC converter, which

provides an output Vout proportional to log (<Vin2> 1 / 2 ), where

<Vin 2 > is the average of the square of the input voltage. The

RMS-to-DC converters use RC filters with a time constant of 25 ms

to average the input signals. Because the time constant is com-

parable to the bandpass frequencies of the first three filters,

the signals from these fitters are somewhat attenuated. The

output from each RMS converter is sampled once each second. The

filter numbers, their bandpass frequencies, the locations of their

RNS outputs in the SSIES data format, and the variable names used

for them in the Phase I1 processing are shown in Table 1I1.
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TABLE III: SCINTILLATION METER FILTERS

Filter # Bandpass Data Format Variable Name
Frequencies (See Sec. 4) (See Sec. 5)

1 12-26 Hz word 21 SMFILT(4,N)

2 26-56 Hz word 41 SMFILT(8,N)

3 56-120 Hz word 20 SNFILT(3,N)

4 120-260 Hz word 40 SMFILT(7,N)

5 260-560 Hz word 11 SMFILT(ZON)

6 560-1200 Hz word 31 SNFILT(6,N)

7 1.2-2.6 kHz word 'iO S'4FILT(1,N)

8 2.6-5.6 kHz word 30 SNFILT(5,N)

9 5.6-12 kHz word 50 SHFILT(9,N)

The wideband amplifier has 5 Linear sensitivity ranges, with

sensitivity changing by 101/2 with each range change. This amp-

Lifier has two automatic ranging modes. Its range also can be set

by ground command. During automatic ranging, the sensitivity

range is determined by the filter channel with the Largest output

voltage. In the free ranging automatic mode (RNGFR), the wideband

ampLifier will range any time any filter output exceeds the upper

comparator Limit (nominalLy 4.5 V) or any time the highest filter

output goes beLow the Lower comparator Limit (nominally 3.0

volts). In the restricted automatic ranging mode (RNGRE), the

wideband amplifier can range only during a 1/3 seconds window

beginning immediately after the period (about 1/3 seconds Long)

during which all the filter outputs are sampled and the range is
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telemetered. Thus, in RNGRE mode, all channels are fixed for at

Least 1/3 seconds prior to the next set of samples being taken.

Data taken in RNGFR mode may be difficult to interpret, because,

although the wideband amplifier can range at any time, its range

is telemetered only once a second in Word 51 of the SSIES data

format. Thus, the telemetered range may not be the wideband range

at which alL the filters were sampled.

Table IV shows the nominal values which should appear in

Word 51 for each possible combination of electrometer and wideband

amplifier ranges. Range 1 is the most sensitive range and Range 5

the Least sensitive for both the electrometer and wideband ampli-

fier.

TABLE IV: ELECTROMECER AND WIDEBAND AMPLIFIER RANGE FLAGS

ELectrometerRag 1 2 3 4 5

Wideband
SRange

5 398 388 376 366 356

4 316 306 296 284 274

3 234 306 296 284 2?4

2 152 142 132 120 110

1 70 58 50 38 28
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To derive the formula for converting the raw data in SMFILT

to rms density variations, the gain of each stage of the fiLter

network must be included. A block diagram of these stages is

shown below.

Linear Linear FiLter [M1 Post
I. Ranging -V- Ranging Amp Log V Amp V

ELectrom. 1 Wideband 2 3 Ampj TM

I is the current to the collector of the scintillation meter, and

V1 , V2 , V3 , and V4 the output voltages of the various stages. VTM

is the final output voltage which is multiplied by 100 and tele-

metered. The relationships between input and output for the

various stages are:

VTO z Gp V4

V4 = GR"S Log<V3 > 0 ORNS(k) < > indicates RMS average

<VP> = GF(k) <V2 >

<2> = GW 10 0.5 (1 - RW) <V l >

<OELTA 1> - Ge 10 0.5 (RE - 1) 01>

The quantity <OELTA I> is the rms amplitudo of the current

fluctuation in the frequency range passed by filter k. The post

amplifier gain Gp, the RRS log amplifier gain GRMS, the widceband

amplifier gain GW, and the electrometer gain GE alt have the same

constant values for each filter. RU is the wideband amplifier

range, and RE is the eLectrometer range. The RMS log amplifier
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offsets, ORMS(k) and the filter gains, GF(k), are different for

each filter k. The values of these constants are determined from

calibrations and are given in Table V below.

Combining the above formulas for the gain of each stage

gives

Log<DELTA I> = VTM/(GPGRNS) - LogEGF(k)Gw/GEJ - ORMS(k)/GRPIS

-0.5(2 - RW - RE)

This can be transformed into an equation relating the teLe-

metered values to density fluctuations by using Equation 2 in

Section 3.4.2 above. For the scintillation meter, the effective

aperature area Aa = 25.53 clZ. It is assumed that all ions are

singly charged with q = 1.6 x 10-19 Coulomb. Inserting the cor-

rect values for the constants,

DELTA N in ca•3  DELTA I (amps) x 1011-517

Thus, the equation which rotates density variations to telemetry

is:

Log<DELTA N> .00653 x SKFILT(FILT(k)) - CFM

"-0.5(2 - RW - RE) + 11.517
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where <DELTA M> - amplitude of density fluctuations (in cm-3)

in the frequency band passed by filter k.

SMFILT(FILT(k)) = 100 VTN. SMFILT(FILT(k)) is the telemetered

signaL whiih indicates the output of filter

k. (The filters are numbered, but not sam-

pled, in order of increasing frequency, and

the ordering of eltments in the array SMFILT

corresponds to the order of sampling.

.00653 =(100 Gp GRMS)-1
SCF(k) +og[3F(k)Gw/Gl ORKS(k)/GRMS, determined

by calibration for each filter k.
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3.3.3. ScintiLlation Meter CaLibration Data

TABLE V: SCINTILLATION METER CALIBRATION DATA

GE = 6.32 x 10-9 Gp = -25.53 GRMS = -0.06 GW = 44.8

FiLter # ORMS GF CF ORMS/GRMS

1 -0.1537 21.568 13.746

2 -0.1582 21.091 13.811

3 -0.1594 23.763 13.883

4 -0.1610 23.036 13.896

5 -0.1633 27.928 14.018

6 -0.1666 30.506 14.112

7 -0.1676 28.063 14.092

8 -0.1700 18.666 13.955

9 -0.1805 4.4220 13.504
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TABLE V: SCINTILLATION METER CALIBRATION DATA continued

"SN/Fl SN/F2 SN/F3

Difference Amp .7 mV/sec 0 V/sec .5 mV/sec
Drift a 250 C

Electrometer
Range Limits
a 250 C

Upper 4.98 V 4.98 V 4.98 V

Lower 1.15 V 1.15 V 1.14 V

Dif Amp/ELectrom
Switch Limits
a 250 C

Upper 5.01 V 5.00 V 5.01 V

Lower 0.365 V 0.36 V 0.37 V

Wideband Amp
Range Limits
a 250 C

Upper 4.481 V 4.50 V 4.49 V

Lower 2.98 V 3.00 V 2.99 V

m5



3.4. THE RETARDING POTENTIAL ANALYZER

3.4.1. The Sensor

The SSIES retarding potential analyzer (RPA) is used to

determine the densities of 0+, H+, and He+, as well as the ion

temperature. The SSIES RPA is very similar to the RPA's flown on

the HILAT satellite CRich and Heelis, 19833 and on the OMSP satel-

Lites F2, F4, F6, and F7 [Smiddy et al., 1978; Rich et at., 19803.

The major difference between the SSIES RPA and those flown on

previous DMSP satellites is the method of setting the sensor's

reference potential, which equals the aperture potential and is

the base Level of the RPA sweep. The reference potential of the

SSIE RPA was strongly affected by the operation of the solar

panels. As a resuLt, the SSIE reference potential was often far

removed from the plasma potential. The SSIES has two automated

methods (SENPOT and the on-board microprocessor) to keep the sen-

sor's reference potential close to the plasma potential. The

reference potential may also be set by ground command.

