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ABSTRACT

AURORAL ZONE ELECTRON PRECIPITATION
AND
ASSOCIATED MAGNETIC MICROPULSATIONS
by
John Donald Pierson

Gross features of the diurnal occurrence pattern for magnetic
micropulsations and associated electron precipitation occurring during
auroral substorms will be reviewed.
Recent observations of 25-250 kev auroral X-rays obtained during
August 1967 at Ft- Yukon, Alaska by the Rice University Balloon Group
will then be discussed and compared with magnetic micropulsation data
recorded during this period at College, Alaska.
Particular emphasis will be placed upon the relationship of the
energy and frequency spectrum of the precipitated electrons to the
occurrence and spectral features of pc 1 band (5~*2 cps) magnetic micro
pulsations which occur during the afternoon sector (local time interval
1200-1800).

A search for possible systematic relationships between

the frequency and energy characteristics of the precipitated electrons
with corresponding features of the magnetic micropulsations will be
carried out.

Previous comparisons have proved inconclusive because

of limited data on electron precipitation at these local times.
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INTRODUCTION

Few areas of research have presented the space scientist with
a more complex and varied array of phenomena than the aurora.

By

investigating the relationships between various auroral phenomena
the scientist hopes to determine their causal mechanisms.

Although

the various cause-and-effect relations seem almost inextricably
intertwined, a great deal of information concerning the auroral
processes has been obtained and our understanding of the aurora is
advancing at an ever increasing rate.
It has been known for some time

f Birkeland, 1896]
\

that the
■

aurora is caused by particles precipitating into the atmosphere.
It was realized even earlier

f Burritt, 1845 ] , that there existed

a correlation between the visual aurora and magnetic variations
measured on the earth's surface.

The association of the visual aurora

and magnetic activity is found on both a world-wide [ Akasofu, 1963]
and local scale

[~Davis, 1962 ] .

During great magnetic storms the

aurora is observed to have an equatorward motion [ Basler, 1963 3
and several "great aurora" have been seen at latitudes considerably
lower than the classically defined auroral zone [ Chapman, 1964 ] .
The large scale magnetic changes, which accompany the aurora, are
produced partially by currents flowing high in the ionosphere
[ Campbell, 1962a, and Campbell and Matsushita, 1962 ]

and partially

by locally induced earth currents [ Parthasarathy and Hessler, 1964] .
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These ionospheric currents are probably localized to the regions
of intense particle precipitation

f Brown, 1962, Brown and

Campbell, 1962, and Barcus and Brown, 1962]

which greatly in¬

crease the ionization and hence the local conductivity [ Campbell,

1964 ] .
In addition to these slowly varying and localized changes in
the geomagnetic field in the auroral zone there is also a wide
range of magnetic oscillations with periodicities ranging from
hundreds of seconds to fractions of a second [ Campbell, 1967 ] •
The higher frequency oscillations are generally of small amplitude
as compared to the earth's ambient surface field and are consequently
called "micropulsations".

Some of these pulsations are observed

world-wide, even at low magnetic latitudes

[~ Campbell, 1967 ] and

exhibit a diurnal occurrence pattern that varies from one frequency
regime to the next.

From a study of magnetic pulsations associated

with auroral ab sorption [ Campbell and Leinbach, 1961 ]
luminosity [ Campbell and Rees, 1961]

and auroral

it was concluded that varia¬

tions in the number of incoming electrons could best explain the data.
An "ionospheric feed back" mechanism which could produce pulsations
in the magnetic field but which did not require the incoming electrons
to be modulated was recently proposed by Trichel,
and O'Brien,

[1968! .

[1967 ] and Maehlum

At least some of the micropulsations are

thought to be manifestations of hydromagnetic waves by the interaction
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of the solar wind and the outer regions of the geomagnetic field
and propagating within the magnetosphere [ Campbell. 1967, Judge
and Coleman. 1962, and Sugiura. 1961 ] .
Within the last decade high altitude balloon-borne detectors
have established the fact that auroral zone x-rays are apparently
a persistent feature of the auroral phenomena.

During the I GY,

many constant level balloon flights were made from Fairbanks,
Alaska, Ft. Churchill, Canada and Minneapolis [ Anderson, i960
and Winckler. i960
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• Anderson and DeWitt £ 1963] were able to

show a correlation between the intense x-ray fluxes observed by a
balloon payload and the overhead aurora.

Since a large portion of

the auroral luminosity has been attributed to low energy bombarding
electrons [ Ornholt, 1959 and Johansen. 1965 J it was natural to
postulate that these x-rays were bremsstrahlung from the high energy
"tail" of the primary electron distribution interacting with the
upper atmosphere. Anderson and Enemark. [ i960 ] have made calcula¬
tions relating the primary electron spectra to the measured x-ray
bremsstrahlung.
The source of the particles producing the aurora and x-rays
was initially thought to be the outer Van Allen radiation belts.
Satellite data have indicated [ Anderson et al., 1965, O'Brien et
al., 1962 and O'Brien. 19623 that trapped radiation does not con¬
tain a sufficient amount of energy to maintain a moderate aurora
for long periods of time.

Winckler et al., [ 1962

3

on the basis
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of balloon measurements of precipitating.electrons during periods
of magnetic disturbances determined that

2 to 3 times the energy-

stored in trapped radiation passed into the auroral zone.

They

concluded that this energy flux must originate in the solar plasma
stream and be transferred by the magnetic field to the trapped
particles, which are then accelerated and precipitated into the
atmosphere, where the original energy is finally deposited.
Exactly what role the outer magnetosphere plays in the
auroral process is not well understood and it is to these problems
that the investigator must direct his attention.

Since the field

lines which enter the earth in the auroral zone extend to great
distances in the magnetosphere [ MclTwain, 1961 ] they provide
magnetospheric "probes" which can be used to investigate the rela¬
tionship between the magnetosphere and aurora.

