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"BACKGROUND INFORMATION
NASA research grant NGL 05- 007 004 was awarded to the InJ

st1tute of Geophys1cs and Planetary Phys1cs of the Un1vers1ty
l

" of California, Los Angeles, on March 1, 1962 in support of a'

- space instrument deve]opment programA The part1c1pat10n of graduate
students at the Un1vers1ty is a basic part of the research effort
The - grant was renewed on JuJy 1, 1963, w1th prov1s1on.for a
three-year step funding arrangement. Additional supp]ements were
provided in July 1964, July 1965,-'0ctob.er'1966,.October'.1;967,'
: October 1968 October 1969, 0ctober-1970' and"October ]971
- The 1nvest1gators whose work is supported under th1s grant,
in the course of th1s work, have‘part1c1pated-or are part1c1pat1ng
in the fn11nwvng pro jects: Mariners 2, 4, and 5 sbacetraft;-OVT?Z_ﬁ
and 0V1-12 satellites, both USAF; the ATS 1, 0GO 5, and 0GO 6 |
satellttes, the Apo]]o 15 and '16 Tunar subsate111tes, and the
P1oneer 10 project. They are part1c1pat1ng in preparat1ons for
flight exper1ments for the ATS F and.G satellites, and P1oneer_
(Jup1ter) G. Fabr1cat1on of the flight hardware for these experi-
1vments is funded under separate contracts |
‘ Dur1ng the report1ng.per10d three new proposals were.preF
- pared by the investigators. The_major portion of tne'proposa1‘

work was supported under this grant.



“A. CHARGED PARTICLE RESEARCH

1. Experimental Studijes

a. Electron §pectrometer for 0GO- 5

(PI supported in part with funds from this grant.) OGO-5:
\\\~operations were terminated in October, 1971. Continuingjstudies
| are being made of various phenomena in'cooperation with other
hexperimenters on this spacecraft. o
Work completed‘during the reporting period under a Separate.
contract 1nc1udes the completion of a paper on substorm part1c1e
observat1ons wh1ch has been accepted for pub11cat1on subJect toA
~,rev1s1ons ‘A paper on boundary cross1ngs in the n1ghtt1me mag—"
' netosphere has - a]so been accepted for pub11cat1on : Avstudy.of the
.effect of the or1entat1on of the 1nterp]anetary magnetic field on
- the propert1es of polar cusp part1c1es has - been undertaken and thef,,
-1n1t1a1 resu]ts have been reported at several meetlngs Further
work is in progress to test d1fferent models of the magnetosphere'
in the context of our observat1ons | | , |
Programs have been developed for the’theoretica]_studytof
eTectronienergiZationAby e]ectrtc tie1ds'in the tail. These pro-
}hgrams awaiththe imminent avai1abi1ity of a‘practica] tai}efie1d
jmode] for imp]enentation. -AZSUrvey of our‘data.to identify,ﬂbeta—
tron acceleration"vevents has been.initiated and a statistica1 study
of these events is_p]anned. | - |

b. Electron Spectrometer'for 0G0-6

(FI supported in part with funds from this grant.) Under a
separate contract a study of strong precipitation events, with

‘emphasis‘on the ratio of precipitating'to mirroring particles was



made and reported at the spring AGU meeting. A new finding is K
that this ratio significantly exceeds one. in many precipitation

events. A complete analysis for a written paper is- underway.

N 2f= Theoretical Studies

Kg _b' - Radiation Belt Theoret1ca1 Studles_ |

_. Dur1ng the report1ng per1od -the study of 1nner zone e]ectron
‘Mpopulat1on by inward radial d1ffus1on dur1ng.a geomagnet1c-storm,
-~ has - been accepted for. pub11cat1on and w111 appear in the Journal .

of Geophys1ca1 Research short]y

A paper descr1b1ng the effects of the secu]ar change of the

earth s d1po]e moment on the hwgh energy protons of the 1nner zone1 

has also been accepted for.pub11cat10nv1n_the Journal gi-Geophys1caT.
7Re§earch. | L | | | -

vanderway“now is a hapeh.collecting_and describing a??ioffthe
physical mechaniemsbknown toeaffecfhfheVe1ectrenslehd-ph0ten$ of

the inner radiation zone.



'B.  MAGNETIC FIELDS RESEARCH

1. Introducfion

The research activitieé_discussed in this section are directed:
primarily toward the study of magnetohydrodynamic phenomena in the
~__tenuous plasma above the ionosphere and in interplanetary space.
A secondary goal is the direct meaéureﬁent of the magneti¢ fie]dsi
‘of planetary bodies. The work includes the deve]opmentlof the
_instrumentslwith:which to obtain such measurements and in some
,c;ses}the:reduction aﬁd ana]ysiépof data obtained with thesefjn-"
struments.' |

2. Instrument Development

During the reporting period magnetometer development studies, =

" particularly studies of techniques of fabrication. of ring core &
. sensors;, were continue&i
A detailed Study‘has been made of-induttion coil magnetomefets.
Special emphasis has been given to deVé1oping.Spécificatioﬁs‘for
amp]ifiers to use with thé*inductidnvc6i1 systems.”vA search of 1‘
state of -the art infegrated circuii amplifier§ waS'made'tb deteffi
mine if recently deve]oped devices now:dvailable can meet theée )

specifications.



3. Experimental Studies

. 4., ATS-1 Project

In Appendix B of our proposal, dated October 27, 1971, we
described the propbsed work to be carried out/on the ATS-1 . mag-
netometer project. " This effort was.divided,into three“major'
tasks: development of production data reduction programs ; de-
velopment of- spectra] ana1y51s procedures, and sc1ent1f1c stud1es
of stormtime Pc 5 waves, substorm-assoc1ated band-11m1ted pu]sa—
tions, and quiet-time transverse Pc 4. In this report we give a

br1ef summary of our progress in each of these areas.

Deve1opment of Production Data Reduction Programs,zs

" This phase of the proposed work was divided in two parts,
automatic correction_for spacecraft fields and new edit and de-
moduiation programs A new'demodu]ationkprogram was required to

.‘process all data acqu1red after November 2 1969, when the ATS 1

sun -sensor failed.  OQur 1n1t1a1 work demonstrated the feas1b1]1ty‘_

of.using a solar cell 1nterference signal on the.magnet1c_sensor
"para11e]'to the spin axis as adpseudovsun sensor. ‘It was shown
hoWever, that this signa]_dependeddon'thevspacecraft state.
Furthermore; the spacecraft.state could on1y~be determined by
.makfng onegcomp]ete pass tnrough tne data;ti]e. Since financial
support for such processing was not prouided for in this.grantv
and since our request to NSF for such support was reJected, 1t
Was necessary to terminate work on this phase of the project.