In general, the SSIES RPA resembles many previous RPA's, in-

eluding those flown on DNSP F2 through F4 and Atmospheric Explor-

er. Ions H÷, He+, and 0÷ with thermal veLocities much Less then

the DMýP spacecraft's 7.44 km/s velocity will enter the RPA aper-

ture. Their average energies are close to (.29 - el) eV, (1.2-

e#1 eV, and (4.6 - eo) eV, respectively, where eg = the aperture

potential with respect to the ambient plasma ( * should be < 0 V).

The retarding grid voltage with respect to the aperture is swept
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up or down, from -3 V to +12 V or from +12 V to -3 Ve every 4

seconds. The RPA sweep cycle and its relation to the sweep cycles

of the Langmuir probe are shown in Figure 13. As the retarding

voltage increases, first H+, then He+, and finally 0+ will be pre-

vented from reaching the collector. A suppressor grid lies

between the retarding grid and the collector. Its purpose is to

block ambient electrons and to suppress any photoelectron current

from the collector plate.

3.4.2. Data Reduction

The RPA data is processed to find the ion densities, temper-

ature, and downrange velocity, and the spacecraft potential.

These plasma parameters are obtained by fitting the measured

current versus voltage points to the theoretical current-voltage

curve for a multi-species, one temperature MaxwelLian plasma

illustrated in Figure 5a and given in Rich and HeeLls (1983].

This curve is the result of evaluating Equation I of section 3.1

for Maxwetlian fi. The collected current is a non-Linear function

of the temperature, downrange plasma velocity, and spacecraft

potential, and a linear function of the densities of the different

ion species.

If both 0+ and Light ions are present, both the component of

the plasma drift velocity along the spacecraft track and the

spacecraft potential can be determined. If only one ion species

is present, one of these quantities must be assumed so that it is
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possible to solve for the other one. In such cases, we assume

that the downrange component of the drift velocity is 0 at Lati-

tudes below 550. At higher Latitudes, we assume that the space-

craft potential remains unchanged from its last Low-Latitude

value. (The RPA is not the only source of information about the

spacecraft potential. The spacecraft potential can be determined

more accurately from Langmuir probe data, and also can be found

from the value of the ion aperture potential VAP in SENPOT mode.)

In the Phase II data processing at AFGL one of two subpro-

grams, RPATEX or RPAEWA, can be selected to process RPA data.

These subprograms use different methods to find the plasma para-

meters which produce the best agreement between the theoretical

current-voltage curve and the RPA data. RPATEX is slow and eccu-

l rate; RPAEWA is faster and Less accurate. Either RPATEX or

RPAEWA will be selected for routine processing after evaluation of

their performance with actual SSXES data. The SSIES micropro-

cessor also calculates ion densities and temperatures, and, if two,

ion species are present, downrange drift velocity and spacecraft

potential. It uses an algorithm similar to RPAEWA. These calcu-

Lations are described in section 3.6.

Several assumptions are made in the processing of RPA data.

In RPATEX, RPAEWA, and the microprocessor analysis, it is assumed

that the ion distribution functions are Maxwettian, that all ion

species have the same temperature, and that the plasma parameters
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do not change over the four seconds or 30 km required to obtain a

measured current-voltage curve. If these conditions are not good

approximations, the results will be questionable. The approxima-

tion that the retarding voltage felt by the ions is identical to

the voltage applied to the retarding grids is used in all process-

ing of RPA data. Although theoretical calculations of the poten-

tial experienced by an ion passing through a grid with known

potential exist, they do not agree well with observations. For

the double retarding grid in the SSIES RPA, the difference between

grid voltage and voltage felt by an ion should be small ESmiddy et

al., 19783.

3.4.2.1. RPATEX

RPATEX is a non-linear, Least-squares fitting algorithm. It

is a slightly modified version of a program developed at the

University of Texas at Dallas for Atmospheric Explorer. The

program must receive initial guesses for the non-linear parameters

in Equation 1, temperature, downrange plasma velocity, aod space-

craft potential. Using these initial guesses, it performs a

Linear least squares fit to obtain a first guess at the ion den-

sities. These densities and the initial guesses or assumed values

for the non-linear parameters are used as inputs for i non-Linear

least squares fitting routine which uses the method of Powelt

(1965). Then, using the new values for the non-Linear parameters,

new densities are found by Linear least squares fitting. This

procedure is iterated until the solutions converge, or until the
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number of iterations exceeds a preset maximum. The convergence

requirements for the vehicle potentiaL, drift velocity, and ion

temperature, and the maximum number of iterations are set in the

subroutine LSTKR. The convergence conditions are stored in the

array E(3), and the maximum number of iterations in the variable

MAXFUN. At present, the vehicle potential must converge to within

.01 eV, the drift velocity to lO00co/s, and the temperature to 10

K. The maximum number of iterations is 100.

3.4.2.2. RPAEWA

RPAEWA is an algorithm which uses the Locations of the

minima in the slope of the current-voltage curve, d~ld*, to deter-

mine the plasma parameters. It was developed at Regis College for

AFGL use in processing RPA data from the HILAT satellite. The

subprogram is described in an unpublished report by Basinska and

Rich (1984), but the method used to determine ion densities ha

been altered since the report was written. As shown in Figure Sb,

minima in dI/dO indicate peaks in the distribution functions of,

the different Ion species. The retarding voltages at which these

minima occur depends on the spacecraft potential and on the down-

range drift velocity. If only one species is present, producing

only one minimum in dl/dO, either the drift velocity or the space-

craft potential must be assumed. If two species and thus two

peaks are present, both drift velocity and spacecraft potential

can be found from the data. If dI/d* has only one minimum, the

ion species present is assumed to be 0+. If two ion species are
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present, the Light ion initiaLLy is assumed to be H+. If this

assumption gives an unreasonabLe value for the spacecraft poten-

tiaL, RPAEWA repeats the caLcuLation assuming that the Light ion

is He+. If the result is stiLL un-physical, the calculation is

aborted, and the data are flagged as bad.

RPAEWA uses the magnitude of the ion current at the minima

of dI/dO to caLcuLate densities. At a minimum of dI/dI, half the

ions of the ion species which produced the minimum are retarded

and haLf are colLected. Thus, the current I equals one half the

product of density of the species which produced the minimum, the

spacecraft velocity, and the effective RPA aperture area. Temper-

atures are calcuLated from the ratio of I to dI/dS at the 0÷

minimum in dl/df. The values of d%/df are estimated by fitting

straight Lines through several measurements of I(M).

When the minima of dI/dO cannot be Located, the current at

Low voltage is used to find the total ion density. At Low volt-

ages, aLL ions are coLLected. The current I equaLs the product of

total density, spacecraft velocity, and effective RPA aperture

area. This current is used to caLcuLate total ion density.
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3.4.3. Telemetry

Twenty-four samples of the RPA Log electrometer output are

telemetered each second; i.e., 96 samples are telemetered during

each four second voltage sweep. The formula used to find currents

from raw data is:

Loglo( I (Amps)) = (0.06/5) x RAW DATA - 11.30103.

The RPA sweep voltages are sampled and stored in the telemetry 6

times each second. Telemetered values of the RPA retarding grid

voltages are used only for instrument status checks. The nominal

values of the voltages are used for data processing. The nominal

voltage V is given as a function of to the time in seconds since

the start of a sweep# by the formula,

V(t) = -3. + 3.75t for upward voltages sweeps

V(t) = 12. - 3.75t for downward sweeps.

The PHASE 11 progr3m checks four of the telemetered voltages per

sweep (the first value of each second) against their nominal

values. If the difference exceeds 0.8 V, an error message is

printed and processing for that sweep is terminated.