The precipitating

particles and the magnetospheric field lines are intimately related
and a study of both phenomena for some systematic correlation could
possibly provide information as to the possible source and accel¬
eration mechanisms of the. auroral particles.
In recent years much time and effort has been expended in
attempting to correlate some or all of these various phenomena
and for a general description of the aurora and various investi¬
gation techniques the reader is referred to O'Brien,

[ 1965 ] ,
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[ 19^7 ] and Bailey, [1967 J . As a result of these studies
it has been shown that the precipitation of electrons into the
atmosphere is an extremely complex phenomenon and is strongly
dependent upon local time, geomagnetic latitude and the level
of magnetic activity.
Many measurements have been made by satellites and rockets
over extended regions of space and these data have contributed
significantly to our understanding of the aurora [ Mcllwain,

i960, O'Brien et al., 1962, O'Brien, 1963, 1964, 0'Brien and
Taylor, 1964, Reagan et al., 1966 and Sharp et al., 1967 ] .
It is often difficult to unambiguously separate the spatial and
temporal features of the auroral phenomena by these techniques.
High altitude balloon-borne detectors, however, have provided
quasi-stationary stable platforms from which the spatial and
temporal features of the aurora have been observed for long dura¬
tions.

Balloon-borne x-ray detectors have measured temporal vari¬

ations in flux which were generally related to variations in
ionospheric absorption f Rosenberg, 1965 ] , auroral intensity
\

[ Rosenberg et al., 1967 ] and magnetic field variations
»
[ Campbell, 1966 and McPherron et al., 1968 ] .

Intensity varia¬

tions of the x-ray flux observed by high altitude balloons indicate
a spectrum of oscillations varying over a wide range

1963, Evans, 1963 and Anderson, 1964 ] .

[ Anger et al.,
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As instrumentation and data handling techniques improved
the emphasis in auroral research was directed toward investi¬
gating the fine structure exhibited by the various auroral
phenomena.

Brightness fluctuations in the aurora were perhaps

the first structured auroral phenomena investigated.

Recent

observations of the brightness fluctuations in the quiet form
aurora have been made [ Paulson and Shepherd, 19^5, 1966 J and
it has been determined that fluctuations in the brightness of
quiet-form aurora occur almost always.

Spectral density analysis

invariably displays 1 and sometimes 2 prominent peaks in the
reciprocal-frequency range of from 3 seconds to 20 seconds with
the majority of these peaks in the neighborhood of 10 seconds.
Johansen and Omholt, [ 1966 ] have observed essentially the
same frequencies in the optical pulsations and have also ascertained
a trend to lower frequencies in the morning hours.

Perhaps the

most interesting observations of the optical manifestations of the
aurora have been carried out by Oresswell and Davis, [ 1966 ]
using an image orthicon television system.

They have observed a

variety 'of pulsating forms in the 0.1 second to 100 second period
range.

They have also observed that both thin-arc like forms and

irregularly shaped forms pulsate.

Rosenberg et al., [ 1968]

observed coherent fine structure in the optical and x-ray aurora
and from a cross correlation analysis show the light pulses lagging
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the x-ray pulses with an average delay of 0.60-0.75 seconds, a
value consistent with the life-time of the 5577A emission.
It is now well established that a correlation exists be¬
tween certain forms of modulated electron precipitation and
magnetic micropulsations.

Anger et al., [ 1963 ] interpreted

long-period pulsations of electron precipitation in the auroral
zone to be associated with hydromagnetic waves.
Barcus and Rosenberg, [ 1965 ]

More recently

observed that low frequency

hydromagnetic disturbances which are generated in the sunlit
magnetosphere propagate as transverse waves to auroral latitudes
and are accompanied by pulsating electron precipitation and
varying ionospheric absorption of cosmic radio noise with a
similar temporal behavior.

At the other end of the frequency

spectrum Milton et al., [ 1967 ] _, using fast time resolution x-ray
detectors, have observed a correlation in x-ray microbursts
(T~0.250 sec) and geomagnetic micropulsations of the same period.
A brief review of the correlation between these two phenomena as
established by various investigators is presented in section

k

of

this paper.
With the aim of examining further the relation and correla¬
tion between the structure of electron precipitation and magnetic
variations in the auroral zone a research program has been carried
out using the data obtained by balloon-borne x-ray detectors and
ground station magnetic sensors.

1.

EXPERIMENTAL APPARATUS

Auroral electrons cannot penetrate deeply enough into the
atmosphere to be measured at balloon altitudes.

However,

bremsstrahlung x-rays produced by the more energetic component

(>25 kev) do penetrate to balloon heights (~30 km) and pro¬
vide direct evidence of energetic electron precipitation.

The

electron precipitation to be discussed is inferred from x-ray
measurements obtained by balloon-borne detectors.
The x-ray detector used was a Harshaw Company "Integral Line
Assembly" scintillation unit which consisted of a two inch diam¬
eter by one-half inch thick Nal(Tl) scintillation crystal opticallycoupled to an end window RCA 63^2A photomultiplier tube by a onehalf inch thick quartz light pipe.

The entire -unit was hermetically

sealed in an aluminum housing with only the base pins left exposed
for external connections.

These units are essentially 100$ effi¬

cient in the 25 kev to 200 kev energy range.

The energy resolu¬

tion is approximately 25$ at 60 kev for these units.
The 900 volt phototube power supply was provided by a series
of thirty 30 volt Eveready. No. 506 type hearing aid cells com¬
pletely potted to insure against coronal discharge at low pressure.
The high voltage connections at the base of the phototube were also
sealed to prevent coronal discharge. .
Amplitudes of the anode current pulses produced by the inci¬
dent x-rays are linearly proportional to the energy lost within

the crystal.

The edges were set for energy losses in the

crystal of greater than 25, 50, 100 and 200 kev using the 22
kev and 123 kev gamma ray lines of

Cd^-^9 and Co57 radioactive

sources, respectively, as references.
The basic arrangement of the electronics within the balloon
payload is illustrated by the block diagram in Figure 1.

The

pulses out of the anode were fed to a four channel integral
pulse height analyzer.

The pulses from the greater than 25, 50,

100 and 200 kev energy channels of the pulse height analyzer
were scaled by factors of 2^, 2®, 2^, and 2^ respectively.

The

voltage level at the output of the last binary for each channel
was used to modulate a subcarrier oscillator.

The frequencies

of the subcarrier oscillators are indicated in the block diagram
in Figure 1.

In addition, pressure data from a calibrated Radio

Sonde sliding contact baroswitch were fed into the subcarrier
oscillator used by the greater than 200 kev x-ray channel.

