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SPACE EWIR IIAL STUDIES:

mT MI AND DrAM ANAYSIS MMATED

7O THE IONoSPHERE

The stated objectives of the work undertaken for contract F19628-77-C-0122

between 1egis College and the Air Force Geophysics Laboratory were:

a. Design and develop instruments for a EtMP follow-on mass spectro-

meter experiment.

b. Design and develop instrumentation for the measurement of the elec-

trical envixumnt of the Spacelab and Space Shuttle Orbiter.

c. Design and develop low energy plasa instrumntation for satellites

to be launched from the Space Shuttle Orbiter.

d. Design and develop instrumentation for materials investigation using

the long-duration exposure facility to be lauched from the Space Shuttle

Orbiter.

e. Analyze and interpret flight data fran the Air Force S3-2 satellite

(1) to isolate the relative contributions of soft particle precipitation and

bulk plasm motion in determning ionospheric and mgnetospheric current sys-

tem, (2) to determine the convective flow in the ionosphere and magnetosphere

using the vector electri field measurenIts, (3) to ascertain the regions

where and uder what conditions anorvlous resistivity exists in the ionosphere.

f. Analyze and interpret flight data from the Air Force S3-3 satellite

to investigate the convective electric fields over the altitude range 280-

8000 J using the plama Motin mrmitor mauuents and to investigate satel-

lite sheath and weir effects.
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9. Analyze and interpret flight data from the EP satellite (1) to

study plasm scale heights, (2) to study the ion and electron tmap ature pro-

files, (3) to study electron irregularities and gradients in the imsx r,

(4) to investigate the critical frequency in the F region.

h. Analyze and interpret flight data from the SCATHA satellites (1) to

study the variations in the satellite potential, (2) to investigate the low

energy ion and electron flux and energy spectra, (3) to study the plama flow

at synchronous altitudes, (4) to assess the effectiveness of ion and electron

guns for satellite potential control.

Objective (a) has been carried out in full during this contract although

not exactly in the manner originally anticipated. The follow-on instrument

to the original thermal plasma sensor on rmw has became the SSIES (Special

Sensor, Ion, Electrons and Scintillation). As a follow-on instrument was

being considered, the weight and power requirements of a mass spectrometer

versus the needs of the Air Force caused the mass spectrometer to be dropped.

Instead, the electronics for the thermal ion and electron sensor have been

greatly improved and a passive ion trcnp capable of measuring fluctuations in

the plasm up to 12 KHz has been added. The expected result is a more accu-

rate and finer spatial resolution of the ion and electron teuperature and

density and a detenuination of the small scale density irregularities which

are capable of causing phase and amplitude scintillations of radio signals

passing through the icasphere. For ex ple, the highest plasma irregularity

frequency to be observed is in the range 5. 6 to 12 IKHz which corresponds to

a irregularity scale size of aproxiately one meter. In addition to the

development of SSIES, objective (a) has been mt through the addition of bias

potentials between the SSIE instruments and the MW satellite for flights

-4-



4 through 7. This addition beca= necessary when the analysis of the early

data from the flight 2 SSIE shoed that the vehicle potential can get to -30V

in sunlight due to the design of the solar panels. The SSIE had been designed

with an expected vehicle potential of -3V to + lV which is typical for satellites

in low altitude orbits.

r
objectives (b) through (d) have required a very low level of effort due

to the failure of the Air Force Geophysics Laboratory to get approval for

early rides on the Shuttle and due to the extensive schedule slippage of

the Shuttle. Work under these objectives was confined to providing input for

the proposals for rides on the Shuttle.

objective (e) has been extensively pursued under this contract, a large

number of scientific reports and papere which are described later, have re-

sulted from the analysis of the S3-2 data. The quality of the S3-2 data has

been very good and the quantity of S3-2 data is extensive. Because the physics

of the ionosphere is a very complex topic, it is expected that Much more work

with the S3-2 data remains to be done using the work done under this contract

as a building block.

objective (f) has been pursued through analysis of the thenul electron

data from the S3-3 Langmir probe. It has been found that the teiPrature

gradient at mid-latitudes is significantly less above 3000 km than it is near

1000 ka altitde.

jective (g) has been pursued to the aent of sveral studies related

to the plasm density variations near the equator near equinox and to plasma

characteristics directly related to the functioning of the h"a-rdre. Some
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software development has also been done to improve the quality of future data

analysis. Because the flight 2 instrument provided two and a half years of

nearly continuous data and the flight 4 instrument provided seven nnths of

nearly continuous data, there remains a great wealth of data that can be use-

fully investigated in the future.

Objective (h) consisted only of preparinc the thermal plasma instxument

(SC5) for the SCAMHA launch and beginning the in-flight check out. Unfortu-

nately the instrument failed after a few minutes of operation in space for un-

explained reasons. Thus there has been no data available for scientific anal-

ysis.

The remainder of this report consists of describing in brief the work

accomplished under this contract. The next section describes the engineering

development work. The following section describes the scientific data analysis

work. At the end of this report there is a bibliography of publications gener-

ated as a result of work done under this contract. For details about projects

mentioned in this report, the reader is referred to that bibliography.

During the course of this contract, engineering services have been pro-

vided by Peter Anderson, Donald Girouard and Robert Shupe. Scientific data

analysis services have been provided by Drs. Frederick Rich, Mm. Burke, Muihktar

Ahwd, Michael Kelley, Mary Anne Doyle, Balram Prasad and Eugene Young.
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This section describes the engineering activities carried out during

the contract period. Individual areas are subdivided for clarity.

2. SCATHA SATETE (SC6-l, -2, and -3)

The Thermal Plasma Analyzer was designed under a previous Regis College

contract, F19628-75-C-0081. The development of this instrumet has continued

under the present contract. As described in Technical Report AFGL-TR-77-0119,

SC6 was designed to measure the direction and magnitude of the plasm bulk

motion, the density and temperature of the plasma 'bath' in which the satel-

lite is immersed, and investigate spacecraft-plasma interaction mechanisms by

measuring fluctuation in vehicle potential and charging and discharge currents

to the satellite due to environmental factors such as solar illuination,

satellite motion, plasm temperature, density, and motion variations during

quiet and disturbed conditions. It was also aimed at studies of these pro-

perties under controlled conditions when the spacecraft potential is varied

by means of an electron gun.

The Thermal Plasma Analyzer consisted of three gridded sensors and an

electronics package (SC6-3). Tuo sensors (SC6-l) were mounted on a boom 3

meters fron the nearest space vehicle body mounted components. The third

sensor (SC6-2) was body-mounted on the conducting end of the space vehicle.

