
AFGL-TR-88-0324

o
0

ELECTRODYNAMICS OF THE HIGH LATITUDE IONOSPHERE

R.A. Heelis
Center for Space Sciences
The University of Texas at Dallas
Box 830688
Richardson, Texas 75083-0688

November 1988

Scientific Report No. I

Approved for public release; distribution unlimited

Prepared for D TIC
AIR FORCE GEOPHYSICS LABORATORY ELIECTE
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE APR 1
HANSCOM AIR FORE BASE U
MASSACHUSETTS 01731-5000 E

89 4 18 088



"This technical report has been reviewed and is approved for publication"

VID No ANDERSON WILLIAM K. ICKERY
Contract Manager Acting Branch Chief

FOR THE COMMANDER

ROBERT A. PIVANEK
Division Dfector

This report has been reviewed by the ESD Public Affairs Office (PA) and is
releasable to the National Technical Information Service (NTIS).

Qualified requestors may obtain additional copies from Defense Technical
Information Center. All others should apply to the National Technical
Information Center.

If your address has changed, or if you wish to be removed from the mailing
list, or if the addressee is no longer employed by your organization, please
notify AFGL/DAA, Hanscom AFB, MA 01731. This will assist us in maintaining
current mailing list.

Do not return copies of this report unless contractual obligations or notice
on a specific document requires that it be returned.



Unclassified

F"CUTY CLASSIFIIOT OF THIS PAGE

REPORT DOCUMENTATION PAGE
Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

Unclassified

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILASI4$-' OF REPOW
.Approved for public release;

'OtECLASSFICATION/OOWNGRADING SCHEDULE distribution unlimited

, PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANATON REPORT NUMBER(S)

AFGL-TR-88-0324

6. NAME OF PERFORMING ORGANIZATION 6 b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

University of Texas at Dallas J N aplkale) Air Force Geophysics Laboratory

Ec. AbORESS (CRy. Staft, d ZIP COMe) b. AD RESS (Cty Stew, and ZI Cod*)
Center for Space Sciences Hanscom APB
Box 830688 Massachusetts 01731-5000
Richardson, TX 75083-0688
I& NAME OF FUNDINGISPONSORING 6b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (pifPcable) F19628-86-K-0042

Oc. ADDRESS (Cify, Statt, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. CCESSION NO.

61102F 2310 G9 AD
11. TITLE (tk4c SecNt '€i&OW)
Electrodynamics of the High Latitude Ionosphere

12. PERSONAL AUTHOR(S)
R. A. Heelis

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (YearO, A*t. Day) 5. PAGE COUNT
Scientific Report #1 FROM TO 1988 November 18
16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Contidnw on revere if necessary and identify by block number)

FIELD GROUP _ SUB-GROUP > Aurora /

,, Ionosphere) ( , _

1. TTRACT (Conue on revewre if necwy and identify by block number) .
A broad range of scientific investigations ranging from the development of large scale

models of ionospheric convection to small scale plasma flows associated with polar cap arcs
is described. It is shown that during times of northward IMF, coherent mesoscale convection
features can frequently be identified at high latitudes. We now have the ability to quite
accurately reproduce the convective features of the plasma at high latitudes during periods
of southward IMF.

Advances in our understanding of electric field coupling in plasma structures and the
differences in local and height integrated Joule beating rates are also described. The
importance of the bottomside F-region concentrationin. determining the effectiveness of
electrical coupling is emphasized. ,..

20. DISTRIBUTION/AVAILABIUTY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
-UNCLASSIFIEOIUNLIMITED (3 SAME AS RPT. [ OTIC USERS Unclassified

22s. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (inlud* Area Code) 22c. OFF( SYMBOL
David Anderson AFGL/LIS

DD FORM 1473. e4 MAt 83 APR edton may be used untd exhaUted. SEURITY CLASSfTION OF TI PAGE
All other editiom are obsokte. Unclassified