Sub¬

sequently, these pressure data were converted into balloon alti¬
tudes using the 1964 standard atmosphere.
The'signals from the different subcarrier oscillators were
combined in a mixer whose output was used to frequency modulate
the transmitter carrier frequency.

The’final signal, was telem¬

etered to the ground receiving station by a turnstile antenna.
The payloads were carried aloft by 3/4 mil thick, 135,000
cubic foot helium filled polyethylene balloons manufactured
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by Raven Industries, Inc.

Details of the balloon payload geom¬

etry are shown in Figure 2.

Immediately below the balloon a

cut-down timer and squib arrangement was attached to the load
line to terminate the flight at a prescribed time.

The pay¬

load then made a parachute descent to the ground but no attempt
wras made to recover it.
The telemetered signal was received by a rotatable Yagi
antenna.

The signal went through a preamplifier attached to

the antenna mast and into a Fisher tuner.

The tuner output

was then fed into four subcarrier discriminators tuned to the
four frequencies of the payload subcarrier oscillators.

The

discriminated outputs were played out on paper charts for visual
inspection and data analysis.

The tuner output was also put on

magnetic tape to be used in future data analysis.

2.

FLIGHT PROGRAM

Early in 1967 plans were initiated to undertake a cooperative
satellite-balloon research program to investigate various features
of the auroral process.

Particle detectors on the ATS-1 geo¬

stationary satellite and high altitude balloon-borne x-ray
detectors would provide long duration observations of electrons
far out in the magnetosphere as well as those precipitating into
the auroral zone.

Similarly, magnetic field measurements made by

the satellite and by auroral zone ground sites would provide many
hours of continuous magnetic data.

These data would then be ana¬

lyzed in an attempt to establish some systematic correlation in
the features of the two phenomena as observed at two points on
approximately the same L-shell but differing widely in space.

The

first phase of this program was to be a series of simultaneous high
altitude balloon flights in the L=5~7 range from the College-Ft.
Wainwright area and Ft. Yukon, Alaska.

These two locations are

226 km apart and are very nearly on the same magnetic meridian.
The flight series out of College-Ft. Wainwright was a joint effort
by balloon groups from the University of California, the University
of Denver and the University of Minnesota while Rice University
carried out the northern flight series from Ft. Yukon.

Calculated

on the assumption of an internal magnetic field source only, the
intersection with the earth's surface of the ATS-1 satellite field
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line is found to lie

62.96°

N 127-75° W.

This point is approxi¬

mately 100 km north of the small mining camp of Tungsten, Canada.
Although Ft. Yukon, Alaska (67.5° N 145.2° W) is geographically
further north than Tungsten, they are on approximately the same
geomagnetic latitude.

The geomagnetic coordinates of Ft. Yukon

and the base of the ATS-1 field line are

67.7°

N 278.4° E respectively.

67.4°

N

256.8°

E and

As can be seen from Figure 3 the

proximity of the geomagnetic locations of the launch sites to
the intersection with the earth's surface of the field line which
passes through the equatorial plane in the vicinity of the ATS-1
satellite provides a unique opportunity to investigate possible
auroral particle source and acceleration mechanisms.
Due to the inundation of Ft. Wainwright by the "great flood
of '67" not all of the objectives of phase one were realized.
Before the flood only two simultaneous flights were attempted and
on both occasions the balloon launched from Ft. Yukon descended
prematurely.

This, in all probability, was due to very high sur¬

face winds at launch which violently buffeted the balloon during
filling.

Ft. Yukon was not seriously affected by the flood and

the remaining seven balloon flights launched by the Rice University
group were all successful and provided many hours of good data.
The magnetometer and micropulsation data which were recorded
at College, Alaska were somewhat intermittent due to the flood,
but data were available at the times of all seven of the flights.
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Fortunately, the balloon group from the University of Minnesota
•was on higher ground at College and in three separate instances
both groups had simultaneous balloon flights.

Arrangements are

being made with the University of Minnesota group to exchange
x-ray data from these flights and the results of an analysis of
these data will be presented in a later paper.

This phase is

done in anticipation of receiving the particle and fields data
from the ATS-1 satellite, the analysis of which will be presented
at a future date and comprises the second phase of this research
program.

The rest of this paper will be devoted to an analysis

of the x-ray data and magnetic records obtained during the flight
series from Ft. Yukon, Alaska.
is given in Table I.

A flight summary of this series

3.

GENERAL RESULTS AND OBSERVATIONS

As was mentioned in the previous section this series of
balloon flights was to be conducted with the aim at eventually
correlating the results with data from the ATS-1 satellite
which was launched on December 6,

1966.

Due to the finite life¬

time of such a satellite (~1 year) the flight series was scheduled
for August 1967*

In view of the fact that the sun was approaching

the peak of its eleven year activity cycle it was felt that this
time would be a period of enhanced activity.

Unexpectedly, solar

activity was minimal during the flight program and the magnetosphere
was not greatly perturbed.
is given in Figure
bances.
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A summary of the entire flight program

as well as the accompanying magnetic distur¬

The solid triangles indicate sudden commencements with

the overall level of world-wide activity given by the 3-hourly
planetary range indices Kp (IER-FB-278, 1967).
The integral photon flux above the cosmic ray background,
that'is, the auroral excess for each of these flights is defined
as follows:

N(>Ei)

=

T(Ei) - C(Ei)
QG

T(Ei) is the total counting rate in counts per second due to
energy losses in the crystal greater than Ei kev.

C(Ei) is the
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counting rate due to energy losses greater than Ej_ kev contri¬
buted. by the high energy cosmic ray background. the effi¬
ciency for detecting photons having energy
unity over the 25 kev to 200 kev range.

is approximately

G is the area of the

crystal weighted isotropically over the upper hemisphere and is
given by the relation
G =

i7

T

rL

+ 1

where r and L are the radius and thickness of the crystal.

For

the crystals used on these flights G was approximately 15 cm^.
In order to relate the photon flux measured at the balloon to
the primary electron flux precipitating into the atmosphere one
must extrapolate the measured x-ray flux and spectra to zero
atmospheric depth and then calculate the electron flux and spectra
which could produce the zero depth bremsstrahlung spectrum.