The normal to the aperture of one boom sensor is parallel to the normal to

the aperture of the surface sensor and also parallel to the space vehicle spin

mumentum vector. The second boom sensor normal is perpendicular to the spin

vector. The eperiment was designed to measure, by retarding potential analy-
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SIS, the enrr~rtal electron anid ion densities in the range 10-1 to 104~

per cm and particle energies in the range 0. 1 to 100 eV.

Basic mechanical design for the grikded probes is shown in Figure 2-1.

1 he om~bined maasuresents fromn the surface mounted sensor and the boaii mounted

3.464

2.234 S

2.716APERTURE GRID

LEXAN SPACER

RETARDING

SUPPRESSOR

COLLECTOR

Figure 2-1: SCATHA surface and bown nutdnstruments.

units made it possible to ascertain the influence of photoelectrons from the

spacec-raft surface. Photoelectron production within the sensor was further

minimized by restricting the sensor aperture field of view to a 150 halJf-

angle cone. Depending on the voltage of the collector and stepped (retarding)

grid, electrons or positive ions were masured. During disturbed conditions

the vehicle potential can exceed 100V negative. In this case, the potential

was determnined frcm the positive ion sensor where the thermal ions arrived at

the vehicle with average energies equal to their thermal energy plus that frm-

parted by the energy equivalent of the spacecraft potential.

-9-

U...............................-7



The electrical configuration of the sensor is shawn in Figure 2-2. Using

ground cumiands A, B, and C, the boom and surface mounted sensors were operated

in a large number of ion or electron modes. Cnumands D, E, F, and G select

eight (8) aperture-bias levels ranging fron -50V to +50V.

The systen block diagram (Figure 2-3)shows the major experiment components

in addition to specific circuits designed and developed for the main electronics

package SC6-3. Each sensor's electrometers were independently cumnanable to measure

either ions or electrons and were automatic linear range-switching current to Vol-

tage amplifiers. To achieve the various operation modes of the experiment,

several fixed and varying voltage signals must br- periodically applied to the

electrcimter couon and sensor elements. To do this, the electrcieter common

was electrically floating with respect to the system common or spacecraft

ground. Since each electrcneter output voltage was consequently "riding on"

the varying signals being applied to the electrcueter commn, level shifter

circuits were employed to reference the 0-5V output signal to system common.

Each level shifter circuit is a differential operational amplifier which

measured the difference between the electrometer camon and the electrometer

output. Timing and control circuitry was designed to time the system program

which was clocked fram a spacecraft-provided 1 Hz pulse.

Tw sweep (step generators) circuits were used for stepping the sensor

grid elenents and the electrometer floating ccmmn. The power converter sec-

tion contained all of the secondary voltage circuits and the cwmxandable bias

supply. The circuitry for the step generators, bias supply and power con-

verter was developed under a separate contract.

After a successful satellite launch on 30 Jan 79, SC6 experienced a par-
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tial failure during the initial checkout on 9 FED 79. During the initial

checkouts, the experiment (SC6) operated faultlessly for appoaI tely 8 min-

utes after which a transient type response was noticed on the electrofeter

outputs. A few seconds later, all of the telemetry outputs were observed to

decrease to about 30% below normal. However, even with this anomaly the sys-

tem was still functioning in all respects.

Post analysis has been inconclusive as to the exact cause of the failure

and as to which camqonet might have failed. It is knom that the electrcmeter

output from SC6-2 sensor has an offset voltage which keeps 1-2 in saturation,

that the DC to DC power converter is operating in the current limit mode, and

that all secondary voltages dropped gradually by 30% after being on for several

seconds.

AFGL has a backup SC6-3 Electronics Package which was used as a diagnostic

aid. The diagnosis was centered around the circuits in the experiment and the

assoc'.ated sensors. Satellite data has indicated that the spacecraft potential

was normal which down plays any theory of a high potential discharge on either

one of the sensors. Therefore, attention was focused on any one sensor ele-

ment shorting to another and circuit oanonents across the secondary voltage

lines froa the DC to DC power converter. Shorting connections to the sensor

elements in the backup SC6-3 Electronics Package did not reproduce the same

flight symptons. loading the secondary voltage lines did drive the power

converter into current limit mode instantly. Hover, it is inconceivable

to have a single aonment, as used in the design, reproduce all of the

sBFPtams in flight.

The contractor for the DC to DC power converter design investigated poO-
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sible failure modes in their section, however, their findings were inconclusive.

They did conclude that anyone of several cmponents could have caused the

failure.

EMI testing was also done on the back up SC6-3 Electronics Package.

Transients were injected onto the power buss and when the transient levels

were increased beyond the maxinin specified, the DC to DC power converter's

input circuitry was damaged. In this failure rude, the converter did not

draw any current which is not what was experienced in flight (current limit

mode).

Thirteen trips were made in support of the SC6 experinent. Seven trips

were made to Martin-Marietta, Denver, for EM meetings, bench tests, all nudes

testing, thenro-vacuu tests, and integrated systen test (IST). Three trips

were made to Cape Canaveral Air Force Station in support of prela-nch and

launch activities. Also, 3 trips were made to Sunnyvale Satellite Control

Facility in support of prelaunch and post launch activities.

3. rIP SATELLITE SERIES (SSI/E and SSIES)

(a) The objective of the Incosgere Plasm monitor (SSI/E) is to obtain

critical information from the DW6P Block 5D Satellite Series about the charac-

teristics of the plasm above the peak of the F region which is reguired by the

Air Force for HF and EMF ommunication systens. Developnent of the SSI/E

instrzent was cdmpleted uder Regis college contract F19628-75-C-0081 and is

described in Technical Report AFGL-TR-77-0119. It was designed to make in-situ

measureents of topside plasm scale height, sall scale ionization irregularities

and F-region critical frequencies. Measurements are achieved by mans of boom- m

-14-
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mounted electrostatic sensors which are electrically connected to an electronic

package as shown inFigure 2-4. One sensor (planar electrostatic analyzer)

measures environmental ion temperature and average ion mass, the second (spher-

ical electrostatic analyzer) measures thermal electron density, temperature and

satellite potential along the satellite orbit.

The first SSI/E instrument (SIN 1) was successfully launched on the DMSP

F2 Satellite. However, examination of initial SSI/E data from the F2 space-

craft has shown the following: 1. The instrument was functioning properly.

2. The satellite vehicle potential is highly variable in the negative direc-

tion. It was between -6 and <-20 volts with respect to the plasna over about

of each orbit. on the remainder of the orbit it varied fram +0.5 to -6 volts.

Accurate data for the F2 instnnmt design requires that the spacecraft vehicle

potential does not go more than 5 volts negative. This negative potential on

the EMSP satellite is due to exposed positive conductors on the solar array

panel and inadequate spacecraft conductive area at satellite ground.