3.4.4. Calibration Date

Figures 9, 10, and 11 show the results of the calibration of

the SSIES RPA electrometers at 200 C. The electrometers also were

calibrated at 60 C and 360 C, although the electronics temperature

should be close to 200 C on orbit. Additional calibration data

are available from AFGL.
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3.5. THE LANGRUIR PROBE

3.5.1. The Sensor

The Langmuir probe is a conducting sphere surrounded by a

spherical grid. As the voltage applied to the grid changes, the

sphere collects the resulting current. The tangmuir probe is seen

at the end of the 30 inch insulating boom which separates it from

the spacecraft in Figure 1. Figure 4 is a close-up of an SSIES-2

Langmuir probe, which is extremely similar to the SSIES Langmuir

probe.

The dimensions of the Langmuir pcobe have been chosen to

permit good measurements of electron temperature and density in

the topside iooosphere. The instrument is a gold plated 1.75 inch

(4.45 ca) diameter sphere, surrounded by a gold plated 2.25 inch

(5.72 cm) diameter spherical grid. The grid has a transparency

factor of 0.8. The sphere is kept at a constant +20 V with re-

spect to the grid so that any eLectron which penetrates the grid

is collected and ambient ions are repelled. The probe collects

ambient eLectronb, photoetectrons f-ov various spacecraft sur-

faces, and photoelectrons from the inside of the grid. The 30

inch (76.2 cm) bo. which separates the Langsu 4 r probe from the

spacecraft is long compared to typical Debye lengths of the plas-

ma. so the Lanqiquir probe measurements should not be affected by

the spacecraft.
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Figure 12: theoretical and measured current versus applied
voltage for a Longouir probe in a Maximilian plasma. The data are
from the HILAT satellite (Rich and Neelis., 1963). The measured
currents indicate the presence of hot ambient electrons and space-
croft-genepated photoetectrons as well as the thermal plasma whose,
characteristics the instruaent is intended to determine.
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3.5.2., Theory

The theoretical current-voLtage relationship for a Langmuir

probe in a Maxwellian plasma with density Ne and temperature Te is

given below and shown in Figure 12 (See Langmuir and Mott-Smith,

1926, for a derivation.)

Ie = 4 r 2ekN evtexp(-x 2 ) for * < 0 (retarding) (3)

i• •a , N e t 1 2 " 2 r2 x 2

e aN v 1 - a exp -r x for 0 > 0 (4)
___e_2 ex -_ r"2 (accelerating)

a a -r

where

a = distance frc-m the center of the spherical collector to the

boundary of the plasma sheath which shields the ambient

plasma from the Langmuir probe potential.

e = electron charge = -1.6 x 10-19 Coulomb

"e = collected current (amps)

k = Boltzman constant = 1.38054 x 10-23 joule/OK

M( = electron mass = 9.11 x 10-31 kg

Ne = electron density (m- 3 )

r = radius of spherical grid (W = .0286 m for SSIES

Te = electron temperature ( 0 K)

vt = [kTe/(2nme)3 1/2  electron thermal velocity

x2 = IeO/(kTe)I
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a = grid transparency factor

= = Langmuir probe potential with respect to the ambient

plasma

The collected current Ie does not depend on the sheath

radius i when 6 < 0 (retarding), but does when 0 > 0 (acceler-

ating). This is because only electrons which are within the

sheath can be attracted by the prDbe's positive potential. The

sheath thickness, a - r, is several Debye Lengths. The Debye

Length, LD, is proportional to (Te/Ne)l/ 2 . For Te r 25000 and Ne

S103 cm- 3 , LD = 15.4 cm. For T. = 25000 and Ne = 106 cm" 3 , LD

.5 cm. When the exponent in.Equation 4 is small, the collected

current is given by:

e 4r 2 e NeVe(j ÷ 2)

Becaus^ of Debye shielding, the current does not go on increasing

indefinitely as the attractive potential increases. Uhen the

expotient in Equation 4 becomes very large, the collected coirrent

saturates at a value 4va 2 Nevt, which is the thermal electron flux

into the sheath region.

3.5.3. Data reduction

NEWEL, the subroutine used to process Langmuir probe data,

is a slight modification of N2EL, the subroutine used to process

data from the HILAT satellite. Equation 3 shows that, for retard-

ingI voltages, the Logarithm of the thermal el.ectron current col-

Letted is a linear function of the potential, with the slope of
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the line inversely proportional to the electron temperature.

However, as Figure 12 indicates, photoelectrons and high energy

electrons often are present as well as the thermal electron popu-

lation which the Langmuir probe is intended to characterize. This

means that the collected current at large retarding voltages

frequently is larger than Equation 3 predicts. NEWEL is designed

to weed out points at which photoelectrons or hot electrons make a

major contribution to the current as well as bad points in the

accelerating region. After doing this, it fits a straight line in

the retarding region to determine the cold electron temperature.

Another straight line is fit to the four points at highest accele-

rating voltage. The voltage at which the two lines intersect (-Os

in Figure 12) gives a reasonable approximation to the plasma

potential. The current which corresponds to this voltage is

obtained by Linear interpolation from the adjacent values of the

measured current. Then the electron density is calculated from

this current by setting x 2 =0 in Equation 3 or Equation 4.

As in the case of ions passing through the RPA grids, the

potential felt by electrons passing through an opening in the

Langmuir probe grid is not identical to the potential applied to

the grid. Since the Langmuir probe has a single grid exposed to

the plasma, the difference between the potential applied to the

grid and the potential experienced by a particle is likely to be

greater than the difference in the case of the RPA. The potential

experienced by an electron will be slightly shifted toward the
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pLasma potentiaL. Because the voltages applied to the grid are

used in the data reduction, the calculated temperatures will be

slightly too high.

3.5.4. TeLemetry

Twenty-four Langmuir probe current readings are telemetered

each second. These data are placed in the array ELEC in the SSIES

Phase II data processing program. The formula for converting raw

data from the telemetry to currents is

loglO(-Amps) = (0.06/5) x TM Value - 10.0.

The Langmuir probe grid voltage is monitored six times each se-

cond, The telemetry values can be converted into voltages by

using the formula

Volts = 0.16 x (TN Value - 256).

Instead of using the tetemetered values in data processing. the

Phase I1 data processing program uses the nominaL grid voltage.

The first voltage measured each second is tested to see if it

departs from its nominal value by more than 0.8 V. If this hap-

pens, an error message is printed, and calculation of the plasma

parameters is aborted until good data are found.

3.5.5. Operating Modes

The Langnuir probe (UP) has five different operating modes,

A through E. Figure 13 shows sweep voltage as a function of time

for the different Langmuir probe modes and for the RPA. In modes

AO B. and E, the Langmuir probe grid sweeps continuouslyo but in
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modes C and D, sweeps are interspersed among Long periods during

which the Langmulr probe grid dwells at the reference voltage VB.

VB equals VAP - VIp, where VAP is the reference voltcge for the

ion sensors, and VIp is an offset which is set by command. When

reference potentials are set by the on-board microprocessor or by

ground command, Va = VBIAS, the sum of the outputs of the VBIAS +

VIp supply and the -VIp supply shown in Figure 2.

In all modes, the on-board microprocessor calculates the

spacecraft potential, electron temperature, and electron density

from each sweep's data, using an algorithm similar to NEWEL. The

calculated spacecraft potential is used to set the value of VBIAS

in modes A, C and E, but not in modes 0 and D. (See Section 3.7

for more information about how the reference potentials for the LP

and the ion sensors are set.) The time required for a normal

sweep and the Length of a sweep cycle also very from mode to mode.

In modes A týrough 0, the normal sweep duration is 4 seconds; in

Node E it is 2 seconds. The sweep voltage cycle repeats every 128

seconds in Nodes A, 6, and E; in modes C and D, the cycle repeats

every 1024 seconds.

