AD-752 229

QUASI-SINUSOIDAL GEOMAGNETIC VARIATIONS
AT GEOMAGNETIC MIDLATITUDE

John H. Frey, et al

Science Resources Foundation

Prepared for:

Air Force Cambridge Research Laboratories

31 July 1972

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

=
=
=
)|

S R T i




o)

>

63

&
A ‘. :)
~F P

Y
2F

e 4

o4

-1

LAY
A

Contract Monitor:

12~ D465

QUASI-SINUSOTDAL GEOMAGNETIC VARIATIONS
AT GEOMAGNETIC MIDLATITUDE

John H., Frey
Yi1liam L. Fischer

Science Resnurces Foundation
50 nhunt Street
Hatertow:, Massachusetts 02172

Contract No. F19628-71-C-0178

Project No. 8601 | DD CN\
Task No. 860107 ' j}jfﬁ‘rfﬂﬁf)rﬁ73
Work Unit No. 86010701 AR

/ o . gy
N DEC 8§ 197
FINAL REPORY | LI{P

HESE ) .
s )
I

(‘m‘
Period Covered: 1 April 1971 through 30 June 1972

31 July 1972

Elwood Maple, Spacc Physics Laboratory

Approved for public release; distributfon unlimited

Prepared
for

ATR FORCE CAMBRIUGE RESEARCH LABORATORIES
AIR FORCE SYSTEMS COMMAND
'UNITED STATES AIR FORCE
REDFORD, MASSACHUSETTS 01730

Popiobuail by

NATIOMAL THCHNICAL

INFORMATION SERVICE
U bepertient ol et

PO O P R I |

a
S g



-
Frro o ERE e —
PO §u
i
H
. bos
I

vl

]
L
H it
;
L

P . i

: , T s e
R S
et i, o

QualiZied roequustors may obtain additional corpies froum the
Dafense Documentation Canter. All others shouwld apply i»
the Natlonal Technical Information Service.



s

il

i
!

4
b

T

IMNCTLASSTFIED

Secunty Clausificztion

DOCUMENT CONTROL DATA-RA&D

tSecutsly classilication of *itlc body uf abstenct and :ndes AL AnNOTAlioN Mmust be enteted when £ ontuil tepsnts I8 ¢le.aslied,

CRIGINATING AC TIV.TY (Corporste authot) 120. ALPORY SECURITY CuASSIFICA” OK

Science lesources Foundation UNCLASSIFI=LD
:0 Hunt Street 3 ceouf
watertown, Massachusetts 02172

-

JUASI-3INGSCIDAL GECMAGNETIC VARIATICNS
GECMAGNETIC MIDLATITUDE

4 CEICRIFTIVE NOTES (Trpe of repott and incl aive dates)

Scientific, Final. 1 april 197! - 30 June 1972 7 Approved
e 5 ! September 1972

Ay THOAS) (Firet nasve, middle inihiel, lest neme)

John H. Frey
William L, Fischer

¢ KLPORTY DATL

ts TOTAL NO OF .65-(5 6 N0 OF RLFI

1 July 1972

88. CONTRACY OR CRANRT NO

0 GRICINATOR'S REPORT NUNMBI M3

F19828-71-C-0178
» PROVECT, TASK, AND WORK UNIT KO,
8601-07-01
€. 00 ELEMENT W QINER ALPCART NOI3) (Any other Lumbers Pl may by sssifned
01 102F thes cepert) ¢

AFCRL ~ 72 - 0465

d. OOD SUBELEMENT 651311

10 IETRIBUTION ITATLMENT

Approved for public release; distribution unlimited.

I1 SUPALIMINTARY N0 LS l) ﬁfOF ﬁé'?cax{‘ﬁyl?'&)qesearch

L. anscom Field
’ ed?org Massachgsetts 0173C

1} ABSTRACT

Three-2cmpenent ouasi-sinusoidal geomagnetic variations
(micropulsations) at Concord, Massachusetts for a five month periocd
have been reduced to hourly average amplitudes ia six contiguous
octave frequency bands covering the period range from 16 to 1024
seconds, Original high and low sensitivity data have been nerged
to accommodate the 70 db dynamic range of the natural variavions.
The local time behavier and spectral characteristics of the wariations
are discussed. Results of various linear correlation analyses of the
varying levels of magnetospheric excitation and to the origin and

propagation of hydromagnetic waves in the period range covered are

discussed.
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1. Introduction

The results presented in this report constituta the second phase
of what has b2en a continuing study of the local time behavior of

quasi-sinusoidal geomagnetic variations (micropulsations) at geo-

%
§
§ ;
s

magnetic midlatitude and their relationship to varying levels of

magnetospheric excitation.

it

The data selected for analysis were recorded at Concord, Mass-
achusetts (approximate geomagnetic coordinates: § = 54°N, A = 0%
This location is favorable for observing geomagnetic micropulsations
because it ix on the prime geomagnetic meridian, i.e., local time

and geomagnetic time are nearly coincident, and it is near the
latitude of intersection of the quiet time plasma pause (Carpenter,
1966).

The geomagnetic sensors are induction coils in which the irstane-
ously induced voltage is proportional to the time rate of change of
the geomagnetic field. Three mutually perpendicular components:
geographic northesouth (X), geographic east-west (Y) and vertical (Z),
are recorded., Each of the bhorizontal components has a high and low
sensitivity chanmnsl to accommodate the 72 db dyramic range of the

natural variations. Electromzgnetic noise at power line frequency
(60 Hz and its harmonics) propagates such that the natural vertical
coxponent is either obscured or highly contaminated except at times
of high natural signal levels, A detailed discussion of instrumen-

N AR s 11 » o RN

tation and system response is given by Frey (1969). [Results limited
by termination of contract tefore the information available in the data

which had been reduced could be fully expioited].
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2, Primary Data Set

Approximately five months of geomagnetic data have been reduced
to hourly average amplitudes in six contiguous octave frequency bands:
T = 16-32, 32-64, 64.128, 128-256, 256-512, and 512-1024 sesonds,
respectively. Hourly estimates of the mean absolute valve (MAV) of
sign? umplitude in ¥ and of the averags power spectral density (APSD)
in "‘l/mm were obtained by successive stages of low-pass numerical
(digital) filtering to minimize aliasing, of resampling and, finally,
of spectral decomposition by numerical (digital) band-pass filteriag.
Detailed information concerning numerical filter design and data
reduction procedures are given by Frey et al. (1970).

