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BACKGROUND INFORMATION

NASA research grant NGL 05-007-004 was awarded to the In-~
stitute of Geophysics and Planetary Physics of the University
of_Ca]ifornia, Los Angeles, on March 1, 1962, in support of a
space instfument develcpment program. The participation of graduate
studeﬁts at the University is a basic part of the research effort.

The grant was renewed on July 1, 1963, with provision for a
three-year step funding arrahgement. Additional supplements were
pkovided in July 1964, July 1965, October 1966, October 1967,
October 1968, October 1969, October 1970, and October 1971.

The investigators whose work is supported under thfs grant;
in the course of this work, have participated or are participating
in the following spaceflight missions: Mariners 2, 4, and 5 plane-
tary flybys; 0OVI-2 and OV1-12 earth sate1fites, both USAF; the ATS 1,
0GO 5, and 0GO 6 earth satellites; the Apollo 15 and 16 lunar satel-
lites; and the Pioneer 10 Jupiter flyby. They are participating in
preparations for flight ‘experiments for the ATS F and G earth satel-
lites, and Pioneer G Juniter flyby. Fabrication of the flight hard-
ware for these exper1ments is funded under separate contracts.

Dur1ng the reporting period four new proposals were pre-

pared by the investigators. The major portion of the proposal

work was supported under this grant.



I. Charged Particle Research

A. Theoretical Studies

1. Numerical Models of Convection

A Fortran program has been developed to calculate particle
trajectories in a given magnetic field and electric field
- configuration. This program can-be used to calculate pitch
angle distributions of particles at a fixed point in the
magnetotail for Vafious models of the initial particle
distribution at the time an electric field is established
across the tail. Further implementation of this program
requires an accurate model of the tail magnetic'fie]d. To
date no suitab]e model has been found. Several recently
pubiished magnetic fieid modeis (Mead and Fairfieid 1972,
wi1]is.and Pratt 1972, W.P. Olson private communication)
have been inves;igated and were found to give either unphysical
tail magnetic‘field cbnfiguratiohs or field magnitudes in
poor agreement with measured fields.

2. Interpolation by Cubic Splines

Magnetospheric particle fluxes are typically measured in
a limited number of enérgy channels and frequently at only a
limited number of pitch angles. For the purpose of comparing
theory with experiment, it is useful to obtain the particle
flux at constant energy and pitch angle. To this end inter-
polation by the method of cubic splines has been studied.

The problem of interpolation of particle fluxes is complicated



by stéfistica] scatter in the data. To study this prbbfem
. a weighted cubic spline'interpo1atibn” routine developed by
Powell [1970] was obtained. Tests of tﬁis routine weighting-
the data as the inverse of the standard deviation indicate
that this technique is satisfactory for interpolation between
energy levels and pitch angTes. A modified versioﬁ of this
routfhe is currently being incorporated ihto the analysis
library of the 0G0-5 electron spectfometers. |

3. Particle Diffusion in the Mégnetosphere

The transport of-energetiﬁ charged particles in the
magnetospﬁere is aﬁa]yéed theorética]]y on the basis of a
diffusion equation.l The assUmﬁtions reqdiréd toljustify this
déscﬁ‘ptﬁon of the transport ,terLb_@Ln__ar-_e__.b_eﬂ'ng reexamined. - -
The purpose.ofhﬁhis study is fo determine whether the va1idity
of the_diffdsion equatibh.in hagnetospheric'prob1ems is
justifjed in all éasesp

B. ExperimentalAWOrk

1. Detached Plasma

~In theplaﬁt‘reporting}peripd we hévg commenéedAa study of
- the phenomena observed-ih'regions of enhanced p]asma.density
beyond the p]asmapausé. These regions provide, in many cases,
the conditions necessary for the development of instabilities,
~and we encounter a variéty'of coupled wave-particle phenomena

whose properties we are investigating.



2. Betatron Acceleration

Fol]owing‘the onset of substorms, a rapid increase in
magnetic field strength ié}often obsefved near the magnetic
' equator-in thevneaf tail. Simultaneous increases in the
flux of energetic e]éqtrons occur frequently. We have
initiated an ihvestigation of the.Conditions.required for
this fype of event to be correlated with fhe'presence of
- ELF hiss; | | | |

3. Program Development for 0G0-5 Electron
Spectrometer Measurements

We have been developing a program which will process the
particle flux measurements of the 0G0-5 e]ectron~épectrometer

in conjunction with the pitch angles measured by the 0GO0-5

b
-

at+aly,
“V‘lJ

¢

fluxgate magnetometer-tc provide data in & form immed
useful for ana1ysfs. This program uses thé spline fitting
method discussed above to obtain from the measurements a
function j(a, E), the .differential directional flux at given
pifch angle and energy. This fuhction ié pérametrﬁzed by a
1{mitéd nquer:of variables Which can réadi]y be~examined to
stddy evo]utioﬁ of pitch angle distribution and of spectral

form.
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II. Magnetic Fields Research

A. Instrument Development

Instrumentation deve1npment is centinuing witn extensive.
work on fhe deve]opnent of inexpensive ring core magnetometer
sensors using commerc1a11y ava11ab1e components. In the'near
future tempewature stability, sens1t1v1ty and ‘noise tests W111
.bevperformed on a group of new sensors. |

New electronic components nresent ever changing and reward-
ing .opportunities for advancing state of fhe art ‘of circufts.
Emphasis in circuifry is on simplification if circuits with
improved performance. We will centinue to deve]on-improved mag-
netometer circuits to comp]ement the new senéors.

for inductian
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‘ITrnvestigation into_low noise nreamplifioy
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coil magnetonetenS'for use in micropu]sation detectors is in
progrees'andfwi1] continue.

Noise measurements-in -the magnetometers operating range
“(infrasonic freqnency) have long been a problem. Techniques have

been. deve]oped at UCLA using d1g1ta1 data logg1ng, fo]]owed by

computer ana]ysms, which presisely measure and plot noise spectra.

These techniques will be improved to facﬁiitate more rapid pro-
cessing of noise measgrements.

B. Experimental Work

1. ATS-1 Project

"a. Introduction

"~ In this section we summarize our progress in the area of

magnetic fields research, experimental work, ATS-1 project. In



our proposal of September 11, 1972, we outlined four méjor areas
of work we planned to continue. These areas included data pro-
:cessing, data analysis, scientific studiés, and support of other
projects. . In keeping with the guidelines for preparatfon of
this progress report, i.e., brief and informal, we have asked
each staff member who has received some support from the grant
to prepare a progress report. These reports are collected below
under the four major headings 1fsted above and in the same}order-
'és our original pfoposa]. In several cases we have initiated
.hew work not discussed specifically in the propoéa] and identify.
this work as "new proaects

i. Data Process1ng
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Data submission to NSSDC-is close to completion. A final
feport'on the ATS-1 correction procedure has beén sent in. Data
fi]eQ; except for ephemeris tapes, have been sent in. Tape
printodts, except for ephemerig,lhave been also sent in. Cal Comp
plots for 2.5 mipute averages have been sent in. |
The 15 secoad averages are three-fourths completed. The

fluctuation data and ephemeris data have not been started.

