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Item 13 ABSTRACT (continued)

(6} There is a tendency for the average electron precipitation power to
be less in regio-s of radar aurora than in other precipitation

regions,

There does not seem to be a deterministic relationship between the char-
acter of precipitating electrons and radar aurora--only subtle, statistical
teudenc .es were found,
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The characteristics of auroral particle precipitation as measured

during 14 passes by the Lockheed OV1-18 satellite over Alaska have been

compared with radar aurora simultaneously detected at 139 and 398 MHz

beneath the satellite orbit,

SRI auroral radar located at iiomer in soutnern Alaska,

tation of electrons with energies above 800 eV,

made near local midright while the E-region was in darkness.,

The radar aurora were measured using the

The satellite

measured precipitation of protons with energies above 10 keV and precipi-

has revealed the fcllowing:
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Proutons with energies above 10 keV rcgularly precipitate

to the south of electrons with energies above 800 eV,

Electron precipitation in regions of radar aurora seems
sufficiently intense to produce the E-region ionization

needed to explain the ohserved radar scattering.

Radar aurora (on 11 of 14 passes) was not associated with

regions of intense proton precipitation,

No obvious relationship existed between regions of radar
aurora and regions o9f most intense flux of eiectron

precipitation power (number flux times average electromn
energy), though there may ke a tendency for these to be

spatially anticorrelated.

There seems to be a tendency for the electrons incident
into regions of radar aurora to have a slightly lower
average energy (order of 89%) than electrons precipitating

elsewhere,.
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All measurements were

The study
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(6) There is a tendency for the average electron precipitation
power to be less in regious of radar aurora than in other

precipitation regions,

There does not seem to be a deterministic relationship between the
character of precipitating electrons and radar aurora--only subtle,

statistical tendencies were found,
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Figure 4.,E.1 Histograms of Logarithaic Occurrence vs, Precipi-
tating Electron Number Flux (TSUM), Energy Flux
(ELE), and Average Energy (EMN) for Satellite
Pass AS518
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1. INTRODUCTION

This report describes the research performed by the Radyjo Physics
Laboratory of Stanford Research Institute for the Defense Nuclear Agency
on Contract DASA01-67-C-0066., The program compares Alaskan auroral radar

echoes with the OV]-18 satellite data gathered by Lockheed Space Sciences

Laboratory,

The experiment is referred to as an input-output experiment, The
input to the iounosphere is measured by the satellite, and the resulting
effects (the output) are simultzneously measured by the Homer radar.

The program is a continuation of vork started in 1965 under DNA sponsor-
ship.l* The earlier experiment produced only one pass during which radar

aurora were preseunt hefore the satellite orbit decayed,

The data used in this report were obtained under DNA sponsorship
between 24 March 1969 and 8 May 1969, and under NSF sponsorship from 3
September to 17 October 1969, These periods were near the maximum of the
1l1-year solar sunspot activity cycle, The data from 14 of approximately
60 satellite passes were made available for SRI by Lockheed late in March
1971, Five hours of magnetic data supplied by the Coast and Geodetic
Survey, College, Alaska, and five days of all-sky-camera data furnished
by the Geophysical Institute of the University of Alaska are correlated

with radar data in this report.

Although radar echoes have been observed from the aurora for approxi-

mately 20 years the mechanism that produces these radar echoes is still

*
References are listed at the end of the report,
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not well understood. Earlier studies of radar data cerrclation with other
radio data, visual data, magnetic-field-fluctuation data, and datz ifrom
other geophysical phenomena have not always shown clear-cur relationships.
In particular, comparisons of visual aurora and radar auvrora have shown
that the radar aurora is usually much broader geographically and usuvally

occupies a somewhat different position in space than the visual aurcrz @

L}

Correiating satellite-measured partiéle precipitation with radar
aurora seems to be a fruitful technique to better investigate the under-
lying physics. The OV1-18 satellite that was used in this experiment
measured electron and proton precipitation at an altitude of 5G0 km over
Alaska, The Homer radar collected data magnetically below the satellite

during the time of the pass.

A report comparing precipitation during one daytime pass with radar
cchoes obtained at 1300 MHz by the Millstone Hill radar has been reported
by Hagfors et al.® Their comparison also used the DV1-18 satellite, For
this one davtime pass they find that the radar aurora wa: located in o
region of proton precipitation., We fiund, and shall show later, that on
the night side radar aurorz and proton precipitation tend to take place

at different latitudes,

This report is organized as follows, Section 2 discusses the experi-
ment geometry. The geometrical constraints on collection of radar data
and the geometric considerations relevant to radar/satellite comparisons

are presented,

Section 3 describes the characteristics »f the Homer radar in suffi-
cient detail %0 understand this report. The characteristics of the
counters that were carried on the OV1-18 satellite arc also described,
Section 3 also descrines the operation of the equipment and the data-

collecting schedule,
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Section 4 is a uata compilation of satellite and radar data for 14
catellite past2s for which sateilite particle-counter measurements were

providex to SRI by the Lockheed Corporation, The correlations that are

R
”