Figure 13 shows that two 3-second Large sweeps, each

followed by a 1-second dwell at Va, begin the sweep program in all

modes. In mode A, the microprocessor inserts Large sweeps at

other times if certain conditions occur. buring a Large sweep,

the Langmuir probe grid voltage goes from -6 V to 14 V with
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respect to VS. During the first Large sweep, VBIAS is set to 2 V

above spacecraft ground, and during the second Large sweep, to 17

V above spacecraft ground. These changes in VBIAS alter the

potential of the ion sensor aperture pLane, will make ion measure-

ments inaccurate during at Least one of the Large sweeps. The

eight second Large sweep sequence can be identified because bit 3

of word 1 in the SSIES data format is set to 1. This bit is 0 at

all other times. The variable IBM in the SSIES Phase II data

reduction program equals the value of this bit.

The value of VB is set by the on-board microprocessor in

modes A, C. and E; V8 is set by ground command or, for OMSP S9 and

SIO, by the SENPOT system in modes 8 and D. When SENPOT is opera-

ting in Modes B and D, VOIAS (which no Longer equals VS) defaults

to 13 V after the 8-second Large sweep sequence. During even

telemetry frames, bit 8 of word 70 in the SSIES data format is set

to I when biases are controlled by SENPOT and reset to 0 when

biases are set by ground command. The value of this bit is con-

tained in the variable SENPOT in the SSZES Phase I1 data process-

ing program.

3.5.5.1. Mode A

Mode A is selected when $SIES is turned on or a reset com-

mand is sent. Node A begins with two Large sweeps. During the

1-second dwell which follows each sweep, the on-board microproces-

sor calculates VpO the plasma potential with respect to the space-
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craft, from the sweep data. Since the two Large sweeps cover the

range -4 V to 31 V with respect to spacecraft ground, the knee of

the current-voltage curve shown in Figure 12 should be found

during one of the two sweeps. After the second calculation of Vp,

the microprocessor sets VBIAS. VOIAS can take on integer values

between -3 V and 28 V. It is set to the integer value closest to

the value of Vp found during the first Large sweep if the first

value is Less than 16 or to the value closest to the value of Vp

found during the second large sweep if the second value is greater

than 17 V. If the value of VP cannot be established from the

data taken during the two Large sweeps, VBIAS is not reset and the

8-second Large sweep sequence repeats after 8 seconds. Since Node

A is not a SENPOT mode, V9, the base voltage for the sweeps,

equals VBIAS.

After the initial Large sweep sequence, in Mode A the Lang-

muir probe begins a 120-second sequence of 4-second normal sweeps.

These sweeps alternate direction, going first from VBIAS - 4 V to

V13AS + 4 V and then from V1IAS + 4 V back to VBIAS - 4 V. After

each sweep is completed, the microprocessor calculates the elec-

tron density and temperature and the plasma potential Vp from its

data. This calculation occurs during the first second of the

following sweep. Results calculated from upsweeps (-4 V to 4 V

sweeps) are tested to determine if VOIAS should be reset. If IVPl

< 1.5 V, VOIAS remains unchanged. If 1.5 V < JVpj <3.0 V, VBIAS

will be set to the integee value closest to Vp 4 seconds after the
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upsweep is completed. If IVpl > 3.0 V, VBIAS is not changed.

However, if the downsweep and the next upsweep after the first

upsweep with IVpI > 3 V also have 1VpJ > 3 V, normal sweeps are

interrupted at the end of the next 4 V to -4 V downsweep, and an

8-second large sweep sequence identical to that which occurs from

0 seconds to 8 seconds is used to reset VBIAS. If the potential

cannot be determined from the data taken during a Large sweep

sequence, VBIAS resumes its previous value for 8 seconds, and then

the 8-second Large sweep sequence is repeated.

In Mode A, the sweep cycle repeats every 128 second. CaL-

cuLations of VU from the data of the Last two normal sweeps of a

cycles ending at 124 seconds and 128 seconds, are ignored because

the Large sweeps which begin the next cycle take place before the

results of the calculations could be used to change VBIAS.

3.5.5.2. Mode 3

Figure 13 shows that Mode 0 has the same 128-second sweep

voltage program as Mode A. The major difference between the two

modes is that in Mode B the instrument bias is not set by the on-

board microprocessor. It can be set by command or, for $9 or SIO,

by SENPOT. When Mode B is initialized with biases set by ground

command, after the 8-second Large sweep sequence VOAS assumes the

Last value set in the previous mode until changed by command. As

in Mode A, the microprocessor calculates the plasma potential as

welt as electron temperature and density from the sweep data, but
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in Mode 8, this data is not used to reset VBIAS. In Mode B the

Large sweep sequence occurs only at the beginning of the 128-se-

cond cycle.

3.5.5.3. Modes C and D

Modes C and D have Long dwells at Va. These modes were

designed to be used if the Langmuir probe draws sufficient current

from the plasma to change the spacecraft potential as the LP grid

voltage changes. If this happens, Langmuir probe sweeps interfere

with ion measurements. Both modes begin with the 8-second Large

sweep cycle described above. This is followed by a 32-second

sequence which begins with one 4-second upsweep from Va - 4 V to

Va + 4 V followed by 28 seconds of dwell at Va. This 32-second

sequence repeats until 1024 seconds have elapsed, when the voltage

program starts over with two Large sweeps. Note that the final

dwell, from 1004 seconds to 1024 seconds, is 20 seconds Long

rather than 28.

In Rode C, biases are set by microprncessor. The Large

sweep data are used to set biases in the same manner as in Mode A.

However, large sweeps occur only during the first 8 seconds of the

1024-second cycle. As in mode A, Vp is computed from the -4 V to

4 V upsweep data. If 1.5 V < JVpj 1 3.0 V during a 4-second up-

sweep, VOBAS will be reset to the integer value nearest Vp after

four seconds of the following dwell. No changes to V81AS are made

if IVpI > 3.0 V during a 4-second upsweep.
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Mode D has a sweep sequence identicat to that of Mode C.

The plasma potential and the electron temperature and density are

"still computed from each sweep, but these data are not used to set

VBIAS. Biases can be set either by command or, for DMSP S9 and

SlO by SENPOT.

3.5.5.4. Mode E

Mode E was designed to allow higher resolution measurements

of variations in the electron temperature and density. In this

mode, the initial 8-second Large sweep sequence is followed by

continuous 2-second sweeps. As in modes A and B, these sweeps

alternate direction, running up or down between VBIAS - 4 V and

VB1AS + 4 V. The sweep program repeats every 128 seconds. In

Mode E, VDIAS is set automatically by the microprocessor. Biases

are datermined from the Large sweeps as in Mode A. However, large

sweeps occur only at the beginning of the sweep program in Mode E.

The microprocessor analyzes each small sweep to determine the

plasma potential Vp, the electron temperature, and the electron

density. However, only values of Vp determined from upsweeps

which begin at 12 seconds, 20 seconds, ... , 12 + 8n seconds, 116

seconds are used to determine if VOIAS should be changed. If 1.5

V < Ipl . 3.0 V during these sweeps. VOIAS will be reset to the

integer value nearest Vp at the beginning of the next upsweep (at

16 seconds, 24 seconds, ... , 8n seconds, 120 seconds). No changes

to VOIAS are made if IVpl > 3.0 V or if tVpl < 1.5 V.

I
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3.5.6. Calibration Data

Figures 14, 15, and 16 show the results of the calibration

of the SSIES Langmuir probe electrometers at 200 C. The

electrometers also were calibrated at 60 C and 360 C, although the

electronics temperature should be close to 200 C on orbit.

Additional calibration data are availabLe from AFGL.

SLANJOWu PROEO W I 20.1 OC0 C

4

3 .