2) Non-Inertial Spin Demodulation
{(Lew Randerson and Neal Cline, programmers)

The work in this area has been directed toward construction of
efficient programs for determination of the spin period continuous-
ly and accurately from the data itself. Because of its potential

speed we chose as our method a phase-lock, tracking technique



which has thus far given very poor accuracy. Consequently we

are now setting up a direct Fourier transform peak-detection method
:whicﬁ will be less efficient but wi]]lguarantee the accuracy we
need;

ii. Data Analysis

1) Development of Block Data Sets for
General Data Processing (Neal Cline,
Programmer)

The block data set designed by us for storage and manipulation
- of mu]ti-componenf, multi-segment time series has proven success-
'fu1 even though not all the necegsary manipu]atibn programs have
been cbmﬁ]eted._ A1l of the corrected ATS-1 data has been stored
in this fbrm, and proérams are now available to generate block
data‘éets from most other data sources. in particular the TungSE@g;__
magnetometers, the 060-5 magnetometer, the ground observatories
and their associated geomagnéfic ind{éés, and Explorer 33 and 35
data. Programs to select segments (with only start and stop
times as input parametérs) are now working, as well as programs
providing listings and Cal Comp plots of the contents of any block
data set. The ﬁ]otting programs have proved particularly useful
in a variety of investigations because they have eliminated the
tedious task of new programming for every new type -of data display.
The major manipulative stumbling block at the present time is
the process of merging block data sets from disparate sources
while insuring time synchronization. This difficulty should be
removed shortly.

The remaining work consists of the incorporation of filter-

ing and Fourier transform programs into the block data set system
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together with plotting pfograms for the display of spectréa§tored
in block data set form. Also it has becbme clear that editing
programs will be very useful, enabling us to add and delete
components and create new derived quantities. |

i 2) Development of New Spectral Analysis
f Programs (Marlies Emig, Programmer)

l

OQur spectral analysis of ATS-1 uses two major techniques.
First we perform eigen and coherency analysis of the 2x3 cross
spectral métrix of any vector. time series. The results of this<
analysis are displayed with standard Cal Cdmp plot programs. Se-
cond, we do dynamic coherency analysis of the 2x2 cross spectral
matrix fbr any selected pair of field components; Results of

this analysis are displayed in several ways, including printer

ate v

maps we plot to the same time scale the original wave forms of
the components analyzed. '

wé have improved on all of the ab%ve programs for spectral
analysis in order to cut down on running time and cost. We have
broken the analysis into multiple step jobs according to the dif-
ferent phenomen; being studiéd,-i.é., Pc 1, Pc 4, ahd Pi-l events.

The first step in each program handles collecting the data
and creating an old BDS. To do this we have developed interface
programs which allow us to use new BDS as input. On both kinds
of data sets we perform the different techniques of analysis, as-
the last step follows the various kinds of plot programs.

3) Development of New Survey Programs

Using Complex Demodulation, (Michael
Bossen, Student)

mans (line contouv, shaded) and Cal Compplots. "AS part of these,
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Iﬁvour'proposa1 we described a procedure for dynamie spectral
analysis using eomplex dEmoduiationi. This procedure reduces
the number of ca]cuTations'required overlour‘present methods by '
,carrying'out the spectral apa]ysis in equally spaced logarithmic
frequency intervals rather than linearly spaced. Also, by using
a procedure of Tow pass fi]tering ehd decimatjdn, progressively
_lower frequency spectral estimates are ca1eu1ated using fewer
~and fewer data points. .The anaTysis'prqgram is breken into a
number of models of decreasing comp]exity. At the higher- level
is a control program that 1ntroduces requ1red parameters con-
veniently and breaks the input vector time series into over]ap-
ping segments. Next is a quu]e that calculates the complete
spectfal matrix for three third oetave freauency intewvals then .
low pass filters the input time series, eliminates every other
poiﬁt and passeS'this new series back to the input of this module
for ane]ysis in the next lower octave.

Within the octave.modu1e are a number‘of smaller modules for
calculating the complete spectrai maffix ' Each spectra] estimate
is ca]cu]ated by band pass filtering the input time ser1es, then
f1nd1ng‘the variance of the f11ter output. The band pass filter-
ing is aécomp]ished by-complex demodu]ation,‘i.e., the input wave
form is multiplied by a sine and cosine series to shift a portion
of its spectrum to zero frequency. The frequency of the sine
and cosine are,chosen'such that the corfesponding frequency desired
vis’the lower edge of the band pass filter and translated to zero.

The signa] wave faorm which results from this process is then low
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- pass filtered with a filter cutoff éorresponding to the translated
upper edge of the desired band pass filter. The advantages of
this procedure are that all filters can be realized by simple
cascaded running means in which one can easily hénd]e running

data points. ':

At the preseht time we have developed the overall program as
outlined abdve,coded and debugged most of the lower level modules.
The next step in this work will be the coding of the central
program and the integration of all modules.

iii. 'Scientific Studies

1) ULF Wave Activity-during Substorms
(Robert McPherron, Professor)

In several separate'projects we are studying the properties

v

~a {e n - Can
~ we \C.5«y =COT i

of ULF waves in ¢ he following rveport), These

r
studies are initially emphasizing the microscopic properties of
these waves and only incidentally examining corré]ations. Simi-
larly fn other projects we have béen studying the macroscopic
properties of the earth's field as it changes configuration during
substorms and storms. To bring together these separate projects
we have initiat;d a new projéct to study the re]atibn of ULF
waves to substorms at synchronous orbit.

Substorm associated phenomena at synchronous orbit include
a number of distinct phenomena such as transverse Pc 1 waves,
mixed mode, meridional Pc 5, expansion phase irregular pu]sations;

and transverse Pi 1 (or Pc 3?) waves. To study the role of these

waves in substorms we have examined a number of substorm sequences
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in which we have detailed information on the so]ér wind, geomagnetic
tail, and ground magnetic disturbances. During these events ATS 1
passes_through fhe,midnight sector progressively observing the
various wave phenomena in different phases of the substorm. We
have carr{ed out eigen and coherency analysis on the spectral matrix
for each event and dynamic coherency analysis. ﬂe are attempting
to describe the conditions required to produce the various types
of wave modes characterized by these analysis techniques. |

2) Study of Band Limjted Pi 1 Micro-
pulsations (Carlene.Arthur, Student)

Pi 1-Pc 3 micropuisations on the groqnd and in space are
being studied using dynamic and cross spectral analysis. Ground .

events, from the search coil magnetometer at the ATS-1 conjugate
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11 évents which Have been anaiyéed in détai], one appears to be
purely Pi 1; another appears to start with P{ 2 bursts, then have
a long interval of Pi 1 activity which slowly changes into Pc 3
activity as the station passes the dawn meridian. Several other
events seem to have similar character, but have not been completely
analyzed yet. dther events are even more complex, and require
further detailed study. At this time, it appears possible that
some effect, perhaps of the ionosphere, which changes as the
grouhd station passes into sunlight, might explain the apparent
evolution of Pi 1 activity into Pc 3 activity. Additional events
are being examined to determine whether this is.tfue.

Eleven Pi 1-like events have also been studied in the ATS-

1 data. These events are slightly less variable in character,
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but are not as strong or as frequent as .on the ground. Their
characteristics seem more like those of Pc 3 as seen at the ground
:statfoh. However, af this time, not enough simultaneous ground;
satellite events have been studied to make a certain distinction.