The time interval investigated was selected primarily on the basis
of maximum continuity of data, It is also a subsat of the much longer
time interval for which a broad-band micropulsation index, M, data set
has been generated. Octave band width hourly estimates of MAV and
APSD were computed for 3185 hours representing 92.7% of the interval
11 April - 1 September 1967. Of the 141 days comprising this time
interval, only 8 had 12 or more hours of data missing,

Although data was reduced for all three components, attention has
been focused on analysis of the horizontal components because the noise
contamination in the vertical component, mentioned previously, required

special treatment and more time than was available,

For the sake of brevity, the six octave frequency bands are assigned

code numbers as follows:

6 L )
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Period Band (3ec.) Octave Designation %
16-32 01 g
326l 02
61128 03
128-256 ol ﬁ
256512 05
5121024 06

They will be referred to by code number throughout the remzinder of
this reporti.

Cansiderable care was taken in preparing the octave band-width

data files for subsequent analyses. Many of the computer programs

outlined in Section 8 were created and implemented to insure the

integrity of the data set. The conversion cf the AFCRL Computations

Center from the IBM 7094 DCS to the CDC 6600 computing system

necessitated program and tape-file format modifications. A brief
chronology of the salient phases of data processing is given below.
Initially the geomagnetic data set was contained on a punched
card tile but was incomplete., An existing IBM 7094 DCS program
designed to uotain estimates of the APSD and the MAV for the six
octave bands ‘'as modif:zd for use on the CDC 6600 computer. Specifi-
cally, the convolution (numerical filtering) subroutine originally

coded in the IBM 7094 assembly language, MAP, was replzced by a

subroutine employing siialar logic wri.'en in CDC FORTRAN IV, This
modified program was then used to obtain APSD and MAV hourly estimates

on puriched cards for time intervals aot contained in the original

3 punched card fila. Thus, the data set was made complete,
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The card files punched by the numerical band-pass filtering
routine for the high and low sensitivity horizontal and the vertizal
components were structured to provide successive pairs of card
images having six hours of data for the APSD and MAV, respectively.
From this card file, separate binary tape files were created, one
for the APSD hourly estimates and one for MAV hourly estimates.
Simultaneously with the creation of the binary tape files, data
editing was performed to check for mispunched and ou*-of-sequence
cards,

Times during which overloading occurred in the high sensitivity
horizontal components were ascertained by visual inspection of
oscillograph records prepared specifically for this purpose. Those
hours containing overloading were replaced by the corresponding low
sensitivity data adjusted for background noise.

3. Diurnal Behavior of Horizontal Component MAV's

The dominant characteristic of the local time behavior of micro-
pulsations is a strong diurnal variation in amplitude. Figures 1 and
2 1llustrate this diurnal variation in the amplitude spectral estimates
for the X and Y components, respectively. The data arz plotted for
each nctave band by local hour and represent averages obtained when
18 days having a daily linear equivalent planetary amplitude index,
Ap, greater than 18 are erxcluded. To ascertain typical diurnal behavior,
it was necessary to exclude MAV estimates for these fow unusually

disturbed days to remove the excessive bias and resulting distortion
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introduced by them. Unfortunately, geomagnetically disturbed
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intervals for this data set were too few in number and too poorly - 8
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distributed in time to permit an analysis of high disturbance

level effects on the diurnal behavior. The dynamic range of the

amplitude spectra (roughly .002 to .2 ¥/mHz, in going from 01 to

06) are representative of quiet to moderate levels of geomagnetic
activity.
The most interesting result displayed in Figures 1 and 2 is

L P T D S

the gross difference in diurnal behavior for X amd Y. The X and

g

Y curves are similar in shape for 01, i.e., both have broad maxima

nearly symmetrical about local noon; but the curves become dis-

tinctly different with increasing period band, i.e., X has a maximum

1
3

after noon while a similarly shaped maximum in Y is displaced toward

At mak b B Y

the morning hours. For both components, the diurnal variation

b

becomes progressively weaker for the longer period octave bands.

AP Wi x’["Fli (ﬂfﬂl-k

The diwrnal behavior patterns for the horizontal components
suggests that the major axes of elliptically polarized hydromagnetic

waves tend to lie in the east-west direction in the morning and in

‘.1‘:” i el
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the north-south direction in the afternoon. Moreover, this tendency

™I

becomes more pronounced as wave periods increase. The similar

S0l ok g o

diurnal behavior of 01 spectral estimates for both X and ¥ indicates

=

a common energy source which probably lies in the interactim

R
g

between the solar wind flow and the magnetosphere at the sumward

T IR

magnetopause. The significance of the divergence between X and Y

a2 bl e o

diurnal behavior for longer period bands with respect to hydro-

magnetic wave excitation mechanisms will require more wr - before
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it can be elucidated.

4. Llinear Product-Moment Correlation Analyses

Linear correlation analysis is a rather hazardous enterprise
because correlation coefficients are frequently misleading unless
accompanied by appropriate scatter plots which reveal their signifi-
cance. A few data points having relatively slight dispersion which
are widely separated from the majority of points (whatever their
dispersion) in a correlation between two parameters invariably result
in a high linear correlation coefficient which does not represent the
true relationship betweer those parameters. It was, of course,
impossible to obtain scatter plots for all of the numerous correlations
performed in this investigation. However, enough plots were obtained
to exposo the pit-falls in the various cosrelation analyses described
below. The 3-hour linear equivalent planetary amplitude index, ap, is
used as an indication of the level of geomagnetic disturbance in

several of the correlation analyses.