LW 100 kT amT 1()

Figure 14: SSIES Langmuir probe SN/i calibration
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Figure 16; SSIES Langauir probe SN/3 caLibration
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3.6. THE MICROPR0CE$t0,R

SSIES is controlled by a Texas Instrumen t s SBP9900A micro-

processor. The control program has been ptaced in read-only

memory 6nd cannot be modified in flight. The microprocessor does

on-board analysis of RPA and Langmuir probe data. The ion data is

reduced by using the locations of minima in the slope of the

Log(current) versus voltage curve to determine R+ and 0÷ density

and temperature, downrange plasma vetocity, and spacecraft poten-

tiat. Electron temperature and density and spacecraft potential

are found 'too the electron data by using an algorithm similar to

NEWEL, described in section 3.5.3. There are two reasons for this

analysis. First, in Langmuir probe modes A, C, and E. the plasma

potential determined from the Langmuir probe data is used to set

VGIAS- Second, if the on-board calculations prove to be a reli-

able method of determining plasma parameters, ia the future these

parameters can be telemetered instead of the raw RPA and Langmuir

probe data. This Otll decrease both the tetesetry and the coapu-

ter time on the ground required for processing S$$IS data.

The microprocessor collects more data from the sensors than

can be telemetered to the ground. Analog measurements are conver-

ted to 10 bits of digital data, of which at Least 9 are

significant. Only 9 bits are telemetered. Langmulr probe and RPA

measurements are tetemetered as 8 bit numbers accompanied by sign

bits. Drift and scintitlation meter measurtment are teLemetered

as 9 bit positive numbers. The micrOproctisor receives 2 current
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measurements from the Langmuir probe and 149 current measurements

from the RPA each second. Twenty-four Langmuir probe measurements

are telemetered and one is discarded. Of the RPA current

measurements, 24 are tclemetered, and 125 are averaged in groups

of 5 to create 25 sampLes for the in-flight ion parameter

calculations.

The microprocessor mu-.t collect data from an entire RPA or

Langmuir probe sweep before the ion or electron parameters can be

determined. The electron data are analyzed during the first

second following the sweep, and the ion data during the second

second. The telemetered values for the plasma parameters are

updated at different times during the four seconds after the sweep

data from which they are calculated appear in the telemetry.

Except for electron data from the 3-second large Langmuir probe

sweeps, the timing of updates is as follows:

Second 1: Electron temperature, spacecraft potential de-

rived from electron data, and electron

computation monitor.

Second 2: Electron, H+, and 0+ density, downrange drift

velocity and spacecraft potential computed from

the ion data.

77



Second 3: H+ and 0+ temperature. During Mode E onLy,

electron temperature, spacecraft potential de-

rived from electron data•, and electron computa-

tion monitor from raw data telemetered during

seconds 1 and 2.

Second 4: During Mode E only, electron density from raw

data telemetered during seconds 1 and 2.

When a large 3-second Langmuir probe sweep occurs, the micropro-

cessor-computed electron density is telemetered in the first

second after the sweep data has been telemetered (with data from

second 4 or 8 of the large sweep sequence) and electron tempera-

ture, spacecraft potential, and electron computation monitor in

the second (with data from second 5 of the large sweep sequence or

the first second after the sequence.)

3.7. BIASING THE SENSORS

To determine the characteristics of the thermal plasma, it

is necessary to hold the instrument potential close to the plasma

P potentiaL. The DMSP satellites have 28 V, negative ground elec-

trical systems. Because the positive contacts on the solar panels

are exposed and can attract electrons, a DMSP spacecraft's ground

potential tends to range between 18 V and 28 V negative with

respect to the plasma when the spacecraft is in sunlight. This

vehicle potential is much greater than the temperature of the

thermal plasma, and it is outside the sweep range of the SSIEZ
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Langmuir probe and retarding potential analyzer. To make measure-

ments of the thermal plasma parameters possible, the SSIES instru-

ment adjusts the reference potential for the Langmuir probe and

the ion sensors' ground plane to a potential very close to the

plasma potential. Because SSIE could not do this, no temperature

measurements were possible in sunlight, although total density

measurements were made.

There are three different methods which may be used to

control the potential of the SSIES sensors. Two function automa-

tically. The first uses the instrument's microprocessor to com-

pute an appropriate bias potential from an analysis of the Lang-

muir probe data. The details of microprocessor-controlled bias

setting are described in Section 3.5.5. The second method uses an

analog circuit caLLed SENPOT to drive the ion sensor ground poten-

tial close to the plasma potential. DMSP S9 and S10 have SENPOT

systems, but S8 does not. Finally, the reference voltages of the

ion sensors and the Langmuir probe may be set by ground command.

During Langmulr probe Modes A, C, and E, bias voltages are set by

the on-board microprocessor. In Modes B and D, biases may be set

by ground command, or, for S9 and $10, by SENPOT. To identify

SENPOT modes, during even cycles bit 8 of word 70 in the SSIES

data format is s(!t to I when biases are controLLed by SENPOT and

reset to 0 when biases are set by ground command. The value of

this bit appears in the variable SENPOT in the SSIES Phase II data

processing program. In SENPOT modes, the sensors tracks the
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pLasma potential constantly, while in microprocessor-controlled

modes, the sensor bias voltages can change only at the beginning

of a 4 second upsweep.

To understand how SSIES works, it is important to know the

voltages of different parts of the instrument with respect to

spacecraft ground. These voltages are indicated on the block

diagram (Figure 2). The VBIAS + VIp programmable bias supply in

the Main Electronic Package (MEP) produces a voltage VBIAS + VIP

with respect to spacecraft ground. VBIAS + VIp can be set to any

integer voltage between -6 V and 28 V with respect to spacecraft

ground. This voltage provides the reference or ground potential

for the Drift Scintillation Meter (DSM) electronics. The DSM

electronics in turn generates a reference potential VAP for the

ion sensors. When biases are groune-commanded or microprocessor

controlled, the ion sensor aperture plane voltage VAP is set to

VBIAS + VIp. In SENPOT modes, the SENPOT circuit senses the

plasma potential relative to spacecraft ground, and adds the

voltage needed tv bring the ion sensor reference potential VAP

very near the plasma potential. VAP is the reference potential

for the ion sweep generator. and is input to the -VIp programmable

supply in the MEP. This supply adds a voltage -VIp, so that the

reference potential for the Langmuir probe sweep generator is V8

VAP - VIp. When the bias voltages are controlled by the micro
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processor or by command, V8 = VBIAS. -VIp may equal 0, 1, 2, or 3

V, so that the electron sensor potential equals or slightly ex-

ceeds the ion aperture potential.

SSIES is commanded as if there were a VBIAS supply for the

Langmuir probe and a VIp supply to modify this voltage for the ion

sensors. (See Table VI in Section 4 for commands.) A command to

step VBIAS by -2 V decreases the output of the VBIAS + VIp supply

by 2 V, and Leaves the -VIp supply output unchanged. In non-

SENPOT modes, both the reference voltage for the ion sensors and

for the Langmuir probe will decrease by 2 V. In SENPOT modes, the

SENPOT circuit will add enough voltage to keep VAp at the plasma

potential regardless of the value of VBIAS + VIp. Only if the

difference between VBIAS + VIp and the plasma potential exceeds

the 13 V maximum output voltage of the SENPOT circuit will chang-

ing VBIAS + VIp affect the difference between the sensors' refer-

ence potentials and the plasma potential. If the command to

increase VIp by 1 V is sent, the VBIAS + VIp supply output in-

creases by 1 V, and the -Vip supply output decreases by 1 V. In

non-SENPOT modes, the reference voltage for the ion sensors will

increase by 1 V, and the reference voltage for the Langmuir probe,

VBIAS, will remain the same. In SENPOT modes, the SENPOT circuit

will add enough voltage to keep the ion aperture very cLose to the

plasma potential, so that adding 1 V to VIp will decreases the

reference potential of the Langmulr probe by 1 V relative to the

plasma.
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The Langmuir probe makes Large sweeps during which VBIAS

automatically is reset, first to 2 V for 4 sec and then to 17 V

for 4 sec. During these sweeps, ion measurements will be

adversely affected. Large sweeps occur during the first 8 sec of

all Langmuir probe modes arid at other times during Mode A. These

sweeps are shown in Figure 13. In SENPOT modes, the SENPOT system

will try to keep the ion aperture close to the plasma potentiaLj,

but it can adjust the voltage by no more than 13 V in either

direction. Thus it is likely in microprocessor-controlled modes

and possible in SENPOT modes that the difference between the ion

sensors' aperture potential and the plasma potential will be Large

enough to compromise ion measurements.