7b correct the above problem, several circuit design changes were made to

the SSI/E Instruments for flights F4 thru F7. The revised system bias block

*diagram (Figure 2-5)shows the major experiment camponents with specific cir-

* cuits outlined within the Electronics Package. In order to offset the nega-

tive vehicle potential, an auxiliary bias supply was added to the bottum of

the Electronics Package. With an additional level command circuit, the bias

supply can now be cummanded to levels of 0.OV, +6.5V, +16V, or +26V as shown

in Table 2-1. In addition , the ion and electron sweep circuits were redesigned

to electrically "float" on the cmvwmnded bias output level. To accxm date

these changes, new printed circuit board designs were completed for the Level

-15-
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Figure 2-5: SSIES Systen Block Diagram
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TABLE 2-1

C14P BIAS r.:wi LEVEL C94ANDS

F2 SsI E SSIESPL MOCE
M NCE SE ICN SPAM 1 SELEMON BIAS MON.

1 OV (M) N.A. 1.5M 3.50V

*2 5V (EFT) N.A. O.OOV 1.50V

F4, F5
SSIEMM SSIESPL MODE

MOCE MODE SELDICN SPAME 1 SELII(N BIAS MON.

1 oI (CN) Ov (OFF) OV 0.00V

*2 5V ((CFF) 04 ((IF) 6.5V 1.OOV

3 04 (ON) 5V (CN) 16V 2.46V

4 5V (OFF) 5V (ON) 26V 4.OOV

F6, F7
SSImEM SSIESPL MODE

)E MOE 1 SELBCr MODE 2 BIAS MON.

1 O4 (ON) OV (MN) Ov 0.00

2 5V (CFF) 0V (MN) 6.5V 1.OOV

3 04 (MN) 5V (CFF) 16V 2.46V

*4 5V V (OFF) 26V 4.00V

* Initial OIS Power On Conditions
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Shifter, Sweep, Tiwer, and Auxiliary Bias Supply boards. Other design changes

include the Log electrometer sensitivities and Digital Data Interface (DDI)

output circuitry. The UMSP telemetry systen (018) design has been changed for

satellites F6 & F7 which changed the DDI output line (SSIEDAT) characteristics

as shown in Figure 2-6. For satellites F2, F4, and F5, data is transfered once

per second upon receiving the read pulse (SSIEMD) of 180mS in duration from

the 01S which allows the data storage registers to shift out data acquired

during the I sec. period prior to the end of the read period. The Least

Significant Bit (LSB) of Word 1 is shifted out first with the data block

shifting out serially at a 1 KHz rate. For F6 and F7, the SSIE1ED pulse is

1WmS with the data block shifting out at a 10 KHz rate. Table 2-2 shows the

status of the 5 flight units as of 31 MAY 80.

Ten trips were made to W'A, Hightstn, N.J., in support of the EMSP

Satellite Program which included integration tests, stand alone tests, GO-

NO GO tests and final inspections. Also, 2 trips were made to Vandenberg

AFB for preflight GO-N GO tests for the F4 and FS satellites.

(b) The objective of the rMSP follow-on SSIES Plasma Monitor is also to ob-

tain critical information about the characteristics of the space plasma a-

bove the peak of the F region. Data will be obtained from four electrostatic

probes similar to those for the SSIE with the addition of instrumentation for

a Drift/Scintillation Monitor. The SSIES will be flown on a series of CMSP

Block 5D-2 Satellites ommncing with the F8 launch. The main features of the

(SSIES) system are shan in Figure 2-5 Block Diagram. Control grids within the

Electron and Ion Sensors are biased and periodically swept through small vol-

tags ranges to determine the temperature and density of the particles collected.

In order to produce meaningful data, these grids nust be biased at a DC

-19-
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Figure 2-6: tEhSP SSI/E Data Cycle for P2 throug~h F7

-20-



Table 2-2

STATUS OF SSI/E EUM C PACAE

SATELLITE F2 F4 F5 F6 F7
SSI/E PACKAGE S/ 1 SIN 3 S/M 4 S/N 5 S/N 2

ASSEBL x x x x x

AUX. POWER SUPPLY NA X X X X

SSIEDAT - IKH X X X NA NAz

SSIEDAT - 10 KHz  NA NA X X X

BUR - IN X X X X X

CALIBRATED X X X X

RCA INTEGRATION X X X

VIBRATION TETS X x X

THERMAL - VAUJUM X X X

AOSTICS TEST X X X

STAND AIM X X X

VANDEBERG GO-NO GO X X X

LAUND x x FAILED
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potential somewhere near that of the spacecraft. These bias potentials are

determined by analysis of the data on the ground and set by ground cmmand

and under certain operating nudes, the electronics package will determine

and set the bias potentials automatically. The various bias and sweep cir-

cuits and their relation to one another are also shown inFicnire 2-8. In addi-

tion, the main electronics will analyze the sweep data from both sensors and

calculate the density and temperature of the detected electrons, Hydrogen ions

and Oxygen ions. At all times the raw sensor output will be transmitted to ground

for verification of on-board calculations.

Complete design specifications were developed for the SSIES Electronics

Package during this contract reporting period. The Electronics Package Configura-

tion, Figure 2-9 ,shows the connector locations that interface with other space-

craft assemblies and the packaging of the circuitry by the various printed

boards. The electronics package interfaces with Operational Linescan Systen

(provides data processing signals and receives data from SSIES), Sensors

(interfaces planar Ion sensor and spherical Electron sensor), Drift/Scintil-

lation Monitor (interface connections with drift and scintillation experiment)

and Spacecraft (provides primary power from spacecraft).

The controlling element of the SSIES Electrons Package will be a micro-

processor (SBP9900A) manufactured by Texas Instruments. Several microprocessors

were evaluated with the majority being implemented in the NMOS, PMOS, and

CMDS technologies. None of these devices exhibit the required radiation resis-

tance required (10 5Rads) nor are they available in a hardened version. The

SBP9900A is manufactured using the 1 2L technology which is radiation hardened by

nature and is also available screened to M38510 specifications. The rocemqnr has

a 16 bit architecture which allows high resolution arithmtic and is compatible

-22-
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with the 9 bit data format. The processor will be driven by a fail-safe os-

cillator circuit at speeds which will allow for margins for any possible radi-

ation induced speed degradation. The processor will use an array of random

access memory (RAM) and program-able read-only mnory (PROM) which inter-

faces the processor's memry address and data busses. All program cycle and

mode operations will be under computer control implemented using input and

output operations utilizing the processor's cirnamications register unit

(CR43) bus. The CRJ bus, in turn, communicates with other sub-systems within

the electronics package, using addressable latches and data selectors as I/O

interface devices. The address latches allow control outputs from the proces-

sor to be latched providing control signals to the different devices controlled

by the processor system. A data selector will interface the reading of data

from external systems into the processor system.