In

extrapolating the measured spectra to zero depth one must correct
for photoelectric absorption, Compton scattering and source
distribution which reduce the intensity, distort the energy spectrum
and anisotropy in the initial beam.

An approximate solution to

these problems has been obtained by ignoring Compton scattering
and source distribution by Anderson and Enemark, [i960] and
Barcus and Rosenberg, [1966 ] .

These corrections have not been

made in the data presented in this paper but it is felt that the
primary particle fluxes can certainly be estimated to well within
an order of magnitude.

It will suffice to point out that flux
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of ~1C>5 electrons cm"2 sec“l having energies >30 kev is
required to produce 1 photon cm-2 sec"-*-

A30 kev observable

at balloon altitudes.
Although the month of August was magnetically quiet many
hours of auroral x-radiation were recorded.

The number of half-

hour data samples for seven balloon flights from Ft. Yukon is
shown in Figure 5•
To understand better the electron modulation mechanisms,
data on the spatial, temporal and spectral features of the preci¬
pitating electrons is essential.

As was pointed out in the intro¬

duction these problems have been approached by many investigators
and much information concerning these features has been obtained.
Since the intent of this paper is to study the variations in the
temporal features of the modulated electron precipitation and mag¬
netic micropulsations, no attempt was made to determine the spatial
extent of the electron precipitation.

The spatial distribution

of the precipitating electrons is an important parameter and will
be considered in detail at a future date when the data from the
ATS-1 satellite and the College, Alaska balloon series are included
in this study.
From a detailed analysis of all of the x-ray records several
types of time variations in the x-ray flux have been identified
which appear to be characteristic features of the electron precipi¬
tation at certain times.
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The first of these features is the slowly varying and gen¬
erally unstructured electron precipitation associated with the
auroral breakup.

These variations are considered only briefly

in this paper since they are generally related to the intense
particle precipitation occurring during the transition of the
auroral electrojet from its westerly direction to its easterly
direction

[Davis,

1962 3 , and as such does not fit into the

scope of the present analysis.
The second temporal feature observed in the electron influx
are pulsations in the x-ray intensity having bursts with half¬
widths of from 2-10 seconds and with spacings between bursts
extending from

5-60 seconds [Barcus et al., 1966

3

.

These

spacings are dependent upon the amount of activity present and
in at least one case tend to increase toward the end of the event.
This type of pulsation will not be discussed in great detail,
but for illustrative purposes the power spectral density function
of a particularly representative event will be shown.
The third feature identified in the electron influx are the
rather sinusoidal pulsations with periods in the 5 second to
60 second range.

While there were several instances of variations

of this type, two particular afternoon events have been selected
for detailed analysis.
in the next sections.

These events will be discussed more fully

k. ELECTRON PRECIPITATION AND MAGNETIC MICROPULSATIONS

The emphasis in this section will be to investigate the elec¬
tron precipitation in the auroral zone associated with variations
in the total magnetic field and geomagnetic micropulsations.

All

of the data from the balloon series with the exception of flights
l, 2 and 9 were analyzed and examined for pulsating activity.
Plights 1 and 2 were omitted for reasons outlined previously and
although the data from flight 9 were analyzed they are not included
since the balloon sank slowly and the excess radiation was not suf¬
ficient to provide adequate temporal resolution for pulsations in
the 10 second to 20 second range.

College magnetograms and micro¬

pulsation records were obtained for the times of all of the flights.
From this series of flights two late afternoon pulsating electron
events were selected for analysis.

Micropulsation amplitude and

frequency displays were also obtained for these events.

However,

before discussing the observations a brief review is presented of
previous studies pertaining to electrons precipitating into the
atmosphere and their relation to micropulsation phenomena.
The diurnal occurrence pattern of x-rays produced by energetic
electron precipitation into the auroral zone has been observed
to have a rather consistent diurnal occurrence pattern for certain
types of bremsstrahlung activity [ Barcus and Rosenberg, 1966 ] .
Geomagnetic micropulsations have also exhibited a somewhat
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consistent diurnal occurrence pattern [ Campbell, 1967 ] .
Enough data has been accumulated so it is now possible to make
a direct comparison of the temporal structure of micropulsa¬
tions and electron precipitation and to investigate the local¬
time characteristics of these two phenomena.

McFherron et al.,

£ 1968 ] have recently been able to associate a particular type
of auroral zone geomagnetic micropulsation with each form of
electron precipitation.

The reverse of this is not true since

there are various forms of geomagnetic micropulsations which
are not accompanied by electron precipitation f McFherron et al.,
1968, Campbell, 1967 and Heacock, 1967 ] .

Since these micro-

pulsation events occur in the local-time interval 1500-2000, it is
quite possible that the scarcity of x-ray data during this period
has led to the null results mentioned above.

The temporal correla¬

tion of micropulsations and energetic electron precipitation has
been organized in local-time of occurrence and the results are
summarized below.
I.

(Local-time 2000-0200)

In the midnight region of time the

electron' precipitation is usually quite intense and exhibits an
impulsive and transient character [ Barcus and Rosenberg, 1966 ] .
The micropulsations observed during this time sector are irregular
and contain a wide range of frequencies.

These types of irregular

pulsations (Pi) are frequently referred to in the literature as
broad-band noise burst.

The terminology used above and in the
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rest of this paper in describing micropulsation phenomena can
best be illustrated by referring to Figure 12.
Matsushita,

Campbell and

[ 1962 3 have shown an association between these

irregular micropulsations and the impulsive electron precipi¬
tation.

It is also to be pointed out that this period of local¬

time is dominated by the occurrence of auroral breakup.

The

gross features of the electron precipitation and magnetic varia¬
tions observed during the August flight series in this local¬
time interval will be outlined briefly in the next section.
II.

(Local-time 0200-1000)

Pulsations with half-widths

of 2-10 seconds and spacings of 4-30 seconds are characteristic
of electron precipitation during this region of local-time
C

Barcus et al., 1966 and Earcus and Rosenberg, 1966 J .

The

micropulsations observed during this period are irregular (Pi l)
but tend to have a narrower band of frequencies than the micro¬
pulsations in the 2200-0200 local-time sector.