SENPOT is an analog system which keeps VAPo the reference

potential of the ion sensors, close to the plasma potential. A

very simplified schematic of the SENPOT system is shown in Figure

17. The circuit was developed at the University of Texas, Dallas

(Zuccaro and Holt, 1982; Holt, 1984) and first used on the HILAT

satellite. The inverting input of an operational amplifier is

connected to an isolated reference surface with potential slightly

Less than the plasma potential. The non-inverting input is con-

nected to the ion sensor aperture plane and to the amplifier

common, which floats to keep the aperture plane potential close to

that of the reference surface. (The amplifier +15 V and -15 V

power supplies are connected to this floating common.) The ampli-

fier output terminal is connected to the VBIAS + Vip supply, which
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provides a fixed voltage in SENPOT mode. To see how SENPOT works,

consider what happens if the ion aperture becomes positive with

respect to the reference plane. Then the voltage between the

amplifier output and amplifier common becomes large and positive.

Since the output terminal voltage is fixed at VBIAS + Vjp with

respect to spacecraft ground, this means the amplifier common is

forced negative. Since the common is connected to the non-invert-

ing input of the amplifier and to the ion sensor aperture, this

forces the ion aperture to become more negative until the poten-

tial difference between the aperture and the reference surface is

very small.

For SENPOT to function properly, three conditions must be

met. First, the reference surface must reach an equilibrium

potential close to the plasma potential. Second, the op amp must

be able to supply a current equal to the net current collected by

the biased portion of the sensor aperture plane. Finally, the

combined voltage output of SENPOT and the VBIAS + V~p supply must

be able to match the difference between the spacecraft potential

and the plasma potential.

For SSIES, the reference surface is a corner of the ion

sensor aperture plane which is insulated from the rest of the

ground plane and the spacecraft. The equilibrium potential of

this surface is that at which the net current to it is zero. If

the only source of current were the ambient ionospheric plasma,
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the surface would reach equilibrium at a potential which did not

differ from the plasma potential by much more than the typical

ionospheric thermal electron energy, which is less than 1 eV. The

actual current to the reference surface is the sum of electron and

•* ion currents from the ambient plasma and spacecraft generated

photoelectron current, minus the input current to the SENPOT op

amp and the Leakage current through the insulators to spacecraft

ground. For SENPOT to function properly, the other currents must

be small compared to those from the ambient plasma. This requires

that the plasma density be high enough to screen the reference

surface from the spacecraft potential and to provide particle

fluxes which exceed the photoelectron flux and Leakage currents at

typical ionospheric electron temperatures. A plasma density of

order 10 3 cm" 3 is required. If there is sufficient plasma

density, the reference surface should reach equilibrium about 1 V

below the plasma potential.

The SENPOT op amp has been selected to have Low input cur-

rent and high input impedance, and to be capable of providing more

current than needed to drive the sensor aperture planes to the

plasma potential. The op amp can drive the apertures 13 V posi-

tive or negative with respect to VBIAS + VIp. VBIAS is set to 13

V with respect to spacecraft ground at the beginning of SENPOT

operations, so, depending on the output of the -VIp supply, VBIAS

+ VIp may start out at 10, 11, 12. or 13 V above spacecraft

ground. VBIAS can be commanded to other lev^ls in the range -3 V
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to 28 V and Vjp can be set to 0, -1, -2. or -3 V. Thus, SENPOT

can bias the ion sensor from -19 V to 41 V with respect to space-

craft ground, and the Langmuir probe from -16 V to 41 V with

respect to spacecraft ground.

8

86



4. TELEMETRY

The communication between the ground and the SSIES is a two

way conversation. The instrument receives commands from the

ground and sends back digital and analog data. The commands and

digital data are routed through the OLS system. The analog and

discrete data are routed through the spacecraft housekeeping

downlink.

The SSIES instrument is turned on and put into one of its

many possible configurations by ground command. These ground com-

mands are sent up to the spacecraft in orbit white it is within

sight of a tracking station. The commands either are sent to the

OLS for immediate transfer to the SSIES or are sent with a time

tag for the OLS for transfer to the instrument within the next few

orbits. The on/off command is sent to the spacecraft power system

which applies or removes power to the SSIES primary power Lines.

The SSIES instrument is allocated 1080 bits per second, or 30

36-bit words per second, of digital telemetry data. ALL the

space environmental data are digitized within the SSLES and are

placed into a buffer which is read out to the telemetry stream

.- once per second. The SSIES is allocated 2 analog equipment status

signals and 8 discrete equipment status words. The analog signals

are converted to 8-bit digital words by the spacecraft telemetry
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system. These equipment status words are updated once every 2

seconds or once every 10 seconds depending on the spacecraft

operating mode.

4.1. COMMANDS

The commands to the SSIES are sent, via the OLS, as a bit

pattern which the SSIES must decode and transLate into an action.

The commands range from 10 (hexadecimal) to 3F (hexadecimaL).

Table VI gives the commands from 10 to IF, which are used by the

SSIES Main ELectronics Package (MEP). Table VII gives the

commands from 20 to 3F. Most of these are used by the SSIES DSM

ELectronics. Commands 21 and 23 affect both the MEP and the DSM.

Command 22 affects orLy the REP.

TABLE VI: OLS COMMANDS

HEX VALUE COMMAND COMMENT
i0 Program/Sweep Cycle Reset -

11 MODE A
12 MODE a VBIAS and VIP reset to 0 V
13 MODE C
14 MODE D VBIAS and VIP reset to 0 V
15 MODE E
16 STEP VOIAS +IV
17 STEP VDIAS -IV
18 STEP VOIAS *2V
19 STEP VBIAS -2V
IA STEP VBIAS +4V
18 STEP VBIAS -4V
1C STEP VIP *IV
ID STEP VIP -IV
lE CLOCK ON - CAL ONLY Sweep clocks on.
IF CLOCK OFF- CAL ONLY Sweep clocks are frozen.
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Mce changes usuaLLy occur within 8 seconds after being com-

manded. In the worst case, the detay is 16 seconds. When the new

mode begins, the program counter is always reset to the beginning

of the sweep program.
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TABLE VII: DRIFT AND SCINTILLATION METER COMMANDS

HEX VALUE COMMAND COMMENT
20 RNGRE Restricted Ranging for SM Wideband Amp
21 VBIASI SENPOT off (echoes in TM for 1 sec)
Z2 TEST 2  On/Off (does not echo)
23 SENPOT 1  On, Reset to Mode B (echoes for 1 sec)
24 RNGFR Free Ranging of SM Wideband Amp
25 SPARE
26 SPARE
27 SPARE
28 RNG01 SR Wideband Amp Range I
29 RNG02 SM Widband A•p Range 2
2A RNG03 SN Widtbad Amp Range 3
ZB RNG04 151 W-ideband Amp Range 4
2C RNG05 SN Vidob~nd Amp Range 5
ýý b SPARE
2 E $PAPE

30 OREPO0 ON Fixed Repttler Potential, 0.0 V
3 i SPARE
32 DREPOI 0M Fixed RopetLer Potential, 1.0 V
33 DVP5.,.:. D1 Fixed Repeller PotentiaL, 1.5 V
34 2 EPO 0, Fixed RepeLLer PotentiaL, 2.0 V
35 DREP25 0M Fixed Repeller Potential, 2.5 V
3 DRCP30 ON Fixed RepeLLer Potentiat, 3.0 V
37 SPARE
38 OWIGLO3  OM H÷ ModeStart at 0 V, LOu Wiggte