* CONTENTS

PAGE

Introduction 1

Polar Cap Arcs 1

High Latitude Joule Heating 2

High Latitude Plasma Structure 4

Electrical Coupling in Structures 4

Analytic Convection Model 6

Bulk Plasma Transport at High Latitudes 8

Appendix: Coherent Mesoscale convection patterns

during Northward IMF 12

Global and local Joule heating effects seen by DE-2 13

Accession For

NTIS (Gp.A&I
DTIC TAB
Uklconno~iiaced
Just ifi cat 10

ByK
Dstribution/

Availability Codes

Dit AvaiY anid.or
Dist speci~al



ELECTRODYNAMICS OF THE HIGH LATITUDE IONOSPHERE

Introduction

Diring the past research period we have pursued the study of ionospheric

dynamics and plasma structure at high latitudes. This research has been devoted to the

study of the electrodynamics of polar cap arcs that appear during periods of northward IMF

and to the charaterization of the bulk transport properties of the plasma during periods

of southward IMF. In addition we have begun the .t,.velopernent of compiiter software to

allow a rigorous examination of the plasma and electric field structure that exists at high

latitudes. Below we briefly describe the progress in each of thes areas that has been ilade

during this r,.earch period.

Polar Cap Arcs

Ground-based observations of discrete auroral forms in the polar cap have been

undertaken by the A F( ;L group for many years. They have established their existence

during times of weaL 'v southward and northward IMF and their coherence over spatial

scales of 100 to 1000 kin avid temporal scales of many hours. During this years activity

w, have undertaken a, e-Atensive data reductiona nd anlysis coampaign to establish the

convective properties of the plasma associated with these sub-visual, sun-aligned, polar cap

arcs. We have concentrated on a time period during which all-sky image intensified pictures

were taken during over passes of the DE-2 satellite at Thule, Greenland. This combination

of data allows us to establish the temporal and spatial coherence of the features and to

. ... ... . ............ . . . . -- m m . . m m m m 1



use this information to extrapolate to two dimensions, the data taken in a one dimensional

slice by the DE-2 satellite. We have been able to show that the sun-aligned arcs, accurately

track gradients in the convective motion of the plasma. Sometimes these gradients are

associated with a reversal in the ion flow from sunward to antisunward, but at other times

they may simply be embedded in a region of sunward flowing plasma. In both cases the

flow with respect to the arc is predominantly along the arc and reverses direction across

the arc. Thus in circumstances where a reversal in the flow is seen, the polar cap arcs

either designate narrow isolated convection cells or they indicate a bifircation of a larger

convective ,ell into "finger like" distortions. Figure 1 shows an example of the convective

flow implied by the combined data sets that have been examined in detail by Carlson et al.

[1988]. An abstract of this work published in the Jounal of Geophysical research is enclosed

in this report.

High Latitude Joule Heating

Joule heating is important to both the ionized and neutral constituents of the

atmosphere. Enhanced ion temperatures resulting from this process change the distribution

and composition of the ionospheric plasma, thus affecting the total electron content and

the processes generating plasma structure. Heating of the neutral atmosphere affects the

neutral gas scale-height and thus the frictional forces experienced by orbiting spacecraft.

During this research period we have undertaken a study of the Toule heating rate at high

latitudes, the factors affecting its magnitude and the limitations of a single data set to

a(, u'ately determine the magnitude of this parameter. We have found dramatic differences

between the local joile heat ing rate observed by a satellite near 400 km and the height

integrated joule heating rate determined from measurements taken at this altitude. The

former parameter is weighted by the local ion concentration while the latter is weighted

by the height integrated ionospheric conductivity. These two parameters may have quite

different distributions in local time and latitude. For example, we find that in the cusp

region where the local F-region ion concentration is high, the lo'al joule heating rate is also

2
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high due to the large electric field in this region. The heating rate per particle is however,

quite low due to the large ion concentrations produced by low energy electron precipitation.

The height integrated joule heating rate can be quite small in this region since the height

integrated conductivity is fairly low and the ion velocities need not be much larger than

those observed elsewhere in the auroral zone where the ionospheric conductivity is much

larger. It is important to understand the differences between the local and height-integrated

Joule heating rates and to undersatnd the influence of the neutral wind on our estimates

of these parameters. Figure 2 shows the distribution of local joule heating observed by the

DE-2 satellite Heelis and Coley, 1988] An abstract describing more completely the findings

of this study is included in this report.