McPherron et al.,

[ 1968 ] have shown a close association between band-limited
(Pi l) micropulsations of 5~10 second periods and modulated elec¬
tron precipitation of the same period.

Several exmaples of this

type of pulsating electron precipitation event were observed in
this local-time sector during the August flight series and two of
these events will be discussed in more detail in section 6 of this
paper.
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III. (Local-time 1000-1500)

This period of local-time is

characterized by two distinctly different types of electron
precipitation and micropulsation events.

In the local-time

interval 1100-1300 Anderson and Milton [ 1964
Rosenberg,

J

and Barcus and

[ 1966 ] have observed electron microbursts with

half-widths of ~ 0.250 seconds.

Milton et al.,

[1967] have

shown that magnetic impulses and electron microbursts occur
together during this time interval.

The local-time interval

1000-1500 is also characterized by quasi-sinusoidal electron
precipitation with periods of 15-40 seconds and continous micro¬
pulsations (Pc 3) of a similar period.

A detailed description

of the association of these phenomena in this time sector is
given by McPherron et al.,

[ 1968 ]

.

Several pulsating electron

precipitation events in this frequency range were observed in this
time sector during -the August flight series and will be discussed
in section 6.
IV. (Local-time 1500-2200)

There are three distinct types

of micropulsations which occur in this local-time sector; pearl
pulsations [ Heacock, 1963 ]

which have an occurrence peak at

I5OO, the dusk sweeper event described by Heacock,

[ 1967]

and

a new type of pre-midnight micropulsation described by McPherron
et al.,

[1967 ] .

Measurements of electron precipitation in this

time interval have been infrequent and what data were obtained in¬
dicate featureless precipitation and has shown no correlation to
any of the micropulsation phenomena mentioned above.

5.

GROSS FEATURES OF THE DATA

As a prelude to a more detailed analysis of several of the
more interesting features observed, during this period, the gross
features of six of the balloon flights are presented.

In each

instance observations confirming previous results as outlined in
the introductory section will be pointed out and. discussed
briefly.

The micropulsation records are not shown here but suf¬

fice to say that during every period of excess count rates micro¬
pulsations were in evidence.

FLIGHT 3

AUGUST 13-14, 1967

The count rate of one channel of the x-ray detector on this
flight is shown in Figure 6, together with the H component of
the College magnetogram.

Even though this flight was launched

only two days after a sudden commencement, the average value of
Kp was less than 2.

The monotonically decreasing x-ray count

rate shown in the first thirty minutes of the flight is due to the
balloon ascending through the Pfotzer maximum (a high-energy
cosmic-ray transition effect).

Even before reaching floating alti

tude at 1430 UT the x-ray detector was indicating count rates in
excess of background.

At 1535 UT the activity began to increase

and eventually reached count rates in excess of 3000 counts
second.

per

As can be seen from Figure 6 this count rate is in excess

of ten times the cosmic-ray background count rate of approximately
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200 counts per second and was one of the more active periods of
the series.

One of the segments to be analyzed in the next

section occurred at 1600 UT and is indicated by the line segment
marked "P".

The College magnetogram shows a negative bay typi¬

cally associated with auroral breakup starting approximately 30
minutes before the influx of electrons over the balloon.

It is

to be remembered when looking at the figures in this section that
the College magnetometer and Ft. Yukon are 226 km apart.

The

cotint rate remained at background until 0000 UT, or 1400 LT, when
the x-ray detector indicated intense particle precipitation over
the balloon.

The outstanding features of this period are the sharp

increases in count rate at 0200 UT and 0330 UT.

The balloon cut

down at 0435 UT and the last feature in the x-ray data is its
descent through the Pfotzer maximum.

The College magnetogram

indicates a small positive bay during this afternoon event, and
it is this type of bay that is typically associated with an eastward
flowing electrojet.
FLIGHT 4

AUGUST 14-15, 1967

The x-ray count rate'of one channel for this flight is shown
in Figure 7 along with the H component of the College magnetogram.
The balloon reached altitude at 111 5 UT and was already recording
excess count rates.

The count rate increased to about 10 times

the cosmic-ray background (lGx) at 1125 UT and slowly decreased
until it reached background at 1445 UT.

The College magnetogram
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shows that this event is associated quite well in time with a
well defined negative bay.
events in this period.

There were no discernible pulsating

During the afternoon (2200 UT) the count

rate was only 2x but there were very well defined small amplitude
pulsations in the x-ray data.

This period was very quiet and

very little activity was monitored on either of the detectors.

FLIGHT 5

AUGUST 18-19, 1967

The count rate of one of the x-ray channels is shown in Figure 8
along with the H component of the magnetic field on the College
magnetogram.

The magnetic activity is slightly higher for this

flight than for the previous two but still has a low average Kp
(~2+).

The onset of the event at 1145 UT is correlated well

in the x-ray and magnetic records.

The x-ray peak at 1515 UT

precedes by 30 minutes the maximum negative excursion in H.
2030 UT the x-ray count rate shows an increase to ~2x.

At

Activity

remained at this level until 0130 UT at which time the x-ray count
rate increased to 3~4x and then slowly decreased.

Quasi-sinusoidal

pulsations were observed intermittently from 2345 UT until 0215 UT.
These pulsations exhibited quite regular periodicities and were
observed for several minutes at a time.

These pulsations are to

be included in the next section and so will not be discussed
further at this time.

FLIGHT 6

AUGUST 19-20, 1967

The x-ray count rate for one channel and all three components
of the College magnetogram are shown in Figure 9•

Except for sharp
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spikes in the x-ray counting rate at 10^5 UT this flight recorded
very little excess radiation.

All three components of the College

magnetogram are shown to emphasize the magnetic conditions repre¬
sentative of this period.

Except for the small decrease in H at

10^5 UT which is associated with the x-ray spike at the same
time, no other correlation in these data can he found.

The small

negative bay at 1400 UT cannot be identified with any increase
in the x-ray count rate.

This implies that perhaps whatever

activity was present in the auroral zone this night was not wide
spread.

The sharp increase in x-ray count rate at 0330 UT was

.superimposed upon the Pfotzer maximum as the balloon was descending.
It is felt at this time that this effect was instrumental.
FLIGHT T AUGUST 25-26/ 1967
One channel of the x-ray count rate along with the
of the College magnetogram are shown in Figure 10.