A new edit program was ‘also requ1red to process a?? data

acquired after June 30, 1970. On th1s date NASA ceased record1ng



and processing the.environmental measurement data on ATS 1. Be-
ginning- in Septemper, 1970, these data were again obtained by
the National Oceanic and Atmospheric Administration (NOAA) at
Boulder, Colorado. An edit prcgram was required to interface
: the new tape format with existing programs. Since these data
‘cou1d not‘be processed with this new demodu]ation'program, it
Awas a]so necessary to terminate work on fhfs project
Our work on automat1c correction of the ATS-] magnetometer

data for the years 1967-1968 is almost completed. As discussed

in our prev1ous proposa]s, there were a number of rema1n1ng prob]ems R

W1th the effects of the spin scan c]oud camera and VHF transm1tter

' Cons1derab]e effort was requ1red to solve the 1atter prob]em. It.'
was'fnund,thét inannnranv'nf tne cnrrection vectors'was a result e
r.of a seasona] dependence of ‘the spacecraft fields. ConseqUent]y,

1t was necessary to comp]ete]y recalculate the correct1on vectorsf”'
on a month]y, rather than a year]y_bas1s.

The producfion‘costs_for'correcting the ATS-1 magnetometer‘
~data were'nof provided by this grant.'tAs'menfioned before, our;
proposal tp NSF to finance this:work nas.rejected. Fortpnately,
we were»ab]e to obtain an intramural Qrant from UCLA tO-carry
odt tnis work._ The.constraints of thfs grant~obligated us to j'
‘comp1ete the work before Ju]yv1,11§72;‘ Furtner, no money would
be available for m1crof11m plotting. o |

| In order to comp]ete the correction procedure w1th1n these
limits, we terminated our attempts-to solve the_sp1n~scan-cloud

camera problems in the first pass throughathe data. Further, it
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was necessary to deveiop a Ca]-Comp program to plot the corrected
~output. (A Cal- Comp plotter is available without charge )
discussed next, programming effort in spectra] analysis was re-
directed to comp]ete the correction procedures

_ At the’ present time, the entire year: of 1967 and part of

1
]968 have been automatically corrected -Data were produced at

"~ both 15 second and 2- 1/2 minute time resoiution We are now in

the_process of piotting these_data,__A_samp]e output of the piot
program has been sent to the Nationa1 Space Science Data-Center

’ These piots Wiii be photographed on- microfiim and stored in the
archives. In addition, ‘BCD tapes of the. corrected output are being

generated and will also be submitted about_Ju]y 30,-]972.

Deveiopment of Spectrai Ana1y51s Procedures

In our proposai we indicated our de51re to deve]op spectra]

. analysis procedures to hand]e data With noise and gaps. | In addition;_'_

.we p]anned to determine empirically errors in the ana1y51s pro-
cedure by generating ensemb]eS'of test functions In beginning this
work we discovered a. dupiication of many of our. previous programs |
The reason for this was that in the past each project. deve]oped
.spec1a1 programs starting with the particu]ar form of data-pecuiiar
1to the given project. - Invariably -the fina] programs were so specific
as to require extensive modification before use in.a'new project.

" To counter this tendency we adopted a modular approach in our
:data ana]ySis The basis of this system is .a constant internal

' format in ana]ySismcai]ed a "blocked data setf-(BDS). The form
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of,this data set is SUf%icientTy general to encompass all the input
and output data types that we presently usé.' The requirement thaf
all programs read these as input and write them as 6utput_in§ures
that- we will always be able to pfocess data from_any source. The
additional redhifement that analysis procedures be organized'as
a;sequence‘of stéps with each step utilizing BDS's furthef
insures that new procedures can be.quick]y assembled from existing'
modu]es; | | ‘ | _ |

At the present time we have comp1eted'a.numbér of eééential
~steps in developing the modular‘approach{ The'fifst step was
geheratihg_interface prerams_So each of our existing_dafé'sources
~could be.conVerted to a BDS._'NeXt, we wrote several éonversﬁdn.
programs so thét the BDS could be iﬁput to eXisting progfamé
We have begun wr1t1ng a number of BDS ut111ty programs,_1nc1ua1ng
a genera] print- punch program to gutput a BDS, a genera] Cal-

Comp plot program for time series p]ots, and -a general contour maﬁ -
B program‘for functfons'of two'Variab1es. 'Presently:under deyelop; .
.ment_are‘a genekal,merge,program and a genera]iinpui-output»routine.
'Aiso;,We ﬁa?e completed the .first analysis prdéédure utilizing
only BDS's in a stepw1se function. |

Our experlence to date w1th th1s new programmlno ph1losophy
has been quite successful. We have great]y reduced the dup]1cat1on“
of effort in which each programmer deve]opslspecialized di$p1ay
programs for his own uSe; Further, we find that the stepwisé
analysis procedure is very easy to change in response to new

ideas.



- Qur eventua] goal in these deve]opments remains the:same;
‘i.e., 1mprovement and’ ca]1brat1on of our spectral analysis pro-
cedures. While we have delayed this goa] somewhat, we believe we
will be amply(repald by the genera11ty of the routines we are

“developing. \\i\

Sc1ent1f1c Studi.es of ULF Waves at Synchronous Orbit

Wh1]e we have been deve]op1ng correct1on programs to remove e
spacecraft-fields, our ma1n<sc1ent1f1c interest has been limited
- to f]ucguating fie]ds, particularly the area ef ULF waves_at Syn;‘fe
chrondus'draaf. Our exisfingvprogram'strueture,;embodying ah
ear]ier_versidn»of the_b1ocked data set concept discqssed:abpve,;‘
. has been adequate to carryeout severa] studies. These,iaCIUde
- work on stormtime Pc 5 waves, substorm—assécia+eﬂ<band-1imitedA;
" Pi 1 pu]sat1ons, and qu1et time transverse Pc 4 waves In each
of these studies we have obta1ned a number of 1nterest1ng resu]ts .

Stormt1me Pc 5 M1cropu1sat1ons

- WOrk on this part of the prOJect was carr1ed out by a Ph D.

veand1date, J;N. Barf1e]d, under the d1rect1on of Professor R.L.

~ McPherron. Major experiménta]_resu]ts of this work are summarized A:

in-the,abstract of his'dissertation, to-bebeUhd in Section F..