A. Correlation Between Horizontal Component MAV's
Correlation between X-MAV and Y-MAV geomagnetic variation
amplitudes was performed by octave band for the total data set (for
all ap) and for ap > 48 excluded, The latter was done to eliminate
the few very large values which, regardless of their distribution
between X and Y, might contaminate the correlation. Table 1 gives

the correlation coefficients for both conditions by octave band. The
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coefficients with all ap included are very high. The coefficients
with ap > 48 excluded are relatively high for shorier period bands
but decrease with increasing period band. Moreover, the correlation
for respective octave bands are lower for ap > 48 excluded, It may
also be observed that the difference between respective octave band
coefficients increases significantly with increasing period band.
These observations indicate that the few large values, in fact, do
dominaste the correlation when included and suggest that there is
less uniform energy distribution between X and Y, especially for
longer periods, when enhanced geomagnetic disturbance is excluded.
Recall the progressively divergent behavior of X and Y with increasing
preriod band noted in the previouc secticn.

Correlations between X and Y MAV's by octave band with and with-
out ap > 48 excluded were also performed for each local hour. The
hourly correlations for both ap conditions are significantly high
(r : 0.500) witn the set having ap > 48 excluded being generally lower.
The variations in correlation are relatively large and quite irregular.
They exhibit no coherent time dependence and do not correspond well in
detail from one octave band to another for either ap condition. The
hourly coefficient sets tend toward lower correlation and greater
difference in correlation between sets witn increasing period band as
does the correlation for the total data set.

A much longer dats sample containing more intervals of enhanced
geomagnetic activity would almost certainly result in correlation

coefficients of greater physical significance but would not alter the

fact that the average amplitude behavicr of the horizontal components
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correspond reasonably well in all octave bands,

B. Correlation Between ¥ and Horizontal Component MAV's

A one houry quasi-lcgarithmic index, M, has been used to
characterize geomagnetic micropulsation activity levels by Frey et al.
(1971). Micrcpulsation activity for the time interval considered
here has bsen characterized in like manner except that the M index
hzs been expanded to include a sixth category for extremely high
sctivity. ™ is 99% derived from the X component., The distribution
of M values for all hours ¢f this data set is shown in Figure 3 in
the six rcategories. The time interval was rather quiet as indicated
ty the preponderance of low M values, M =1 2nd M = 2,

The nominzl period range for M is 20 - 300 seconds, but activity
having periods considerably less than 20 seconds is included when it
1s of sufficiently large amplitude, i.e., large pearl type pulsations
and asymmetrical spikes due to local lightning., An atteapt was made
tc exclude the obvious lightning contamination; unfortunately, all
was not obvious. The period range for MAV's as previously indicated,
is strictly 16 - 1024 seconds in six discreis octave bands, Time
did not permit the preparation of three shorter period ociave bands
from 2 - 16 seconds which Y.ad been reduced from primary data sets.

The reason for correlating each discrete octave band with bread
bard M was to ascertain whether or not M had any generally preferred
or time dependent period content. Of course, poor correlation

implicitly indicates different frequency content for these parameters.
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Ho scatter plots were made for this correlation analysis and no
correlation of data with ap > 48 excluded was performed.

Linear correlations between M and each of the six octave tand

P TIPS

MAV's for X and Y amplitudes by total data set and by loecsl hour
were computed. The coeificients for the total data set are given
by octave tand in Table 1. Correlation between M and X - MAV is
relativeiy low for all octave barxls sndicating a complex relation-

ship between them. There is no clearly preferred _..riod band

YR P T BV LA AR A D SRS AU RPN YSEESEY DN TT Ao 202

contribution to M indicated. Rather, there is a progressive (except

for 05) decrease in correlation with lenger period bands probably

P IR T A

dvue to the combined effects of the ample shorter period content of
M and the intentional de-emphasis of its longer period content g
(equivalent to 05 and C6). Correlation between M and Y - MAV is ;
slightly lower than beiween M znd X - MAV (except for O1) as might ’ H
be expected since M is derived Irom the X compone: .., However, the !
correlations between M and corresponding X and Y octave Bands are
close erough to corroborate the similariiy irn the average amplitudes
of X and Y already noted.

The correlaticns betwcen M and Y - MAV by octave band and lecal ;

hour {see Figure 4) evince considerable variability having zn average ;

range froe r = 0,465 to C.800 for 211 octave bands. Again the com-
plexity of the relationship between M and X - MAV for individual
octave bands is obvious. There are several maxima and minima in
hourly correlation which persist in three or more octave bands, but

it is difficult %o attribute physical significance to hourly fluctuations
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in correlation of such magnitude. The relative minimum correlation
at 1700 LT in all octave bands, Figure 4, is the lowest correlation
Ter each band except 0. There is a possibility that it is due to

a peak in the local lightning contribution to M for this five menth
interval which is dominated by summer months.

The correlation between M and Y - MAV by octave band and local
hour is very similar to that for ¥ - MAV, The 1700 LT relative
minimum is present in Y also and is the lowest correlation for all
cctave bands except 05 and 06.

The hourly correlation between M and octave band MAV's provide
no clear indication of time dependent period content. As will be
seen in the next section, combining the six X - MAV sctave bands
=ith proper weighting factors prior to correlation with M improves
the correlation for the total data set as expected and smooths the

hourly correlation so that local time variations in correlation emerge.

C. Ccrrelation Between M and X - MAVINDX

One reason M and X - MAV did not correlate well is their
disparate nature; M, by definition, is a fixed six step index while
X - MAV is continuous, Therefore, to partially rectify this inherent
dissimilarity, the X - MAV amplitudes were quantized to create a
distinet index, X - MAVINDX, having integral values consistent with
M. The guantization is based upon the relative occurrence frequency
of % values {see Figure 3) for the X - MAV data interval; that is,
the relative occurrence frequency of the X - MAV amplitudes for each

octave band were normalized to correspond tc the six M categories,

e




For example, if 20% of the hourly M's had a value of 1, then the
lowest 20f of the X - MAV amplitudes formed the lowest X - MAVINDX
category. Similarly, X - MAVINDX categories were established for the
remaining M categories. To create a composite X « MAVINDX of the
octave bands, it was necessary to weight the X - MAVINOX values
appropriately because of the fundamental spectral slepe of approxi-
mately 6 db/octave which is absent from M.