H component

The variations

in the H component are virtually unaccompanied by any increase in
x-ray count rate during the first half of this flight.

Even the

small increase in absorption at 1300 UT did not correspond with
any increase in the x-ray count rate.
ing Pfotzer peak are also shown.

The ascent and its accompany¬

The slight increase in x-ray

count rate at 2000 UT indicates a mild increase, in particle influx
over the balloon.
increased to

5-6x

Shortly after 2300 UT the x-ray count rate
and remained very active for the next three hours.

This period was marked by long duration large amplitude variations
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in the x-ray count rate with decreasing amplitudes until 0000 UT.
The x-ray count rate then increased to ~4-5X and remained gen¬
erally high for the next 45 minutes.

The H component of the

College magnetogram was essentially featureless over this entire
period.
At the initial onset of the increased x-ray count rate,
closer analysis revealed large amplitude quasi-periodic pulsations
in the 20-40 second period range.

The pulsations were the largest

observed during the entire flight series and were in evidence for
several minutes.

Pulsations at this local time have rarely been

observed and even more rarely with these amplitudes (~ 5~6x).
These pulsations will be discussed in more detail in the next section.

PLIGHT

8

AUGUST 26-27, 1967

One channel of x-ray count rate is shown in Figure 11 together
with the H component of the College magnetogram.

The two x-ray

bursts at 1015 UT and 1045 UT are seen to precede the two negative
excursions in H by approximately 15 minutes but exhibit similar
temporal behavior.

The two sharp spikes seen in the x-ray count

rate at 1300 UT lasted only a few seconds.
are thought to be instrumental.

At the present time they

The increases in x-ray count rate

at 2000 UT, 23Q0 UT, and 0130 UT.were unaccompanied by any magnetic
activity.
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In summary, the gross features of the variations in x-ray
count rate and magnetic field observed during this flight series
have exhibited a trend to previously determined, behavior as was
pointed out in the previous section.

The auroral breakup was

observed on all but one flight and was characterized by large
and intense variations in the x-ray count rates associated with
negative bays.

The afternoon hours from 0000 UT to 0500 UT were

also characterized by increases in the x-ray count rates.

These

events were generally weaker than the early morning events and
tended to be associated with small positive bays.

These small

positive bays are typically associated with an eastward electro¬
jet.

These afternoon events are interpreted to be the daytime

auroral breakup.

6.

FINE STRUCTURE

In section 4 of this paper, the general properties of differ¬
ent forms of electron precipitation and micropulsations were
reviewed.

In section 5* & brief discussion of the gross features

of the electron precipitation observed during this flight series
was presented.

In this section several samples of pulsating elec¬

tron precipitation and the associated magnetic micropulsations
will be discussed.

Since local time is of fundamental importance

in determining the characteristics of the two phenomena, and since
most studies of this type have been done as a function of local
time, the results summarized here have been organized in terms
of the local time of occurrence.
Whenever possible, simultaneous segments of both micropulsa¬
tion and x-ray data have been analyzed.

For both types of data,

high resolution Fourier spectra have been computed.

A brief dis¬

cussion of the power spectrum analysis technique is given in the
appendix.

In addition sonograms displaying the frequency-time

characteristics of each event are shown.

EXPERIMENTAL RESULTS
Figure 13 shows an example of an impulsive micropulsation noise
burst and the associated x-ray count rate.

Due to excessive noise

levels incurred in rotating the antenna, a short segment of the
x-ray data in this figure is missing.

No spectral analysis was
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performed on these data but a visual inspection of the micro¬
pulsation records indicates excitation in the frequency range
of 0-0.6 Hz.

This segment of the data was taken from the

highly active period shown in Figure 6 at 1540 UT, and is
typical of the events observed in the 0200-1000 time sector
as outlined in section 4.
Figure 14 shows another example of this type of pulsating
event occurring at 0558 LT, August 13, 19&7-

As can be seen

from the N-S component of the micropulsation data there is
excitation in the 0-0.6 Hz range.

Modulated electron precipi¬

tation, shown in the lower 4 channels is seen to consist of
irregular 5 second bursts generally spaced around 20 seconds
apart.

These modulations began rather suddenly and lasted for

more than 10 minutes.

The amplitude of the pulsations was roughly

a constant value with a decreasing trend near the end.

Because

of the wide range in frequencies of the magnetic oscillations, a
power spectrum analysis for this event was not attempted.

The

sonogram in Figure 15 indicates the nature of the magnetic oscil¬
lations* for this event.

However, since the x-ray pulsations

exhibited a more regular character, a spectrum analysis for 11
minutes of this event was performed and the smoothed power spectrum
is shown in Figure l6.

The most significant peak in the power

spectrum occurred at around 24 seconds.

The smaller peaks at

13 seconds and 9 seconds are probably harmonics of the principle
peaks and in any event are not considered significant.
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Figure 17 shows micropulsations of 15-^0 second period and
modulated electron precipitation of similar period occurring
at 1^11 LT, August 18, 1967*

Pulsations were in evidence 30

minutes preceding this event and for the following two hours.
This particular event started very gradually and contained
approximately 10 minutes of quasi-sinusoidal pulsations.

The

pulsations slowly subsided and then were followed by a similar
but more intense event at 1530 LT.

Both of these events were

observed on flight 5 as indicated in Figure 8 of the previous
section and are typical of the quasi-sinusoidal pulsations found
at this local time.

Figure l8 shows the micropulsations and

modulated electron precipitation for a 6 minute segment of the
second of these events starting at 15^-6 LT.

The first of these

pulsating events occurred while the count rate was at the back¬
ground level and was rather weak.

The periodicity of the pulsa¬

tions during this time was quite apparent for over

\

an hour.

The second event, which we show in Figure l8 occurred on an
enhanced count rate and had larger amplitude variations.

The

micropulsations shown in this figure tend to have a beating character
with beats occurring every 3-^ minutes.

Figures 19 and 20 show

the results of the power spectrum analysis for both the x-ray
and the micropulsation data for both of these events.

The sono-

graph frequency-time display for this event is shown in Figure 21.
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An inspection of the smoothed power spectra for the first
of these events shows the variations to be strongly periodic
at approximately 24 seconds.