‘Band-Limited Pi 1 Micropulsations -

During maghetospheric substorms Pij1.micropu1sations are
seen in the auroral zonesduring almost every substorm. iThese
waves tend to‘be bahd-]imited‘and associated with modu]afed
| electron precipitation and pa]satfngiaurora. Despite these |
'systematicAcorreiatiohs, a]host’nbthing is known of the'caase

R
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of this phenomenon. A -beginning graduate.student C. Arthur, has
started a study of this prob]em under the d1rect1on of Professor
R.L. McPherron. The initial results were presented at the Apr11
1972 meeting of the American Geophysical Union (see Sect1on.F;
for abstract). A summary of these and additjona].results is ore-

- sented below. _
The first step in determintng the properties of band-limited

Pi 1 micropulsations at ATS 1 was to scan high-resolution micro-=
film plots ot‘the data. -ApproxtmateTy 140 days of.data were’
| examinedwin«this_way. Data between'1000_UT and 1800 UT were'
.scanned for.waves of ~20 sec periodl For many of the days scanned
.however, data were not ava1]ab1e dur1ng the . hours of 1nterest - On
the bas1s of the cr1ter1on stated above, 15 potent1a] events were»
se]ected for ana]ys1s Seven.other days,’ for wh1ch h1gh reso]Ution'
p]ots were not ava11ab1e, were also exam1ned because corre]at1ve
data were available. Initial spectra] ‘analysis 1nd1cated that only
9 of these 22 events were su1tab]e for further study --Many of the
~other events’ showed ev1dence of the phenomenon be1ng studied but y.
'conta1ned an excess of 1nterference in the data | A' 'h_.

o For the 9 events selected for further study, there were 20
hour- 1ong 1nterva]s in wh1ch spectral 11nes were present When
the character1st1cs of these events were stud1ed in a stat1st1ca]
_ manner, some patterns began to emerge. _ |

The waves are significantly band- ]1m1ted at 20- 30 sec per1od

‘but not highly polarized (mean 70%), 11near,‘transverse to mag-

" netic field 1n_the‘equatoria]xpTane,'azimUthaT]y,po1arized,>and

2



they have a local time occurrence pattern which peaks at 0800 LT.
~ These characteristics agree fairly well with those obtained in our

previous work. : |

| Examination of sonograms and tel]uric current records pub-

N
lished by the University of Alaska in High Latitude Geophys1ca1

- Data showed that, for 8 of the 9 events, there was m1cropulsat1on

@;ﬁact1v1ty on the ground at Co]]ege similar to that observed at

" the satellite.

Because of the ]imited'availabi1ity_ot.over]apping Tungsten
~and ATS-1 data, only one event has been found for which an event
Was seen atioothtlocations;' The event at ATS 1 was very weak;

| ~and the spectral 1ines'were notfas well defined as those ofbthe:
much clearer and stronger event at Tungsten Dynam1c spectra.
of the times in quest1on revea] that there are severa] bursts at
the frequency in quest1on for which there is a rather.weak corres-;
fpondence in time of occurrence Th1s event does not present con-
clus1ve ev1dence as to whether the events seen at the two 1oca-
. tions are, in fact, the same or different phenomena. | |

A Study ofiquiet Time'Transverse Pc 4'Mi¢ropulsations

As . part of our support for other prOJects, we are cooperat1ng o
‘:ip?1w1th Professor W.D. Cumm1ngs of the Department of Phys1cs, Gramb]1ng

Co]]ege, Gramb]1ng, Lou1s1ana, in a study of Pc 4 m1cropu]s“tjons

‘;fmspectra1 analysis on approx1mate1y 20 wave events “Initial YESU]tS

of th1s stat1st1ca1 survey were presented at the Apr1l 1972 meet1ng

TE%R of the.Amer1can¢Geophys1ca1 Union. These results are'summar1zed by_?i -
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the abstract entitled "Spectral and Polarization Analysis of.

Micropulsations Observed at ATS 1" in Section F of this report.

b. Mariner Project

we'have extended our studies of the radial dépendences:/:T;T:
depeﬁdences of distance from the sun, of the power spectra-of thei
.intefp1anefary_magnetﬁc fié]d.using meéSuréments taken withvthe ‘
Mariner 4 and Mariner 5 magnetometers. New fast fourier transform
, powér sbectra progkéms were developed and separaté analysis was
done for data taken at active tfmes and at’quiet'fimés in order to'
study the changes in the specfra with ab£ivity. The results df
these ana]yﬁés'are bejng compared'with theoriés fo}.the production

and damping of waves in the solar wind.

4. Theoretical Studies

a. Solar Wind Interaction with Interstellar Medium

Qur ana]y;is of the effect'of fhe ioﬁization ofvinterste11ar« 
neutra]s'upbn the spiral-angTe;of'ﬁhe inferp]anetary magnet{c:fieid,j
-was extended. First, the mode]_of neutral density‘was‘genera]ized'
to includeagravitationai fogusing;and temperature.;;The tranéfe}
of angular momentum to'the'newiy ionized bartic]ésﬁwas_ca]cu]aﬁed
usihg-these modeis.  Thé resulting uhwindihg‘of the*fie]d.was
found to agree substantially'with that repbrted earTiérQi

The two fluid equationsvwere used in an extension of.the
theoretical treatment of the interabtion. A genera]iéed'Ohm's.
law was formed inc]udihg sources in the flow. The resulting
relation was found to beha;e-in a hanher similar tb'a co]1j$ion

dominated ion-éiectrqn¥neutra] plasma. .



Tne thermal energy equatfon for each of tne two charged

: bartic]e species-was'a]so‘developed. As a result, the ion

temperature predicted tor 5 AU was found to be considerably higher

than that predicted by an adiabattc-theory without interaction?WTtn

interstellar particles. The e]ectron'temperatune_was found to be

ne]at1ve]y unaffected by the 1nteract1on | »

- These two results, a higher ion temperature, and an unw1nd1ng

:vof the 1nterp1anetary spiralled field should be observable with

‘the forthcom1ng Pioneer m1ssions.to Jup1ter, 1f the 1nterste11ar‘.-
-3 ' ‘ :

density is 0.7 cm or greater.

b. Solar Wind Model Studies

During the reporting period we COntfnued work on,modejé.of
~the solar wind which jnciude magnetic<and'rdtationa] effects. The
previously reponted first onder-expansion of the nagnetohydro-' |
dynam1c equations about the nonrotat1ng Parker so]ut1on 'Was ex-
tended to include the effects of lTatitudinal var1at1ons 1n
temperature, dens1ty, and magnet1c f1e1d at the corona] boundary
Solar w1nd f]ow propert1es, 1nc1ud1ng the 1at1tud1na] f]ow ve]oc1ty,
and 1at1tud1na1_component‘of the jnterplanetary magnet1c field,
have been ca]cu]ated ton se1ected'vaniations=in the.éorona1
Boundary_conditions,:such as a hotdcorqna] equatondor hot'cordnal
pole. As a spetifjc examp]e,va'dipole-like variatidn in the.

_ magnitude of the coronal magnetic fteld;resulted in quantitative -

effects of magnetic channeling.

