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ABSTRACT

The most common type of VIF emission received by the Injun IIT
satellite was ELF hiss, whose spectral shape remains approximately
constant and which has frequency components below 1.5 kHz, and
chorus, which is a sequence of discrete emissions. When ELF hiss
has a sharp low frequency cutoff (Fc)’ we call it an ELF noise band.
In this thesis, we present a study of the ELF noise bands %ound in
the Injun IITI VLF data.

An investigation of the characteristics of ELF noise bands.
shows that chorus is present on nearly every pass for which an ELF
noise band occurs. Because of the presence of chorus an upper
frequency cutoff is difficult to observe.

The region of maximum probability of occurrence for ELF noise
bands is found to be in the interval 6 S MIT < 11 and 50° é INV < T70°.
Factors wvhich may have caused the experimental percentages to be
lovier than actual percentages are discussed.

By plotting the variation of Fc with altitude we can see
below what freguency radiation was not received by the satellite at
a given altitude. Choosing the proton gyrofrequency as a normalizing
factor for Fc we find that most experimental points are less than
and within 10% of the proton gyrofrequency for all altitudes , although

we find increased scatter at higher latitudes. An investigeticn of
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three individual passes allows us to study the variation of F, with
the orbital parameters of the satellite.

Although the cutoff can be either a propagation effect or a
source effect, we compare only the predictions of a propagation .
effect. The propagation effect is the cptoff of left-hand circulerly
polarized waves at frequencies below the proton gyrofrequency.
Assuming a midlatitude model ionosphere we find agreement at the
lowest latitudes, but at higher latitudes, Fc for a given altitude

is generally smaller than the cutoff predicted by our model.
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1. INTRODUCTION

Electromagnetic radiation with frequency components between
1 kHz and 30 Kz is usually defined as being in the VIF (Very Low
Freguency) region. For purposes of this study, we shall call
naturally occurring electromagnetic radiation with frequency com-
ponents from 100 Hz to 1500 Hz, EIF (Extremely Low Frequency) noises.

loises in the VLF and ELF regions were classified bﬁ Gallet
[1959] into two large groups. The first grovp contains whistlers,
which are caused by lightning discharges. All frequencies are
emitted simultanesously by the lightning discharge, and the spectral
shape of the whistler is due to dispersion along the path.

In the second group ars VIF emissions, which are not caused
by lightning discharges, but which are believed to be generated by
instabilities in the magnetosphere. There sre two principal types
of VIF emissions. The first type is continuous in time and frequency
(steady-state situation) and the second type is discrete, but may
have a strong repetition tendency (transient-state situation).

Hiss is an incoherent, band-limited, white noise with a
duration of minutes and with little temporal structure on a time
scale less than oue second [Helliwell, 1965]. Hiss thus belongs
to the first category of VIF emissions. An example of ELF hiss is
showm in Fipgure 1. For this study, we define ELF noise bands as

ELF hiss with & sharp low frequency cutoff.



Chorus is a sequence, lasting on the order of seconds, of
discrete emissions [Helliwell, 1965]. This emission belongs to the
second category, and an example of it is shown in Figure 2. Chorus
is sometimes classified into two subgroups:

(1) Chorus with a frequency range of 2-4 kHz. Storey [1953]
called this noise "dawn chorus" and found it to have a maximum
cceurrence at about 0600 local time. Allcock [1957] and pope [1957]
found that the time of maximum ocecurrence increases with the geo-
magnetic latitude of the receiving station. :

(2) Chorus with a frequency range below 1.5 KHz. This type
of chorus is often called "roar" [Brice, 1964], or "polar chorus"
[Ungstrup and Jackerott, 1963]. Chorus in this frequency range has
been reported for stations with high geomagnetic latitudes such as
Godhaven, Greenland (79.9°) [Ungstrup, 1959], College, Alaska
(64.7°N) [Pope, 19591, Kiruna, Sweden (65.3°N) [Aarons et al., 1960]
and Bryd Station, Antartica (70.5°S) [Helliwell et al., 1962].
Ungstrup and Jackerott [1263] found that the frequency of ocecurrence
has a maximum st & local mean time of 0901, and also found a
negative correlation coefficient between the number of hours with
polar chorus per day and the daily sum of the local Kﬁ index et
Godhaven.

Satellites which have carried experiments for observing VLF
noises include: Vanguard ITI, Injun III, Aloustte I, Alouette II,

Lofti I, Lofti IIA, 0G0 I, II and IITI. In Section 2, we describe



the Injun III VLF experiment and summarize some findings which are
related to this study.

Considerable processing is involved in the reduction of the
raw data from the Injun III VLF experiment to measurable physical
quantities, such as low frequency cutoffs. The data analysis
procedure and possible factors which may cause the data to be min-
interpreted are discussed in Section 3. In Section 4 the character-
istics of ELF noise bands are discussed.

In order to make comparisons of the VLF data of Injun ITI
with ground obsexrvations of VLF noise, results from & étud& af the
density of occurrence in satellite data are given in Section 5. As
a measure of local time, we shall use Magnetic Local Time (MLT),
which is defined as the hour angle between the magnetic meridian
through the satellite and the magnetic meridian through the sun,
using the centered dipole approximation [Chamberlain, 1961]. For
latitude, we shall use invariant latitude, which is defined by the
relation INV = arccos (L-l/Q), where L is the shell parameter of
McIllwain [1962]. The variations of the low frequency cutoff (FC)
and the ratio (A) of F, to the proton gyrofrequency (QP), with
respect to altitude, are also discussed in Section 5.

In Section 6, a somevhat detailed investigation is made of
three individual passes of the satellite. For these passes the
variation of Fc is studied with respect to all orbital parameters of

the satellite. Combining the results of the stabtistical study and



the individual pass study, possible explanations of the cutoff of

the ELF noise bands are discussed in Section T.