An inspection of the data shown

in Figure 17 indeed reveals that both the x-ray and the micropulsation records are regular with a period of approximately
20-30 seconds.

For the second event, Figure 20 also indicates

a significant peak in both the x-rays and the micropulsations
with a period in the 20-40 second range.

The sonograph dis¬

play for this period shows pulsating activity in the same
frequency range.
The largest and perhaps most interesting x-ray pulsations of
the flight series also occurred in this time sector.

Figure 22

shows 3 of the x-ray channels for this event which started at
1400 LT, August 25, 1967.

The

>200 kev channel performed

erratically during this flight and hence is not included in the
figure.

Unfortunately the magnetometer was in an auto-calibration

mode and consequently micropulsation data are missing for the
entire 8 minutes of this event.

However, the sonograph records

for this period are shown in. Figure 23.

The expanded scale sono¬

graph indicates magnetic pulsations in the 20-40 second period
range for several minutes either side of, and including this
event.

The top half of this figure indicates a relatively strong

micropulsation event between 1430 and 1530 LT at 0.4 Hz.

This

type of event, usually seen in the 1500-2200 local time sector,
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is referred to as a sweeper [ Heacock, 1967 ] because of the
trend towards increasing frequencies as a function of time.
X-ray data for this period are not sufficiently detailed to
resolve pulsations with this frequency.

The x-ray pulsations

for the event starting at 14-00 LT are again seen to he quasiperiodic hut are much larger in amplitude than any of the
previously discussed pulsating events.
an enhanced count rate.

The pulsations occur on

This slowly varying count rate exceeded

3X on the >25 kev channel for several minutes and then decayed
to I.5X towards the end of the event.

The data missing in the

>50 kev channel was due to a playback malfunction.

The pulsa¬

tions superimposed upon this enhanced background reached counting
rates as high as 5X and on one occasion rose to 6x on the >25
kev channel.

The large amplitude pulsations seem to come in

pairs approximately 4 minutes apart until 1406 LT when the pulsa¬
tions tended toward higher frequencies and eventually died out.
The smoothed power spectrum for this event shown in Figure 24gives indication of a primary period similar to those observed on
the lower amplitude pulsations of flight 5*

7-

SUMMARY

Before discussing the possible significance in the correla¬
tion of the micropulsations and. the modulated, electron precipi¬
tation, a summary of the temporal behavior of the two phenomena
will be given.

The time sector from 2200-0200 is dominated by

the most intense activity of the auroral substorm.

The electron

precipitation is generally impulsive and is usually accompanied
by broad-band micropulsation noise bursts.

In the local time

interval 0200-1000, two events were analyzed in which the elec¬
tron pulsations had half-widths of 5-10 seconds and an average
spacing between bursts of (5-^0 seconds).

The micropulsation

activity during this period is in the form of band-limited
irregular pulsations.

The 3 events analyzed which occurred in

the 1000-1500 region of local time exhibited quasi-sinusoidal
periods characteristically around

2k seconds.

The micropulsa¬

tions were also veiy nearly sinusoidal and in approximately the
same frequency range.

8.

DISCUSSION AND CONCLUSIONS

The first thing that becomes apparent in the temporal details
between the micropulsations and modulated electron precipitation
is the lack of perfect agreement.

As was pointed out in the

introduction, these two phenomena are complex with cause-andeffect almost inextricably intertwined.

In spite of these

difficulties it is probable that in most instances a close
relationship exists between these two phenomena.

In every case

of electron precipitation there were some micropulsations al¬
though the reverse is not always true.

These facts along with

«

the close agreement of the periodicity between the two phenomena
is suggestive of a closer relationship.
It should be pointed out that while the data were obtained
simultaneously there are certain limitations in an analysis of
this nature.

As has been mentioned, the micropulsation sensor

was sensitive to a region approximately 1000 km in diameter,
whereas the x-ray detector viewed an area of 200 km diameter.
Since it has been established that modulated electron precipita¬
tion has a coherent scale size ^150 km, it is entirely possible
that the electron precipitation might be occurring in the field
of view of the magnetometer and not be detected by the balloonborne detectors.

This is even more likely to be true when one

sensor is located 226 km magnetically south of the other.
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It was noted above that for both events occurring during
the afternoon on flight 5 the pulsations rose gradually out
of a background count rate and then gradually decayed to this
same count rate.

The afternoon event observed on flight

J

had a very rapid onset and the amplitude of the modulations
decayed in about 11 minutes.

The relatively short duration

of the modulated electron precipitation and the limited
number of oscillations make it difficult to obtain stable
spectral peaks in a power spectrum analysis.

When looking

at longer segments of the data, it is apparent that the micro¬
pulsations were generally present before, during and after the
accompanying modulated electron precipitation.

There were also

several periods of micropulsations which were not accompanied
by any modulated electron precipitation.

However, when both

modulated electron precipitation and micropulsations occurred
simultaneously the average spectral characteristics show that
energy is always present in the same frequency band for both
phenomena.
The fact that the occurrence of an auroral substorm is
presently not only in auroral disturbances but also in electron
precipitation and micropulsation activity throughout the auroral
zone, indicates that it is the dynamical process occurring in .
the magnetosphere that determine the local time characteristics
of the substorm.

This points out the importance of being able
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to measure these phenomena in the outer magnetosphere, and
it is to this end that future studies in this program will
be directed.
As was pointed out in section

4

of this paper an interest¬

ing sweeper event was observed during the time a balloon-borne
x-ray detector was measuring precipitating electrons.

Heacock,

[19673 described evening micropulsation events with rising
frequency characteristics, and in his discussion he lists
several possible mechanisms for generating sweepers.

For one

of these mechanisms to be operative it is necessary to invoke
a continually softening beam of electrons entering the magnetos¬
phere.

This point will be investigated in light of the spectral

character of the precipitating electrons observed by the balloon
payload during the time of this sweeper event.
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APPENDIX

The power spectrum method of analysis used in this paper was
developed by Blackman and Tukey, [1958]•

This technique of analysis

is particularly useful in detecting weak periodic components of a
highly irregular or fluctuating signal.
The first step of an analysis of this type is to determine the
auto-covariance function of the time series y(t).