C. PROPOSALS

Dur1ng the report1ng per1od three new proposa]s were produced



- : ']4'

" by the gfdub-suppdrted under thiS'grant The first bfoposal was

to the Air Force: Cambrldge Research Laboratory for an 1nvest1-

gation of geomagnetic activity. The second was for correlat1ve
studies of Apollo 15 and 16 subsatellite magnetometer data w1th
Exp]oker 35 and lunar surface magnetometer data. The 1ast was for \\\
part1c1pat1on in the def1n1t1on phase for P]anetary Exp]orer
‘m1ss1ons_to Venus: - the rationale for,‘and design of a suitable-

fluxgate magnetometer.
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D. ~ STUDENT PARTICIPATION . |

A basic pdrpose of our researchvis to make it possible for
-students to participate in scientific experiments wtthin the h
rapidly developing field of space science. The following graduate',:
students have.participated in our‘programs during the period covered
by th1s report _ -,‘

1. Car1ene Arthur, Department of P]anetary and Space Sc1ence,
is studying the physics of the magnetosphere.

._2.’ Joseph Barfield, Department of P]anetary and Space'Science;
chussed onmthe physics of the magnetospheré and the interplanetary
fmedium,‘ Dnring the reporting period;'Mr; Bartie]d cpmp]eted_hts
requirements for the Ph.D. in Planetary and Space Physics;'ths
dissertation was entitled "Pc 5 Gepmagnetic-MicropU1sations Observed'
at the Synchronous,'Equatorfa] Sate]]iteaATS 1 durjng Magnetic Storms
Stormst" o f | | o

3. Mac C. Chapman, Department of Planetary and Space Sc1ence,_
Vns work1ng on the strong prec1p1tat1on data obta1ned from the -
electron spectrometer on 0G0 6. . o
4. ana]d Chi}ders, Department of Physics, isdstudying the
physics of the magnetdsphere.b.He is working_mith”data from 0GO 5
and ATS 1. | | | |
-5. Bryan Horn1ng, Department of. P]anetary and Space Sc1ence;
is study1ng the physics of the. magnetosphere |
6.  B. R. Lichtenstein, Department of Planetary and Space
.Science, is concentrating his efforts in the area of

Tunar magnetism and the interaction of the solar wind with the

~ moon.
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6.-'Lawrence Sharp, Department ofAP]anetary and Space Science,'
is studying lunar magnetism and the interaction of the solar wind
w1th the moon.

7. The work of Ray Wa1ker, Department of P]anetary and Space
Science, 1nvo1ves the study of electrons in the magnetota1], using
data from the electron spectrometer on 0GO 5. . :4'fiffS\;

8. Edwin Winter, Department of P]anétary!ahd Space Science,
‘isvstudying the interaction of the-so]af wihd with p]anétary and
é@metary bodies.and the termination of the solar wind; '

.'A1] df.the registered gréauate students whose suppdrt is
prbvided.byuthese programs are empToyed'as research assiétants-
in c]assifications:norma]]yVopén to graduate students uhder 1ong—'
‘estab1ished UCLA requ]ationS' The1r rates of pay are estab11shpd
by the Regents of the Un1ver51ty ‘A considerable effort is made
to assign research tasks which are of specfa] interest to the
student,\but'the.tasksithemselves are not neceéséri]y re]atéd
difeqt]y or indirectTyvto any dfsserfatibn research‘that'the.'

student may eventually perform.
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E. PUBLICATIONS AND REPORTS
Papers resulting, wholly or in part7 from the research

supported under this grant are 11sted chrono]og1ca1]y be]ow

An asterisk denotes a paper comp]eted since the last report
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Interplanetary magnetic fields: Preliminary Observat1ons
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Farley, T.A., The growth of our know]edge of the earth s outer
rad1at1on belt, Rev. Geophys., 1, 3, 1963. A

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 11, Science, 139, 909,

1963.

Co]eman,.P J., Jdr., Character1st1cs'of the region of interaction
between the interplanetary p]asma and the geomagnet1c field:
Geophys Res., 69, 3051, 1964. _

Smith, E.J., L. Davis, Jr., P.J.-Co]eman, Jr.,_and-C.P. Sonett.
Interplanetary magnetic field measurements The Mariner I1
magnetometer experiment, in The Solar Wind, edited by

R.C. Mackin and M.M. Neugebauer, Pergamon Press, New York,

- 1966.
Sonett, C.P., D.S. Colburn, L. Davis, Jr., E.J. Smith, and
Evidence for-a collision-free magneto-

P.Jd. Coleman, dJr.,
hydrodynam1c shock in 1nterp1anetary space, Phys. Rev.

Letters, 13, 153, 1964.

Jr., P. J Co]eman, Jr.,.
Geophys. Res.,

Pioneer 5, J.

Smith, E.J., L. Davis, and C.P..Sonett,
: Magnet1c measurements near. Venus, dJd. 70,

7, 1964.
Coleman, P.J., Jr., The Mariner§2>magnetometer experiment and
Publication No. 447,

associated data reduction procedures,
Institute of Geophysics and Planetary Physics, University

Los Angeles, May, 1965.
NASA'Dbcument'No.

of California,
Farley, T.A., Space Sciences, VI, SP-114,
Washington, D.C., 1966. .
Coleman, P.Jd.,Jdr., E.J. Smith, L. Davis, Jr., and D.E. Jones,
Measurements of magnetic fields in the vicinity of the
magnetosphere and .in 1nterp1anetary space: Preliminary
- results from Mariner 4, in Space Research VI, edited by
~R.L. Smith-Rose, Spartan Books, wash1ngton, D C., 1966.
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Pc 5 Geomagnetic Micropulsations
Observed at the Synchronous, Equatorial Satellite ATS 1
during Magnetic Storms _

J.N. Barfield
University of California, Los Angeles

Tﬁe'resu]ts of a study of the characteristics of Pc 5 geo-
ﬁaghetié micropulsations observed at the synchronous,'equatOriaT
satei]ite ATS 1 are presented. Magnetic field data from the UCLA_
fluxgate magnetometer onvboarthTS 1 fofméd the basts for thé‘study.
The results of the'étudy are used to establish that the stofmtime
Pc-5 micropulsations -p]éy an ihportant ro]e'ih.the dynamics df the
stormtime ring current, and in the processes responsible for the
.'magnetospher1c substorm. | | .