Ground czmrands are processed by the OIS unit which generates serial cmn-

mand signals (SSIESSER) for the Electronics Package thru the OS connector

interface as shown in Figure 2-8. The serial corand assigments are shown in

Tables 2-3 & 2-4. Serial coumands will be buffered into a serial buffer regis-

ter, which accepts the 8 bit commands and then will generate a command re-

ceived interrupt signal to the processor. The processor will then read the

8 bit command through the data selector interface.

Another OLS timing signal designated SSIESFM will be used as the system

primary clock. It will drive the systen timing chain and real time clock

circuitry which in turn generates the timing required for the processor's

real time clock interrupt, the analog to digital converter (A/D) synchroni-

zation gate (which allows precise timing of the analog to digital conversion

samples), the Ionosonde timing pulse required to disable it when the electron

-24-



A

SSESE 7 1II

*SSIESO A.J1JJ1-J1 Aii...

SSIE SED.J Sf

SSIESS 111umadyf~my MU S/AR

6 S6S43NS S/AR

TM RAT.. MIS 
/' A

A-ASYNCHRONOUS WITH SSIESREF

* -LSD OF FIRST WORD SHIFTED FIRST
AR-ASYNCHRONOUS WITH SSIESNED

Figure 2-10: OLS Timi~ng Diagram

-25-



TABLE 2-3

SSIES SERIAL COMMAND ASSIGNMENTS

SERIAL COMMAND SSIES INTERNAL COMMAND INTERFACE

BINARY HEXADECIMAL ADDRESS DATA FUNCTION
87654321 21 8765 4321

0 0 0 1 0 0 00 10 0 0 01 0 0 0 0 PROGRAM RESET-SWEEP CYCLES
0 00 1 0001 11 0001 0001 MODE A
00010010 12 0001 0010 MODE B
0 0 0 1 0 0 1 1 13 0 0 0 1 0 0 1 1 MODE C
0 0 0 1 0 1 0 0 14 0 0 0 1 01 0 0 MODE D
0 0 0 1 0 1 0 1 15 0 0 0 1 0 1 0 1 MODE E
0 0 0 1 0 1 1 0 16 0 0 0 1 0 1 1 0 STEP VBIAS By + IV.
0 0 0 1 0 1 1 1 17 0 0 0 1 0 1 1 STEP VBIAS By - IV.
0 0 0 1 1 0 0 0 18 0 0 0 1 1 0 0 0 STEP VBIAS By + 2V.
0 0 0 1 1 0 0 1 19 0 0 0 1 1 0 0 1 STEP VBIAS By - 2V.
0 0 0 1 1 0 1 0 1A 0 0 0 1 1 0 1 0 STEP VBIAS By + 4V.
0 0 0 1 1 0 1 1 1B 0 0 0 1 1 0 1 1 STEP VBIAS By - 4V.
0 0 0 1 1 1 00 iC 0 0 0 1 11 0 0 STEP Vip By + IV.
0 0 0 1 1 1 0 1 1D 0 0 0 1 1 1 0 1 STEP VIp By - IV.
0 0 0 1 I 1 0 IE 0 0 0 1 1 10 CLOCK ON-SWEEPS ONLY
0 0 0 1 1 1 1 1 IF 0 0 0 1 1 11 CLOCK OFF-SWEEPS ONLY

0 0 1 0 0 0 0 0 20 0 0 1 0 0 0 00 SPARE
0 0 1 0 0 0 0 1 21 0 0 1 0 0 0 01 SPARE
0 0 1 0 0 0 1 0 22 0 0 1 0 0 0 1 0 SPARE
0 01 0 0 01 1 23 0 0 10 0 0 1. 1 SPARE
00100100 24 0 010 0 100
0 01 0 0 1 0 1 25 0 0 1 0 0 1 0 1
00100110 26 0 0 1 0 0 1 1 0
00 1 0 0 1 1 1 27 0 0 1 0 0 1 1 1
00 1 01000 28 0010 1000
0 0 1 0 1 0 0 1 29 0 0 1 0 1 0 0 1
00 1 0 1 0 10 2A 00 10 1010
0010101 1 2B 0010 1011
0010 1100 2C 0 0 10 1 10 0
00101 101 2D 0010 1101
00 1 01110 2E 0 010 1 1 1 0
001011 1 1 2F 0010 1111
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TABLE 2-4

DSM SERIAL COMMAND ASSIGNMENTS

SERIAL COMMAND SSIES INTERNAL COMMAND INTERFACE

BINARY HEXADECIMAL ADDRESS DATA FUNCTION
87654321 21 8765 4321

0 0 1 1 0 00 0 30 0 0 1 1 0 0 0 0 DRP I
0 0 1 1 0 0 0 1 31 0 0 1 1 0 0 0 1 DRP 2

0 0 1 1 0 0 1 0 32 0 0 1 1 0 0 1 0 DR1P 3
00 1 1 0 0 1 1 33 0 0 1 1 0 0 1 1 DRP 4

0 0 1 1 0 1 0 0 34 0 0 1 1 0 10 0 DRP 5
0 0 1 1 0 1 0 1 35 0 0 1 1 0 1 0 1 DRP 6
0 0 1 1 0 1 1 0 36 0 0 1 1 0 1 1 0 DRP 7

0 0 1 1 0 1 1 1 37 0 0 1 1 0 1 1 1 DRP 8
0 0 1 1 1 0 0 0 38 0 0 1 1 1 0 0 0 Spare
0 0 1 1 1 0 0 1 39 0 0 1 1 1 0 0 1 Spare
0 0 1 1 1 0 1 0 3A 0 0 1 1 1 0 1 0
00111011 3B 0011 101 1
0 0 1 11100 3C 0 0 11 110 0

00111101 3D 0011 1 101
O0 1 1 1110 3E O0 1 1 1 10
00111111 3F 0011 1 111

0 1 0 00 0 0 0 40 0 1 00 0 00 0 FER Enable all Filters
0 1 0 0 0 0 0 1 41 0 1 00 0 0 0 1 FBR Disable Fl
0 1 0 0 0 0 1 0 42 0 1 00 0 0 1 0 FER Disable F2
0 1 0 0 0 0 1 1 43 0 1 00 0 0 1 1 F8R Disable F3
0 1 0 0 0 1 0 0 44 0 1 00 0 1 0 0 FBR Disable F4
0 1 0 0 0 1 0 1 45 0 1 00 0 1 0 1 FBR Disable F5
0 1 0 0 0 1 1 0 46 0 1 0 0 0 1 1 0 FBR Disable F6
0 1 0 0 0 1 1 1 47 0 1 0 0 0 1 1 1 FBR Disable F7,F8,F9
0 1 0 0 1 0 0 0 48 0 1 0 0 1 0 0 0 FBR Enable F7,F8,F9
0 1 0 0 1 0 0 1 49 0 1 0 0 1 00 1 FBR Disable F7
0 1 0 0 1 0 1 0 4A 0 1 0 0 1 0 1 0 FER Disable F8
0 1 0 0 1 0 1 1 4B 0 1 0 0 1 0 1 1 FBR Disable F7,F8
0 1 0 0 1 1 0 0 4C 0 1 0 0 1 1 0 0 FBR Disable F9
0 1 0 0 1 1 0 1 4D 0 1 0 0 1 1 0 1 FOR Disable F7,F9
0 1 0 0 1 1 1 0 4E 0 1 0 0 1 1 1 0 FER Disable F8,F9
0 10 01 1 1 1 4F 0 1 0 0 1 1 1 1
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bias establishes sweeps are present, and finally, the SSIESlED interrupt

which is the primary synchrcnizing signal used by the processor.