The coefficients for the correlation between M and ¥ - MAVINDX
for the total data set are given by individual octave bands and by
successive combinations of weighted octave bands in Table i. The
coefficients for individual octave bands are higher than corresponding
ones for the X - MAV correlation. They also exhibit progressively
lower correlation with increasing period band with the same iamplica-
tions discussed for r(M, X - MAV).’ Still higher correlatior coeffi-
cients for successively combined ¥ - MAVINDX octave pands increase
slightly from combinations 01-02 through 01-02-03-04-05-06. Thus,
as the octave band data set is combined to better approximate broad
band M, the correlation between them improves accordingly.

The correlation coefficients for r(M, X -~ MAVINDX) by octave band
and local hour has a range almnst exactly the same as the average
range for all octaves for r(M, X - MAV), but the hourly variation is
much smoother for corresponding octave bands as can be seen in the
lower portion of Figure 5 which gives the envelope of the individual
X - MAVINDX octave band coefficients,
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The upper curve in Figure 5 is the correlation by local hour
between M and the composite X - MAVINDX (6 octave bands combined with
appropriate weighting) plotted to the same scale as the envelope of
individual band coefficients. The composite X - MAVINDX has the
highest correlation with M for each local hour and exhibits a rather
smooth diurnal variation which is interrupted only by relative minima
around local hours O4 and 11-12, The daily maximum correlavion is
reached at local hour 10 and regained for local hour 13 after the noon
time dip. The daily minimum correlation occurs at local hour 19 but
is relatively low for local hours 17, 18, 20, 21 and 22,

Despite tho broader pariod band content of X - MAVINDX, some
residual difference period band content is indicatad by the diurnal
variation in correlation between it and M. The broad daily maximum
in correlation, peaking at local hour 10 or 13, suggests that the least
divergence in frequency content is attained for these hours, The
daily minimum correlatisn occurs at an auspicious time for short pericd
input to M from local lightning as was more weakly suggested in the
correlation between M and horizontal component MAV's, The short period
contribution to ¥ from pearl type pulsations could explain the relative
minimum at local hour O4 since that time sector favors this fairly rare
phenonenon. The local noon time dip in correlation is more difficult
to explain because the period band source prcducing it is not apparent.
Extending the period band content of the composite X - MAVINDX,
especially to shorter perioas, might provide additional insight; but
examination of individual hourly spectra is essentlal to understanding

this dip in the final analysis.
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D. Correlation Between Octave Band MAV's

: The correlation between octave band MAV's was done to chetk
for the existence of singular relationships and to gain insight into
. both their overall and local time behavior, Correlation coefficients

S e B AN A s Ak

were computed for X and Y for the total data set with and without
ap > 48 excluded (see Table 2). The X and Y coefficients, 15 each,

for all ap are uniformly high and present no singularities. The
comparable set of coefficients for ap > 48 excluded are all lower
than the former. There is also a patiern of correlation in that the
highest correlations occur tecween contiguous octave bands while those
between increasingly remots bands decrease sha-ply. Omee the dosina-

tion of ap > 48 values is removed, this pattern is neither surprising

: nor singular,
"' Correlation between octave band MaV's by local hour, again with

and without ap > 48 excluded, was also completed for X and Y to
investigata possible local time dependence., There is a tendency for
all octave band pairs to correlate well during local night-time with
all ap ineluded. There is also a tendency for a btroad minimm in
correlation to occur, particularly for corrs.ation pairs involving
01, 02 and 03, near local noon; l.e., between loccl hours 11 and 15

or 16, with all ap included. These tendencies, the significance of

. -which are clouded by the probable domination by ap » 48 values,

disappear in a highly irregular and confusing distribution of hourly
coefficients for all octave band pairs with ap > 48 excluded. Thus,
a lack of coherent local time dependence is indicated.
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As in the last section, interprstation of local time beuavior of
correlation coefficients would be greatly enhanced by examination
of hourly spectra., Such spectral analysis was, unfortunately,
impossible due to time limitations.

E. Correlation Between ap and Horizontal Component MAV?'s
The relationship which exists between guasi-sinusoidal

geomagnetic variation activity levels and geomagnetic disturbance
is important because it may provide a basis for understanding
varying states of magnetospheric excitation. To obtain a preliminary
impression of this relationship, scatter diagrams of lt:og10 MAV versus
10810 ap were prepared for ez-h UT three-hour interval and octave
band. The logarithms of the parameters were used to minimize the
clustering of points at low MAV znc ap values. Since the MAV's are
computed over hourly intervals, three-hour means of MAV were used for
correlation with ap. Results obtained for X and Y components are
quite similar; therefore, only the Y component will be discussed for
the sake of brevaty.

To a first approximation, the scatter diagrams for any octave
band can be separated into two groups according to whether (A) the
points for the UT three-hour interval cluster well about a single
straight line or (B) about two straight line segments with the high
ap segment having the steeper slope., The separation of scatter plots
into the two groups by local time sector is as follows: (A) 0400 -
1600 LT and (B) 1600 - 0400 LT. Thus, the (A) group is a local day-
time phenomenon while the (B) group occurs during local night-time,
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It is interesting that the two local time sectors are asymmetric with

respect to the noon-midmignht meridian plane. This observation can be

added to a growing body of experimental evidence which suggest that

the magnetosphere is asymmetric about the earth-sun line; e.g., the

asymmetric ionospheric current system for SD derived by Silsbee z-d

Vesting (1942), the dawn-dusk asymmstry in low altitude percipitating
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electrons (E240 Kev,) found by Hartz and Brice (1967) and the ¢lock-
wise and counterclockwise polarization zones for sce associated geo-
magnetic field fluctuations described by Wilson (1962).
Representative scatter diagrams for groups (A) and (B) are shown
in Figure 6. Both diagrams are for 01 since the distinction between
the groups is most pronounced for tre shortest period band; it is
Close scrutinization
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progressively weaker for longer period bands.
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of 01 to determine which UT three-hour interval possessed the lowest

ap value at which the c‘dange in slope occurs was accomplished by

Ly R

computing least squares regression slopes and intercepts for the data

after empirically partitioning it into ap € 48 and ap > 48 subsets, :
: Based upon the two sets of slopes and intercepts, the ap coordinate 4
' of the intersection of the two regression line segments was obtained

for each UT three-hour interval. The minimm ap coorcdinate was
This result

calculated to be ap = 49 for UT three~hour interval 1.