High Latitude Plasma Structure

The characterization of plasma structure at high latitudes is important in

determining both its effects on the propogation of radio signals and the processes for

producing the structure. During this research period we have started an effort to allow

easy access and visulization of ion concentration mesurenments made from satellites This

program includes the spectral analysis of selected data segments as well as high pass, low

pass and band-pass filtering techniques. While the effort during this research period has

been largely one of software development, we expect that big dividends will result for future

research efforts. We plan to investigate the magnitude of the small scale plasma and electric

field fluctuations that exist in the polar cap and in the auroral zones under different seasonal

and IMF conditions.

Electrical Coupling in Structures

The presence of plasma structure in a confined altitude region of the ionosphere

will induce structure to form elsewhere in regions connected by the Earth's magnetic field.

This structure is produced by parallel diffusion of the original structure and by the mapping,

4
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along magnetic field lines, of electric fields associated with the original structure. We have

begun the development of computer code to decribe the details of the evolution of plasma

structure that is subject to these processes. In previous work we treated the ionosphere as

two conducting slabs between which electric fields of all scale-sizes mapped unattenuated.

In the present formulation we have removed both these limitations and solved the equations

of current and plasma continuity in two dimensions. Original investigation of the properties

of electric field mapping reveal the very early results described by Farley [1959]. However,

we have also investigated the role of the ionospheric plasma density profile on the mapping

process. We find that the distribution of density in the bottomside F-region is critical to the

details of the mapping process. This is illustrated in figure 3, where we show the potential

distribution as a function of altitude for two profiles of the background ion concentration.

It can be seen that the number densities change very little, but since they do so in a region

where the ratio of the direct to the Pedersen conductivity changes rapidly, the mapping

properties of the potential change quite radically. Thus the effects of F-region structure

on the generation of structure in the bottomside F-region and E-region can be critically

affected by the background ionization profile. We will pursue this property of the electric

field mapping process in more detail in subsequent reports.

Analytic Convection Model

A series of simple analytical expressions to represent the two cell high latitude

ionospheric convection pattern was developed by Heelis et al [1982] and used successfully

in a number of large scale models of the ionospheric plasma and the neitral atmosphere

dynamics and composition. Subsequent studies of ion drifts and electric fields exposed a

Qignificant drawback to the original formulation. It involved the use of symmetric geometric

functions that forced the origin of the potential coordinate system to be the location of zero

p,,tential. This attribute of the convection pattern was shown to be violated by the many

data sets that were examined. In response to this finding we have undertaken a different

analytical formulation of the convection pattern and sought to define the dependences

6
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of the independent variables in the formulation on the IMF. The first attribute of the

model must be the ability to produce asymmetric cell geometries that are dependent on

the IMF. We have accomplished this by introducing the location of the zero potential

inside the polar cap as a variable in the mathematical formulation. We then calculate

spline functions that reproduce this location and the value of the maxiinun and minimum

potentials specified on the convection reversal boundary. This technique has the advantage

that the independent variables are easily specified by data from high inclination satellites.

The functional dependences of these parameters on the IMF can then be easily obtained

by utilizing these existing data bases and those that will become available from the DMSP

satellites. Figure 4 shows the capability of the model formulation to produce asymmetric

convection cells by varying the position of the zero potential inside the polar cap. Future

work will be devoted toward developing the IMF dependences so that the model will

function in ionospheric and themospheric codes by simply specifying the IMF.