-

= made have tc do witk the spatial location of radar and precipitating

]

partieles,
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Section 5 provides a comparison of some of our radar data with mag-

i

nc:tometer measurements made underneath the radar auroral scattering,
Secticn 5 alsc presents a comparison of the geometry of visual auroral

arcs with radar aurora obtained at the same time,.

i Section 6 is a study of the satellite data and correlations made
between the satellite and radar data in an atteapt to understand the nature
of the phenomena that are being observed. In particular, we concern
ourselves with production of ionization in the nighttime E-region, since

this ionization is necessary for the existence of radar scattering. We

i Al S AL S A A SN A

also concern ourselves with the location of radar aurora and the character

o
R

of the particle precipitation,

E

Section 7 presents the conclusions that have been reached as a re-~

sult of this research effort,

R

Section 8 indicates additionai work that should be done in order tc

R

better understand the data that have already been collected,




2. EXPERIMENT GEOMETRY

A variety of geometric considerations affect the interpretation of
the data correlations covered in this report., In this section we describe
some of these constraints so that the reader can view cur data in better

perspective,

2.1 Geometry Coustraints on Radar Data

As is well known, radar aurora is only obtained when the radar
beam line is nearly perpendicular to the earth's magnetic field in the
scattering volume. The signzal strength depends on the magnetic aspect
angle; this angle is the difference between the angle exactly perpendicular
to the magnetic field and the actual angle between the radar beam line,
The Homer radar was located in order that this magnetic geometry constraint

could permit as wide a coverage of radar aurora over the state of Alaska

*
as possible. Figure 2.1 presents a plot of the magnetic aspect angle for

aurora scattering at an sltitude of 110 km as observed from the Homer radar
site. Homer is located near the bottom of the map. As a practical matter,
radar auroras are usually detectable only when they occur within the 3°

contour shown in Figure 2.1.

Figure 2.2 presents an elevation view, which is another way to
demonstrate the magnetic geometry. This view shows that the 0° magnetic

aspect angle is a function of altitude when the radar views directly North,

Figure 2.3 presents a map of Alaska shewing the 3° magnetic

aspect angle as seen from tie Homer radar site for scattering at 110 km

*
Figures are grouped at the end of each major secticn,
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altitude, Also shown on the map is the area covered by an all-sky cameca
located at Fairbanks, The figure shows overlapping coverage., Another
all-sky camera, located 2t Ft, Yukon, extends photographic coverage

another 200 km north.

Figure 2,3 presents in a qualitative way the area of Alaska and
Canada that can be surveyed by the Homer radar in a practical sense,
During very strong radar auroras, echoes can be obtained from outside

this contour, but such reception is rare,

2.2 Geometric Constraints on Satellite Data

Figure 2,4 shows the way in which satellite precipitation data
were geometrically related to the radar data., This figure represents
an elevation view along a meridian through Homer and College, Alaska,
The figure shows various magnetic field lines. We show schematically how
satellite measurements of precipitation are projected down magnetic field
lines to the earth's surface, The radar aurora are alsc projected down
magnetic field lines to the earth's surface. Therefore, comparisons that
will be seen later will be between precipitation and radar aurora as both

are projected to the earth's surface,

There are three other geometry considerations concerning satel-
lite data that must be borne in mind, First, we project electron-
precipitation effects to the earth's surface as described by Figure 2.4,
it fact, ionization will be produced along magnetic field lines where the
electrons are precipitating, Therefore, there will be a real, geometrical
relationship in the radar scattering region, between electrons and radar
aurora. This is not the case for protons, Satellite-measured proton
precipitation is made at altitudes above 400 kilometers, Protons that
precipitate to lower altitudes where the atmosphere is more dense .ill

suffer charge exchange. As a result, a very localized proton flux at
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satellite altitude may be spatially spread by several hundred kilometers
by the time the protons reach altitudes between 100 and 11 kilometers,

Therefore, velationships between regious of peak proton precipitation,

as measured by the satellite, and regions of radar aurora do not neces-
sarily relate to overlap of E-region ivnization produced by the protons.
The relationship, if one does exist, is then between the mechanism that

causes proton dumping and that which causes spatial structuring of E-

=
=
=

region ionization that leads to radar aurora.