A study of the stormt1me Pc 5¢ s observed at ATS 1 dur1ng 1967

D

.
" clearly establis htd4thut the micr 11gations are asso cizgt

opu d with:
the main phase minimum of géomagnetictstorms, and are- 'confined to -
the‘afterhoon séttor, The observed Pc 5's had a mean frequehcy of
0.005AH2 and a mean amplitude of. 10 gammas ; a.typical event lasted
one hour. The observed osci]]ationé were}high1y e]]fpticai.andathe.
'.major axis of polarization was,cldsely cdnfinéd to the geomagnetic.
mefidianup1ane A study of;ground magnetograms showed that the |
onset of Pc 5 act1v1ty at the sate111te is c]ear]y corre]ated w1th
the onset of the expansion phase of magnetospher1c substorms.
Detailed comparison of magnetic f1e1d data from Co]]ege, Alaska,
'énd from ATS 1 showed that stormtime Pc 5 oSci]]ation_events ob-
sefved at the satellite were alsO'QbSérvedvon the ground near the
northern cdnjugate point. -The results of the comparison'suggest
there 9xists a close coupiing'between the Pc S's in space and the

ground micropulsations.
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A comparison of the mégnetic fie]d'and enefgetic particle
fluxes during ttormtime Pc 5 micropulsation'events.reveé]ed'simu]-
taneous variatijons in the magnetic fte]d-aﬁd partic]eé. Cfoss
spectral analysis shtwed the particle and magnetic-field variétidns
to be well correlated in phase. The energetic electrons oscillated’
in phase and the energetic protons out of phase with the magnetic
field. | | | | |

During a 1argelfraction of'the Pc 5 micropdiéation eventg;
coincidentvPcA1—2 oscillations were observed. The Pc 1-2 oscil-
1ation$ were_quasi—sintsoida], Qtth pe;}ods 5-20_séconds, and -
'amp]itudés't;Z gémmas} The‘Pc 1-2's wére transverse and Teft—“
hand elliptically polarized with respect to the ambient magnet1c

field.  The Pc 1- 2 oscillations appear to be due to ion cyclotron

" resonance of Alfven waves. with energetic prULons.

Abstract of the. d1ssertat1on, University of Ca]1forn1a, Los Angeles,
1972. . ‘ S
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Fluctuating Magnetic Field

in the Magnetosphere
1: ELF and VLF Fluctuations

C.T. Russell, R.L. McPherron and P.J. Coleman, Jr.’
University of California, Los Angeles. '

The study of ﬁxtreme]y-Low-Frequency (ELF) and Very—Low?‘
Frequency (VLF) waves in space has been intensively pursued in
the past decade.  Search coil. magnetometers, magnet1c loop antennas,
and electric dipole antennas have been carr1ed on board many space—
craft The measurements performed/by these 1nstruments have
ddrevea]ed a multitude of wave phenomena, whose study in turn is
providing a wea]th of information on the physics of the magneto-‘A
_spheric and’ 1onospher1c p]asma Two classes of wave phenomena
L ..are observed : wh1st1ers and em1ssions .The observed wnist1er
phenomena 1nc1ude multiple hoo ducted wh1st1ers tondcutoff
-wh1st1ers, ion cyc]otron wh1st1ers, subprotonospher1c wh1st1ers,-e
| magnetospher1ca1]y ref]ected»wh1st]ers and wa1k1ng trace wh1st1ers;

The emlss1ons observed at h1gh altitudes near the magnet1c
equator differ in many respects from those observed. at Tow a1t1tudes
near the 1onosphere At high a]t1tudes,-1ns1de the plasmasphere
ELF hiss is the dom1nant emission and outs1dethe p1asmasphere
chorus is the dom1nant em15510n ~ A]so seen 1s a sub LHR hiss
Aiband in the outer p]asmasphere near the,equator, and h1gh pass
noise and broadband noise 1n the outer nightsjde.magnetosphere.
At Ton altitude both ELF hiss and chorus are present but, here,
" ELF hiss is the dominant emission even outside the p1asmaspbere;
Additional emissions,-specjfic to low a]titudes,'sucn as VLF hdss

and LHR noise aye‘a1so_obsenned.' A]though'the observations of these .

2



phenomena by spacecraft have been complemented by many ground-
based and rocket borne studies as well as by spacecraft obser-
vations of man-made signals, this paper reviews only satellite

observations of signals of natural origin.

‘Space Science Reviews, 125'810-856, 1972.
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F]uctuatwng Magnetic Fields in the Magnetosphere
2. ULF Waves

R.L. McPherron, C.T. Russell and P.J. Coleman, Jr.
University of California, Los Angeles

The study of ULF waves in space has been‘jn progress for-
about 12 years However, because of numerous observat1ona1 d1ff1--

| cu1t1es the properties -of the waves in this frequency band (10 3

- to 1 Hz) are poorly known. These d]ff]cu]t]es 1nc1ude the’ nature

of sate111te orbits, te]emetry 11m1tat1ons on magnetometer fre- -

»::quency response and comprom1ses between dynamic. range and re-

',-so]ut1on Desp1te the pauc1ty of 1nformat1on, there is 1ncreas1ng

recoqn1t1on of the importance of these measurements in magneto—

spheric processes. A number of recent theoret1ca1 papers p01nt
~ out the roles such waves p]ay in the dynam]c behav1or of rad1at10n
be]t partlc]es | |
’_ At the present t1me the existing satellite observat1ons of
ULF waves suggest that the leve] of geomagnet1c act1v1ty contro]s
t, the.types of waves which occurvw1th1n-the‘magnetosphere; -Con—.
'vyseouently, we consider separately'quiet_times; times Of_magneto—
'spheric substorms'and timesrot magnetic storms w1thinieach of
these. categories there are d1st1nct1y d1fferent wave modes dis-
t1ngu1shed by the1r po]ar1zat1on either transversevof para11e1r.~'
to the ambient f1e1d In add1t1on,'these-wave phenomena occur‘in
_'d1st1nct frequency bands In terms of the standard nomenc]ature of
- ground m1cropulsat1on stud1es ULF wave types observed 1n the mag-
netosphere include quiet time transverse - Pc 1, Pc 3, Pc 4, Rc 5

quiet'time compressionalfj Pc 1 ahddPi,]; substorm.compressional
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Pi 1 and Pi 2; storm transverse - Pc 1; storm compressional Pc 4, 5.
The satellite observations are not yet sufficient to determine

whether the various bands identified in the ground data are equally

[

appropriate in space.

Space Science Reviews, in press, 1972.
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An. Effect of the Ion1zat1on of Interste]]ar Particles
on the Interplanetary Magnet1c Field :

E.M. Winter and P.J. Coleman, Jr.
University of California, Los Angeles

The‘flow pf interstellar neutral particles into the inteh;
planetary medium dnd their subsequent ionization in the presehce
of the e]ectromagnetit field of the solar wind resulte in a‘
thansfer of momentum between that field and the neW]y ionized
particTes. Part of'this‘trensfer inyoives_a 1055 of angular
~momentum from the.so]ar'wind e]ectfomagneticlffe]d to these-’
part]c]es One effect of this 1oss is an unw1nd1ng of the
4sp1ra]1ed magnet1c f1e1d of the solar w1nd The magn1tude of
this effect is eva]uated for spec1f1c models of neutra] density
and ion production. The effects of solar grav1tat1on and light
hressure are-int1uded._;A neutral 1nterste11ar gas“compoéed_qf
v15 per cent he]ium and 85 per cent atomic hydrogeh Wa§ eeéumed
externa] to the so]ar system. Fohfthe caee ef-an interstellar :

j number density of 0 1 cm 3 and a ve]oc1ty of ]0 km sec -1 relative‘
to the sun, the sp1ra1 angle reaches a  maximum va]ue of 70° at_.v
epprox1mate1y 3 a. u. and then decreases w1th 1ncreas1ng dls— v
tance from the sun to 45° (the va]ue at 1 a.u. ) at the orb]t of

“Jupiter.