Potential
39 0WIGH13 DR H+ Mode*Start at 0 V# Hii Wiggle

Potential
3A IWIGLO 3  DR H+ NodeStart at I V, Low Wiggle

Potential
30 1WIGH1 3  OR H+ Rode.Start at I V, Ai Wlggle

Potential
3C 2W1GLO 3  ON H+ ModeStaet at 2 V, Low WiVgglke

Potential
3D 2W13HI 3  ON H4 AodeStart at 2 V, Hi Wiggle

Potential
3E 3WIGLO 3  014 H+ ModeStart at 3 V, Low Wiggle

Potential
3F 3WIGHI 3  0M H1 ModeStart at 3 V, Hi Wiggle

Potential
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1 Affects both MEP and DSM

2 Affects MEP only

3 Irn DM H+ Mode, during each second the DM repeller potential
is stepped upward trom its starting potential in increments of 0.2
V per sample. In addition, a 200 Hz (100 Hz for S8) square wave
is applied to the DM repeller. For WIGLO, the square wave
amplitude is 50 mV for H+DERIV and 400 mV for H+DS. For WIGHI,
the square wave amplitude is 100 mV for H+DERIV and 800 mV for
H+DS.

91



4.2. SSIES TELEMETERED DATA

The SSIES digital data is converted from analog to digital

within the instrument and placed into a buffer for readout to the

telemetry system. The format of the data within the 1080 bps

allocation is arbitrary as far as the OLS and spacecraft are

concerned. For convenience, all SSIES data are truncated to 9-

bit word as they are stored in the output buffer. Much of the

data are the digitized values of the analog outputs from the

sensors. Some of the data are the result of digital output from

the microprocessor. Table ViiI shjws the format for one second of

SSLES digital data. Word 1 represent bits ' through 8; word 120

represents bits 1072 through 1080. 4ord I is a master

Identification word from the microprocessor. Wards 2. 7, 12, 17,

etc. are the digitized sampies of the scintiLtatioft meter. Words

3, 8, 13, 18 etc. are the diqitized samples of the ion RPA. Words

4, 9, 14, 19, etc. are the digitized output of the Electron

Langouir Probe. Words 5, 15, etc. are the voltages applied to the

outer grid of the Electron Langmuir Probe or the retarding grid of

the ioi RPA.

The analog data are output to the spacecraft as analog sig-

nats which are digitized and telemetered down with other engineer-

ing status words. The purpose of the SSIES and alt other anaLog

data is to provide the flight controller a health check of the

instrument. The discrete data inform the controller of the last
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command sent. The analog and digital data follow different paths

after reaching the 1OOOth Space Operations Group (SOG) at Offutt

AFB. and it is very difficult to correlate the two data sets.
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TABLE VIII: SSIES DIGITAL DATA FORMAT (continued)

KEY: This datum is sampled during
odd seconds

Sample Number 71
of a one second 7 Each Block represents one
sample period ITEST OUT I data word of 9 bits
(cycle) 11 1

I TESTS

I OUT 21 The sampled data is a
Al - converted analog value.

(D = digital value,
C u calculated value)

This datum is sampled
during even seconds

DEFINITIONS:

WORD 1, CYCLE 1
MSB LSB

CYCLE 1 ID I 1 " 1 I 1 1 1 I
I C I MODE FLAG ITMFIB/MICLKIPRFI1 1I__._.____ 1___1I1 __1___ ___i ___ ______i

C = 1 or 0 , Cycle Counter
Mode Flag = 0. Mode A; = 10 Node 8; = 20 Mode C

= 3, Mode D; = 4. Mode E
TMF - Test Mode Flag = 0 (OFF) or I (ON)
SIN = I during 8 sec electron sensor bias-setting sweep cycle, 0

otherwise
CLK = 1 if sweep clocks are on
PRF = 1 if program will restart with next cycle beginning

WORD 1, CYCLE 2
"KSB LSB

CYCLE 2 ID 1 I 1 1 I I - I I I
I CYCLE COUNTER 0 0I __ !_ 1.1___1.._1_ I I ._ _.1.....I_____!

The cycle counter counts seconds in the mode . The counter runs
from 0 to 1023. The 9 LSB's of the cycle counter are conzained in the cycLe 2
10. The MSB of the cycle counter is contained in the MSB of word I of the
following cycle 1. Each mode program begins at second 1. Nodes A. B. and E
execute 128 second programs. Nodes C and D execute 1024 second programs. For
modes C and D.. the MSB of the following cycle 1 ID is concatenated with the
cycle 2 1D to get the cycle counter value.
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WORD 70, CYCLE 1
MSB LSB

CMDMON OLS I I I I I I I I I I
0 1 Last OLS Command I I I I

See OLS Command TabLe (TabLe VI) for explanations of commands.

WORD 70, CYCLE 2
MSB LSB

CMDMONDSM I I I I I I I I T-1
S I Last DSM Command I I I II.__l I I.__ I l Il_ _ _ _l___

S = O VBIAS ON; S = 1, SENPOT ON (S9 and $10 only)

BIT 8 (NSB) VBIAS/SENPOT FLAG
O= VBIAS MODE, 1=SENPOT MODE

BIT 7-4 FBR (ECHOES 4 LSB'S OF DSN CMDS 20(HEX) -3F(HEX))
BIT 3-0 DREP (ECHOES 4 LSB'S OF DSM CKDS 30(HEX) - 3F(HEX))

The two four bit fields independentLy update. Command 22(HEX) is used as
the Test Mode enable and witL not echo in this word. ALl other commands 20
(HEX) to 3F(HEX) echo. (Command 21(HEX) and Command 23 (HEX) echo onLy for I
second and Word 70 then returns to its previous state.)

See DSM command table (TabLe VII) for explanation of commands.
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TABLE VIII: SSIES DIGITAL DATA FORMAT (continued)

WORD CYCLE DESCRIPTION

2,7,etc all SM Electrometer/Amplifier Output
Volts = 0.01 * TM Value

3,8,etc Ion RPA Log Amplifier Output
loglO(Amps) = O.01*TM VaLue-11.30103

4,9,etc Electron Log Amplifier Output
loglO(-Amps) = (0.06/5) * TM Value - 10.0

5,25, etc Electron Sweep Voltage
Volts = 0.16 * (TM Value - 256)

15,35,etc o Ion RPA Sweep Voltage
Volts = 0.16 * (TM Value - 256)

6,16,etc " Drift Meter Offset Output
Volts = 0.01 * TM Value

10,11,etc " DSM Multiplex Output
Volts = 0.01 * TM Value

71 1 Test Output 1
Volts = 0.01 * TM Value 1.00 V (nominal)

71 2 Test Output 2
Volts = 0.01 * TM Value 2.00 V (nominal)

80 1 Electron Processing Flags
Bit 8 (MS8) = Vp outside sweep range
Bit 7 = lo out of range
Bit 6 = Vp outside -10 to +41 V
Bit 5 =TE > 10,220 OK
Bit 4 = Insuff. data range ((1.5 V)
Bit 3 I 1(V) curve shifted right
Bit 2 I M(V) curve shifted Left
Bit I Slope high (TEC<SW)
Bit 0 (LSB) Slope Low (TE > 10,000)

80 2 Ion Processing Flags
Bit 8 (MSB) = Bad Min/Max current ratio
Bit 7 t Bad Temperature ratio
Bit 6-5 = Specie flags

(0cboth ,1 cHt*2=O+03unused)
Bit 4 = Vp Ion calculation overflow
Bit 3 = TO+ calculation overflow
Bit 2 = NO+ calculation overflow
Bit I = TH+ calculation overflow
Bit 0 (LSB) = Nt+ calculation overflow

81 all VAP Monitor
Measured Volts u 0.16 * (TM Value - 256)