The SSIES Electronics Package receives data signals fran the Ion and

Electron sensors which are connected to Iog electrometers amplifiers. These

output signals are digitized by the A/D circuitry along with other data sig-

nals received fran the DSM experiment. The processor formats the data

sampling sequence as shown in Figure2-11Mich stores the data in RAM devices

for the downlink serializer. The downlink serializer will be used to buffer

and serialize the accumulated data (SSIESAT) during its burst of shifting

pulses (SSIESBCK), when gated (SSIES1ED), to the OLS.

The DGM interface circuits buffer uplink control addresses to the EI4

through the address latches and provide the data input path for sampling by

the A/D circuitry. Address latch interfaces will also be used to provide

the control signals for both the electron and Ion sweep generators which

are shown in Fiqure2-12. The design provides digital sweep signals which are

controlled by the processor. The processor will determine whether the

sweep will have a negative or positive slope, a 20 volt or 6 volt magnitude,

a reset to zero volts interval, and timing periods of 2, 3, or 4 seconds.

The timing periods will also be used for initiating several calculations

which are to be performed at the end of each sweep period. Lookup tables

stored in the PR"M devices will be used by the processor in calculating

these unknowns.

A DC to DC por converter will provide the many secondary circuits and

bias voltages for the Electronics Package, DSM experiment, and sensors. The

design estimate of the processor's on tine indicates that it will need o;r for

-28-
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less than 10% of the time. This means that the processor and memry devices

can be power strobed which will conserve power. Also, this will provide high

reliability and longer expected life.

Two trips were made during this contract for interface meetings. One

was made to the University of Texas at Dallas and the other to RCA, Highstown,

N.J.

4. AURORAL - E ROCKET (AI0.903)

Four rocket payloads will be launched fra Poker Flat Alaska during the

next contract period as part of the Auroral-E Program to obtain in-situ

measurements of several atmospheric and ionospheric parameters during a con-

tinuous aurora. The goals of the rocket program are nearly simultaneous

measurements of the energy and angular distribution of electron and proton

flux, optical emissions from atomic and rolecular atmospheric constituents,

ion species, electron densities, neutral and mass densities, neutral and

electron temperatures, neutral winds and electric fields. The rocket

measurements will be coordinated with the pass of a satellite which will

measure precipitating electrons and protons. The AFGL Airborne Ionospheric

Cbservatory will be positioned near the rocket launch site and will measure

auroral optical emissions as well as ionospheric parameters. In addition,

ground based measurements of electron density profiles in the region of the

rocket trajectories will be measured with incoherent scatter radar at

Chatanika.

The system to be used for measuring the electric fields was designed

under this contract and the flight cauponents of the E-Field System are shon

in Figure 2-13. The object.ve of the E-Field experiment is to measure the elec-
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tric field as a function of altitude for the continuous aurora. The method

of measurement is to deploy two mutually perpendicular dipoles normal to the

rocket spin axis, separated by a large fore and aft distance. The mutual

potential differences between pairs of spherical sensors mounted at the di-

pole tips, with a 3 meter separation, will yield a vector electric field

measurement. The field will be measured in the frequency range of 0 to

100H , from -100mV/m to +100PV/m, to an accuracy of +0.5mV/m.Z

With the above circuitry designed, development of the flight system will

continue on the follow on contract. These circuits will be designed onto

printed circuit boards after the breadboard phase has been completed at

AFGL. The circuitry includes a DC to DC power supply, Log electrometer for

the Density measurement, 4 electric field electrometer amplifiers, difference

amplifiers, and Butterworth filters.

5. CONTINUIMN EDCATION

Four separate courses were attended during this contract reporting

period. one was for "Designing for Reliability" which was held in Hempstead,

NY. Another course "Managing Engineers" was attended in Chicago, IL. The

other two courses were held at the Boston office of Tektronix Corp. One

course was for a "Microprocessor Design Workshop" and the other for "Micro-

processor Lab Operations".
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III.

SCIETIFIC DATA ANALYSIS OF SATELLITE

MEASUFO M CP THERMAL PLASMA, EU IC

FIEIJ AND MGNETIC FI!1C

Frederick J. Rich, Ph.D.

1. Analysis and Interpretation of S3-2 Data

The S3-2 satellite was put into a polar orbit of 240 km by 1550 km in

December, 1975 and it re-entered the atmisphere in May, 1978. It carried

instruments from the Air Force Geophysics laboratory to measure thermal ion

density and drift velocity, thermal electron density and temperature, ener-

getic electrons in the range of 0.1 to 20keV, the in-situ electric field,

and the magnetic field. This complement of instruments has been described in

publication #36 under this contract.

From a combination of the data sets from the S3-2 satellite, it is

possible to get an instantaneous description of the state of the ionosphere

near the satellite. This is especially true at high latitudes where the

ionosphere is strongly affected by energetic particles and electric fields

that are generated in the magnetosphere and solar wind above the ionosphere.

Fran these recordings of the state of the ionosphere it is possible to find

clues about how and why the ionosphere changes in response to changes in the

mag~netsphere, the solar wind and the sunspot cycle. This contract has under-

taken studies to learn more about these interactions, but a complete under-

standing has eluded us and will elude the entire scientific community for

years to come because the ionosphere is complex and constantly changing.

4 -34-
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Since a vast array of observations around the globe cannot be made sinul-

taneously, it will1 be necessary to comqpile and compare a vast array of ob-

servations taken around the globe under similar circumstances in order to

understand the ionosphere.

1.1 Intense Convection in the Sub-auroral Region

From previous measurements, it was known that an electric field existed

in the auroral zone, especially during geamagnetically disturbed times. This

electric field at the altitude of the S3-2 satellite generally has a strength

of a few millivolts/meter during quiet times and a strength of 20- 50 mV/m

during disturbed times. The direction of the electric field is such that the

E x B drift of the ionosphere is approximately sunward along a constant lati-

tude between 600 and 720 in magnetic coordinates. In publication number 7, we

reported a case of greatly enhanced strength of the electric field (approxi-

mately 250mV/m) near the equatorward boundary of the auroral zone. Figure

3-1 shows the electric field and the magnetic field deflection for the first

case found and reported upon. The electric field shan represents 5 second

averages of the data. Changes in the magnetic field deflection represent

currents flowing along magnetic field lines either into or out of the iono-

sphere.