2. DESCRIPTION OF THE INJUN III VLF EXPERTMENT AND SUMMARY
OF PREVIOUS INJUN III RESULTS ON ELF NOISE

A primery objective of the Injun III satellite was the study of
VLF phenomena and its possible correlation with the properties of
the natural and ertificial radiation zones, euroras and airglow.. On
this satellite, a magnetic loop antenna was used to detect the
magnetic component of VLF radiation in the range of 0.1 to 7.2 kHz.

To provide maximum coupling between the antenna and a wave
propagating in the longitudinal mode (such as a vhistler), the
satellite was oriented so that the geomagnetic field vector was in
the plene of the loop antenna. The signal from the preamplifisr
was normalized by an Automatic Gain Control (AGC) to & constant
output emplitude which modulated the telemetry transmission at
136.86 MHz.

There were threes measurements made by the Injun III VLF
experiment:

(1) The spectrum analyzer measured the sbsolute amplitude of
the noise spectrum at 0.7, 2.7, k.3, 5.5, 7.0 and 8.8 kHz. The
spectrum analyzer did not respond to noise bursts with a time
constant less than 0.1 sec.

(2) The AGC feedback voltage measured the rms magnetic field

strength in the 0.1 to 7.2 kHz rangs.



(3) A high time resolution frequency-time spectrum was obtained
from the ﬁidﬂ band VLF signal telemetered to the ground. Figure 3
shows the frequency response of the wide band VLF system on Injun ITI.

The Injun ITI VLF experiment is described in detail by Gurnett
[1963] and by Gurnett and O'Brien [1964]. A complete discussion of
the Injun III satellite and & description of all its experiments is
given by 0'Brien, Laughlin and Gurnett [1962].

In the interpretation of data from Injun III, the assumption
must be made that the satellite did not disturb th? medium -enough
to cause VLF noise or to affect the gbsolute amplitudé measurements.
For many of the VLF noises cobserved, this assumption has been
supported by the similarity of the spectral character of VLF emissions
observed by Injun III with ground receivers [Gurnett, 1963]. The
stetistical occurrence of satellite ELF and VLF noise and their
comparison with that from ground based receivers may be considered
further evidence in support of this assumption.

ELF hiss bands, having freguency components as low as 200 Hz,
were also reported by Gurnett [1963]. These hiss bands were often
found to have an upper freguency limit. Hiss with fregquencies less
than 1 kHz and chorus were the most common VLF noises observed at
the satellite. These strong noises can be considered to have caussd
the frequent saturation of the 0.7 kHz channel.

Preliminary observations of noise bands such as those shown

in Figure 4 were reported by Gurnett [1965]. These noise bands



were characterized by the VLF noise occurring at about 1 kHz having
a frequency cutoff near the proton gyrofrequency. Below QP,
another noise band can be seen with a freguency cutoff near the He+
gyrofrequency (QE). It can also be seen that the upper cutoff
frequency components of these noise bands are composed of chorus
emissions.

These noise bands are unusuél in that more than one cutoff
is readily observed. We should mention that both of these events
occurred when the satellite was at low altitudes a:nd_‘high latitudes.
Also the perigee of the satellite was in the northerg hemisphere at
this time (see Figure 5). It will be shown in Section 4 that this
combination of factors would cause these noise bands to be rarely

found.



3. DATA ANALYSIS

The VLF data received by Injun III was telemetered on
command to the ground tracking stations. There it was recorded on
magnetic tape. At most stations, the WWV time signal and either
a 10 kHz or a L4.096 kHz reference tone were recorded on other
channels. The tapes were then sent to the University of Iowa
for analysis. |

In the processing of the Injun ITIT VLF data, four instruments
are relied on for much of the data analysis. These instruments
are:

(1) The Spectran series L80 Real Time Spectrum Analyzer
(model 4B0-25);

(2) A digital clock;

(3) The Benson-Lehner Oscar/Digital Decimal Model F System;

(4) The Kay Electric "Missilyzer" Audio and Sub-audio
Sonograph.

The use of these instruments is discussed below:

(1) The Spectran gives high resolution analysis by using
LB0 high Q Magnetorestrictive rod filters of transient and steady
state signals in a bandwidth of 10 kHz for tapes run at real time
speed. The use of 480 filters sets a best accuracy of 20 Hz for

the 10 kHz range. The output of each filter is selected by a



capacit;ve commutator, which also provides a synchronized frequency
sweep signal for an oscilloscope. The amplitude of the signal from
each filter modulates the intensity of the oscilloscope beam.

A spectrogram is produced by taking a moving film picture of
the osecilloscope screén. The relative intensity of any frequency
component is represented by a darkening of the film.

In order to calibrate the Spectran, a square wave signal of
known frequency, say 1.0 kHz or 200 Hz is fed through it. Filters
sampling at multiples of this frequency will becemeﬁexcitéd and a
series of dots will appear on the oscilloscope screen. For a
spectrogram with a frequency range of 0-1.6 kHz, these dots are
about 25 Hz wide. This limits the accuracy of any measurement.
From inspection of Figures 1 and 2, we can see that.the calibration
is nearly linear for about only two-thirds of the frequency
range. The non-linearity of the calibration did not affect the
accuracy of measurements as much as the width of the calibration
dots.

(2) The digital clock is driven by the reference tone
(either 10 kHz or 4.096 kHz). This clock generates the calibration
markings, and displays them for two seconds every minute on the
oscilloscope screen. The calibration is nearly linear up to
approximately 6 kHz for tapes run at real time speed.