In addition to the detailed analysis, a routine survey of the
two data files has been made to determine the approximate local
time distribution of the events. In space, the waves are seen
most often in the houws slightly after dawn. On the ground, if
“Pi 1 and Pc 3 evehts are included together, they are seen most
often just before dawn. | |

3) Substorm Signature at ATS-1
(Savithri Subbarao, student)*

It has been reported in the literature [Coleman and McPherron,

19701 that the occurrence of a substorm is accom

15

anied by 2 re-".
covery of the depression in the H component of the magnetic field
at ATS 1; the delay of this recovery relative to the occurrence

of the corresponding subétorm expansion (indicated by the time

of the negative bay at local mfdnight) was studied. It was tenta-
tively concluded, on the basis of the analysis of data from

March 1967 that %he delay between the recovery in H and the
midnight expansion was little, or zefo, when ATS 1 was in the mid-
: nfght to.early morning local time sector. This was then taken to
be the substorm s{gnature at synchronous orbit. To test the valid-
ity of this conclusion, the data sample was expanded to include

all data from 1967 and 1968. A1l occurrences of depressed H

/
*New Project
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field at ATS 1 substorm exbansion determined from ground records
(auroral zone and midlatitude), and the delay of the recovery with
}respéct to the expansion time was calculated. These delays showed
no systematic decrease as ATS 1 progressed toward local midnight,
as expected. Nédther was there any systematic behavior when the
deiay was taken with respéct to the central meridian of the'sub-
storm, which does not necessarily coincide with local midnight

~[Clauer et al., 1972]. However, it appears that the satellite must

be located at least two hours west of the central meridian of the
substorm to experience any effects.of the substorm. If true, this
result can significantly a]tef theories of particle injection
into the near magnetoéphere during times of substorm activityi
Before this conclusion can-become well established, the
ambiguity in the identification of sqbstorm onsets on the ground,
as well as of the onset of depressed H field at ATS 1, needs to be
removed. Towards this end, a set of quiet day curves for ATS 1
are being computed at bresent., It is hobed to produce different
sets of curves to properly take:into account the varying con-
ditions of the $o]ar wind, and seasonal variations. Once these
curves are available, depértures from quiet time behavior in all
components of the magnetic field at'ATS 1 will become eaéi]y
identifiable, and it is hoped that an unambiguous substorm sfg-
nature for H, D, and V at synchronous orbit can be established.

References
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Midlatitude magnetic maps of disturbances due to magneto-
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Meeting of the American Geophysical Union, San Francisco,
Ca11f , December, 1972.

iv. Support of Dther Projects

1) Substorm Signature in the Lobe of
the Tail (Michael Caan, Student)¥*

Variations in the magnetic enekgy density in the lobes of
the geomagnetic tail appear to play a fundamental role in mag-
netospheric substorms. The UCLA fluxgate magnetometer on CGO 5
| has been used to study the correiation of this energy density
with both.the solar wind dynamic pressure and the southward com-

ponent of the interp1anetary magnetic field. Positive cor-

15

relations were found in both instances. The application of good-
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to the 0GO0-5 data haé yfelded_an empirical relationship between
the so]ér wiﬁd dynamic-pressure; the tail lobe magnetic energy
density, and the spacecraft distaﬁce doWn the tail. When the
tail lobe field as measured by 0G0-5 began to return to its
quiet time va1ue§, substorm expansion phase onsets were observed
both at synchronbus orbit, usfng the UCLA fluxgate magnetometer
on ATS-1, and on the ground, using both auroral zone and mid-

_ latitude magnetograms. |

A report of this work has been given at the Fall 1972 meet-

ing of the AGU [Caan et al., 1972]. At this time further work

“*Most of this work is being carried out under our NASA grant to
" study OGO 5 magnetic field observations. .Recently this work was
placed under our general support grant and will appear in this
report at future times.
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is being done on the solar wind dynamic pressure/lobe energy
density empirical relationship, and a paper is in preparation

:to be submitted to the Journal of Geophysical Research.

2) Pc 1 Micropulsations at Synchronous
Orbit and Their Role in Magnetic
Storms* (Michael Bossen, Student)

ATS 1 satellite observat1ons ‘of Pc 1 micropulsation activity
have provided an important picture of the magnetospheric cha;;c-
teristics of Pc 1 waves. Pc 1 micropulsations are thought to
‘ p]éy an essential role in the dynamics of substorms and magnetit
‘storms. Corre]atipn of Pc 1 activity with established storm and
substokm‘phenomena indicate that Pc 1 micropulsations are primarily
associated with substorms rather than magnetic storms.

A report of thlS work was given at the Fall 1972 meeting of
the AGU (1). Further work includes power spectral analysis and
dynamic spectra of Pc 1 eQenté with d;termination of wave polari-

zation and ellipticity. A paper is in preparation to be submitted

to the Journal of Geophy51ca1 Research.

3} Intercomparison of Severa] Magnetometers

> at a Standard Magnetic Observatory**
; ‘ (Robert Snare, Engineer and Marlies
Emig, Programmer)***

One of the spare 0GO-5:magnetometers and the digital data
logger was installed in November 1972 at the NOAA, Castle Rock

*This work is primarily supported by an NSF grant to study magnetic
storms.

**This work is being supported by the NASA general grant under

the section on instrument development.

***New project.
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Magnetic Observatory at Saratoga, California. The data logger re-
cords data from the observatory ASMOR system, a Geometrics proton
procession magnetometer and two rubidium vapor magnetometers owned
by the USGS Earthquake Research Center at Menlo Park. The purpose
of the experiment was to gather total fie]d_data,from each in--
strument and to determine how closely the various magnetometers
would track one another.

Blocked data sets have been created from the incoming data.
" This data will then be reformétted, the measurementé converted |
to.appropriate units and plotted to a common éca]e. These plots
will be compared to determined how closely the various instru-
ments track one another. The programs have been written and are

in their final state to create new BDS for p]otting..



18

2. Mariner Project

Radial f1ts of the power spectra of the interplanetary mag-
netic f1e1d have been made from Mariner 4 measurements.over the
range 1.0.to 1.5 AU and fron Mariner 5 measurements -over the range
0.7 to 1.0 AU.  We have determined how the power density in each
frequency band varies nith radial ddStance from_the.sun. The
~data were divided into active and quiet tines‘as‘we11 as time
_interva]s with a high probability of-Alfvén waves.: We have de-
termined also the way in which the slopes of the various bower
spectra change with radial distance. The slopes were found to be
close to tbe value df -1.5. The power spectra fits for the fre-
.quency bands will be useful to cosmic ray 1nvest1gators

The work on the extended studv of the B effect has Just
been pub11shed (Rosenberg et _l., 1973). Th1s effect 1nvo]v1ng
the "north-south" component.relates to our discovery that the
interpianetary magnetic.fieldnlines skew from the radial in the
‘'r8 plane in the directfon away from the eqdatoria] plane (Coleman
and Rosenberg, 1971; Rosenberg et _l{; 1971). The recent ex-
tended study'bf ihe Be effect compare the'Mariner 4 end 5 results
with data obtained by the Goddard Space Flight Center experimenters

with spaeecraft duningvthe low activity years of the solar cycle

(Imp 3, Pioneer 6) and with Explorer 34.

References

Coleman, P.J., ak , and R.L. Rosenberg,‘The north-south component
of the interplanetary magnet1c field, J. Geophys. Res., 76, 2917,
1977.