The existence of a strong electric field near the equatorward edge of the

auroral zone was quite surprising. Generally the strongest electric field in

the auroral zone is near the poleward edge of the zone near the region of dis-

crete arcs and the auroral electrojet. The auroral electrojet is caused by

Hall currents flowing between 100 and 150 km altitude. The Hall current is

dependent upon the existence of a strong electric field, field aligned currents

-- 35
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Figure 3-1: Th 'e weasured electric field and nagnetic field deflection fratt
S3-2 fran mid-latitude through the auroral zone to the polar cap.
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on either side of it and high levels of ionization at low altitudes due to

either sunlight or bombardment of energetic particles fron the magnetosphere.

In Figure 3-1, two of these three conditions are observed between 700 and 740

invariant latitude which is typical of the auroral zone during active times.

Since the auroral electrojet can be observed fran the ground with mag-

netnmeters, the existence of strong electric fields and field aligned currents

near the poleward edge of the auroral zone was suggested before direct obser-

vations were made. Since electrojets on the equatorward edge of the auroral

zone have not been observed, it is possible that there is insufficient ioni-

zation in the low altitude ionosphere for a Hall current to flow when a very

strong electric field exists. In order to better understand the nature of

these very strong electric fields on the er-,uatorward boundary of the auroral

zone, further research was undertaken i4hich resulted in publication numbers

22 and 37. Figure 3-2 shows further details of the same data set shown in

Figure 3-1.

The results of this further study showthat there should be currents flow-

ing in the altitude ionosphere near these very strong electric fields, but

ground based observations may be unreported because these events are rela-

tively rare. Fran Figure 3-2, we can see that there are some precipitating

energetic particles (bottom trace on the figure) although the flux is weak.

Also there are field aligned currents near the strong electric field. Thus

the conditions for a Hall current do exist although it may not be as strong

as the auroral electrojet on the poleward edge of the auroral zone. Also,

we could find only seven cases of very strong electric fields (E > 100 mV/m)

in the first nine months of data taken. Thus these very strong electric fields

-37-
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do not occur very often. However strong electric fields (20 < E < 100MV/n)

on the equatorward edge of the auroral zone are more common as determined by

Spiro et al. of Univ. of Texas at Dallas using Atmospheric Explorer data. If

these strong electric fields have the same source as the very strong electric

field, then the source of the electric field is a reasonably common pheno-

menon. In our research, we suagest that the strong or very strong electric

field at the equatorward edge of the auroral zone is caused by charge separa-

tion at the inner edge of the plasmasheet as the plasmasheet is pushed earth-

ward during the growth and expansion phases of a substorm. The strength of

the electric field is determined by the degree of violence with which the

plasmasheet is pushed earthward.

1.2 Electrodynamics of Visible Auroral Arcs

Auroral physics has been driven during the past century by the desire to

understand the visible aurora despite the knowledge gained during the space

age which indicates that the visible aurora is a small part of a vast and

complex mechanism. Thus we have undertaken to relate all of the parameters

available from the S3-2 data set to a visible aurora. This work was reported

in publications 27 and 36. Orbit 517 on 11 January 76 was used for this

study because an optical image of an auroral display was made by the UWP

satellite within a few minutes of the passage of the S3-2 satellite (Figure

3-3). A survey of the S3-2 data for this period (Figures 3-4 and 3-5) shows

a typical passage through the auroral zone. There is a significant density en-

hancement, electric field and particle precipitation throughout the auroral

zone, but they are all strongest on the poleward edge of the auroral zone.

The equatorward section of the auroral zone is dominated by dowzrd currents
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FlWI 3-3: EMP imige of the auroral region on 11 January 1976, -14 minute

prior to the passage of S3-2 (dashed line).
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ORBIT NO.517 DATE 1/11/76
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FIGUMI 3-5: Measured ragnebtzee deflection along the axis of the S3-2 satel-

lite and in geomagnetic coordinates. Ite spin nodulation of the gecunagnetic

coordinate data is a residue of a mis-match of the axes of the instrtuvnt.
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along the field lines (positive slopes in ABy or A . The poleward section

is dnminated by upward currents (negative slopes in ABy or AB).

From these surveys of the data, the location of the visible aurora is

not apparent. It is necessary to capare the location of the visible aurora

in Figure 3-3 with the data shown in Figures 3-4 and 3-5 to find which fea-

tures are directly related to the visible aurora. The dashed line in Figure

3-3 shows the ground track of 33-2 satellite. If one traces the magnetic

field lines from the satellite to the altitude of the visible aurora, the

auroral arc slightly eastward of the ground track is the appropriate section

of the aurora to compare with the satellite data. The visible, discrete arc

of interest lies near 620 - 630 invariant latitude. Equatorward of the dis-

crete arc is a region of diffuse aurora. The diffuse aurora corresponds to a

region of generally downward current, and the discrete aurora corresponds to

a region of generally upward current. Figures 3-6 and 3-7 show the data in

more detail. In the diffuse auroral recion (Figure 3-6) despite the general

downward flow of field aligned current, there are regions of upward current

caused by downward flowing energetic electrons which exceed the flux of up-

ward flowing thermal electrons. These regions of upward current are labelled

1 through 4 on Figure 3-6. The drops in the thermal electron current in these

regions is caused by the vehicle potential becoming negative which repells

thermal electrons away from the vehicle. In the region of the discrete aurora

(Figure 3-7) there are three regions of strong upward current followed by

weak upward current or downward current. These three regions are labelled 1

through 3 in Figure 3-7. In the region of electric field strength is decreased

from the five second average (smooth curve with dots) and the flux of energetic

electrons is increased (if the detector was looking in the proper direction).

-43-
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There should be three arcs in the photograph of the aurora along the track of

the satellite (Figure 3-3). An analysis of the slope of the magnetic field

lines with respect to the position of the CMSP satellite indicates that the

arcs labelled I and 2 in Figure 3-7 will overlap in the photograph if they

have a visible vertical extent of -100 km. The arc labelled 3 in Figure 3-7

is probably not strong enough to produce a visible auroral display. In sum-

mary, the visible auroral arcs represent part of the region of upward current,

but most of the upward current flows outside of the region of visible auroral

arcs.