(3) The "Oscar" has a projection system which can enlarge a

70 mm x 35 mm section of film into a 60 cm x 30 cm image projected
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on a ground glass screen. Two hairlines can be moved across the
screen for purposes of calibration and measurement. Using the
"Oscar", the measurement procedure converts information on the film
into digital form punched out on IBM cards. On the same card as

this information, identifying data, such as the time of the event, are
usually punched. _

(4) The Missilyzer can be used in any of four frequency
ranges (5—500 Hz, 15-1500 Hz, 50-5000 Hz and 150-15,000 Hz). Two
different methods of analysis of VLI data are possible using the
Missilyzer. The first method of analysis relates frequency and
amplitude to time; the second method relates amplitude to frequency
at a given instant of time. For the first method, the amplitude
is given by the relative darkening of the paper; while for the
second method (called sectioning) a picture of signal amplitude
along the horizontal plane versus frequency along the vertical
plene is given. It is possible, by halving the frequency range
used, to put both types of Missilyzer analysis on the same
recording paper. When this is done, the frequency scale on the
Section is inverted. We can also halve the fredusncy range by
using an expanded scale. For this study, the 50-5000 Hz range was
used on the expanded scale. Figures 6 to 12 con£ain examples of
Missilyzer-sectionings. The disadvantage in using the Missilyzer

is that the production of a Missilyzer-sectioning takes over five



minutest For this study, Missilyzer-sectionings were generally
used only for verifications of fregquency spectra of ELF noise
bands found on Spesctran spectrograms.

In order to meke measurements on low freguency cutoffs of
ELF noise bands, tapes were run through the Spectran at 4 times the
normal speed. When the tapes were run through the Spectran at
this speed, spectrograms with a freguency range of 0-1.6 kHz could
be produced. These spectrograms had a frequency scale which was
+ 5¢ linear up to sbsut 1.2 kHz.

In order to determine how accurately a frequency could
be measured with the "Spectran-Oscar" system, the freguency of
interference tones at 472 Hz were measured. Comparison of the
measured valuss with the actual wvalue showed that there was an
rms error of ~ 25 Hz between the two wvalues. Thus measurements
of Fc were mede to an esccurscy of 25 Hz.

Another factor which could affect the measurement of low
frequency cutoffs is the fall-off in response of the wideband
VLF receiver. However this factor would be important only if the
Spectran had s flat frequency response. By making & spesctrogram
of a "white noise" signal, it was found that filters in the range
of 355 Hz (for 0-1.6 spectrograms) had week responses. With the
measursmsnt error taken into consideration, 380 Hz was taken as the

lower limit for Fc'
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L. CHARACTERISTICS OF SATELLITE ELF NOISE BANDS

In order to determine whether ELF noise bands were present
on a given pass of Injun III, spectrograms in the 0-8 kHz range,
such as those in Figure 1, were scanned. On spectrograms of this
frequency scale, an ELF noise band is not easily distinguishable
from ELF hiss.

If the scanning of the 0-8 kHz spectrogramﬁoftﬁ given pass
showed that an ELF noise band might be present, the tape for this
pass was then run through the Spectran at four times the normal tape
speed. This produced a spectrogram which was linesar to about 1.2
kHz. Portions of spectrograms in this frequency range are shown in
Figures 6 to 12.

- From the scanning of these spectrograms the following
qualitative characteristics were observed:

(1) Chorus is present at some time on nearly all passes for
which ELF noise bands were observed. However, chorus and ELF
noise bands are not necessarily present at the same time. It is
possible that ELF noise bands and chorus can be simultaneously
present, but that the ELF noise band cannot be detected. To show
this, we must first recall that chorus observed in the high latitude

regions has frequency components below 1.5 kHz. Also the response
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of the wide band réceiver falls off for lower frequencies. Thus,
since the output from the wide band receiver is normalized, very

strong chorus bursts could result in the loss of a detectable low
frequency cutoff.

(2) The upper cutoff frequency components of the ELF noise
bands are variable over a range of several hundred Hz. It is
generally impractical to assign any upper frequency cutoff to the
noise band, due to the presence of chorus. On 0-8 kHz spectrograms
ELF hiss would often appear to have an upper frequency cufoff, but
on 0-1.6 kHz spectrograms the upper frequency was found to be
obscured by chorus.

An inspection of Missilyzer-sectionings, such as those shown
in Figures 6-12, leads to the following conclusions:

(1) An abrupt change in intensity is often observed at the
lower end of the spectrum. This noise band with an abrupt cutoff
 is defined as an ELF noise band. The frequency of the cuteff varies
much lesslthan the changes in the shape of the spectra. However,
if Missilyzer-sectionings differing in time by a few minutes are
compared, this cutoff is usually found to change monotonically.

(2) Frequency components below the cutoff usually have
measurable amplitudes. However, the maximum amplitude of any
frequency below the cutoff is smaller than the maximunm amplitude of
some frequencies less than 50 Hz above the cutoff. It is believed

that much of this noise is not actual data received by the satellite,
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but has been caused by noise in receiving and processing instruments.
Figure 6 shows a Missilyzer-sectioning of an ELF noise band wifh a
noise which is believed not to be of natural origin.

We may use the AGC reading and the 700 Hz spectral density
measurement to get an idea of typical intensities. The AGC reading
on approximately 5% of the ELF noise band events exceeded 7 milli-
ganme, and for approximately 35% of the events, the reading was
greater than 1.8my. ELF noise band events occurred both when the
spectral density measurement at 700 Hz was below its ﬁankéraund
8 2/Hz) and when it was at its maximum level

Y
(1.8 x lﬂ_?YEsz).

level (7 x 107

Since 380 Hz was set as a lower limit for which an F_ would
be determined, a measure of the time duration of ELF noise bands
was not possible. However, the passes which are studied in
section 6 indicate ELF noise bands have a cutoff frequency for times
of the order of five minutes. Again the presence of chorus bursts
is a factor which hinders measurement.