There is a third geometry consideration regarding coirelations

between radar aurora and precipitation., This relationship has to do

el

with the production of the E-region ionization that is necessary for
radar aurora, Since radar avrora most often ouccurs at an altitude on
the order of 110 kilumeters, precipitating particles must have sufficiently

high energy to penetrate to this altitude if they are going to contribute

it )

to the E-region ionization,
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2.3 Simultaneity of Radar and Satellite Measurements

When we perform correlation studies between radar aurora and

ook I

o

-

satellite precipitation, it is essential, of zourse, that the measure-
ments be made at the same time, Since radar aurora can move large dis-
tances in a time of several tens of seconds, one surmises that the
simultaneity accuracy ought to be within 10 or 20 seconds., Pre-pass
ephemeris data were used in our analyses. Pre-pass ephemeris data was

sometimes in error, Four cases were particularly poor iu their simul-

bl

taneity. These four cases were passes A388, A431, A518, and A61l. The
simultaneity for the last two cases was in evror by 7 and 15 minutes,

respectively.

Satellite precipitation data are output and recorded once per

second, During this time period the satellite moves about 7-1/2 km,




A

Satellite data are referenced to “satellite tim-;." The post-

: pass satellite ephemeris is also related to this time, It is therefore

R T

very important that the ephemeris geographical error be less than this;

otherwise our radar/satellite comparisons will not spatially overlap

R R b

properly., We assume Lockheed data are this accurate,
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3. BQUIPMENI\, OPERATION, AND SCHEDULE

In this section we give pertinent details of the instrumentation
that was used on this program. We also indicate the data-taking schedule
for the satellite passes for which Lockheed has provided satellite data

for our use, \

3.1 Homer Radar

Tue Homer Radar is located on Ohlson Mountain about 13 miles
from Homer, Aiaska. Figure 3.1 is a photograph of the radar complex.
The latitude and longitude of the radar are as follows: latitude 59,7142°N;
longitude 151.5333°W, Table 3.1 providas a brief summary of the param-
eters of this radar, The six radar frequencies shown in the table are
fed through the common 60-foot-diameter paraboloid. During satellite
passes all radar frequencies were turned on, were operating, and data
were recorded. In this work we have utilized only the data obtained at

132 and 393 MHz. A far more detailed distribution of the radar may be

obtained from a number of references.? Figure 3.2 provides a block

diagram of the 139~ and 398-MHz radar systems as they were configured

for these experiments.

3.2 O0OV1-18 Satellite

“he OV1-18 satellite was instrumented by the Space Sciences
Lahoratory of the Lockheed Missile System Corporation. Details of the

satellite may be found in Lockheed reports.4:5 The satellite was launched

into neur polar orbit. The satellite gathered 48 channels of data. The

data obtained by Lockheed were corrected for a variety of factors before
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being sent to SRI. For instance, counting rates were converted to ab-
solute particle flux; data were selected from many sets of counters accord-
ing to the momentary satellite orientation (the satellite stabilization
mechanisms failed to operate correctly); average electron encrgy was

computed, etc,

Basically, the satellite recorded electron-precipitation flux
over a range from 0,8 to 37,0 keV, These data were obtained by five
channeltron electron counters, each of which selected electrons over a
narrow energy range, Due to peculiarities of the satellite system, some-
times data were supplied from only the four lower-energy channeltron
countevrs. These data covered the energy range from 0.8 to 16.3 keV, The
electron-precipitation data were provided to SRI as TSUM or PSUM, which
means the total electron flux in electrons per square centimeter per
second per steradian. The TSUM included all 5 channels; the PSUM included
the flux in the lower four energy channels., The electron-precipitation
data supplied to SRI also contained the average electron energy obtained
by computing the first moment of the energy spectrum; this is obtained
by multiplying the energy of each counter times its particle flux in the
five (or four) channeltron counters. This quantity we label EMN, The

meaningful counting threshold for these counters was about 5 X 10G counts

per second,

The proton-flux data that were transmitted to SRI by Lockheed
gave the absolute proton fluxes as obtained by two proton counters, The
first is labeled the B counter, The B-type counters measure absolute
proton flux for protons with energies above approximately 10 keV, The
data provided to SLI were given in protons per centimeter per seccnd per
steradian., Meaningful counting-rate threshold was between 1 X 105 and
4 x 105 per second, depending on which of the B counters was being used,
Another type of proto:. counter was labeled the D counter, These proton

counters measured absolute flux of protons with energies above 38 keV.
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The flux provided SRI was in units of protons per square centimeter per

steradian per second. Meaningful counting-rate thresholids were 1 X 10

5
to 4 X 10 counts per second, again depending on which counter was being
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A table presented in the data compilation of Section 4 provides

a summary of these counter characteristics, along with other data that

are pertinent to understanding tiic data presentations given there,

' 3.3 Operation and Schedule

LA M AR

il The usual operational procedure was to receive satellite emphem- =
3 =
=3 2}}

; eris data fruan Lockheed for expected satellite passes, These ephemeris z

data give predicted satellite position versus time. Accordingly, the

i

Hemer radar would provide a sweep of the appropriate regions of the sky
during the satellite pass. Before and after the satellite pass the radar

would survey the entire sky over Alaska in order to observe the larger
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picture of overall activity.