Bulk Plasma Transport at High Latitudes

During periods of southward IMF all-sky images of the 6300 atmospheric emission

imply the exiteit-e of patches of ionization that are enhanced with respect to the

background by a factor ol 4 or more, and that are convecting antisunward in the polar

cap at the LxB drift ,peed. The processes by which temporal or spatial changes in the

convection pattern could be responsible for these patches, has been examined during this

research period Fhis research , in collaboration with scientists at AFGL, involves solving

the continuity and momentum equations for the high latitude ionospheric plasma during

it's convective path through the auroral zone and dayside cusp region. By varying the

configuartion of the convection pattern, either in response to an implied change in the IMF

Bz component or to a change in the By component, we are able to compare the observations

at a fixed location with those expected if the convection pattern were unchanged. We can

demonstrate that in the northern hemisphere, for periods when the IMF By component is

positive, plasma in the morning side polar cap originates from the dusk side auroral zone

8
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and has a long convective path in sunlight before entering the dark polar cap. In contrast,

when the IMF By is negative the plasma originates from the dawn side auroral zone and

may have a very small or insignificant convective path in sunlight. The observed plasma

densities inside in the polar cap for these two cases can easily vary by a factor of 6 or

more. For a fixed orientation of the IMF given by the ratio By/Bz, similar changes in the

polar cap plasma concentration can result from changes in the diameter of the polar cap

associated with changes in Bz. Further investigations of this phenomena are now required

to investigate the temporal variations in the convection pattern configuration that will

produce the appropriate patch size observed at a fixed site.

10
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 93, NO. A12, PAGES 14,501-14,514, DECEMBER 1, 1988

COHERENT MESOSCALE CONVECTION PATTERNS DURING NORTHWARD INTERPLANETARY MAGNETIC FIELD

H. C. Carlson, 1 R. A. neflis,2 E. J. Weber, 1 and J. R. Sharber3

Abstract. All-sky imaging photometer (ASIP)
and coincident DE 2 satellite plasma drift and
particle data have been combined to study polar
ionospheric convection In the presence of sub-
visual intensity, soft-particle excited (F
region), 6300-A, Sun-aligned polar cap arcs.
Coincident DR-B drift moter data identify these
arcs electrodynamically as lines of negative
electric field divergence. Based on conduc-
tivities, derived from the DE-B (low-altitude
plasma instrument) measured particle fluxes, and
the measured electric field gradients, the
divergence of horizontal current across these
particle Impact excited arcs Is in good quan-
titative agreement with upward Dirkeland
currents carried by the measured particle
fluxes. Although velocity structure can be
found without arcs, given the ASIP identified
condition of stable weak (hundreds of rayleighs)
6300-A Sun-aligned arcs in the polar cap,
electric field negative divergence is con-
sistently found. These arcs (of the order of
100 km in width) are found by ASIPs in the polar
cap about half the time under B. ) 0 inter-
planetary magnetic field conditions. They are
regularly seen by ASIP data to extend 1000 to
over 2000 km in the sunward direction, and to
persist in time often for over an hour. We are
thus led to conclude that velocity gradients of
this noon-midnight elongated scale are typical
of at A 0 conditions. We further conclude that
combined polar ASIP images and electrostatic
potentials calculated along transpolar satellite
tracks offer a valuable diagnostic for polar
ionospheric convection studies under Bz ) 0 con-
ditions. The ASIP time continuous two dimen-
sionality and the satellite equipotential
scaling allow individual "snapshots" of these
polar convection boundaries. Application here
demonstrates highly anisocropic temporally
stable convection with greater order than has
previously been suspected.
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JOURNAL OF GEOPHYSICAL RESEARCH. VOL 93, NO. A7, PAGES 7551-7557, JULY 1, 1988

Global and Local Joule Heating Effects Seen by DE 2

R. A. HZBLIS AND W. R. COLBY

Ceatet fo Sp Sciences, Unrsweity of Tesne at Dalla, Richoh&on

In the altitude region between 350 and 550 kin, variations in the ion temperature principally
reflect similar variations in the local frictional heating produced by a velocity difference between
the ions and the neutrals. Here we show the distribution of the ion temperature in this altitude
region and discuss its attributes in relation to previous work on local Joule heating rates. In
addition to the ion temperature, instrumentation on the DE 2 satellite also provides a measure of
the ion velocity vector representative o" the total electric field. From this information we derive
the local Joule heating rate. From an estimate of the height-integrated Pedersen conductivity it
is also possible to estimate the global (height-integrated) Joule heating rate. Here we describe the
differences and relationships between these various parameters.
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