In the investigation of ELI noise band, several other
interesting phenomena were noticed. Of particular interest for
their unusual appearance on frequency-time spectrograms are
periodic emissions. Figure 13 shows parts of a spectrogram of a
pass with this type of VLF emission present. Table I gives a list

of passes on which periodic emissions were detected.
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Most of the data taken used in this study were from passes in
the nortﬁern hemisphere during the midyear of 1963 (revolutions 1700
to 2250). From Figure 5 we can see that the perigee of the satellite
was in the southern hemisphere at this time. 8Since the multiple
noise bands of Figure 4 occurred at low altitudes and high latitudes,
the selection of sample data and the orbit of the satellite limited
the possibility of finding multiple noise bands.

The proton whistler is a VLF noise which is a dispersed form
of a lightning impulse. It usually has the same §regu2ncyﬂranga
as ELF noise bands. However, in this investigation, there were no
instances of simultaneous proton whistlers and ELF noise bands.

It will be shown in Section 7, that a simultanecus presence would
engble us to evaluate directly one hypothesis on the origin of ELF
noise bands.

In order to propose and to evaluate any theoretical inter-
pretation, we must select a characteristic of the ELF noise bands
which can be measured and can test the hypotheses. By inspecting
the various spectrograms and Missilyzer sectionings, Fc ig zeen to
be probably the most useful parameter. In the next section, the
region of the ionospheres and the time at which ELF noise bands

cecur most freguently are discussed.



16

5. STATISTICAL STUDY OF ELF NOISE BANDS

A large number of spectrograms were produced for studies of
other VIF phenomena by Gurnett [1967], .Pfeiffer [1966] and Oliven
and Gurnett [1967]. These spectrograms, which covered a total of
627 passes, were taken as the sample for this investigation. The
sample density is given in Table II. From this table it can be
seen that the most intensely covered reglons are thé ﬁigh.altitude
and mid-morning regions.

In order to learn what latitude and local time region most
often contained ELF noise bands, the sample was divided into
INV-MLT blocks. The number of revolutions for which an ELF noise
band occurred was divided by the total number of revolutions
through that block. The resulis are listed in Table ITII. In each
block ws have two numbers; the top one is the number of revolutions
in the block for which ELF noise band events occurred; the bottom one
is the percentage of revolutions with ELF noise band events. This
table cannot be interpreted as giving the exact regions where ELF
noise bands occur because of the folloéing:

(l) The data in a given block is not times normalized; thus
an ELF noise band event is more likely to occur in & given blocx on

a pass which spends more time in this block than a pass which was
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in the block for a smaller time interval. However, since ELF noise
bands usually last throughout the entire time interval that a pass
is in a block, the lack of time normalization may not be a serious
factor.

(2) The restriction of Fc to frequencies above 380 Hz
favors occurrences in the mid-latitude and low latitude regions.

To show this, we must consider the range of altitudes in the INV-

MLT blocks. Most of the high latitude data that were studied were
received by Northern Hemisphere stations when perigge-of ﬁﬁe

satellite was in the Southern Hemisphere. Later in this section,

we show that Fc generally varies inversely with altitude. Thus

by setting a lower limit on Fc we may have eliminated many measurements
of the low fregquency cuboffl Qt high latitudes. ‘

(3) The start and stop times given by ground stations for a
satellite pass do not always correspond to the time when usable
data was being received. Also this signal was lost near the end of
many passes before the receiver was turned off. However, it can be
reasonably assumed that this effect occurs evenly throughout the
INV-MLT blocks. The net effect is that pércentages showvn in
Table IIT are lower than the exact percentagss.

(I) As was mentioned in the previous section, the presence
of chorus may result in the loss of a detectabls cutoff. Since
chorus occurs most often in high latitude regions, we have another

factor which tends to make the percentages shown in Table III lower
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than the true valués for high latitude regions.

Realizing these limitations, we may interpret Table IIT as
showing that ELF noise bands most often occur in high latitude
regions from mid-morning to early afternoon. In the MIT-INV
region bounded by 6 < MLT < 11 and 50° < INV:§-70°, the average
percentage per block is 16.8%, while the overall percentage is 4.

For ELF noise bands, the low frequency cutoffs may vary
with the parameters of altitude, MLT and INV. In this part of the
study, we will disregard variations of cutoffs with_pespeét to MLT.
Disregard of a parameter is necessary, since we want to consider
variations which are determined by a significant number of events.
In the next section, we will consider passes where the change in
MLT during an‘ ELF noise band event is not as great‘as the change in
INV or altitude. Considering these passes to have typical orbits
for passes with ELF noise bands, we feel that the variation of FC
with altitude within INV blocks gives the best approximation to its
true variation.

This variation is shown in Figure 1L. The INV blocks were
divided into different sizes in order to try to keep a significant
number of points in each of the blocks. A point in an INV block
with some particular altitude and Fc tells us that at that altitude,
noise with frequency components below FC are not seen at the
satellite. This result could possibly be interpreted as either that

the source of noise does not generate frequencies below FC at the
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given altitude, or that the radiation with frequency components less
than Fc ‘ca.nnot propagate at that given altitude. We will discuss
this point again in section 7. For. the 38°-50° INV block, we see
that Fc is nearly independent of altitude, although there is a
tendency for smaller Fc's to occur at higher altitudes. For the
50°-55° and 55°-60° INV blocks, the dependence of Fc on altitude

is more marked. In the 60°-65° INV block the altitude dependence

is less apparent, and an increasing amount of scatter has entered.
In the 65°-70° INV block, the altitude dependence is very“élight,
and in the 70°-82° block it is negligible.