must be regarded with great caution because there were only five

data points in the ap > 48 subset.
Despite the paucity of data at high geomagnetic disiturbance levels
for this data set, the results, with due caution, suggest the following:
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(1) for local daylight hours 0400-1600, hydromagnetic waves propagate
along geomagnetic {ield lines which are entirely within the inner
magnetosphere and produce gecmagnetic micropulsations the amplitudes
of which increase a2t an essentially constant rate with progressively
increased disturbance levels and (2) for local night-time hours 1600-
0400, a threshold in the geomagnetic activity level exists, especially
for shorter period bamds, beyond which the rate of change of micro-
pulsation amplitudes with increasing disturbance is greater than for
quiet to moderate conditions. One possible explanation for (2) is
that during intervals of enhanced magnetospheric excitation the
inflated tail field lines extend to lower geomagnetic latitudes
providing efficient guiding for short period waves but progressively
less effective guiding for longer period waves as they approach the
earth due to strong geomagnetic grandient induced mode coupling, Thus,
increasing levels of magnetospheric excitation, particularly in the
local night-time sectcr, apparently bring the low latitude limit of
closed immer field lines nearer to the Concord field station's geo-
magnetic latitude making it more accessible to perturvations generated
in the magnetospheric neutral sheet amxl to plasma cusp instabilities.
Finally, two observations will be macde concerning UT three-hour
intervals for which ap g 48, i.e., intervals for which hydromagnetic
wave propagation observed at the Concord station is confined to the
closed geomagnetic field lines of the inner magnetosphere which do

not participate in the bulk convective motions through the magnetotaii.
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The first observation. illustrated in Figure 7, relates to the
diurnal variation in the iinear correlation between ap arl X - MAV,
It can be seen that, for the two shortest period bands, the correla-
tion is maximum for local hours 22-01 and 01-04, respectively, while
the winima for both occur near local noon. No consistent natiern
exists for the remaining octave bands although 03, OF and 06 do have
peak correlations for local hours 01-O4 and 10-13. The plysical
dimplications of these diurnal patterns are not a% ali sbvious. Fost-

midnight maxima (0100-0400 LT) in correlation might be attributed to

energetic particle precipitations such as those cbserved by Hartz

and Brice (1967). They foun? these events to be statisticaily asso-
ciated with moderately intense electron fluxes (E 2 40 Kev.); with

strong slowly varving riometsr absciption and with characteristicsll;

hard X-ray events. The pre-nocn maxima for the 03, 05 and 06 bands
could originate in enhanced hydrouagnetic wave gensration at the

surward magnetopause during relatively disturbed corditions.
The secuond observation pertains to the rate of’change of X -
MAV as a function of ap which is represented by least squares

regression line slopes for these parameters, Figure 8 shows the
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diurnal variation in slopes for all octave bands. The greatest

sensitivity (maximum rate of chsnge) of X - MAV with respect to ap

is prior to local noon for 01 and 02 and then shifts to afternoon
for the remaining octave bands, becoming progressively later in
passing from 03 to 06. Secondary maxima exist for 05 and 06 at 0400-
0700 LT. The diurnal behavior of 01 and 02 follows clossly that of
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the M index over a much longer time intervazl reported on by Frey

et al., (1970). ‘The broad day-time maxima in slope displayed by these
shorter period bands is, again, prcbably due to sustained excitation
of the sunward magnetopanse which provides an energy source for
hydromagnetic waves. The physical significance of the variation
patterns of regression line slopes for 05 and 06 will require further

investigation if they are to te understood.

5 Spectral Enhancemerts

One of the primary aims of this investigation was to establish
whether any portion of the quasi-sirnsoidal geomagnetic variation
amplitude spctrum contains significant and consistent departures
frex a simple ir .-se frequency dependence and if so to determine
the local time behavior of such departures.

Spectral enhancements (SE's) are difficult to determine in detail
without inspecting individual spectra for each of the more than 3000
hours of data analyzed. A less detailed and consequently more
limiting approach was adopted to make the sezrch for SE's feasible.
Initially, a computer program was created to scan the horizontal
component data sets and record hourly 3E occuirences. An SE in a
particular octave band, 0i, is defined by the simple condition
APSD 0i > APSD Qi+l, Thus, by definition, only a pronounced energy
inereasc over an octave band width will be considered an SE and, of
course, it is impossible to resolve SE's in 05, the longest period

octave band,
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The hourly spectrum shown in Figure 9 is a particularly good
example of an SE in 03 and,; as discussed below, is a prominent f.ature

of the local time hourly spectra for both the X and Y component

geomagnetic variations. The salient features of the SE onalysis

are illustrated by relative occurrence frequency tabies and, sinc
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the results obtained for X and Y are quite similar, the discussio..

is confinec¢ to the X component tables.

The SE?s are essentially a local day-time phenomenon. ‘They ar+

o i

"“’&_ B N
m@;tﬁnﬁx i nﬁfMﬁhirn«xmwtﬁiﬂﬂhﬁ‘m%‘?&?ﬂsfmm‘&s‘in%hw‘mm‘ﬁﬁ bl A

well distributed in time over the total data interval as evidenced
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by the fact that 119 of the 141 days analyzed had at least one SE.
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On the other hand, very few hours had multiple SE's, i.e., SE's in

different octaves for that hour, Of all hours for which SE's were

found, only 4% had two SE's in the same hour and over half of them

R e

e

involved contiguous octaves, specifically the 02, 03 and 03, OU4

titls

pairs, Thus, SE's for any hour are nreferentially confined to one

R e

\ octave,
The SE's exhibit a relatively strong persistence tendiency, thst

is, a tendency for consecutive hours to contain SE's in the same
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octaves. For hours having at least one SE, 344 are followed by

hours having an SE in the same octave,

Table 3 summarizes several properties of the SE occurrence fre-

(it

AP Kb

quency by octave band. The first line of this table shows the
' relative occurre e of SE's for all hours in the total data set,