There were many occasions during which radar and satellite data

were obtained simultaneously., For reasons beyond our control, Lockheed

W ik

has provided data from only 14 of these satellite passes, These 14 passes

i Ry

were selected because radar aurora or satellite precipitation was measur-

able., Table 3.2 presents a detailed summary of the 14 passes,

Radar data were obtained over a period of time, from considerably
before the expected satellite pass (usually several hours) to a time very
late after the pass was expected to be completed (again, ugually several
hours), The radar data analyzed in this report are for the time period
determined from the pre-pass ephemeris data, As a resalt, the simultaneity

of data comparisons between radar and satellite is not always very close,

-

Table 3.3 summarizes this simultaneity more concisely than is obvious

0
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Table 4.2.
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from Table 3,2, Simultaneity of passes A431, A518, and A641 was exceed-

ingly poor, For passés A518 and A641 the poor time simultaneity probably
does not matter since our experience shows that the low K indices imply
geographically stable phenomena. Pass A431 occurred during high activity,
so that lack of time simultaneity of the measurements makes our compari-

sons less valuable for this pass,

The data collection was near midnight local time in all cases
except in October 1969, During October 1969 coordinated measuremnents
were made on eight midday satellite passes., No radar aurora was observed
during any of these daytime passes, We do not know if the Lockheed
satellite recorded precipitation in these regions of the ionosphere during

these passes,

The radar data that were obtained were tape recorded on a 14-
channel analog instrument. The data were read back in analog fashion.
The radar data were measured, geometrically corrected, and plotted on
maps that will be presented later, in Section 4, The satellite data were
reduced by computer before Lockheed delivered the data to SRI, At SRI
a number of computations were made on the satellite data, The results

of these computations are presented in Section 4,

’

4 .

4
i,

A A N S i N S A R R e A

.



Y o

e

A BT e S
e e

L asiiensaligai
Lo e
TR

=
P

St ARG S LA ok DN B AT <
AN e L R PN S A R TG BB s A R B A e s S et Lo S e S G v T D R A S A A

sHvavyd zZHW-86€ ANV ZHW-6EL 40 WVHOVIQ Y2018 2°€ 3HNOI3
43QHO0D3Y
9aNNVHD vl
| X3dWY
HOLINOW 209 13Q0W AHOLVHO8Y HILHIANOD 40103430
43IMOd SLNIWNHLSNI INHOS-HIV b= HOWv3s3y [P H3IAIZD3Y #
H341TdWY DIHLIWVHYd 0311ddv OHY
HIAIE03Y
4314400
YNNILNY ¥3X37dNA 148
L YN V€911
NOILVHBITVD mm@ﬂﬂ%%xw NOHLSATH - xm__n_wmo e mm_.._.um._az @ 1i3ziSaHINAS
SINILSAS ADHANI olavy 'N39
351Nd LNIYIHOD ISVHd

H3aHO0D3s
J3INNVHO vl
X3dWY
HOLINOW (1osisuBs L) woio3Laa [P
HIMO 3| u3nE0ay PP H3AIFO3M »
1S OHY
H3AI3D03Y
§374d0Q
14S
VNNILNY ¥3xX3dna
v818 S3OVLS HOLV1119S0
NOILYHSIT¥D ru N3 g H3AMO | mm_.__ﬂ._m,_:z <@ VISAHD
1S NOSNVW 14S
mm»:n_

THWN 83€

THW BEL

S RN R O TN RS PR R MR AR A

P R Lan i A T éﬂmu




ST AT ek ip Ty T ol s i S e —= = =
SR SR D SR SN ST e T PR R

R AR AT

it RS

4, SATELLITE RADAR-DATA COMPILATION

Satellite precipitation data were provided to SRI for 14 nighttime
satellite passes during which measurable precipitation and radar aurora
were simultaneously present. Noie that radar aurora was not present
when there was no precipitation. Also, recall that during October 1969
coordinated measurements were made on eight midday satellite passes,
During these daytime passes, no radar aurora was observed, though at this

writing we do not know whether the satellite observed any precipitation.

The data obtained are presented in this section in several ways.
The main effort is to provide information that allows for a comparative
study of the spatial locations of radar aurora and the simultaneously
observed satellite precipitation measurements. There are five kinds of
data presentations., They will be described in more detail below, Briefly,

they are as follows:

e The first format is a map of Alaska with the projection of
the satellite orbit down the earth's magnetic field lines
onto the map, Also shown on the map are the areas in which
radar aurora was found., The maps give an indication of

where precipitation was occurring.