A physical quantity, which depends on altitude and latitude
and has the dimensions of frequency, is the proton gyrofrequency
Qp- We can normalize FC by dividing by Qp and meke a similar
investigation of the variation of this new quantity (A) with
altitude in INV blocks. The results of this investigation are
shown in Figure 15.

In this figure we see that up to INV = 60°, we generally
have_O.Q‘S A é 1.0 for ELF noise bands at all altitudes. TFor the
60°-65° and 65°-70° INV blocks considerable scatter is introduced,
although for most points 0.9 = A:g 1.0. However, the scatter
decreases for the 70°-82° INV b.lock.

In summary, ELF noise bands most often occur when

6 < MIT < 11 and 50° < IV < 70°. Also up to INV ~ 60° FC varies
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nearly inversely with altitude. This means higher frequencies can
be "cutolff" from the satellite at lower altitudes. At higher
frequencies Fc becomes more indepen.dent with altitude, and there
is increased scatter. When considering the variation of A, we
find that usually 0.9 < A £ 1.0 for all altitudes, although the

scatter is greatest for 60° < INV < 70°.



6. INDIVIDUAL PASS STUDY

In contrast to the last section in which a large amount of
the Injun III VLF deta was considered, we limit ourselves in this
section to three passes of the satellite. These passes are:

(1) Revolution 105, Station 00 (Iowa City)

(2) Revolution 775, Stetion 20 (Mojave, California)

(3) Revolution 1757, Station 02 (St. thn‘h,-ﬂewfbéndland,

Canada) and Station 00.
These orbits in MLT-INV space are shown in Figure 16. The first
two of these passes were selected because they contained clear
examples of ELF noise bands and their orbits were guite different
- from each other. The last revolution was chosen since thers were
two different stations receiving VLF data at the same time.

(1) Revolution 105, Station 00

The 0-8 kHz and 0-1.6 kHz spectrograms, together with the
variation of the orbital parameters, are ghown in Figure 17. From
the 0-8 kHz spectrogram, we can notice the distinet presence of
chorus emissions from 15:20 to 15:24 (UT). ELF hiss can also be
seen to be present throughout the entire iﬁterval showvn in the
figure, and discrete VLF emissions are spparent from 15:18 to

15:20 (UT). A ceareful inspection of the 0-1.6 kHz spectrogram

21



shows that ELF hiss bands have an Fc which goes above 380 Hz at
UT ~ 15:19.

For UT greater than 15:22 and INV greater than 60°, an
increasing amount of noise appears below the low fregquency cutoff.
At UT ~ 15:23 the low frequency cutoff is no longer detectable.

In Figure 18, F_ and gp are plottgd against altitude, MLT and INV.
From this plot we see that the différence in these frequencies
decreases with increasing altitude, MLT and INV. This result might
also be interpreted as follows: when the satellite goes torhigher
altitudes and latitudes it can receive frequency components which
could not be received at lower altitudes and lower latitudes.

Also we may note that A is decreasing with increasing altitude and
decreasing latitude.

(2) Revolution 775, Station 20

An inspection of the 0-8 kHz spectrograms,in Figure 19 shows
that chorus is present from 16:20 to 16:24k (UT). A low frequency
cutoff can also be identified on this spectrogram. The variation
of FC can be seen on the 0-1.6 kHz spectrogram. In Figurs 20 we
plot Fc and Qp versus our parameters of altitude, MLT and INV. We
note that for increasing altitudes and dgcreasing latitudes, Fc and
A decrease. Also the cutoff becomes clearer for iNV < 60°. Hence,

at higher altitudes and lower latitudes, the satellite is receiving

22
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noise with frequency components too low to be received at lower
altitudes and higher latitudes.

(3) Revolution 1757, Stations 00 and 02

The reception for this pass by Station 02 was rather poor
(as shown by the spectrograms in Figure 21). Thus, we have included,
for this pass, spectrograms (Figure 22) of the VLF data received by
a different tracking station (Station 00). This has been done to
illustrate a very useful test for the validity of the data - the
comparison of data received simultaneously by differerit tfacking
stations. The background noise in the spectrogram for Station 02
nearly obscures the chorus emissions, which are clearly seen in the
0-8 kHz spectrogram of the data from Station 00. However, towards
the end of the 0-1.6 kHz spectrograms of data received by Station
02, we find a possible continuation of the ELF noise band that is
easily seen on the beginning of the 0-1.6 kHz spectrogram of
Station 00. This ELF noise band is less apparent at the beginning
of the Station 02 data. A very careful inspection of the 041.6
kHz spectrogram indicates that it is probable that the ELF noise
band was present for the 11 minute; of UT for 13:52 to 1L4:03.
Over this interval, MLT varied from 9 hrs to 15 hrs, INV from
55° to 73.5° and the eltitude from 600 km to 1300 km. This,
clearly, is a very wide range.

‘In Figure 23, we plot the variation of Q, end F, with

respect to altitude, MLT and INV. For the first part of the
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pass, we note that Fc increases with increasing altitude and latitude
until INV’> 57°, when the ELF noise band becomes difficult to
identify. After the satellite reaches its maximum latitude at

UT ~ 1Lk:00 , F decreases slowly with increasing altitude and
slightly decreasing latitude. For the beginning portion of the

pass, we see that A decreases with increasing UT, but at the end

of the pass A may increase slightly. |

Making comparisons between these three passes we may con-
clude:

(1) For increasing altitudes, F, and A usually decrease.

The exception to this pattern was a case where A increased slightly
at high latitudes.