In this analysis

the time series y(t) represents the x-ray count rate as a function
of time.

Any trend that exists in the data must be removed, and to

zero order this means that the mean value y, is removed from the
series.

Thus, if T is the total duration of the record being analyzed

and At is the time differential between data points, the mean value
of the function y(t) is

where n=T/At and y^ is the value of y(t) at t=iAt.
Then
Y(t)=y.-y
represents the demeaned time series.

The auto-covariance function

formed from Y(t) is defined as

i=l
where m is the lag parameter and T=mAt is the lag time.

4l
The second step in this type of an analysis is to transform the
auto-covariance function Cm by a discrete finite cosine series of
the form
c
PS.J = n L
Cb + 2^m
cos “jZL
+ (-l)j
C 1
M
M J

j = 0, 1,

•••, M

m=l

where PS. is the unsmoothed spectral estimate at the frequency
J

f. = j/2MAt.
J

By applying a spectral window to the results, these

estimates can be smoothed and thus the dominate component in the
spectrum will be accentuated.

The smoothed estimates SP^ were

obtained through the use of a "hanning" window which weighted the
PS. according to

J

SPo = |(PSo+PS1)
SPi = 2-PS. + KPSi_1 + PSi+1) i=l, 2,
SP =

M

i(PSM+

•••, M-l

PS

M-l)'

In the power^ spectrum plots presented in this paper the smoothed
spectral estimates were plotted as a function of period rather than
frequency, where the period T^ is given by Ti = 2MAt/i.

To obtain

reasonable accuracy in the spectral estimate as well as the highest
frequency resolution the maximum lag M was determined from the
relation
MAt = 0.1 T
It is obvious from this equation that it would be desirable to have
T large and M small.

However, as was pointed out above, the frequency

k2
separation between adjacent estimates is given by f=l/2MAt, and so the
frequency resolution improves as M increases.

Eventually a compromise

must be reached between the total length of record used and the total
lag time.
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FIGURE CAPTIONS

Figure 1.

Illustrates the basic arrangement of the electronics
within the balloon payload.

Figure 2.

Shows the details of the balloon-payload geometry.

Figure 3•

Shows the relative geomagnetic locations of College and
Ft. Yukon, Alaska, and Tungsten, Canada.

Tungsten,

Canada is the approximate location of the intersection
with the earth's surface of the field line which passes
through the equatorial plane in the vicinity of the
. ATS-1 satellite.

Figure 4.

Shows the world-wide magnetic activity index, Kp, for the
month of August and the periods when balloons launched
during this series were at altitude.

Figure 5.

Shows the number of half-hour data samples when excess
auroral x-radiation was being recorded for the flight
series launched in August from Ft. Yukon, Alaska.

Figure 6.

Shows the count rate of the >50 kev x-ray channel
together with the H component of the College magnetogram
for the August 13-14, 1967 balloon flight.

The horizontal

bar marked "P" designates pulsating activity.

Figure 7.

Shows the count rate of the >25 kev x-ray channel
together with the H component of the College magneto¬
gram for the August 14-15, 19^7 balloon flight.

The

horizontal bar marked "P" designates pulsating activity.
Figure 8.

Shows the count rate of the >25 kev x-ray channel
together with the H component of the College magneto¬
gram for the August 18-19, 1967 balloon flight.

The

horizontal bar marked "P" designates pulsating activity.
Figure 9-

Shows the >50 kev x-ray channel and all three components
of the College magnetogram for the August 19-20, 1967
balloon flight.

Figure 10.

Shows the count rate of the >50 kev x-ray channel
together with the H component of the College magneto¬
gram for the August 25-26, 1967 balloon flight.

The

horizontal bar marked "P" designates pulsating activity.
Figure 11.

Shows the count rate of the >50 kev x-ray channel
together with the H component of the College magnetogram for the August 26-27, 19^7 balloon flight.

Figure 12.

Shows the classification of geomagnetic field variations
The symbol "pc" refers to "continuous pulsations", and
"pi" implies "irregular pulsations".

The various pc

and pi bands are indicated by both their characteristic
frequencies and periods.
Extra Low Frequency.

The term ELF designates

50

Figure 13.

Shows the impulsive broad-hand micropulsation noise
burst and the associated impulsive electron precipita¬
tion occurring at 0538 LT, August 13, 1967•

The missing

x-ray data is due to excessive noise which occurred
during antenna reorientation.
Figure 14.

Shows the impulsive band-limited micropulsations and
simultaneous SP x-radiation which occurred at 0559 LT,
August 13, 1967•

Figure 15.

Illustrates the band-limited nature of the geomagnetic
micropulsations starting at 0500 LT, August 13, 1967.
The lower sonogram is an expansion of the first 15$ of
the upper sonogram display.

Figure 16.

Illustrates the smoothed power spectrum for the x-ray
event at 0552 LT, August 13, 1987*

Figure 1J.

Shows micropulsations of 15-40 second period and
modulated electron precipitation of similar period
occurring at, l4ll LT, August 18, 1967*

Figure 18.

Shows micropulsations of 15-40 second period and
modulated electron precipitation of similar period
occurring at 1546 LT, August 18, 1987*

51

Figure 19.

Shows the results of the power spectral analysis for
both the x-ray and micropulsation data for the event
occurring at l4ll LT, August 18, 1967.

Figure 20.

Shows the results of the power spectral analysis for
both the x-ray and micropulsation data for the event
occurring at 1546 LT, August 18, 1967*

Figure 21.

Shows the sonograph frequency-time display for the
period 1400-1545 LT, August 18, 1967.

The lower

display indicated pulsations in the 20-40 second
period range for this entire interval.
Figure 22.

Shows the large amplitude x-ray modulation observed at
1400 LT, August 26, 1967*

The missing data on the

>50 kev channel is due to playback instrumentation
malfunction.
Figure 23.

Shows the sonograph displays for the period 1330-1530

,

LT

August 26, 1967*

The upper display illustrates a

"sweeper" with a characteristic frequency in the
vicinity of 0.4 Hz.

The lower display shows pulsations

in the 20-40 second period range.
Figure 24.

Shows the results of the power spectrum analysis of the
large amplitude x-ray modulations occurring at 1400 LT,
August 26, 1967*
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