¢ The second data presentation is a series of A-scope photo-

graphs giving radar aurora inteasity,

¢ The third and fourth formats provide various data concerning
electron precipitation and proton precipitation versus

orbital time.

PRECEDING PAGE BLANK
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e The fifth format provides histograms of occurrence of
electron-number flux, electron-energy flux, and average
electron energy for each of the 14 passes according to
whether radar aurora was or was not present in the precipi-
tation region, For easy identifibation, the figures in
these five formats are designated by figure numbers containing

the letters A, B, C, D, and E, respectively,

All data are labeled according to satellite orbit number, Data are
presented in order of ascending ithree-hour magnetic index at College,
Alaska, Table 3.2 provides a schedule of satellite passes and other perti-

2t information, The times shown on all figures are Universal Time
{Greenwich Meridian Time)., Subtract 10 hours to convert to Alaska Standard
time, Thus it will be seen that all measurements reported here were made
between midnight and 2 AM local time in Alaska, Note that because the
Homer radar can observe aurora over a wide azimuth around magnetic north,
radar aurora may be measured from areas that are experiencing significantly
earlier or later local magnetic time tnan at the radar site itself,
Dr.i1nt all measurements reported here the E-region was in darkness, Table
4, 1 sts satellite passes according to ascending K index, The table

summarizes other pertinent information.

4.1 Maps of Alaska

In Figures 4. A.1 through 4.A,14 we present 14 maps of Alaska,
one for each of 14 satellite passes, The maps show the location of the
Homer radar facility near “he bottom of each figure, Each map is labeled
with the date of the satellite pass, the satellite orbit number, and the
radar frequency for which clutter returns are shown, The satellite orbit
as projected down the earth's magnetic field lines to the earth's surface
is shown on the map. Tic marks indicate Universal Time along this orbi-

tal projection, The total energy precipitated as a function of orbital
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SUMMARY OF SATELLITE PASSES ORDERED ACCORDING

TO MAGNETIC ACTIVITY
Subjective Character
Time Simultaneity of Precipitation
3-Hour of Radar and (See Section 6
Sequence | Pass |Magnetic| Satellite Data for description)
No, No. |Index-K | (minutes:seconds) | Electrons| Protons
1 A518 0 7:00 Poor - -
2 A641 0 14:25 Very noor - none |
3 A624 1 0:00 Good - -
4 Al57 1 0:15 Good - -
5 A388 1 2:20 Good E -
6 A232 2 0:30 Good E wp
7 AB76 2 0:10 Good E -
8 A751 3 0:35 Good E -
9 A369 4 1:45 Fair E -
10 AB57 5 0:15 Good E wp
11 A431 5 3:20 Poor E p
12 A2964 6 0:45 Fair E none
13 A2995 7 0:15 Good E P
14 A2979 7 0:10 Good E P

position along the orbit is shown by means of cross-hatched areus,

The

amplitude of the cross-hatching from the satellite orbit is linearly

proportional to energy deposition,

more legible, the cross-hatched areas are extended on both sides of the

orbit.

gion from which clutter was obtained, if it was well mapped by the radar,

is also outlined with a heavy line.

Radar aurora are shown on the map by speckled areas,

25
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onlv along the satellite orbit. In these cases the radar aurora is shown

as speckled with heavy boundaries that are not closed,

On several satellite passes there are special considerations,

These will be noted on the figu:cs.

4,2 Radar-Aurora Signal-Intensity Plots

Radar auroral echo strength and iocation of radar echoes are
determined in this report from A-scope photographic records. An A-scopa
record presents signal intensity or signal voltage as a function of rauge

from the radar. The A-scope photographs presented are time-exposure

photographs of approximately 30 seconds duration., The figures are anno-

tated with radar frequency used, time duration of signal integration

A

(Universal Time--subtract 10 hours for Alaska Standard time.), and antenna

azimuth and elevation, The A-scope records provide approximate logarithm

of signal amplitude (post-detection amplitude) versus range in kilometers.

On some figures we have placed the symbol =, which indicates that during

the integration time the radar aurora amplitude seemed to vary in ampli-

= tude in a significant way.

Figure 4.,B.0 presents calibration signal amplitudes that may be
used with the A-scope photographs. The calibrations are given in terms
of power input into the receivers for both the 139- and 398-MHz radars.
Calibration must be done in this way rather than as radar cross section

because cross-section calibration would be a function of range, aurora

geometry, aantenna beam pattern, etc. A value of -100 dBm corresponds

11

- 2,3
approximately to 10 m /m , This relationship assumes radar aurora is

on the order of 10 kilometers in vertical thickness, at a range of about

AL A e B S S s A S B R b M st e A

800 kilometers, and is beam-filling in the azimuth direction, Figures

P

are labeled according to three-hour magnetic index in ascending order.