(2) For all passes there was difficulty in méasuring the low
frequency cutoff when INV was greater than 60°. This result of the
individual pass investigation may have aﬁ analogous result in the
statistical study, namely the increased scatter in regions for

which INV > 60°.
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T. FPOSSIBLE INTERPRETATIONS OF ELF NOISE BANDS

Noise bands in the audio-frequency range have been the
object of ground observations by Ungstrup [1959], Egeland [1959],
Pope [1960], Gustafsson et al. [1962], Ungstrup and Jackerott [1963]
and Egeland et al. [1965]. The ground stations have been located
in the auroral zone and the maximum time of ocecurrence for noise-
in the 1 kHz range is usvally in the late morning. 'Tﬁese
investigators have most often found the peak of the noise band to
be around 750 Hz, and thus their observations mey support the
hypothesis of Aarons [1960], that the source of this noise is
cyclotron radiation from protons at eltitudes from 200 km to LOO
km.

The results of the statistical study have showm that the
cutoffs of ELF noise bends are most often below and within 10% of the
proton gyrofrequency and that ELF noise bands occur most oiten at high
latitudes in the late morning. Hence proton cyclotron radiation
can be reasonably prnpnéed as a source of ELF noise bands. How-
ever the points in Figure 1L show that for given .altitudes, no
frequency components of the noise sources which ars less than FE
for that altitude have reached the satzllite. There is no direct

connection between the pesk frequency and Fc' Hence rather than
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reviewing the theories of generation of VLF and ELF radio noise, we
will determine if the cutoff may be due to a propagation effect of
radiation from an unknown source.

It is possible to determine guantitatively the propertiss
of electromagnetic wave propagation in the ionosphere by treating
the ionosphere as a cold plasma. For definiteness we assume a
diffusive equilibrium model ionosphere with three types of ions
(H+, He' and G+}. The variation of the electron number density and
ion number densities with altitude for this model*inncsphére wWe
will use for this discussion is shown in Figure 2L. It should be
noted that the ion concentrations for this model agree best with
experimental measurements made in the mid-latitude region at night.

In the eppendix we derive the result, given by Stix [1962],
that there can be no propagation for a left hand polarized wave
when the index of refraction for that freaguency passes below its
L = O surface. Gurnett [1965] observed the possible effects of
this cutoff and hypothesized that the cutoffs of the noise bands
shown in Figure 4 are due to reflection of waves emitted by & source
at high altitudes. Applying this hypothesis for waves emitted
from a "white noise" source at high altitudes, we can expsct to
observe noise bands with a sharp low frequency cutoff which varies
in altitude.

In order to determine ths variation of the freguency for

which L = 0 (F(L = 0)), we use the model ionosphere given in
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Figure 24. We then calculate the variation of F(L = 0) with altitude.
Figure 25.shows the result of this caiculation for latitudes of 30°
and 60°. We can also see by an inspection of equation A-20 that

F(L = o)/op must be less than unity.

We can now compare the predictions of the "L = 0" hypothesis
with the experimental results given in Figures 14 and 15. Comparing
Figures 25 and 1k, we see that for the lowest INV block, we have agree-
ment between the "L = 0" hypothesis and the experimental data. How-
ever for higher INV, we find that for a given altitude Fc is generally
much less than F(L = 0). From Figure 15 we see that ;xperimental
points have been measured for which we have A > 1.0. These cutoffs
cannot be due to L = 0. These cutoffs may be due to a source effect.

We should now investigate the dependence of the predicted
behavior on the choice of & model ionosphere. If the fractional
concentration of hydrogen ions (o) was much lower than has been
assumed, then we can see from the inequality relation A-32 that A
would be closer to 1. A sharp decline in « for the high latitude
region has been reported by Barrington et al. [1965].

It has been shown by Shawhan and Gurnett [1966] that
spectrograms of proton whistlers can be used to measure ¢ to within
3%. Thus if an ELF noise band and a proton vwhistler occurred
simultaneously, we could compare o values calculated from both
events and compare these values. However since proton whistlers

occur mostly near midnight below L5° and ELF noise bands occur
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generally in the morning at high latitudes simultaneous occurrences
would not- be frequent, and have not yet been found.

It is possible that the cutoff of EIF noise bands could be
due to a cambination of source and propagation effects. This
would mean that only above the low frequency cutoff of the source
could we observe a cutoff due to propaéétion effect. It has
also been suggested by Shavhan [1967] that "trapped weves" can
account for the noise in the ELF region, The cutoff of these waves

can be above the proton gyrofrequency.
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8. CONCLUSIONS

For this study we have called those ELF hiss bands with a
sharp low frequency cutoff ELF noise bands. We first investigated
the spectral characteristics of these noise bands. TFor nearly all
passes on which ELF noise bands occufred, chorus events took place.
Intense chorus bursts may have resulted in the loss of detectability
of the low frequency cutoff at times. Multiple noisé‘bﬁndé.were found
only when the satellite was at a low altitude in a high latitude
region.

The FELF noise bands occurred over a wide range of AGC readings
and 700 Hz spectral density measurements. However, in MLT-INV space
the average percent occurrences in region defined by 6 é.MLT < 11
and 50° < INV < 70° were four times as freguent as the average
outside this region.

An investigation of the variation of FC in INV blocks
gshowed that there was a markad dependence on altitude only up to
INV = 60°. The plots of cutoff frequency versus altitude may be
interpreted as showing at what altitudes frequencies below Fc were
not received by the satellite.

An investigation of the variation of A in the INV blocks
showed that the greatest departure from the limits 0.9:§ A< 140

occurred in the 60°-T70° blocks. A general systematic decrease of



Fc with increasing altitude was found in a study of three individual
passes.