Rosenberg, R.L., P.J. Coleman, Jr., and D.S. Colburn, North-south
component of the interplanetary magnetic field: Explorer 33 and
35 data, J. Geophys. Res., 76, 6661, 1971. :




19

Rosenbékg, R.L., P.J. Coleman, Jr., and N.F. Ness, Furthér study
of e-component of interplanetary magnetic field, J. Geophys. Res.,
78, 0000-0000, 1973. : :




20
C. Theoretical Studies -

1. Solar Wind Model Studies

Wiﬁh an extended steady state model of the solar wind, the
effect of latitude dependences in the coronal boundary conditions
upon so]ar.wind flow has been examined. Latitudinal variations in
the coronal values of temperature, density, and ﬁagnetic field
magnitude result in a similar latitudinal dependence of these
quantities at 1 AU. However, the effect of these boundary varia-
tions upon the north—south component of the flow velocity diminishes
rapidly with increasing distance from the coronal boundary, and
the model. continues to predict latitudinal flow away ffom the equa-
tor. The asscciated magnetic field lines are alsc than s]ight!y
bent from radial away from the equator. Hence, the results ob-
tained by assunling constant coronal boundary conditions are not
significantly altered by the introduction of latitudinal varia-
tions in the coronal boundary conditions, and thé.predicted Tati-
tudinal flow and magnetic field component at 1 AU result mainly

from local magnetic and rotational stresses. The results of this

study are presently being prepared for publication.
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D. _§TUDENT‘PARTICIPAT10N |

A basic purpose of our research i; to make it possible for
students_to participéte'in scientific exberihents within the
rapid]y developing field of space science. The following graduate
students have participated in our brograms during the period covered
by this report. | ' _ |

1. Carlene Arthur, Department of Planetary and Space Sciencé
.(PSS), is studying the role df Pc -1 and Pc 3 micropulsations in
magnetospheric substorms. . |

2;1 Joseph Barfield, PSS, completed his Ph.D. and bégah work
with the Environmental Data Laboratory of NOAA at Boulder, Colo.
He>is continuing his work on.ﬁagnetic storms énd acts as liaison
veiween the Sc'ier»l-tific comimiunity ané-E.DlL.'

3. Michael Bossen, PSS, has recently joined our groﬁp and
has been'studying the occurrence of Pc 1 micropulsations at syn-
chronous orbit using the'ATS-]‘magnetometer data.

4. Michael Caan, PSS, has retenp1y joined our group and is
~using 0GO-5 magnetometer data asAwell as'é wide variéty of cor-
relative data_toﬁsfudy-solar wind and substorm effects in the lobe
of the tail. | -

5, Mac C. Chabman, PSS, is working on the strong precipita-
tion data obtained from the electron spectrometer on 0GO 6.

6. Donald Childers, PSS, is studying the physics of the
magnetosphéré...He is.working with data from 0GO 5 and ATS 1.

7. C. Robert Clauer, PSS, has been working fer some time

with our group as an engineering aid responsible for archiving of
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satellite data. He receﬁt]y enrolled as a student and is presently
studying ground magnetic effects of substorms.

8- Bryah Horhing, PSS, has transferred to another project
and is presently working on the solar wind interaction with the
moon. | ;

9. Bernard R. Lichtenstein, PSS, is concentrating his ef-
forts in the'area of lunar magnetism and the interaction of the
solar wind with the moon.

10. Lawrence Sharp, Pss; is étudying lunar magnetism and
the interaction of the solar wind with the moon.

11.  Savithri Subbarao, PSS, just joined our group. Her
current assignment is to study the signature'of substorms at

12. Raymond Walker, PSS, is working on & study of electrons

in the magnetotail, using data from the electron spectrometer on’
AOGO 5. '

13. Edwin winter; PSS, completed his Ph.D. and is working
for IBM producing mathematical models of space environments to
check feasibi]ity of various proposed satellite systems.

A11 of the registered graduate students whose support is
provided by these programs are'employed as researchAassistants
in c]assificétions normally open to-graduate students under Tlong-
established UCLA regulations. Their rates of pay are established"
by the Regents of the University. A considerable effort is:made

to assign research tasks which are of special interest to the

student, but the tasks themselves are not necessarily related



directly or indirectly to any dissertation research that the

student may'eventua11y‘perform.
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E. PUBLICATIONS AND REPORTS

Pépers resulting, wholly or in part, from the research
gdpported under this grant are listed chronologically below.
An asterisk denotes a paper completed since the last repokt.
Coleman, P.J., Jdr., L. Davis, Jr., E.J. Smith, and C.P. Sonett,

Interplanetary magnetic fields: Preliminary Observations
from Mariner II, Science, 138, 1099, 1962. :

Farley, T.A., The growth of our knowledge of the earth's outer
radiation belt, Rev. Geophys., 1, 3, 1963.

Smith, E.J., L. Davis, Jr., P.J. Coleman, Jr., and C.P. Sonett,
' Magnetic fields measured in the vicinity of Venus: Pre-
liminary observations from Mariner II, Science, 139, 909,
1963.

Co1eman, P.J., Jdr., Characteristics of the region of interaction
between the interplanetary p]asma and the geomagnet1c field:
Pioneer 5, J. Geophys. Res., 69, 3051, 1964.

Smith, J. !_,_, na\l1c3 dr. ,: P.J. Coleman, Jdv.. and C_.P. Sonett.
'l

:
H

T
1

E.

ter d measurements: |'1c lud} iner
agne ometer exper1ment, in The Solar Wind, edited by
C.

6

In
ma
R. Mackin and M.M.- Neugebauer, Pergamon Press, New York,
19

O\

Sonett, C.P., D.S. Colburn, L. Davis, Jr., E.J. Smith, and
P.J. Coleman, Jr., Evidence for a collision-free magneto-
hydrodynamic shock in interplanetary space, Phys. Rev.
Letters, 13, 153, 1964.

Smith, E.J., L. Davis, Jr., P.J. Coleman, Jr., and C.P.._Sonett,
Magnetic measurements near Venus, J. Geophys. Res., 70,
7, 1964.

Coleman, P.J., Jdr., The Mariner-2 magnetometer experiment and
associated data reduction procedures, Publication No. 447,
Institute of Geophysics and Planetary Physics, University
of California, Los Angeles, May, 1965.

Farley, T.A., Space Sciences, VI, NASA Document No. SP-114,
Washington, D.C., 1966.

Coleman, P.J.,Jdr., E.J. Smith, L. Davis, Jr., and D.E. Jones,
Measurements of magnetic fields in the vicinity of the
magnetosphere and in interplanetary space: Preliminary
results from Mariner 4, in Space Research VI, edited by
R.L. Smith-Rose, Spartan Books, Washington, D.C., 1966.
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Smith, E.J., L. Davis, Jr., P.J. Coleman, Jr., and D.E. Jones,
Magnetic field measurements near Mars: Mariner 4 pre-
liminary report, Science, 149, 1241, 1965.

Colemanrn, P.Jd., Jdr., Irregularities in the interplanetary
magnetic field, Publication No. 467, Institute of Geo-
physics and Planetary Phys1cs, University of California,
Los Angeles, 1965. '

Co]eman, P.d., Jdr., Interaction of the so]ar wind W1th the
p]anets, AIAA Journal, 4, 4-9, 1965.

Coleman, P.J., Jdr., L. Davis, Jr., E.J. Smith, and D.E. Jones,
Variations in the polarity distribution of the interplanetary
magnetic field, J. Geophys. Res., 71, 2831-2839, 1966.

Coleman, P.J., Jr., Hydromagnetic waves in the interplanetary
plasma, Phys. Rev. Letters, 17, 207-211, 1966."

Coleman, P.Jd., Jr., Variations in the interplanetary magnetic
field: Mariner 2, 1, Observed propertTes, J. Geophys.
Res., 71, 5509-5531, 1966. .

Coleman, P.J., Jr., and E.J. Smith' An interpretation of the
subsidiary pealks ?—" neriods near 27 days in 'rhn nower .