The radar signal amplitudes for 14 satellite passes are presented in

=3 ’ Figures 4,B.1 through 4,B.14.
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4,3 Satellite Data

The satellite data are presented in the form of computer-drawn
graphs, Data are presented for electron precipitation and proton precipi-

tation separately.

4.,3.1 Electron-Precipitation Data

Electron-precipitation data versus orbital time (Univer-
sal Time-~subtract 10 hours for Alaska Standard time) are presented in

Figures 4.C.1 through 4,C,14. In each figure are shown plots of three

e

separate quantities. The top part of each figure presents T-PSUM. ‘fhe
crdinate in the top figure is logarithmic in electrons per square centi-
meter per second per steradian, In regions where no data points are
shown, the counting rates were low; at the suggestion of Lockheed person-
nel we have imposed a threshold at a value near to or just equal to the
on-board, radioactive-calibration-source counting rate. In soae cases,
through oversight, the amount of time for which data were sﬁpplied to us

was less than we required.

The middle part of each figure presents as ordinate the

quantity EMN, This quantity is the mean energy of the precipitating
electrons as determined by the five (or four) energy-selecting electron

counters, The units are linear from O to 10 kV, The bottom part of each

R A bR AR AR

b

figure —resents 3 its ordinate the logarithm of the product of the T-
PSUM taines EMN, . units are electron-keV per square centimeter per
second per steradian, This curve provides a measure of energy flux (power)
as a function of position along the satellite orbit. We have indicated

on the figures, by cross-hatched regions along the trajectory, where

radar aurora simultaneously existed. Table 4.2 provides a summary de-

scription of the quantities given in Figures 4.C.1 through 4.C.14,
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Table 4.2

SUMMARY OF DEFINITIONS
OF VARIOUS SATELLITE DATA QUANTITIES

ST Sy ST i e e gt &
N A N A i e e s B S 2 B T T b i Y R Tie L hn a e el .
s z e = 2 SRR SIS 0 T el v T B me N K e s et

Electrons

TSUM

PSUM

Protons

B

)

PAV

APAV

Total electron flux between 0.8 and 37 keV as measured by
five energy-selecting channeltron counters. Meaningful
threshold: 5,10 counts/s, Units: el/cmz-s-ster.

Total electron flux between 0.8 and 16,3 keV as measured
by four energy-selecting channeltron counters. Meaningful
threshold: 5.,10° counts/s, Units: e1/cm2~s-ster,

Average electron energy deternuined from counting-rate dis-
tribution in five (four) channeltron counters,

Total electron energy flux (power density): (TSUM X EMN,
or PSUM X EMN) .

Proten flux, protons/cmz-s-ster. Approximately 10-keV
threshold, no uppeg limit., Meaningful counting~rate
threshoid: 1 X 10° to 4 x 10° counts/s, depending on the
counter,

Proton flux, protons/cm®-s-ster, 38-keV threshold, no
upper limit. Meaningful counting-rate threshold: 1 X 10
to 4 x 10° counts/s, depending on the counter,

Average proton energy under the assumption that the proton
energy spectrum is exponential. This quantity is deter-
mired from the relative counting rates in the B and D
counters,

Approximate fractional statistical error in proton average
energy

Total proton energy flux (power density)--(B counter flux
rate times E).

Approximate fractional statistical error in total energy
flux,

R T - T S

Ml‘ﬂ'rrl;n'l A O e S 8 it

AR

ES
=
2
g
EA
k=]
3
Z
=
=
3
2
=
£
=
)
=
#
:‘5
}%‘
=
=
2
=
ks
=
3
=
=
Es]
3
i
=3
=
E-
=
=

.ﬂ;'

1
by

mm SR b (R b

A

ot
t
1

t




As an aid in data-correlation work, an arrow has been
placed at the bottom of these figures., A vertical lire carries the po-
sition of the arrow across all of the subfigures, Tha2 arrow shows the
point in time when the satellite crossed the L-shell that goes through
College, Alaska, Also indicated is a distance in kilometers--east or
west of College--where this transit took place. The 3-lhour magnetic K
index from the College magnetic observatory of the U.,S5, {oastal and Geo-

detic Survey is also indicated.

All satellite paths for which data are used in this re-
port were north-to-south transits. We have indicated on the figures that
the left-hand side is north and the right-hand side is south as a reminder

of this fact.

4,3,2 Proton-Precipitation Data

Figures 4,D,1 through 4.D,14 present proton-precipitation
data as a function of orbital position. There are five subfigures in
these figure sets., The top subfigure provides as ordinate the logarithm
of the proton flux in the B counters. The B counters provide flux mea-
surements for protons with energies greater than 10 keV, The units are
prb;ons per square centimeter per second per steradian, Regions in which
there are no data plotted are regions where the counting rate dropped to
a value to be expected from radioactive calibration sources alone., At

Lockheed's suggestion we have imposed a ihreshold belovw: which no data

points were plotted.