SR's in 03 are most frequent, at 1l 3t 3 times more frequent than

\SE's in any other octave band. Line “wo of the table demonstrates

\
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Hourly occurrence percentagesof concurrent SE's in corresponding
octaves of X and Y are also presented in Table 5, The diurnal varia-
tion of these occurrences is similar to that described above., Here
the occurrence pattern suggests minimum coupling between X and Y

during local hours 16-21,
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Finally, a2 weak recurrence tendenzy is educed when daily sums of
the numbers of SE*s for all hourz and any octave are plotted in
successive 27-day (solar rotation perit;d) intervals, Figure 10 is 2
ploc of the daily total SE's for four successive 27-day periods come

mencing on 12 April 1967. A recurrence tendency is weakly suggestecd

AN LG LR s A5 900l

by the plausible alignment of corresponding maxima and minima in the

successive 27-day patterns. Similar plots of the equivalent daily
planetary amplitude, Ap, which is a measure of overall geomagnetic
disturbance, are shown in Figure 11 for comparison. It-is clear

that no recurrence tendency ‘exists during this time period in overall
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geomagnetic activity. Hence, there is the suggestion that SE's are
somehow sensitive indicators of interplanetary conditions not apparent

in measures of overall magnetospheric excitation.

6. Events Based Upon ap Sequences

The cause for preferential occurrence of SE's in O3 must be uniquely
related to overall geomagnetic activity. Hence, this cause will be
pursued. The SE selection criterion of Section 5 resulted in relatively

few cases; theretore, a less restrictive criterion is selected here to

Preceding page blank
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provide more cases., Instead of using the difference between O4 and 03,
the ratio 04/03 (of the same spectral values) is used as a relative
measure of SE's in 03. The SE's of Section 5 would produce ratios less
than 1 with this less restrictive selection criterion., Additionally,

only time intervals having low geomagnetic disturbance levels (ap < 7)

LrImr A QT S E R S 1'!“%@% )

for at least six succecsive UT 3e-hour intervals fcllowed by abrupt
inereases sustained for a minimum of four succeeding UT 3-hour interwals
are selected, For all of the intervals satisfying the conditions above,
ap increased by a2t least a factor of 2 in going from the last 3-hour
interval of the undisturbed portion to the first 3~-hour interval of

the wdisturbed* portion. The resulting 15 step-function-like events

in geomagnetic activiiy are well distributed over the total sample

time interval and are individually separated by s minimum of four days.
Table 6 contains the dates and UT hours for which the abrupt increases

in geomagnetic disturbance occurred in each event,

a—

The 04%/03 ratios were initially organized into a superposed epoch ,
table such thal the zero 3-hour interval contained the first high ap
value in the sequence of 3-hour intervals, The six urdisturbed intervals
beforc the zero interval are numbered from -1 vackward to -€ while the
three "disturbed" intervals following it ar- .usbered forward from +1
to +3.

Prior to colummwise averaging to ~btain a superposed epoch curve,
the O4/03 ratio for each hour in eack event was adjusted to minimize
biasing due to the mean diurnal variation in SE occurrsnces previocusly

discussed. ‘The adjustment was accomplished by computing the mean
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diurnal variation of the O4/02 ratioc utilizing data from the total
sample and then applying the reciprecal of the hourly wean diurnal
variation as a weighting factcr to ccrresponding hours in the super-
posed epoch table. This adjustmert, althougk enly aporoximate, is
essential because of the non-wsiferm distrituticr of zeomagnetic
cisturbance over thlie Greenwich day vhich contributes potentially ron-
canceling values from everts with identical zepre intervals to the
columywise averages. This latter point is clarified by an inspection
of Table 6 which shows that five of the fifteer events have their
zero intervals centered on UT hour 2,

After adjusting cach entry in the superposed epoch table by its
appropriate weightines factor, the ratios were averaged over 3-hour
UT invervals for comparison with the corresponding ap mean values
obtaineu by averaging over the fifteen events. The final results
for both ap and the adjusted mean ratios are shown in Figure 12, It
is to be emphasized again that low values of the adiusted O4/03 raties
are only relative measures of 3E's in C3 above the otherwise "red"
background spectrum.

The most important result of this analysis is that the greatest
tendercy for SE's to occur in 03 is approximately 9 hours before the
abrupt increase in world-wide geomagnetic disturbance and that the
tendency is relatively low during the period of high activity. This
result suggests the existence of a readily measured precursor to

world-wide enhancement in geomagnetic activity.
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This section will be concluded by relating the observation above

o

o

to conditions which are assumed 4o exist in the interplanetary mecium,

=X
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=
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The interplanetary medium can be zgrossly divided in the ecliptic invs

sectors of slow and fast solar wing flow with the *hin bhoundary between
them being 2 region of shear turbulance. +hile the marnetosphere is

immersed in the sector of low solar . ind velccity, the geomagnetic

disturbance and micropulsation activity levels sheuid Lz relatively

low (Snyder et al., 19€3) and (Frey et al., 1970). +hen this secter

N

T

2

sweeps past the magnetosphere, the turbulent boundary region should

oy

then be encountered which should generate hydromacnetic waves (micro-

pulsations) but should not appreciably affect world-wide disturbance

levels., Finally, the magnetospheric encounter with the sector of

TN T
S g

. high solar wind velocity following the turbulent region should provide
3 sufficient energy to abruptly raise the overall geomagnetic disturbance
level (see again Snyder et al., 1963). The subsequent chaotic state

of magnetosrheric excitation is apparently not conducive to the genera-

tion of reasonably steady quasi-sinusoidal micropulsations,

Scme support for the oversimplified view presented above is fourd

T R T N T G A B L B B e O O S o s

in the results of Sari and Ness (1968), who found tha% the power spectra
of the interplanetary magnetic field (based cn Pioneer 6 data) con-
sistently exhibit a frenuency dependence with power propertional to ;‘2
(similar to the background spectrum reported here; and also exhibit