- b =1

specira oF £i and Kp, J. Gecphys. Res., 71, 4585, 1066,

Snare, R.C., and C.R. Benjamin, A magnetic field instrument
for the 0GO-E spacecraft, IEEE Trans. Nuc. Sci., NS-13,
333-339, 1966.

Barry, J.D., and R.C. Snare, A fluxgate magnetometer for the
Applications Technology Satellite, IEEE Trans. Nuc. Sci.,
NS-13, 326-331, 1966.

Siscoe, G.L., L. Davis, Jr., E.J. Smith, P.J. Coleman, dJr.,
and D.E. Jones, Magnetic fluctuations in the magnetosheath:
Mariner 4, J. Geophys. Res., 72, 1-17, 1967.

Coleman, P.J., Jr., L. Davis, Jr., E.Jd. Smith, -and D.E. Jones,
The polarity pattern of the interplanetary magnetic field
during solar rotations 1798-1808, J. Geophys. Res., ‘72,
1637-1643, 1967.

Coleman, P.J., Jr., Wave-like phenomena in the interplanetary
plasma: Mariner 2, Planet. Space Sci., 15, 953, 1967.

Coleman, P.J., Jr., Variations in the interplanetary magnetic
field and some effects upon solar cosmic rays, Planet.
Space Sci., 15, 975-995, 1967.
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‘Ballif, J.R., D.E. Jones, P.J. Coleman, Jr., L. Davis, Jdr.,
and E.J. Smith, Transverse fluctuations in the inter-
planetary magnetic field: A requisite for geomagnetic
variability, J. Geophys. Res., 72, 4357-4364, 1967.

Coleman, P.J., Jdr., On the excitation of the magnetosphere
by the solar wind, J. Geophys. Res., 72, 5518, 1967.

Barry, J.D., P.J. Coleman, Jr., W.F. Libby, and L.M. Libby,
Radio reflection by free radicals in the earth's
atmosphere, Science, 156, 1730-1732, 1967.

Snare, R.C., and G.N. Spellman, Digital offset field generator
for spacecraft magnetometers, Publication No. 618, In-
stitute of Geophysics and Planetary Physics, Un1vers1ty
of California, Los Angeles, 1967.

Barry, J.D., and L.L. Simmons, A heater for a fluxgate
magnetometer sensor on the fifth Orbiting Geophysical
. Observatory satellite, IEEE Conf. IGA,_; 34C62, 1967.

Farley, T.A., Van Allen radiation belts, in The Encyclopedia
of Atmospheric Sciences and Astrogeology, edited by
R.W. Fairbridge, 1075-1083, Reinhold Publishing Co.,

Mave MV oasall AN Y]
SCW (TR, 130/

‘Schubert, G., and P.J. Cecleman, Jr., The angular momentum of
the solar wind, Ap. J., 153, 943- 950, 1968.

Coleman, P.J., Jdr., Turbulence, viscosity, and dissipation
in the solar wind plasma, Ap. J., 153, 371-388, 1968.

Winge, C.R., Jr., and P.J. Coleman, Jr., The motion of charged
particles in a spiral field, J. Geophys. Res., 73, 165~
173, 1968.

Chapman, M.C., and T.A. Farley, Absolute electron fluxes and
energies in the inner radiation zone in 1965, J. Geophys.
Res., 73, 6825-6833, 1968. - _

Farley, T.A., Radial diffusion of electrons at low L values,
J. Geophys. Res., 74, 377-380, 1969.

Intriligator, D.S., Albedo neutron source for high-energy
protons trapped in the geomagnetic field, Phys. Rev.
Letters, 20, 1048-1045, 1968.

Farley, T.A., A.D. Tomassian, and M.C. Chapman, Evaluation
of CRAND source for 10 to 50 Mev trapped protons, J
Geophys. Res., 74, 4721-4730, 1969.
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Far]ey, T.A., Radial diffusion of starfish electrons,
J. Geophys. Res., 74, 3591-3600, 1969.

Cummings, W.D., P.J. .Coleman, Jdr., and G.L. Siscoe, The
quiet day magnetic field at ATS 1, J. Geophys. Res.,

76 - (4), 926-932, 1971.
Coleman, P.J., Jr., and W.D. Cummings, The storm-time distur-

bance field at ATS 1, J. Geophys. Res., 76, (1), 51-62,
1971.

Barfield, J.N., and P.J. Coleman, Jr., Storm-related wave
phenomena observed at the synchronous, equatorial orbit,
J. Geophys. Res., 75, 1943-1946, 1970.

Coleman, P.Jd., Jr., and R.L. McPherron, Fluctuations in the
distant geomagnetic field during substorms: ATS 1, in
Particles and Fields in the Magnetosphere, edited by
B.M. McCormac, D. Reidel Publ. Co., Dordrecht, Holland,
~1970. '

Co1eman, P.J., Jr., Magnetic field pu]sationé at ATS 1,
Ann. Geophys., 26, (3), 719-734, 1970.

Coleman, P.J., Jr., Geomagnetic storms at ATS 1, in Inter-
correlated Sateiiite Observations Reiated to Soiar Events,
edited by V. Manno and D.E. Page, D. Reidel Publ. Co.,
Dordrecht, Holland, 1970.

McPherron, R.L., and P.J. Coleman, Jr., Magnetic_fluctuationé
during magnetospheric substorms, J. Geophys. Res., 75,
3927-3931, 1970.

Patel, V.L., and P.J. Coleman, Jr., Sudden impulses in the
magnetosphere observed at synchronous orbit, J. Geophys.
Res., 75, (34), 7255-7260, 1970.

McPherron, R.L., C.T. Russell, and P.Jd. Coleman, Jr.,
Comparison of the Olson field model to quiet day
magnetic field observations at ATS 1, Proc. Conf.
Quantitative Magnetospheric Models, Bou]der, Co]orado,
1970.

McPherron, R.L., The growth phase of magnetospheric substorms,
J. Geophys. Res., 75, (28), 5592-5599, 1970. .

Farley, T.A., A.D. Tomassian, and M. Walt, Source of h1gh-
energy protons in the Van Allen rad1at1on belt, Phys.
Rev. Letters, 25, 47-49, 1970.
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Russell, C.T., R.L. McPherron, and P.J. Coleman, Jr., Magnetic
field variations in the near geomagnetic tail associated
with weak substorm activity, J. Geophys. Res., 76 (7),
1823-1829, 1971. : '

Winge, C.R., Jdr., and P.J. Ccleman, Jdr., Magnetic latitude ef-
fects in the solar wind, to appear in the Proceedings of
the Asilomar Conference on the Solar Wind, 1971.

Coleman, P.J., Jdr., and E.M. Winter, Effects of interstellar
part1c1es upon the-interplanetary magnetic field, to appear
in the Proceedings of the As110mar Conference on the Solar
Wind, 1971.

McPherron, R.L., and P.J. Co]eman; Jr., Satellite observations of ,
band-1imited micropulsations during a magnetospheric substorm,
J. Geophys. Res., 76 (13), 3010-3021, 1971. .

Barfield, J.N., L.J. Lanzerotti, C.G. Maclennan, G.A. Paulikas,
and M. Schulz, Quiet-time observation of a coherent com-
pressional Pc 4 micropulsation at synchronous a1t1tude,
subm1tted to J. Geophys. Res , 1971.

Farley, T.A., and M. Walt, Source and loss processes of protons of
the inner radiation belt, J. Geophys. Res., 76, 1971.