The cutoff can be interpreted as being either a source effect
or a propagation effect. A cutoff effect due to the index of
refraction for left hand polarized waves was proposed & propagation
effect. There was agreement for the lowest INV block, and at higher
latitudes the cutoffs were generally lower than those calculated
using a midlatitude model ionosphere. Points for which A > 1.0 were
interpreted as indicating the cutoffs may be due to more than one

cause or to source sffects.

30
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APPENDIX

In order to derive the dispersion relstion for a plasma we
first meke a few simplifying assumptions.

(1) Zero order guantities such as the density and composition
of the plasme are constant in space and time.

(2) First order guantities vary as exp[i(E.r - wt)]

(3) The plasma is collisionless. : |

Assumption (3) allows us to use Vlasov's equation for the
ko species of the plasma:

ar,

L..l.ﬂ. ..LF =y
3 UVt Vg () =0 X
e nr
vhere ¥ = qk(E + Y X B) = e e|E+

Taking the zeroth mouent of the Vlasov equation we get the

eguation of continuity:

ony

stV (g v)=0 (8)

Taking the first moments of the Vliasov eguation we get

Euler's equation with the Lorentz force term

m nk[:% + (¥0%2) _“'“zc] =n g e (B+v, X B) - 7.(R) (3)
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= — — - — -t
where P, =m I £, (@ -wv) (u- vk) du

For a "cold plasma',we set ?-(?k) =10 &

Equation (3) then becomes;

()

Making use of assumptions (1) and (2) and assuming no net

. o _=(1)
zero order streaming (i.e., v =V
a3 —

1 —3
(B = E(q)), ve can solve for v(l) in temms of the electric field.

), and small amplitude waves

The result when written in matrix form is:

(1) U s S (1)
k,1 ﬂi_we Qi_we iE
€ €
LD S [ —de 5 (5)
k,2 m 2 2 2 2 o
k Qk—UJ gk-:.u
(1) i 2(1)
vk:3 8] 0 ijw J_,3
eB
where Q = ol
k mj{c
The net current is given by:
=l s
g e en g

Generalizing Ohm's law, we define a complex conductivity

tensor by:

71 _ 53 (7)



Putting equation (5) into equation (6), we find that the

conductivity tensor is given by

~iw “€x % 5
Q,io—(.ﬂe Qi—w
n 62
:: = E K Ek Q']{ - 1 W
g e | 22 CI - d
S &
N
0 0 =

The relationship between the dielectric tensor and the

conductivity tensor is given by:

33

(8)

(9)

Therefore, using the nctation of Stix [1962], we can write

the dielectric tensor as

i -
S -iD 0
X = iD s 0
| o 0 P
T
where S=1-2
kwE_Q]E(
2
*k e T
U=% e !
k _
w Qk
2
kmin e
and 1'{2:._......_.11]"_

(10)

(11)

(12)
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Also we may define

m
H= B % Dl =B (13)
kGJ(.U-I-EkaK
2
e

L:S—D=l-—§m (14)

With assumption (2) the first two Maxwell equations can be

written as:

ik x T = 10 B/c ey g AT (15)
1kxB=2R.2%E . (16)

Taking the cross product of (15) vithli and substituting
the results in (16) we have

— —3 — we e SRR
kx (kX E) +— KE=0 . i
e

—y

Ietting n = %E , equation (17) becomes

X (MXE) +KE=0 (18)

Letting B = 3 B, and assuning N to be in the 1-3 plane,

3

equation (18) in matrix form becomes:
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S-n2 30528 -iD n2 cos6 sinb El
iD §-n® 0 g, | =0 (20)
n2 cos8 sinB 0 P --112 sin29 E3

VWhere 6 is the angle between B andn .
The condition for equation (20) to have a non-trivial solution
is that the determinant of the 3 x 3 matrix be zero. For this to be

true, we must have:

L
n'(8 sing + P cosge) + n2(D2 sing - SP cos@ - §°sine - SP)

+ P(s2 - D2) =0 , (21)
This is the dispersion relation. s

From equations (13) and (14) we have that

2= o 35 - B (22)

Thus the dispersion relation can be written as:

2

nu(S sin28 + P cosee) - ng[RL sin“ge + SP (1 + 00526)}

+RPL =0 . (23)

For 6 = 0 equation (23) becomes

nu P - nE(R + L) P+ PRL =0

Thus the conditions which can hold at § = 0 are:

P =20
n2 =R
2
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In order to interpret R and L, consider the second line of

(20). This can be written as:

iD E]{_l} + (8 - n°) Eél} =0

(24)

or

(1 1
lE£ : _ n°s _2(R+1)- ne
£ PoLt®-1)

Thus for n> = R equation (24) becomes

(1)
I El'
EE

and for n° = L it becomes

=1

The first case is known as right-hand polarization while the
second is known as left-hand polarization. Hence L is the index of
refraction for a left-hand polarized wave, and R is the index of
refraction for a right-hand polarized wave.

The solution to the equation (21) can be written as:

by

8 + L PE(SE-RLJCDEEE_

2 _RL sin®e + PS(1L + casgﬂ} X3 \f(EL - PS)E sin

n
2(s s:i_nE

If we choose the - sign in (25) and set L = 0,then we gst nE = 0.
Also when L =0 , n = 0; hence the choice of a - sign in (25) means

we are considering left-hand circularly polarized waves.
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Let us consider left-hand polarized waves with RL = ¢ and

e << PS. Eguation (25) then becomes

2 _¢ sin°g + PS (1 + casEE] - Uj{; - Eﬁjz sinhe + L PEKSE- E]CQSEB_

2(s sinEE + P EGEEB] (26)

n

Expanding the terms in the saquare root, we get

5 2 PS sinZg - € sin'g + 2P%¢ cos2@
2Ps (1 + casge] (s gin®g + P EGSEE}

2e P (S sin‘e + P cos-8)
2 P8 (1+ ccsEB} (8 sin®g + P ccsEE)

| ¢

e e el (27)
5(1 + cos“@)

If we have |R| > |L| and L > O then n® > 0 for all g .
Bubt if L < 0, then n° <0 for all 8.