90 all VOIAS + VIp Monitor
Bits 7-6 = VIp setting
Volts = -(TM Value)

Bits 4-0 = VBIAS setting
Volts = TM Value - 3

91 1 Temoerature 1 (2 Electrometer)
Deg. C = (TN VaLue/4) - 35
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91 2 Temperature 2 (8 ADC)
Deg. C = (TM Value/4) - 35

100 1 CaLc. Electron Temperature
TE (0K) = 20 * TM Value

100 2 CaLc. Electron Density
NE (ca- 3 ) = (4.90E+11/SQRT(TE)) *

10.**E(0.06*TM Value)/5-103
101 1 Calc. H+ Temperature

Deg (OK) = 20 * TM Value
101 2 Cakc. H+ Density

LoglO(NH+) (cma3 ) = (0.01 * TM Value) + I
110 1 Catc. 0+ Temperature

Deg (OK) = 20 * TH Value
110 2 CaLc. 0+ Density

LoglO(NH+) (cm-3) = (0.01 * TM Value) + 1
111 1 Input Current (+28 V)

mA = 1.33 * T4 Value
111 2 Calc. Down-range Relative Plasma Velocity

m/sec = (40 * TM Value) - 10000
120 1 Vehicle Potential from Electron Catc.

Volts = 0.1 * TM Value - 10
120 2 Vehicle Potential from Ion RPA Calc.

Volts = 0.02 * TM Value - 6

NOTE 1:
Ion Sensor values replaced with dummy data during Test 1 Mode
Electron Sensor values replaced with dummy data during Test 2 Mode
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The SSIES produces two analog equipment status telemetry (EST) signals

which indicate the instrument temperature and the current drawn by the instru-

ment. The range of acceptable values for these signals is shown in Table IX.

TABLE IX: SSIES ANALOG DATA

NAME EST NO. NOMINAL VALUE MAX MIN

Temp. A 099 2.40V (350 C) 3.20V (450 C) 1.60V (50 C)

Current A 100

SIN 1 & 2 2.87V (382mA) 3.73V (496mA) 2.O1V (267mA)

SIN 3 1,93V (257aA) 3.33V (443mA) 1.61V (ZlA)

In addition to the analog telemetry, SSIES produces 8 discrete equipment status

telemetry signals, D191 through D198. These signals also are used by the con-

troLLers to monitor the instrument's status. Signals 0191 through 0196 echo the

Last serial command sent to the instrutent. D197 is 0 when a reset is in pro-

gress and I at other times. D198 is 0 during test mode and I during notmaL

operations.
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4.3. TIMING

SSIES data coLlected during one second are sent to the

Optical Line Scanner (OLS) for recording during the SSIES read-

gate in the next second. Bits are transmitted from the various

special sensors to the OLS at 9990.24 bits/s. The OLS ETC at

which the SSIES readgate begins is transmitted in the mission

sensor header preceding the mlssion sensor data. The +/- 2 ms of

jitter in the readgate is included in the OLS ETC. TabLe X shows

the times within a second when the OLS begins receiving data from

the special sensors.

TAOLE X: SPECIAL SENSOR READ GATES

READOUT SENSOR N0. OF 36- START
ORDER BIT WORDS TIME
---------------------------------------------------------
I SSIES 30 O.Os ther L pLasma

instrument

2 SSM/T 4 0.1081s microwave
radiometer

SSJ/4 10 0.1225% electrostatic

analyzer

4 SSB/X 5 0.1586s x-ray detector

5 SS.i/I 91 0.1766s microwave ioager
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5. DATA ANALYSIS PROGRAMS AT AFGL

The SSIES data are received at Air Force Global Weather

Central (AFGWC), Offutt AFB, NE, within minutes of being received

by remote tracking sites. The digital data goes to AFGWC and the

analog data goes to the 1000th Space Operations Group. The raw

digital data is stored on a disk file in a "first-in, first-out"

or "circular file" format. The raw data a-e processed and used at

AFGWC for operational usage. Once a day the raw data are dumped

to a magnetic tape for shipment to AFGL for climatological and

scientific studies. The magnetic tapes are received at AFGL by

U. S. Mail. The raw data are read, edited and copied onto local

magnetic tapes (Phase I processing). The raw data are then read

and converted into a scientific database (Phase II processing).

An overview of the data processing is given in Figure 18.

The SSIES Phase I and I1 processing witt create a database (if

ionospheric plasma parameters stored on magnetic tapes. Fifteen

S~days of raw date tapes received from AFGYC are input to Phase 1.

Each input tape contains data from ll currently operating D14SP

spacecraft. In Phase 1, the raw data are sorted by satellite and

time ordered. The output f rom Phase I is one f iLe of raw SSIE$

data per DRSP satelite per 15 day. The raw SSIES data are packed

in 20 x 60 arrays which include 60 sec of SSIES telemetry. There

are twenty 60 bit CDC words of data each second. The first 60 bit

word contains time in seconds since January I of the current year,
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The second is the "SYNC" word, which contains 24 zeros and a fixed

36 bit pattern. Words 3 through 20 contain the 1080 bits of SSIES

data transmited every second in the format shown in Table VIII.

Each minute, these 1200 words of SSIES data are preceded by six 60

bit CDC words containing ephemeris information and a mapping word.

The ephemeris data on the Phase I output tape are Listed in Figure

29 of Campbell and Rich (1986). Phase I processing is described

in more detail in "The SSIES Database Package" by Campbell and

Rich.
/

In Phase II, the Large a'rray containing SSIES telemetry is

broken into rrays containingi one minute of housekeeping data and

one minute oý data for each of the four SSIES sensors. The cor-

respondence between these arrays and the 120 word SSIES data

format is shown in Table XI. The raw data are then processed into

geophysicalty meaningful parameters including ion and electron

temperatures and densities, drift velocities, and spacecraft

potential. These parameters along with ephemeris data are written

to tape once each minute.

An output tape from Phase II begins with two flags contain-

ing the spacecraft ID and the name of the subroutine used to

process RPA data. The processed data follows in one minute

blocks. Each block begins with the ephemeris for the minute,

housekeeping flags, and counters indicating the number of data

points from each of the four SSIES sensors. This is followed by
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55IE5 Phase II Program

I5de pekd ed START yed/rterqets
File Li satefll It.)|other request Inputs j

Read & unpack I minute of raw fligh,
data with ephemerlsi separate dataj
for convenient subro-itine processing

~Produce

Dump/plot es raw unpacked dt

r d date file f

Process housekeeping doate

RwaPslEX us n EL E MvasR U d to Id r Imicroprocessor I

RTX oT

Ooi e 1 no
miue' worth

a Iprocessed Write I minute of processed

( 1for erro recover En o

EXIT

Fioture 19
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one minute of parameters caLcuLated from each sensor, and finaLLy

by th- plasma parameters calculated by the on-board microprocess-

or. Within each minute, parameters based on drift meter data are

written to tape first, followed by those based on scintillation

meter data, Langmuir probe data, and RPA data. This process is

diagramed in Figure 19.

In the immediate future, programs will be developed to plot

the data from the database on microfiche. We will make routine

survey plots of the following quantities as functions of time:

From the drift eter. the components of the drift velocity perpen-

dicuta- to the satellite's velocity, and an initial computation of

the eLectri- fields and along-track potential from the drifts.

From the scintitl•rt;on meter, total ion density and power from the

various filters. From the RFAO density of the different ion

species, ion temperature, ape. ture potential, spacecraft poten-

tial, and downrange drift velocity. From the Langmulr probe,.

electron temperature and density and spacecraft potential. We

also plan to plot the perpendicular components of the drift veLo-

city and electric field and a better computation of the integrated

cross-polar cap potential in geomagnetic polar coordinates. In

the future, an interactive anaLysis program will be devktuped.

This program will be menu driven, and will display data in more

detaiL for short time periods.
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