 Submijtted to Astrophysical Q.,_Ju]y, 1971.
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- " Some Characteristics of Low-Frequency
Oscillations Observed at ATS 1

W.D. Cummings and F. Mason
Grambling College, Grambling Louisiana

P.Jd. Coleman, Jdr.
University of California, Los Angeles

Low-frequency oscillations of the magnetic field at ATS 1
have'been analyzed for the 25-month data interval December 1966 to
December 1968. Irregular oscillations and oscf]]ations assdpiated
with magnetic storms were exc]uded from the anaTysis; 0f the 222
events identified, ]70 events were oscillating predominantly trans- -
- verse to the background magnetic field. The osci]]atjons were ob- |
served fo oééﬁr most frequently in the early aftefnoon‘hours;' They

also seemed to occur more frequently during December, January,

<+ > . . .
and February than otheyr times of the year. During a given

ruary th

1]
«t

~individual event the frequency was fair]y'cdhstant'and-it varied

3 and 20x]0'3 Hz with a broéd peak near 10x10~3,Hz.

between 1.5x10°
The event duration varied between a minimum of 10 min and a maXimUm'
of 14 hours and 26 min. During a given event the amplitude varied.

The average maximum amplitude of an event was §B =3y.

J. Geophys. Res., 77 (4), 748-750, 1972.
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Storm-Associated Pc 5 Micropulsation Events
Observed -at the Synchronous Equatorial Orbit

J.N. Barfie1d, R.L. McPherron and P.J. Coleman, Jr.
University of California, Los. Angeles

D.J. Southwood
Un1vers1ty of Ca11forn1a, Los Ange]es

Quas1—s1nuso1da1 magnet1c f1e1d osc111at1ons (m1cropu1sat10ns)b
are regularly observed at ATS 1 dur1ng geomagnet1c storms. The-

‘wave events typ1ca11y occur dur1ng the main phase and tend to -

 be confined- to the afternoon sector : Al] observed events-have

been closely corre]ated w1th magnetospher1c substorm act1v1ty

'vPower spectra] ana]ys1s shows that the observed osc111at1ons are

‘composed of harmon1ca1]y re]ated components Twenty—s1x wave:
i‘events were observed in 1967 the ana]ys1s of three typ1ca1 Pc 5
h events is presented here. The observattons are compared w1th the.
pred1ct1ons of theory for a hot (B S])vinhomogeneous p]asma' 'it

s suggested that the observed m1cropu1sat1ons can be understood

c..as the occurrence of e1ther an-Avaen”wave instability, or a drift.

instabf]ity,-of the enhanced storm-time rfng ourrent However, itr
fls conc]uded that the proposed mode]s requ1re further ref1nement.

for a def1n1t1ve exp]anat1on of the observat1ons

J. Geophys. Res,, 77 (1), 143-158, 1972 o
*Permanent address: Department of Phys1cs, Imper1a1 Co]]ege,
London, England.
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Magnetic Field Variations at ATS 1

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

Magnetic field variations obéerved with the magnetometer on
the ATS 1 satellite are briefly described. These varjations are"
c]assified actording to whéther they are macroscopic field changes
" or fluctuations and a1so whether they occur during quiet, dis-
turbed (substorms), or very disturbed (storms) times. It is cén—
~cluded that'é‘comp]éte understanding of thése comp]éx, interré]ated
bﬁenomena still requires much detailed study. |

Published in The ESRO Geostationary Magnetospheric Satellite,
ESRO Publ. No. SP-60 (Proc. ESRO Colloquium, Lyngby, Denmark,
October, 1969), 1971. - - - -
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Ground-Satellite Correlations of
Substorm Pi 1 Micropulsations

C.W. Arthur, R.L. McPherron and C.T. Russell
University of California, Los Ange]es

G.K. Parks
Un1vers1ty of wash1ngton, Seattle, Wash1ngton

Ground observations indicate that Pi I, which occur nredéWn
dﬂring:magnetospheric substorms, have a st}ong band-1imited com-
.bonent. Spectra from events detected'with the UCLA‘magnetometer
athungsten, Canade; are used to determine whether this component
"‘i; charactefistic.of‘Pi 1 or the resu]t of super1mposed Pc 3

“Since it.heSfbeen suggesfed that P1 1 has a maqnetospher1c or1g1n,
eatellite'magnetometer data that resemble P1 1 at the surface
-_vassnme importence; Indeed, oneeband—11m1ted P141-event has apparently .

13"
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reported Pi 1 evenfs from ATS 1 exhibit a strong sinuosida1 cdnponent
~and ranely occdf before dawn. This-occurrenee pattern suggesfsld
spatia]]yflocalfzed reéion bf_wave generation‘whichjjs consistent'

- nith the postulated origin. (0G0 5 data are used to”estab]fsh-the
radial Tocalization of'wave'bccurrence.) _inaaddition'to'tneeSQte1€1
3 ]jfe_data, e]eetron precipifation also suggeets a magnefbspheric
onigin Balloon data dur1ng ATS 1 events somet1mes show a correspon—
~dence- between the wave per1od and the per1od of modu]atlon of

prec1p1tat1on.

. Presented at the Spr1ng Meetnng of the Amer1can Geophys1ca] Un1on,
'wash1ngton, D.C., April, 1972 : :
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Fourter Analysis of the Substorm.
Depress1on and Expansion Phases

B.L. Horning, C.R. Clauer and R.L. McPherron
University of Ca]1forn1a, Los Ange]es

The change in the horizontal component of the magnet1c f1e1d
'measured at ATS 1 and 14 mid.latitude ground stat1ons is 1nvest1gated
v'for 47 moderately sized substorms. A Fourier analysis of the
deviation of the hor1zonta] component from: the qu1et day shows a |

. strong first harmon1c component with the m1n1mum in the f1rst |

'harmonlc Tocated at rough]y ]800 LT, for most events as reported

ear11er_by Crooker and S1scoe. H1gher harmon1cs became 1mportant

-at‘the onset of the expansjon.phase suggest1ng that the substorm

expansion_is notvsimp1yvthe result»of turning'off the partia1

ring current but of the growth and motlon of a separate current

system.i Contour p]ots of local t1me versus un1versa1 time w1th |

.the horizonta] component as»the contoured parameters:are presentede

“illustrating these results.