Walt, M., and" T.:A. Farley, High energy proloi mouvl for tie inner
radiation be]t, presented at Summer Advanced Institute on.
Earth's Part1c1es and Fields, Cortina, Italy, 19771.

Tomass1an, A. D , and T.A. Farley, Inner zone energetic electron
repopulation by radial diffusion, accepted by J. Geophys.
Res., 77 (19), 344:3454, 1972,

Barfield, J.N., R.L. McPherron, P.J. Coleman, Jr., and D.J. South-
- wood, Storm-associated Pc 5 micropulsation events observed at
the synchronous, equatorial orbit, J. Geophys. Res., 77 (1),
143-158, 1972. ‘ ‘ ‘

McPherron, R.L., and P.J. Coleman, Jr., Magnetic variations at ATS 1,
in The ESRO Geostationary Magnetospheric Satelljte, ESRO
" Publ. No. SP-60 (Proc. ESRO Colloquium, Lyngby, Denmark,
October, 1969), 1971.

| Cuhm1ngs, W.D., F. Mason, and P.J. Coleman, Jr., Some characteristics
of low- frequency oscillations observed at ATS 1, J. Geophys.
Res., 77 (4), 748-750, 1972. T _

"“Russell, C.T. 'R L. McPherron, and P.J. Coleman, Jr., Fluctuating
magnet1c f1e1ds in the magnetosphere, 1, ELF and VLF fluctuations,
Space Sci. Rev., 12 (6), 810-856, 1972.
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Winter, E.M., and P.J. Coleman, Jr., Effects of the interstellar
' particles upon the interaction of cosmic rays with the

interplanetary magnetic field, presented at the 12th
International Conference on Cosmic Rays, Hobart, 1971.

McPherron, R.L., C.T. Russell, and P.J. Coleman, dr., F1uctuat1ng
magnetic fields in the magnetosphere, I1: ULF waves,
Space Sci. Rev., 12 (6), 810-856, 1972.

Farley, T.A., M.G. Kivelson, and M. Walt, Effects of the secular
magnetic variation on the distribution function of inner
zone protons, J. Geophys. Res., 77 (31),'6087-6092, 1972.

*Rosenberg, R.L., P.J. Coleman, Jr., and K.F. Ness, Study of
tomponent of interplanetary magnet1c f1e1d J. Geophys. Res.
78 (1), 51-58, 1973. A

*Russe?l, C.T. and R.L. McPherron, The magnetota11 and substorms,
Space Sci. Rev., submitted 7972 _

*McPherron, R.L., Sate111te studies of magnetospheric substorms
on August 15, 1968, Note 1, State of the magnetosphere,
J. Geophys. Res., accepted 1972. o

*McPherven, R.L., G.K. Parks, D.S. Co’.burvn,'and_M.D. Montaomery |
Satellite studies of magnetospheric substovms on August
15, 1968, Note 2, Solar wind and outer magnetosphere, dJ.
Geophys. Res., accepted, 1972.

*McPherron, R.L., M.P. Aubry, C.T. Russell and P.J. Coleman, Jdr.
Satellite studies of magnetospheric substorms on August 15
1968, Note 4, 0GO-5 magnetic field observat1ons,
S d. Geophys Res , accepted 1972, .

*McPherron, R.L., C.T. Russel], and M. P Aubry, SateT]ite studies
of magnetospheric substorms on August 15, 1968, Note 9,
Phenomenological modeil for substorms, J. Geophys. Res .,

_accepted 1972. : '




F. ABSTRACTS

Abstracts of papers and talks concerning results of
the research performéd, wholly or in part, under this
grant ‘are included in this section. These abstracts
pertain to papers completed during fhe-reporting period

and to talks prepared during this period.
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Substorm Associated Betatron Acceleration
in the Near Geomagnetic Tail

R.J. Walker and M.G. Kivelson
University of California, Los Angeles

Rapid increases in the flux of energetic (E>50 kev)
electrons occurring primarily at large pitch angles and
simu]taneous increases in the magnetic field magnitudé are
observed by the UCLA electron spectrometer and fluxgate
magnetometer experiments on board 0GO-5. These flux increases
are interpreted as resulting from betatron acceleration. A
.study of the spatial distribﬁtion.of all such events seen
during 0G60-5's 1968 and 1969 orbits in the magnetotail indicates
that bétatron acce]ekation'occufs primarily between 8 RE and 
12 Ré in XGSH’ near the magnetic equator and within +3 RE
of the midnight'meridian. Detailed studies of several events
~indicates that betatfon accéierationnoccurred during the
expansion phase of a substorm and that the corresponding mggnetic
field increase occurred without rotatioﬁ after the field had

rotated from a tail-like configuration to a more dipole-like

configuration. .

Presented at the Fall Meeting of the American Geophysical Union,
San Francisco, California, 1972
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Observations of the Magnetic and Plasma
Structure of the Magnetopause

C.T. Russell and M.G. Kivelson
University cf California, Los Angeles
M. Neugebauer and E.J. Smith
!Jet Propulsion Laboratory
“High-time resolution observations of the internal structure

of the magnetopause have been obtained by the flux-gate
magnetometer, the search-coil magnetometer, ;nd_the Faraday-
cup plasma detector on OGO 5. In the simplest cases, the fields
in the magnetosphere and magnetosheath are nearly parallel to
each other, there is,]itt]e change of direction of the

incident plasma flow, and the ion flux and field magnitude

change simultaneously, with the flux inversely proportional to

the ma

(]

netic pressure. However, the structure of the.
‘_:hégnetopause is gften comp]icafed by (1) a region of increased
field strengthAinside the-flux gradient, (2) an appreciable
field component perpendicular to or crossing the magnetopause,
and (3) waves with fréquency near .5 Hz. Although turbulence.
is oftenAobﬁerved at the fie]d-gradients by the search-coil
magnetometer, fhe magnetopause itself is sometimes quieter than

either the adjacent magnetosbhere or magnetosheath.

Presented at the Fall Meeting of the American Geophysical Union,
San Francisco, California, 1972.
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An InVestigation of Regions of'High Density
Cold Plasma in the Outer Magnetosphere

M.G. Kivelson, C.T. Russell and King-Wang Chan
. University of California, Los Angeles

C.R. Chappell
Lockheed Palo Alto Res. Lab.
| X

| )
" Using complementary experiments on board 0G0-5, we have

studied regions df high densify cold plasma which are frequently
found beyond the p]asmapause near dusk some hours after substorms.
4ULF waves of 5y peak to peak amplitude and 20 second period,.as
wé]] as less intense waves with periods of a few seconds, have
been observed in and near the plasma enhancements. There is