statistically significant speciral peaks during quiet geomagnetic

corditions some of which have periods of &0 and (20 seconds. They ]

attritute the dominant 6dtfcctave spectral irend to interplanevary
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fieid directional discontinuities and the position of the spectral
peaks to the magnitude and spacing of these discontinuities. It is
certainly conceivable that the discontinuities would be more nuierous

in the turbulent boundary region separating the slow and fast streams
and that the occurrences of SZ's in 03 are a manifestation of the pre-
sence of this region as it sweeps past the magnetosphere. The apparent
nine hour time lag might then be considered as an indirect measure of
the boundary region thickness in the ecliptic plane. Furthermore, the
preference of SE's for 02 (T=64-128 sec.) might be an expression of :
characteristic spacing between directional interplanetary magnetic
fleld discontinuities in the solar wind., Finally, it is also plausible
that these discontinuitiss, after interaciing wiir the magnetopause,
are nost efficient in gererating hydromagnetic waves near ths earthe-sun
line, i,e,, the forward stagnation point and the “open® magneto-tail.
Recall (Table &) that the SE occurrence frequency inm 03 has primary

and secondary maxima near local neon and midnight, respentively

The speculative dspiction of the interaction between interplanetary

and magnelospheric phenumens advanced above is, of course, tesad on
prelininary impressions whish assume that the ériving mechanism resides
in spatial discontinuities in the interplanetary naenetic field. The
apparent delay vetween energy enhansements in 03 and overall gecmagnetic
disturbance nmight aiso arise (either totally or partially) from internal
magnetospheric processes such 3s quasi-periodic pasticle precipitation
events or resonant nydronagnefic wave perturbstions associated with the

plasmapause. In any case, the creztior of a larger data set possessing

o B o e T st e o
B s o U S R VS e iyt L

P HARUF RGN




more step-function<like ap events would produce z more uniform distrie-
buticn of ¢ -magnetic disturbance over the Greemwich day, would sbviate
the necessity for adiustment and would enhance the reliability of the
resultant impressions. Likewise, parallel analysis of SE's in other
octave bands would provide a test for the preliminary impressions and

might strengthen them.

7. Ratio RMS/MAV (Statiorarity)

As indicated at the outset of this report, the octave bandwidth
APSD and MAV estimates were computed cver hourly intervals. The use
of the ratio RMS/MAV tc gain insight into the nature of quasi-sinusoidal
geomagnetic variations aver intervals less than one hour will now be
described. The RMS value is obtained by computing the square root of
the product of the APSD and the bandwidth,

It is of particular interest to establish whetner the data for a
given hour r-presents a stationary or non-stationary stochastic process.
Inspecticn of oscillographic records of the variations clearly indicates
nen~-stationarity in the time varying mean square value sense because
long temporal irends were removed by analog filtering prior to digitiza-
tion of the data.

Ratios cf RMS/MAV were calculated for three idealized signals using
the probability density distribvutions for them: (a) a sinusoidal
signal with random phase, R¥S/MAV = 1.11; (b) a signal having uniform
probability density distribution, RMS/MAV = 1,15; and (e) a signal

characterized by a Gaussisn distribution, R’M3/MAV = 1,25,
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Time intervals containing intermittent and isolated ®spikes® can
be approximated by a signal having & discrete probability density
distribution. The vaiue of the ratio for this class of signals is
variable depending upon the relative amplitude and number of ®spikec®
in the interval. Ratios in the range !.S5 ancd Z,0 are typical for hours

displaying short duratior burst type puisations.,

The occurrence frequency by octave band of hours having RMS/MAV
ratios from 1.0 to 3.2 was computed for small incremental steps. The

percentage ozcurrence of hours for which RMS/MAY > 1.5 are as follows:

01 9.1% o4 3.6%
02 11.7% 05 1.7%
03 1i.9% 06 0.9%

It is obvious that the geomagnetic variations become more stationary

with increasing period bands. The maximum nonestationarity is for

02 ard 03, T = 32-128 sec. This pericd range is nearly coincident
with the JAGA irregular pulsation class Pi2 which is 40-150 sec.
Hourly mean ratios over the Greemwich day were also generated.
These ratios are presented by octave band in Figure 13. The diurnal
variations displayed by the mean ratios for C1, 02 and 03 are similar
in that all suggest the existence of impulsive burst type pulsations
during local hours 22-01 and the presence c. more steady corntinuous

pulsations prior to local noon. The secondary maximum around local

hour i4 is probanly of dubious physical significance, The hourly

75 fluctuations for 04, O3 and {% nean raties exhibit no clear diurnal

variation, Thus, impulsive burst type micropuisations are chiefly
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confined to shorter period bands (T < 128 sec.) and tend to occur in
the hours prior to local midnight. Ailso, the results of other analysis
not described here indicate a lack of dependence of the RMS/MAV ratio

on geomagnetic disturbance.

The principal value of the RMS/MAV ratio is as a selection and

St b P R SRR st iAo R

reliability device. Traditional power spectral density analysis, which
involves preliminary computation of the auto-correlation function, is
strictly valid only for stationary data. Therefore, delineation of
auspicious or inauspicious data for power spectral density analysis

depends upon the determination of its degree of stationarity. The
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degree of confidence to be placed in power spectral density estimates
also depends on the degree of stationarity of the data. The RMS/MAV
ratio facilitates such a determination. Furthermore, this ratio is
quite sensitive to the presence of artificial (noise) “ransients which

must be eliminated to prevent contamination of the natural variations,

8. Computer Programs

Numerous computer programs were created during the contract period
in order to reduce, edit and analyze the octave band width data set. :

A brief identification and functional description for eath program is

Piboi i s A

as follows: . f
Input: IBM 709% DCS tape file MKTAPE i

Output: CDC 6500 compatible tape file EM-MKTAPE
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Function:

CNVLOA
Input:
Output:

Function:

FILTER
Input:
Ouvtput:
Function:

CDTPE
Input:
Output:

Function:

To convert the IBM 7094 binary tape file containing
gecmagnetic micropulsation and magnetic disturbance
indices into a binary tape file compatible with the

CDC 6600 computing system.