- Presented at the Spr1ng Meeting of the American Geophys1ca]
Un1on, wash1ngton, D C., Apr1] 1972 : : .
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Frequency Dependence of ATS-1 Observed
Micropulsations on Some Geophysical Parameters

Freddie Mason and W.D. Cummings
Grambling College, Grambling Louisiana

P.J. Coleman, Jr.
University of California, Los Angeles

Low frequency oscillations in the earth's magnetic field at
the synchronous orbit have been observed With the UCLA magneto-
meter experiment on board the ATS-1 satellite since Dec. 1966.

. Some general characteristics of oscillations in the range 2x10'3

: <1’<20x10—3

Hz have been:preViousjy‘reported-by these authors.

A further aﬁé]ysis'of oscil]ation§ in the abo?é mentioned range
 for the two yéér interval Dec. 1966 through Dec. 1968 is reported
here. It was found that the”frequency of an event increases with
-;the sum of Kp'for 24 hburs prior to_fhe event ﬁidpoint.- For events
with-dﬁratioﬁ'greater than 6 ﬁours, fhe product moment correlation
~coefficient for frequeﬁcy, f; ahd ZKp wa§ R¥O.853. The best ]eaét
squares 1iﬁear fit to the &ata for theée events was f=(0.34) zKp +

4.81. For the same events the correlation coefficient for frequency-

and DSt was R = -0.676.

Presented at the Spring Meeting of the American Geophysical -
" Unjon, Washington, D.C., April, 1972.
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Spectral and Polarization Analysis of
Micropulsations Observed at ATS-1

William Morris and W.D. Cummings
.~ Grambling College, Grambling Louisiana

R.L. McPherron _
University of Ca]ifornia, Los Angeles

This paper reports the results of an analysis of 1ow—frequéncy
oscillations ih the earth'évmagnetic field as observed at the syn-
chronous orbit by:the UCLA magnefometer experiment on board ATS-1.

=3 (f< 20 x 10_3 Hz for the two

'_Oscillations in thé_range 2 x 10
-year period Dec. 1966 through Déc. ]968 were studied. The ana]ysfs
. combines- a detailed; compﬁter procesééd; spectral éna]ysis of_.. |
selected e?ents with a less defai]éd manual analysis of.all évents
in'the two year time interya]. The computér ana1ysis reQéa]ed‘ |

______ P 1 -
il "

that a given eveni is often chiaracterized by a dom

arrow?ﬁ
_Spectral peak whose assoc1ated osc1]1at10ns are almost- ent]re]y
11m1ted to a p]ane, together with severa] minor peaks. - Dynamic
Aspettra1 analyses reveal that thé minor spectral peaks'appeér as 
short iso]atedfbursts In the’manuéi analysis mitrofiTm records
of all events were used to determ1ne the sense of po]ar1zat1on as

a function of 1oca1 t1me, frequency, and Kn

Presented at the Spring Meetlng of the Amerlcan Geophy51ca1 Unlon,,
Washington, D.C., Apr11 1972 _ _
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Simultaneous Observations of Correlated.
Storm Associated ULF Magnetic
Oscillations at ATS 1 and College, A]aska_

J.N. Barfield and R.L. McPherron
University of California, Los Angeles

- R.R. Heacock f
University of Alaska, College, A1aska o

Defai]ed ana]ysis indicates that a meridional oscillation
.event observed at the synchronous equatorial sate]]ite ATS 1 during
~the main phase of a. geomagnetic storm was a]so observed on the .
ground near the northern conJugate point. Data from the UCLA f]ux--
gate magnetometer'on ATS 1 were compared with digitized data from

T an indootion coii magnetometervat Co]]ege; Alaska. The simi1arity'
of the wave forms and auto spectra at the two locations suggests_
that there ex1sts a close coupling between the low frequency waves

in space and the ground micropuisations.

e

Presented at the Spr1ng Meet1ng of the Amer1can Geophys1ca1 Union,
‘Washington, D.C., April, 1972. :
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' Propagation of ULF Waves {(Micropulsations)

along Field Lines and Through the Auroral Ionosphere

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

Previous work attempting to determine the transfer function =
of the ionosphere has shown it is.difficult to determine either
theoretically or experimeﬁta]]y. .One of the major problems in the
experimental work has been lack of information abdﬁt the input
signal from the magnetosphere. In th{s paper we reportnresults
of an experimental study in which the "inpuf” has been measured.

-~ with the UCLA f]gxgate magnetomefers on fhe.synchronous satellite
ATS 1 and:theAeccentric satellite 0G0 5. Simultaneous ground mea-
surements of the "output" Have»been'made with‘magnetometefs near
the ATS 1 conjugate point. An eXamination'Of Pc 1 micropulsations 
_(5.second period) shows that field line geometry fs very impbffant
in studying waves which are collimated along field Iines; Variation
of signal amp]ifude across a f]ux'tube.in the magnetosphére or
wave propagation 1h the ionospheric duct seriously hamper the
measurement of ionospheric effects.  A'study.of bandilimited_Pi 1
micropulsations (25 second period) haSvrevealed that the waves

are quite rare at Synchronohs orbit in comparison with the very
frequency occurrence at the cé1cu]ated conjugate point during |
substorms. An attempt wi]]_bevmaaelto see if the waves are
localized at specific radial distances in the magnetosphere, using
the eccentric sate]]jté 0G0 5. A étudy of stormtime Pc 5 micfof
pulsations (200 second period) sths the anes are simu1taneous]yl

present at the ground and synchronous orbit with similar properties.
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Previous reports that Pc 5 do not occur on the.ground during storms
were apparently wrong, due to. the Subjéctive analysis techniques
used. These initial resuTts show that the measurement of the iono-
spheric transfer funétion is more difficult than expected and
requires future improvements in both data acquisition and analysis.
Such an'imﬁrovement using a synchronoué satellite as a receiving
station from an array of rembte observatories will be brijefly - ,v

described.