some evidence of occasional weak currents on thé boundaries of
these regioﬁs. Neither the spectrum nor the pitch ang]e |
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5 nergetic (350 kev) electrons is noticeably .

~~~~~~~~
affected by the plasma but, when the enefgetic electron flux
exceeds the stable trapping limit and satisfies the conditions
for the generation of .cyclotron nofse, ELF emissions in the
resonant 100-200 Hz range are observed. 'The same phenomena

should be obserVed in exper1ments in which cold p]asma is

artificially 1n3ected 1nto the rad1at1on belts.

Presented at the Fall Meeting of the American Geophysical Union,
San Francisco, California, 1972.
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The Magnetotail and Substorms

C.T. Russell and R.L. McPherron
University of California,Los Angeles

The tail p]ayé a very active and important role in substorms}
Magnetic flux eroded from the dayside magnetosphere is stored
here.. As more and more flux is transported to the magnetotail and
stored, the boundary of the tail flares more, the field strength
in the tail increases, and the éurrents strengthen and move é]oser
to the earth. Further, the p}asma sheet thins and the'magnetic
flux crossing the neutral sheet lessens. At the onset of the ex-
pansion phase, the stored magnetic flux is returned from the tail
and energ& is deposited in the magnetosphere_and'ionospheke. Dur-

ing isolated substorms, the phenomena which occurred during the

- s s b e - - D A ke o o s o mmoom ot . - e o . E

tiai or growin phase of ihe suDSTOrm are reversed.
.# -

J

i
In this review, we discuss the experimental evidence for

these procésses and present a phenomenological or qualitative

model of the substorm sgquence. In this model, the flux transport

is driven by the merging of the magnetospheric and 1nterplénetary

magnetic fie]ds.. During the growth phase of substorms the merging .

rate on the days%de magnetosphere exceeds the reconhectién rate

in the neutral sheet. In order to remove the oveksupp]y of magnetic

flux in the tail, a neutral point forms in the near earth portion

of the tail. If the new reconnection rate exceeds the dayside

merging rate, then an isolated substorm results. However, a situa-

tion can occur in which dayside merging and tail reconnection are

in equilibrium. The observed polar cap electric field and its

correlation with the interplanetary magnetic field is found to be



in accord with open magnefospheric models.

Submitted to Space Science Reviews.
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Satellite Studies of Magnetospheric
Substorms on August 15, 1968
Note 1. State of the Magnetosphere

" R.L. McPherron
"University of California, Los Angeles

The sequence of events occurring throuéhout the magneto-
sphere dufing‘a substorm has not beén'precise1y determined. This
note introduces a collection of papers which attempts to establish
this sequence for two substorms'on August 15, 1968. Data from a .
'wide variety of‘sources are used with the major emphasis being-
“changes in the magnetic field. In this note, we use ground mag-
nétograms to determine the onset times of two sqbstbrms_which oc-

curred while the 0GO-5 satellite was inbound on the midnight merid-

ian théough the cusp fegion of the geomagnetic tail (the region of '

rapid change from taf]-]ike'to dipolar field). We conclude that
&t jeast two'wof1dwjde substorm»expansioﬂs-weﬁé preceded Ly Growin
phases. Probable beginnings of these were at 0330 and 0640 UT.
However, the-bnset of the former growth phase was partially ob-
,scurgd by the effects of‘a'préceding expansion phase around 0220
and a possible localized event 1n‘the<aurpra1 zone‘ﬁear 0320 uT.
The-onsets of,thg,corresponding'expansioﬁ pﬁases were 0430 and
0714.UT. Furthe} support for these determinations is provided by

data discussed in subsequent notes.

Accepted by J: Geophys. Res., 1972.
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Sate11ité Studies of Magnetospheric
Substorms on August 15, 1968
Note 2. Solar Wind and Outer Magnetosphere
R.L. McPherron; University of Ca]ifornfa, Los Angeles
' G.K. Parks, University of Washington
. D.S. Colburn, Ames Research Center
M.D. Montgomery, Los Alamos Scientific Laboratory
We continue the stUdy of the sequencé of events occurring in
the magnetosphere during several substorms on Adgust 15, 1968. HWe
‘show that the onsets of expansioh phéSes identified in the preceding
.paper at 0220, 0430, and 0714 UT were each preceded by almost an
hour of southward solar wind magnetic field.. During the eﬁtire 
" interval containing these substorms there was no signifi;ént change
in.the.so1ar wind velocity. ~Ihtérmittent'observations of the |
solar wind particle density'and_témperature.suggest there were no
large changes in fhe dynamic and static pressufe. The fact that
the solar win? fié]d remained southward after the onsgts of two
substorm expansions is jnterpreted as evidence that the expansion
s a_prdcess internal to the magnetosphere. However, coincidence
of an expansion onset with a large f]uctuatidn of the so]@r wind
field makes it impossible to rule out the possibility that the
expahsion can be'friggered exterha]}y. Magnetic field observatfons
in the preﬁidnight-sector of the synchronous equatorial orbit show
that the earth's field here begins to decrease 1in responsé to the
béginning of the southward solar wind field. Throughout the in-
terval prior. to the onset 6f the expansion (growth phase) the field

‘continues to decrease. During one of the substorms energetic

electron precipitation was observed during this growth phése. In



the expansion phase the field at synchronous orbit recovers.

Accepted by J. Geophys. Res., 1972.
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Satellite Studies of Magnetospheric
Substorms on August 15, 1968
Note 4. O0GO-5 Magnetic Field Observations
R.L. McPherron, University of California, Los Angeles
M.P. Aubry, University of California, Los Angeles
C.T. Russell, University.of California, Los Angeles
P.J. Coleman, Jr., University of California, Los Angeles

. In-this note we examine the changes in the magnetic field
on the midnight meridian 15 to 8 Re behind the earth. These
changes are conveniently divided into two main phases: a growth
phase and an expansion phase. The beginnings of the growth phasé
coiﬁcide within experimental error to the arrival of a southward
solar wind magnetic field at the dayside magnetopause and also to
the beginning of the growth phase at synchronous ofbit and ground
observatories. During the growth phase the magnitude of the field
g in the lcbe of

he t2i1, In

ha ~ire
-~ -

“ie

s
Tacreas

[§]

beth the magni-
‘tude and the inclination of the fje]duincrease. Slow changes in
the cross-tail field accompany these effects. Nearly coincident
with‘the onset of the polar substorm the lobe field magnitude
begins to decrease, the cusp ffe]d magnitude and inc]inatfon de-
crease and there are sudden changés in the cross tail field.
About this time ihe plasma sheet begins to expand. . Inside the
expanding p]asma'sheet and associated with the field rotation
“are 1afgé fluctuations in the field. The response of the field
at 8 Re was simultaneous with the ground onset while further back
at 11.3 and 2.4 Re abové the expected neutral sheet the largest

changes were delayed by 15 minutes.

Accepted by -J. Geophys. Res., 1972.
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Satellite Studies of Magnetospheric
Substorms on August 15, 1968
Note 9. Phenomenological Model for Substorms

R.L. McPherron, C.T. Russell, M.P. Aubry
University of California, Los Angeles

In eight preceding papers, two magnetospheric substorms on
August 15, 1968; were studied with data derived frém many sources.
In this, the.conéiuding paper, we attempt a synthesis of these
observations presenting a phenomenological model of thelmagneto-
spheric substorm. On a basis_of our results for August 15, to-
gether with previous reporté, we believe that the substorm sequence
may be:djvided into thfee main phases: the growth phase, the ex-
pansion bhase, and the recovery phasé.

Observations for each of the first three substorms on this

. . y . s
- R SR . [ S -

ay -are organized according to iinis scheme.---We—present these -~

o

observations as three distinct chronologies which we then sum-
marize as a phenomenological model. This model is consistent
with most of our observations on August 15, as well as with most