1.3 The Convection Electric Field in the Polar Cap

The sunward convection of ionospheric plasma has generally been described

as one half of a convection pattern. The other half is the anti-sunward con-

vection across the polar cap. In publications number 16 and 17, we investi-

gated the convection patterns in the polar cap regions using the electric

field experiment fram S3-2. We found that during times of moderate to in-

tense geomagnetic activity, the convection is clearly anti-sunward as indi-

cated by previous investigators but that it is not uniformly distributed across

the polar cap. Often, convection is stronger on the dawn or dusk flank than

it is on the opposite flank and this asymmetry across the northern polar cap

is opposite to the asyM try of convection across the southern polar cap at

the sae time. This can be explained by comparing the asymmetry of convection

in the polar cap with the magnitude of the "y" component, or dusk-dawn 0ompo-

nent, of the interplanetary magnetic field. Apparently when there is a signi-

ficant By camponent of the IWf, the magnetic tension between gemagnetic field

lines connected to interplanetary magnetic field lines pulls the field lines
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toward opposite flanks of the magnetosphere. By tracing these field lines

into the ionosphere, the same forces pull convection to opposite flanks of

the polar cap.

Mbst geonagnetic activity occurs when the "z" component of the inter-

planetary magnetic field is southward or almost zero. Under such conditions,

geoagnetic field lines on the front side of the magnetosphere merge with the

IMF and energy is transferred -rum the solar wind to the magnetosphere. 1he

the Bz cconent of the IM is northward, there is less gecmagnetic activity

due to less energy transfer into the magnetosphere and the high latitude con-

vection pattern become weak and/or irregular. We investigated some of the

irregular convection patterns and found that there is a regularity to them

although it is not the standard two cell convection pattern. Figure 3-8 shows

an example of the forward or dawn-dusk conponent of the electric field and

the convection pattern implied by the convection directions observed along

the path of the satellite. Here we have a four cell convection pattern. The

energy for this ntion omves from the solar wind through merging of gemagnetic

field lines with the IMF. However, instead of merging occurring at the front

of the magnetosphere, it occurs at the high latitude regions of the magneto-

sphere.

2. Analysis and Interpretation of S3-3 Data

The S3-3 satellite was put into a polar orbit of 240 by 8050 1; in July,

1976 and it continued to function properly until September, 1979. It carried

instrments from the Air Force Geophysics Laboratory to measure thermal ion

density and drift velocity and thermal electron density and tmerature. Ener-

getic particles, electric field and magnetic fields were measured by instru-
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ments provided by Aerospace Corp., Lockheed Corp. and Univ. of California,

Berkeley. Results from the ion sensor has previously been reported upon in

Technical Report AFGE-TR-77-0119.

The variation of the temperature of the thermal electrons as a function

of altitude has been reasonably well determined up to approximately 1500 km.

Up to 800 km altitude, incoherent scatter radar stations have measured the

teperature of the ionospheric electrons and up to 1500 km there have been

ntueous satellite reports on the electron temperature. However, prior to

S3-3, there has been a lack of data about the electron temperature profile

above -1500 km. Same investigators have extrapolated the known temperature

profiles up to the equatorial plane at altitudes of -4 earth radii and esti-

mated temperatures of several ten's of thousand degrees for the thermal elec-

trons. From the Langniir probe on S3-3, it was possible to measure the actual

temperature of the thermal electrons in the plasmasphere up to 8000 km. Out-

side the plasmasphere, the electron density drops too rapidly for the Lang-

muir probe to make measurements at apogee, but measurements were made up to

the limiting altitudes which provided sae clue to the tmperatures at very

high alties .

The Langwir probe on S3-3 is a gridded, spherical sensor on the end of

a 1.2 meter boom as shon in Figure3-9. By measuring the current collected

as a function of the voltage applied to the probe, the electron temperature

and density and the vehicle potential with respect to the ambient plasma are

measured. Basically the sane instrument has been used on S3-2 and the CMP

satellites. The results of the measurements are accurate to 200°K for ten-

perature and a factor of 2 for density as long as the ambient density is in
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Figure 3-10: The profile of thermal electron te.eratures as a

function of altitude as determined by S3-3 in the late afternoon sectzr.
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ecess of 103 per cubic centimeter. Between 103 and 50 per cubic centimeter,

the results can be degraded to the point of being useless due to photoelec-

trons frum the vehicle and the grid wires of the sensor. Below 50 per cubic

centimeter, no measurerents can be made.

The results of the Langmiir probe are shawn in Figure 3-10 and were pre-

sented in publications 8 and 31. At latitudes equatorwardof the auroral zone,

the electron temperature gradient along a magnetic field line at 1000 kn de-

creases with increasing altitude until an altitude of approximately 3000 km.

Above 3000 kin, the gradient along a magnetic field line appears to became a

constant of zero°K per hour + 0.1°K per hour. Because the temperature gra-

dient at 10001am increases with increasing latitude, the temperature above

3000 km also varies as a function of latitude up to the auroral zone. In

the auroral zone and mid-latitude trough regions between -600 and 720 magnetic

latitude, the Langriuir probe is unable to obtain good temperature measurements

above 1000 km due to low densities and/or small scale length irregularities.

In the polar cap, the number of good temperature measurements obtained is

quite limited. Those that were obtained indicate that the electron tempera-

ture gradient does not significantly change with altitude in the polar cap

region.

3. Analysis and Interpretation of the SSI/E Data frau the DMSP Satellites.

The Defense meteorological Satellite Program ([MSP) consists of a series

of satellites whose primary purpose is to monitor the weather in the tropo-

sphere. The cznera system on the satellite is sensitive enough to image the

auroral displays on the night side of the earth. This imaging capability

has been a valuable tool for studying the auroral ionosphere. In the last
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few years, a series of secondary or special sensors have been added to the

EMP satellites to monitor the ionosphere in-situ. Starting with the Flight

2 and Flight 4 spacecrafts of the Block 5D series of 4ESP satellites, the

Air Force Geophysics Laboratory has provided sensors to measure the thermal

ions and electrons. These sensors have been designed in part an this contract

(See Section II on this report). The SSIE sensors are shown in Figure 3-11

on their boam in the deployed configuration on the Flight 2 satellite.

The [MSP F2 spacecraft was launched in June, 1977 into a circular orbit

at 840 km. It was not injected into the required orbital plane with the con-

sequence that the spacecraft has an unintentional drift in local time. At

launch the spacecraft was near 07 and 19 hours local time; in 1979, it was

near 10 and 22 hours local time. Also, as a result of the early orbit problems,

SSIE data were not available until August, 1977.

The SSIE electronics and sensors have operated successfully fron turn-on

to the loss of the spacecraft in February, 1980. Thus with a few exceptions,

there is a continuous data base covering two-and-a-half years. Typical examples

of the kind of data available are shown in Figures 3-12a through 3-12d which

show the total ion density at the spacecraft altitude versus time or latitude.