The second subfigure from the top provides as ordinate
the logarithm of the average proton energy versus orbital position, The
ordinate is labeled E. The average energy is computed in kilovolts. The
average proton energy is estimated using the assumption that the proton-

energy spectrum is exponential in energy. Under this assumption the
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relative counting rates in counters B and D can be used to estimate the

average energy. Note that for an exponential energy distribution the

: average energy and the e-folding energy are the same,

The B counters and the D counters are independent of one
f another, Each counter, measuring proton flux over a short time period,
-é provides statistically independent samples. Therefore, each value is
subject to statistical fluctuations; when the proton mean energy becomes
lurge, or the absolute counting rate becomes small, the determination of
the average proton energy, ﬁ, becomes statistically uncertain. Based on
information provided to us by Lockheed, we have produced in the third
subfigure an estimate of the statistical accuracy of the E estimate., In
fact, the way data are handled on board the satellite does not allow for
good statistical estimation of data accuracy; it is believed thougbh that
Aﬁ provides an approximate fractional, statistical error in our estimate
of proton average energy. This is a linear scale of fractional error
from 0 to 1, Certainly when our estimate of this error is close to one,

the estimate of E is quite uncertain. When the estimated error is near

0, then our estimate of average proton energy is liable to be statisti-
cally accurate; hovever, the reader must remember that the derivation of
E assumes an exponential form for the proton spectrum, We do not know

whether this analytical form is a good fit to the real precipitation

TR TP

spectrum,

The fourth subfigure from the top presents the logarithm
of the total proton energy flux as ordinate, The ordinate is labeled
PAV, This quantity, PAV, is the flux in Counter B times the average pro-

ton energy; hopefully, PAV is proportional to the incident power density

of protons impinging on the top side of the ionosphere.

The estimatc of PAV includes the statistically uncertain

estimate of E, We have therefore provided in the bottom subfigure an

A A B R L S A ML S TS B

R AR
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estimate of the fractional error in the total proton energy flux, This

% fractional, statistic error varies linearly from O to 1. The ordinate

‘ is labeled APAV, As with our estimate of the fractional error in E,
wvhen our estimate of the fractional error in PAV is large, our estimate
of PAV is clearly very poor, When the fractional error, APAV, is near
0, the accuracy of the statistical estimation of PAV will be quite good;
however, tlL~ readér must remain cognizant of the fact that the quantity
PAV includes an assumption of an exponential proton energy spectrum,
As indicated above, we do not know how valid this assumption is. Table

4.2 summarizes the quantities in Figures 4.D.1 through 4.D.14,

AR

w
|

As with the electron plots, the location of the satellite
transit of the College, Alask: L-shell is indicated, as is the College
three-hour magnetic index, Satellite transit is from north to south,

This is also indicated on the figure,

4,3,3 Histograms of Electron-Precipitation Data

In order to seek a definitive correlation between radar
aurora and electron precipitation a series of histograms has been przpared.
Data have been organized so that two histograms appear ¢ each subfigure,
Each histogram presents the number of measurements of a particular quan-
tity from regions of the satellite pass where no radar echoes were ob-
served (i.e., regions where they could have been observed if the enviromment
had given rise to scattering), On tne same subfigure another histogram
presents the same quantity for regions where radar echoes were observed,

The histogram sets are given in Figures 4.E.1 through 4 .E, 14,

The top subfigure gives two histograms of the electron
nuitber flux--TSUM--according to presence or absence of radar aurora,
Note that both the abscissa and the histogram interval widths are loga-
rithmi&. For g?eater ease of display the ordinate is also logarithmic--

1
with a place prdovided for zero cases, Satellite duta are read once per

31
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second, Therefore the number of cases plotted corresponds to the number
of seconds of data that were obtained, subject to other constraints, The
particle-flux threshold value of 5 X 106 was applied in order to eliminate

data dominated by the radioactive calibration source,

- The middle subfigure gives two histograms of the
3 electron-energy flux (ELE) according to presence or absence of radar

aurora, Note that the abscissa and ordinate ave Jogarithmic,

The bottom subfigure gives two histograms of average
electron energy (EMN) according to presence or absence of radar aurora.

Only the ordinate is .ogarithmic in this plot.