previous reports. In our interpretation, we expand our phenomeno-
logical model, brief]y described in several preceding Notes. This
model follows c]Bse]y the theoretical ideas presented more quanti-
tatively in recent papers by Coroniti and Kennel [1972a,b,c]. A
southward turning of the interplanetary magnetic field is ac-
companied by erosion of the dayside magnetosphere, flux transport
to the geomagnefic tail, and thinning and inward motion of the
plasma sheet. .

Our observations indicate, furthermore, that the expansion

phase of substorms can originate near the inner edge of the plasma
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sheet as'a consequence'bf rapid plasma sheet thinning.

At this tiMe a portion of the iﬁner edge of the tail current
is "shortlcircuited"‘through the ionosbhe?e.‘ This process is con-
sistent W1th the fofmation of a neutral point in the near tail
region and it$ subsequent propagation tailward. However, the on-
set of the expahsion phase of substbfms ié qund to be far from

.a simpfe‘process. Expansion phases can beicentered at local times
~far from midnight, can apparént]y be‘1oca1ized to 6ne meridian,
and can have multiple onsets centered at different local fihes.
Such behayior indicates that in cpmparing observations occurring
in_differeﬁt substofms éarefu] note should be made of fhe locali-

zation and central meridian of each substorm.

Accepted by i.'GeOphxg,'Res., 1972.
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Study of ¢-Component of Interplanetary Magnetic Field

R.L. Rosenberg and P.J. Coleman, Jr.
University of California, Los Angeles

4 N.F. Ness ‘
NASA Goddard Space Flight Center

Measurements of the interp]anetary magnetic field taken with
Imp 3, Pioﬁeen 6,'and Exp]orér 34 constitute a large portion of
the data available at low and moderate solar activity and provide
nearly continuous coverage from mid-1965 through 1966 without
Aradia] effects. A studying using these observations prdvidéd
‘further'evidence for the following Be effect initially distovered
with Mariners 2, 4, and 5. The Study found that at low or moderate
solar activity the mean value of Be is negative (approximéte]y north-
wafd iﬁ our observations) above the solar equatorial plane and |
positive below it for an intérp]ahetary field directed outward
trom the sun, and vice versa for an inward fiefd. Thus, for an
outward fie]dé thé r-6 component of a line of magnetic force above
or below the equatoria1.p1ane was.skewed relative to ; in the |
:directioh away from the‘equatoria]_p]ane. Comparisqn between

different spacecraft are discussed.

Accepted by J. Geophys. Res., 1972.
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Solar Wind and Substorm Related Changes in the Lobes
of the Geomagnetic Tail

M. Caan, R;L. McPherron; and C.T. Russell
University of California, Los Angeles

Variations in fhe magnetic energy density in the lobes of the
geomagnetic tail éppear to play a fundamental role in magneto-
spheric substorms. Dafa from the ARC fluxgate magnétometers and
~the MIT-p]asma probes‘have been used in cohjuﬁction with data from
_the UCLA fluxgate magnetometer on OGO-S, to study the correlation
of‘this.energy density with both the solar wind dynamic pfeésure
and the southward component of the interplanetary magnetic field.
Positive correlations are found iﬁ both instances. The lobe energy
density Was found to,increa;e'ffom ¢25% fo.as mucﬁ as double its
.in,itia.‘] value, following a soufhwérd turning of the interplanetary
magnetic fieid.A:Similar1y, increases in the solar wind'dynamiﬁ
pressuke-a]oné were subsequently followed by lobe energy density
enhancéments of ~15% to. ~85% above the initial values. When the
"tail field as measured.by 0G0-5 began to réturn to its quiet
time value, substorm expansion phase'bnsgts,were uéua]]y observed
both at syncHrbnbUs orbit, using the UCLA f1uxgate.mégnetometer44
on ATS-1, and on the ground, us1ng both auroral zone and mid-

1at1tude magnetograms

Presented at the Fall Meet1ng of the Amer1can Geophys1ca] Union,
San Francisco, California, 1972.




45
An Application of the Linear Inverse Theory to Parameterization of

Substorm Field-Aligned Current Models

B.L. Horning, R.L. McPherron, and D.D. Jackson
University of California, Los.Ange]es

'The.geomagnetic components of the magnetic field from eight
low-latitude ground stations are studied for substorms occurring
on December 24, and 25, 1966. The changes in the field during the
.expansion phase are analyzed in terms of s1mp1e wire models of
field-aligned currents. The basic mode1'has four parameters, the
current‘magnitude, the L-shell on which the current f]ows; and
the local t1mes of the eastern and western portions of the circuit.
The linear inverse prob]em is constructed and the W1gg1n s cutoff

techn1que is utilized to find the setof mode] parameters which

od.
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hest f1t the data. The four parameter model while nroducing.a

.'D

qualitative fits; is unable to fit the data within two standard
deviations of;the error in the observations. The best fits to the
ground‘data are shown to.-be nearly independent of the L-shell
‘parameter. Typical va]ues of the parameters for the substorms.
studied are one million amps for the current, and 0200 LT -and 2100

LT for the eastern and western e]ements of the c1rcu1t

Presented at the Fall Meet1ng of the Amer1can Geophys1ca1 Union,
San Francisco, California, 1972.
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Pc 1 M1cropu1sat1ons at Synchronous Orbit
and The1r Associations w1th Magnetic Storms

M. Bossen, R. L. McPherron, and C.T. Russell
Un1vers1ty of California, Los Angeles

Pc 1'micropu1sat1ons are thought to play an essential role
in the dynemigs of substorms and magnetic storms through the cyclo-
tron instability of ring current protons. Ground observations of
Pc 1 are distorted by effects of wave propagation, making it dif-.-
.ficult to predict their origina] propert1es. Magnetospherit ob-
'servations of these waves by the UCLA magnetometer on ATS ‘1 in-
dicate they are fairly common, oécurring wi th amp]itudeia] Y 121
times during 1967. ‘Typica]jperiods are from 2 to 5 seconds with
typ1ca1 peak to peak amp]1tudes of 1 to 7 y. These waves are most
probable at 1600 1oca1 time and are character1st1ca11y associated
with nhigh vatues of the AE index. Almost every Pc 1 event begins
within two hours:after the onset of a substorm expansion. A few
close1y fo]]dw storm sudden commencements 0f the events, 48
.occurred within a magnetic storm, 20 of these w1th1n +4 hours of

the main phase minimum. The properties of these storm assoc1ated

. events will be contrasted to the,rema1n1ng events with particular

emphasis on their relation to the ambient field magnitude and Dst.

Presented at the Fall Meeting of American Geophyswca] Union,
San Francisco, California, 1972.
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On the Cause of Geomagnetic Storms

C.T. Russell and R.L. McPherron
"University of California, Los Angeles

Noting that the size of sudden commencéments of geomagnetic
storms was independent of the magnitude of the associate main
phase minimum, Piddington in 1963 concluded that geomagnetic

storms all resulted from solar winds of the same average intensity

“and duration and speculated that the different main phase inten-

sities result from differing degrees of frictional interaction, the

difference perhaps depending on the interpTanetary magnetic field

strength and direction.. Studies of the sp1ar wind ve]ocity, and

dehsity as measured by the MIT plasma probes, and-fhe interplanetary

magnetic field strength and'orientation asAmeasured by the Ames

Kol ] C o A oo — er e - R - ye o~ - - ev3 o Je T e ] 3 o~ 3~
fi1uxXgate waginetometers, on CXplovevs 33 ana 05 aurin smagnetic

W

uiring gego
storms, confirm this picture. A strong southward component of the

interplanetary field is the on1yAnecessary element in the growth

~of the main phase of a-geomaghetic storm. The data suggest that

there is a threshold field of 5 y southward which when exceeded
leads to tﬁe;deye]opment of a storm. If this threshold is not
exceeded the riﬁg current does not increase in strength no matter

how ]ong-fhe southward field exists.

Presented at the Fall Meet1ng of the American Geophys1ca1 Union,
San Franc1sco, California, 1972..
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