£

‘Presented at Navy Long Radio Wave Propagation Symposium Naval
Research Laboratory, April 25-27, 1972, Washington, D.C.
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vEffects of the Interstellar Particles
Upon the Interaction of Cosmic Rays
With the Interplanetary Magnetic Field

‘E.M. Winter and P.J. Coleman, Jdr.
University of Ca11forn1a, Los Angeles

- The flow of interstellar neutral particles into the inter-

: b1anetary medium has been established observationally. We have-
§ug§ested that the jonization of these particles will resu]f in

an unwinding of the spiral magﬁetic field. This effect, caused

by a transfer of angular momentum from the solar wind electro-
magnetic f1e1d to these newly ionized part1c1es, is evaluated -

for cases 1n Wthh the 1nterste]]ar gas density is less than or.
equal to one atom cm 3. We suggest~that th1s_unw1nd1ng can account

for the boundary effect at 3-5 AU'indicated by cosmic ray modulation-
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Presented at the 12th- Internat1ona1 Conference on Cosm1c Rays,
Hobart, August, 1971.
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Effects of the Secular Decrease of the Earth's
Dipole Moment on High Energy Trapped Protons

T.A. Farley
University of California, Los Angéles

M. Walt
Lockheed Missiles and Space Company, Palo Alto, Calif.

Schulz and Paulikas have suggested that the azimuthal electric
fie]e.resulting ffom the slow decrease of the earth's magnetic
moment will cause significant inward convection and acce]erafion
of high energy Profens which- are frapped for-centuries in fhe inner
radiation zone. We have confirmed'thfe shggestibn by incokporejihg'
- these additiona] effects in a ear]ier mode which predicts the-parj .
ticle distribution function resu1t1ng from albedo neutron decay,

radial d1ffus1on, and atmospher1c co]11s1on loss. Modest but

.._--.‘..:1:_--._ __________ LSV T | T ke da et 449 - .
~significant increases in the distribution funcumca, particularly

-de
-

is U
at low L values (<1.3) afe-apparent;' The additionAof_these effects
improﬁes the agreement between the model and the experimental data.
No attempt has~been made to include fhe'effects of the secular
change of the higher multipole terms; whose long term variation

is not well known.

-

Presented at the Fall Meetlng of the Amer1can Geophys1ca] Un1on
San Franc1sco, Calif. December, 1971. :
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Grbund—Saté]]ite Correlations for
Substorm Wave Phenomena

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

A magnetic observatory measuring the DC magnetic field and
its fluctuations has béen estab]ished at the ATS-1 conjugate point
at Tungsten, N.W.T., Canada. On Octobef 10, 1969, é sequenée of
substorms occurred'as.the meridian of the satellite rotated
through the night hemisphere..- Four,diétinét types of wave pheno-
mena were observed on the ground associated. with the différent |
subﬁtorms. “These'include IPDP at dusk;lPi.2 bur§ts and irregular
pulsations at midnight and band 1imited pulsations in the morning
léector. Each of:these wave phenomena,has been observed at the:
satellite though not all 6n this night. The properties of these
waves in Space and their re]ation.to the grQund observations will

be discussed.

Presented at the Fall Arnnual Meet1ng of the Amer1can Geophys1ca1
Un1on, San Francisco, Ca]1f December, 1971
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An Interaction Between the Solar Wind
Electromagnetic Field and Interstellar Particles

E.M. Winter and P.J. Coleman, Jdr.
University of California, Los Angeles

The currents associated with the acceleratioh of interstellar -
particles upon their’ionizatfon in the so]ar'wfnd can cause a de-
crease in the spiral angle of thejinterplanetary field. These
éurrenfs are in the direction of the~1nterp1anetaryle1ectfic field"

and result in a negative gradient of |[B,r| with distance from the

¢

sun. The magnitude of this effect is evaluated for various models

of neutral density incorporating solar gravitation and finite gas

"temperathre.- For an interstellar neutral densify_suggested by

'3, this effect can cause an unwinding of the

observations, ~.2 cm
spiral to less than 45° before the orbit of Jupfter. ~The degree

of this unwinding is caiculated Tur various azimuthal angles in

 the ecliptic plane. The unwinding can be detected with the forth-.

coming P{oneer probes to Jupiter. While this effect is maximum.

in the direction of interstellar inf]ow; some unwinding will occur

- for all ang]eé.

Presented at the Fall Annual Meeting of the Amer1can Geophys1ca]
Unlon, San Francisco, Calif., December, 1971. .
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A Modular Approach to the Digital
Analysis of Vector Time Series

R.L. McPherron and J.N. Barfield
“University of California, Los Angeles

‘The study of such phenomena as Tow frequeney eTectromagnetic'
waves_behefits greatly from the conveniences of digital data, and
the corresponding varijety of computer analysis techniques available.
‘However, many of theSe techniques have proven difficult to utilize,
due to 1ong‘de1ays'in-reprogramming'for.changes in data format or
"ana1ysis. We have attempted to overcome such difficulties by a
vmoduTar apprbach to time seriesianalySis "We utilize the modular
structure of Fortran programm1ng, w1th subroutines for des1red
operat1ons, and we requ1re all data to have a standard format. To
interface with actual input data we use.a library of conversion
'routines. ATl.programs are stored.in the. direct access~memory'ofr
en IBM 360-91. Program'access-is facilitated by the data set
manipu]ation.of the computer, with interaction via remote te]evistoh
'c0nsole -~ The structure and use -of this modu]ar approach w1]1 be
demonstrated by outlining the ana]ys1s of 1ow frequency e]ectro—
magnetic waves which occurred s1mu]taneously at ATS 1 and Tungsten,

N.W.T., Canada.

Presented at the Fall Annual Heetlng of the Amer1can Geophys1ca1
Un1on, San Francisco, Calif. December, 19771. ,
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Correlations Between Magnetic Field Changes at
ATS 1 and Low Latitude Ground Stations

.B.L. Horning and R.L. McPherron
University of California, Los Angeles

The horizontal coﬁponent of the maghetic field at the synchronous
sate]]itebATS 1 and-at several low latitude grouhd stations was
studied during weak and moderate substorms which occurred in Decem-
ber 1966 and early 1967. The field at ATS was found‘to correlate
closely with the ground field measurements through the expansion
phase though not consistently'through_the,growth phase of these  '
substorms. A fit of these data’te a field a]jgned.cqrrent.mode1
suggests that thevchanges during the expansion phese are caused byv5
severa]Adifferent current systems. A method of locating these |
currents using'both satellite and ground deta.is suggested and the

approximate position of these currents is found for the data.

‘Presented at the Fall Annual Meet1ng of the American Geophys1ca]
: Un1on San Francisco, Calif. December, 1971.



o b -

47

The Semiannual Variation
in Geomagnetic Activity

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

It has been established in many studies that the southward
component of the interplanetary maghetic field is the primary
agent in transfef of solar wind eﬁergy from the solar wind into
the magnetotail. Substorms then fe]ease this energy into the
magnetosphere and cause. the various phenomena classed as gee—
magnetic activity. The fact that the interplanetary field is

ordered in solar equatorial coordinates while the interaction is

~controlled in solar magnetospherit.coordinates plus the fact that
~the magnetosphere acts as a rectifier leads to a very simple ex-

planation of the semiannual variation of geomagnet1c act1v1ty

The diurnal and annual variation pred]cted by th1s anu other - .

- models W1]] be compared

Presented at the Fall Annual Meeting of  the American Geonhys1ca1

Union, San. Francisco, Calif December, ]97]