4,4 Comments on Specific Satellite Passes

In this subcection we discuss features of several of the satel-

lite passes that may help the reader to better understand the limitations

IR IR "‘u\fk"l‘l"‘l it *‘{,ﬂ‘\ R

of this experiment, Some of these comments relate to work that is pre-

sented later, in Section 6 of this report.

sl R A

4.,4,1 Satellite Pass A388

v

P’

e

If electron precipitation in the area of Bar 1 (see

e
=1
=5

Figure 4.,A.5) produces radar clutter, then it probably would not be seen

by the radar since the usual clutter altitude of 110 km is just beyond

the radar horizon. Furthzrmore, the magnetic aspect is 3°, further dis-

.
A AT
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criminating against observing clutter, The area of weak clutter shown is

bounded in the north by the southern boundary of detectable electron pre-

1 Ty,

. 2 R
cipitation (threshold taken to be 5 X 106 el/cm -s~ster), There is no
evidence of proton precipitation in the area, An undetected electron

6
precipitation flux in this area with a flux just below 5 X 10 could pro-

4
duce 6 X 10 el/cms. This density might be enough to allow auroral radar

echoes to be obtained should this jionization become structured into

irregularities,
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! 4.,4,2 Satellite Pass A431

The maps of Pass A431 (Figure 4.A.11) show that the ob- .
served radar clutter does not coincide with regions of maximum energy
deposition, The plots of the B-counter (proton) and the TSUM (electron)
count show that, in regions where clutter is observed, there is precipi-
tation of both protons and electrons, The E-rezion was not illuminated
by the sun, A monoenergetic electron beam of 3 or 4 keV, the average
energy indicated by EMN, would not penetrate to the appropriate altitude.
We presume that the actual spectrum is spread in energy. The proton
average energy excceded 10 keV in this same area of the sky; this average

energy can produce ionization in the relevant regions of the ionosphere,

The electron flux in the main clutter region varies be-
7 7 2
tween 10 and 3 X 10 el/cm -s-ster, The proton flux is approximately
3 x 106. The data of Figures 6.2 and 6.5 (see Section 6) suggest produc-

4 5
tion of steady-state E-region densities of from 8 X 10 to 1.5 X 10 due

4
to electron precipitation, and ~ 8 X 10 due to proton ionization, The

) U

steady-state electron density due to both electrons and protons would
5
therefore be likely to exceed 10 , This background ionization is probably

sufficient to produce observable auroral radar clutter,

We note that the electron-precipitation flux is very
much greater, by a factor of 10 to 30, in regiors where no clutter is
obtained, though time simultaneity of measurement is not very good. Most

observers believe that the electron-density irregularities that cause

radar scattering from E-region ionization are caused by electric fields,
This single satellite pass may suggest that regions of higher precipita-
tion levels produce higher conductivities that cause "short-circuiting"

of the ionospheric electric fields,

The region of intense electron precipitation between 64°

and 65° north latitude lfgé in an area where the magnetic aspect angle
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from the radar exceeds 3°, Therefore, the radar cannct well monitor the

clutter environment in that region of the sky.

4.,4.3 Satellite Passes A2979 and A2995

These two passes occurred during a high-energy proton
aurora, The proton flux into the B counters was not extraordinarily
large, being in the neighborhood of 106 protons/cmz-s-ster. But the
energies of the protons were so large that tihe determination of average
energy--assuming an exponential spectrum--was jeopardized by statistical
errors, That is, the B~ and D-counter counting rates were nearly equal;
this means that most protons had energies above the 38-keV threshold of
the D counters., The ratio of the R to D counting rate would be nearly
1.0, The logarithm of this ratio is divided into a constant to determine
E. Any statistical fluctuation in counting rate of either counter could
bring the ratio to 1,0, thereby driving the logarithm to zero and causing
us to compute an infinite average energy, The proton energies are so

kigh that an "average energy" determination from the counting ratio of

B to D is statistically meaningless,

Electron precipitation was taking place nearly everywhere
on Pass A2979. On Pass A2995 the electron precipitation was also wide-
spread. The average electron energy was high on Pass A2979, being about

6 keV., On Pass A2995 the electron energy was somewhat less.

Radar auvrora wus intense and very widespread during
Pass A2979, The clutter was weaker and contained spatial gaps on Pass
A2695, We could characterize both events as occurring during intense
aurora, though A2979 was stronger, In spite of the apparent tendency of
regions of peak precipitation intensity and radar aurora to anti-ccrrelate
(not overlap) during satellite passes when auroral activity is weaker,
there seems to be good overlap in the locations of the two phenomena for

these two passes,
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FIGURE 4.A.1 MAP OF ALASKA SHOWING GROUND PROJECTION OF SATELLITE ORBIT,
PRECIPITATING ELECTRON ENERGY FLUX ALONG THE ORBIT, AND
RADAR AURORAL DISTRIBUTIONS DURING PASS A518
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FIGURE 4.A.2 MAP OF ALASKA SHOWING GROUND PROJECTION OF SATELLITE ORBIT,
PRECIPITATING ELECTRON ENERGY FLUX ALONG THE ORBIT, AND
RADAR AURORAL DISTRIBUTIONS DURING PASS A641
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