The data have been plotted at the rate of one point per second although there

are seven points available each second. Same of the most striking features

fron Figures 3-12a through 3-12d are:

a . A relatively smooth variation in density at mid-latitudes.

b. Highly variable density in both the northern and southern polar

cap and auroral zones.

c. The mid-latitude ionospheric trough, most clearly seen in the

evening sector.
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Figure 3-1U: The Flight 2 ttEP satellite in orbit with the ssIE instnxient
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d. A sharp, smoth density minimum near the sunrise equator on orbit

1522 and an irregular density minimum near the sunrise equator on

orbit 1523 which is typical of "spread F" conditions.

Figure 3-13 is an example of the data as the spacecraft travels fram

darkness to sunlight. In darkness, the spacecraft potential is slightly

negative due to the greater mobility of ambient electrons. Prior to launch,

it was expected that spacecraft potential in sunlight would increase toward

zero potential due to the emission of photoelectron fram the vehicle. As seen

in Figure 3-13, the current to the electron sensor in MODE 1 operation de-

creases to minimum sensitivity as the vehicle enters sunlight. When the

vehicle first enters sunlight, the accelerating phase of the MDE 2 opera-

tion of the electron sensor does collect a few electrons, but after a few

minutes in sunlight no electrons are collccted at any time. This indicates

that the vehicle potential was significantly less than -6V at the end of the

period in Figure 3-13. Since the ion sensor was able to retard some of the

ion flux at the end of the period in Figure 3-13, it would seem that the

spacecraft potential was greater than -14V. However, the ion current versus

retarding voltage curve does not fit a theoretical curve well enough to deter-

mine the actual spacecraft potential. This failure of the ion sensor data to

yield meaningful information is due to two effects: First, the ion density

and temerature calculated from the MOE 2 data apply to the plasm in the

immediate vicinity of the ion sensor. These values are equivalent to the

values of the "ambient" plasma only if the plasma entering the instrument is

not disturbed by the presence of the spacecraft. In the presence of large

accelerating potentials between the plasma and the instrument, a sheath is

formed around the instrument and particles are drawn to the ion sensor and
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Figure 3-13: Plot of all data from the SSIE event monitor, electron senisor

andi ion sensor as the satellite crosses fran night to daylight.
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case fron all directions in the sheath. For a planar probe with a small sur-

face area in the forward direction compared to the DeBye length of the plasa,

the sheath is approximately spherical in shape. Thus it is difficult to

relate plasm parameters measured in the sheath to the ambient conditions.

Second, the assumption that no potential from the retarding screens leaks

through the aperture screens to the ambient plasma is slightly in error at the

largest potential difference between the retarding screens and the aperture

screens.

The sunlight conditions shown in Figure 3-13 are typical of most of the

data from the SSIE on the F2 satellite since the majority of data are taken

in sunlight. An unknown, large negative (<-14 volts) potential invalidates

all but the MOE 1 ion data. Even the MODE 1 ion data must be treated with

caution since the ion flux to the sensor is enhanced by an unknown factor of

the order of 100% by the effect of the large negative potential. Occasionally,

a low flux of electrons are measured during sunlight conditions during both

MODE 1 and MODE 2 operations. Generally, these fluxes have been found to

be photoelectrons from the vehicle and sensor grids and/or super-thermal

electrons which are typically found in the auroral zones and polar caps.

The large negative potential on the spacecraft encountered whenever the

vehicle was in sunlight was found to be a result of two factors. First, there

are a large number of interconnections between solar cells on the solar panels

which are exposed to the ambient plasma. These interconnections can have up

to +30 volts with respect to the spacecraft conducting frame which is the

SSIE reference potential. Second, there is only a small conducting area

(%3000 sq. inch) exposed to the ambient plasna on the entire F2 spacecraft.
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The result is that a large negative charge is drawn fran the amnbient plasm

at the interconectioms when the solar cells are operating and there is in-

sufficient exposed conducting area on spacecraft to reture the negative cur-

rent to the plasa by drawing in ions or emitting photoelectrons.

Despite some uncertainty in the absolute density of ions near the space-

craft, the MO[E 1 ion data fran the SSIE on the F2-DM)P spacecraft provides

an excellent representation of the distribution of ionization in the topside

ionosphere as a function of latitude, longitude and season. Since the satel-

lite is in a circular orbit, the data fram on one orbit to another, one day

to another, or one season to another can be cmipared without adjusting for

varying altitudes such as is necessary frcm most spacecraft observations. The

collection of data has been nearly continuous so that a complete survey of

longitudies can be made from each day's data set. Figures 3-12b and 3-12c

provide an exauple of the repeatability of the data on consecutive orbits.

Figures 3-12a and 3-12d provide an example of the seasonal variations in the

ionization morphology. Since the satellite orbit is nearly sun-synchronous,

it is not possible to survey the ionization variations with local time. This

limitation does allow an investigator to cumpare sets which are separated by

many months because local time is not significantly different over such time

spans.

The topside ionospheric morphology as described by the CMP/F2 SSIE in-

strument has not been thoroughly investigated to date. One feature that has

been investigated (see publications nunrber 23 and 33) is the ionization de-

pletion region near the morning side equator near equinox. This feature can

be seen in Figures 3-12a, 3-12b and 3-12d. In Figure 3-12c, this feature is
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obscured by spread F type ionization irregularities near the equator. The

feature has been interpreted as region of low night-time ionization which

has not been filled in due to the finite time for ionization to travel along

field lines fram the production region to the height of the satellite.

In response to the large negative spacecraft potential on the M)P Block

5D spacecrafts while they are in sunlight, the SSIE was re-designed to be more

compatible with the spacecraft. The re-design was constrained by the need to

change the weight, power and size of the SSIE as little as possible in order

to meet budget and scheduling requireents. For details of the engineering,

see section II of this report. The most important change from the F2 instru-

ment is the addition of a cummandable set of bias potentials to float the SSIE

sensor positively with respect to the EMS? spacecraft. Ideally, the bias vol-

tages will be set so that the SSIE sensor will be within a few volts of the

potential of the ambient plasm. Unfortunately this is not always possible

for several reasons. First, there are only four possible bias voltage levels.

This limitation allows the sensors to be as much as 6 volts from the plasm

potential even with the best possible setting of the bias voltage. Second,

operational requirements dictate a scheduling of the bias levels changes in

advance where the spacecraft potential changes as a function of the potential

across the solar panels which is not known in advance.

4. Summary

The scientific data analysis has been highly successful under this con-

tract, but the potential value of the data sets used have been only partially

exploited due to the large volume of high quality data available. The future
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work that can be done with the S3-3 data seems to be limited to repeating the

past work with a more oamplete data set. The future work that can be done with

the S3-2 data and the EMP/SSIE data is almost without limit.
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