IBM 7094 DCS tape files of the LOW Series

CDC 6600 compatible tapes of the EMLOW Series

To convert IBM 7094 binary tape files containing low
pass filtered data into binary tape files compatible

with the CDC 6600 computing system,

Binary tape files of the EMLOW Series

Punched-card file

To obtain hourly estimates of the average power spectral
density and mean absolute value of genomagnetic micro-

pulsations over contiguous octave frequency bards,

BCD card image tape file

Binary tape file containing power spectral density
estimates and a binary tape file of mean absolute values.
To merge card images for a given component and sensitivity
(eg. YL) and generate separate tapes for the power spectral
density and mean absolute value; to provide error checking

for mis-punched cards and for out-¢{-sequence cards.
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MERGE
Input:
Qutput:

Function:

OVRLD

Inputs

Output:

Functions

coMPS 1

Input:

Output:
Tunction:
OVLDCRD

Input:

Output:

Binary tape file of mean absolute values

Updated binary tape file of mean absolute values

To include in the appropriate tape files mean absolute
values which were punched by the C3C version of program

FILTER,

Binary tape files of high and low sensitivity mean
absolute values and high and low sensitivity power
spectral density estimates

Printout

To delineate hours during which the data are contaminated
by overloading; the selection criterion was based upon
the ratio of the mean square value to the square of the
mean absolute value for both the high and lcw sensitivity

data for each octave.

Punched cards containing basic caiibration scalings for
each primary data set.
Printout

To compute 1967 data conversion factors {gamma/millivolt)

Binary tape file of low sensitiviiy power spectral density
estimates

Punched card {ile; printout




Function:

FIXOVLD
Input:
Output:

Function:

PRMKA
Inputs
Output:

Function:

CORCOMP
Input:
Output:

Function:

=

To correct low sensitivity RMS values for backgrourd

noise during intervals considered overloaded; to punch
overload substitution cards acceptable as input to

program FIXOVLD.

Uncorrected mean absolute value tape file; punched card file
Final mean absolute value tape file; printout

To delete extraneous hours at the end of individual data
samples; to multiply both high and low sensitivity data by
normalization constants based upon mean conversion factors
{gamma/millivolt) for the 1967 data set; to substitute
noise-adjusted low sensitivity data for high sensitivity

data during hours observed to be overlnaded.

Binary tape files EM~MK and EM-AXDY

Prinmtout

To obtain a composite printout by day of daily average
Ap, 8 Ap’s, 8 Kp's, 8 Kfr's; 24 M's and the 24 mean

absolute values for each of the six cectave bands,

X and Y component mean absolute value tape files
CRT plots; printout
To determine extent of linear produci moment correlation

between the two horizontal component channels,
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MCORAVE

Input:
Output:

Function:

CORROCT
Input:
QOutput:

Function:

MDIST
Input:
Output:

Function:

OCTINDX
Input:
Output:

Function:

Mean absolute value tape file; tape file EM-MX
CRT plots; printout
To correlate the one-hour micropulsation index with

either the X or Y mean absolute value data set,

Mean absolute value tape file EM-AXDY or EM-AYDY

CRT plots, printout

To ascertain the degree of linear product moment
correlation between all possible octave band combinations

for a given component.

Tape file EM-MK

Printout

To obtain a frequency distribution of M(1-6) for the
total data sample and also by hour; to correct M

values originally mis-scaled.

Tape file EM-AXDY and tape file EM-MX; punched cards
Printout

To read mean absolute value frequency class limits frou
punched cards in order to convert each continuous mean
absolute value into a corresponding discrete value
ranging from 1-6; to correlate the discrete mean absolute

value index with the M index separately by octave band

and in successive weighted combinations of octave bands.
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POVRAT
Inputs
Output:
Functions

AVEKCOR
Inputs
Outputs
Function:

L o e R (A A ot L S ATV N TP

g

!;;;‘[ o ‘1 BTN Pt P

ARG

TR e wesay e R

BUMP

Input:
Qutputs

LR T R st

Functions

Tape file EM-AXDY

Printout

To compute contiguous octave bandwidth ratios;
to compute for each hour the gsometric wean of
the five Landwidth ratios for use as an estimate
of the averaged spectral slore for that hour.

Mean absolute value tave file; tape file EM-MK

CRT plots; printout

To generate correlation coefficients and least
squares regression line slopes and intercepts

for corrospoxiding sets of geomagnetic disturbance
indices and mean absolute value estimates for

the X and Y components; to tabulate occurrence
frequency distributions of the mean absolute values
averaged over UT three-hour intervals as a function

of Kp level and UT hour.

Tepe file EM-AXDY or EM-AYDY
Printout
To indicate the presence of strong spectral enhance-

merts {bumps) in the data based on the relative

wagnitudes of the mean absolute values in contiguous

octave bands,
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%
< RMSMAVK - ;
%7 Input: Tape files EM-RX, EM=-AX and EM-MK %
% Output: Printout ‘g
? Function: To calculate ratios of the RMS value to the ‘ é
% corresponding mean absolute value and present g %
g mean ratios tabulated according to Kp level and % %
? UT hour for each octave band. % %
E RATIO ; 3

bl b

Input: - Tape files EM«RX and EM-AX
Cutput: CRT plots; printout
Function: To generate occurrence frequency statistics by

UT hour and mean diurnal variation curves for J

the ratio X-RMS/X-MAV for all octave bands.

4 SPECKPH

Input: Tape files EM-AXDY and EM-MK

potieer)

Output: Printout

WA e

Function: To normalize each hourly spectrum to the value of
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octave 06 for tnat hour and to print a tabulation

of mean normalized spectra by UT hour and by Kp

level,
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ABLE 6.
Month/Day UT Hour

4/18 23

4/22 2

5/01 20

5/07 2

5/11 2

5/23 20

6/08 i1

6/14 2

6/25 17

7/04 23

7/11 2

7/23 17

7/28 14

8/07 20

8/16 23
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