This means that for left-hand polarized waves near the
region where L = 0, we have propagation if L = 0 and evanescence
if L < 0. Hence the surface L = 0 acts as a cutoff for lefti-hand
polarized waves at all angles. This result was given by Stix [1962].

We now wish to determine at what ion concentrations we have
the condition L = 0., We first introduce the following notation:

ﬁl uﬂﬂp

ne = electron number density

n(H') = hydrogen ion number density



38

..I_
n(He') = helium ion number density

+
n(0") = oxygen ion number density

D
g = n!He+)
n
e
+
. a0
Oe

. + + + .,
In a plasma containing only electrons and H, He and O ions,

(14) can be written as:

T2 T
L=14% (—2) o 24 u Bh . 5 z i
Q aq |N Al(l—!\l) Al(l- Al) Al(l-l Al)

= e
(28)
For charge neutrality we must have @ + B + § = 1. With this
condition (28) can be written as:
2
m\e ™
o- e () e [3 0 o) & (B - )
e e | A e VA W e
B 4 S
dv " - (29)
Ay (l—k&l J’l6ﬂl)J

Following the method of Gurnett [1965] we note that
Qe >>

P

and when the electron number density is not very small

ﬂé 2
(a“) >> 1 .
e
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Using these approximations we may write (29) as;

ni ) @ 150,
L ~ - 16 A, *
= QA (T-161,) 17T

Thus an approximate condition for L = 0 is:

150, 128

=16
1-A l—hﬂl

This eguation gives:

16 L
T5- (l—}\l) = o il 'g (l-Al)

as the limits for o .

B 127, (50)

l—hﬂl ' :
(31)
(32)



TABLE I

ELF PERIODIC EMISSIONS

Lo

Invariant
Universal Time Latitude Local Time Altitude
Rev Start ’ Stop Start [ Stop Start ! Stop Start l Stop
1773 20k3 ; 2048 56.8 ] 70.0 9.9 : 12.9 875 } 1330
1800 | 0103 | 0106 | s55.7 | 55.3 | 18.e I 18.7 | 2o | 2555
1073 | eur lezons | 737 | 7. 13.5 I w3+ | 2133 : 2290
1974 | 2310 F 2331 | 69.3 ’ L6.3 9.9 |1 2007 | 2687
1978 | 0635 | 0639 | so.b | 601 | 6.2 | 8.6 | 997 | 1538
2035 | 2030 | 2033 | 66.3 | 61.1 | 1k | 1k.5 | 2530 { 2610
2152 | obsi : okse | 67.6 | 67.9 6.2 ; 8.3 | 1877 | 2160
2308 | 1633 | 1636 | 68.9 | 6l.s 9.9 | 10.2 | 2665 | 2670
3750 | 1821 i 1825 76.2 { 75.9 | 10.7 : 12.5 850 { 1118




TABLE IT

SAMPLE DENSITY

L1

Mzm-mv 10°-20° [20°-30° | 30°-40° [k0°-50° [50°-60° [60°-70° |70°-80° |80°-90°
0-1 L 6 25 26 19 25 31 9
1-2 L 8 16 19 25 33 26 g
2-3 12 21 26 18 28 29 6
3-L4 by 22 23 2l 27 . | 4o 5
L5 1 8 18 25 25 27 L7 L
5-6 2 5 34 30 33 Lo s 2
6-7 L 35 32 Ll 52 58 2
7-8 i 1 30 31 39 67 65 2
8-9 2 16 34 by T8 83 L
9-10 2 19 17 35 85 20 6

10-11 2 10 9 26 70 95 T

11-12 8 18 28 L8 81 17

12-13 2 5 19 21 12 35 69 17

13-14 3 12 21 19 20 28 62 1k

14-15 3 12 20 2l 27 28 67 10

15-16 1 11 18 20 15 30 52 7

16-17 16 1L 21 19 29 45 2

17-18 3 16 17 18 22 38 Lo 7

18-10 2 10 ik 19 29 34 38 6

19-20 3 12 22 18 17 18 35 2

20-21 3 11 19 23 a7 36 Lo L

21-22 5 18 28 27 19 Lo 30 5

22-23 5 11 29 ol 20 34 37 9

23-2L 2 9 23 2l 22 20 33 11




TABLE ITI

DENSITY OF OCCURRENCE

M 30°-L40° | L40°-50° | 50°-60° | 60°-70° | 70°-80° | 80°-90°
3-4 3 3
119 11%
4-5 2 L
7.4 8.5%
5-6 1 L -5 2
3% 2.5% 2.2% 100%
6-7 1 2 L N o
3% 6% 9% 7.6% 1.7%
7-8 1 8 9 2
3.2% | 20.4% 13.4% 3%
8-9 2 20 10 3
5.8% 45,49 12.8% 3.6%
9-10 3 7 T 2
5.8% 20% 20% 2.2%
10-11 2 10 6 2
7.6% 1k, 29 7.4 28%
11-12 1 L :
3.5% 8.3% 8.3%
8.3% 5% 5.8%
13-1k 2 1 L 1
10% 3.5% 5.1% 5.8%
1Lk-15 1 2 < 2
3.7% 7.1% 3.2% 20%
15-16 2 3 L
13.3% 3.3% 7%
16-17 1 1 1 E
L. 7% 5.3% 3.49 2.2%
17-18 1 i
5.5% 2.5%
18-19 1 5 4
5.2% 2.9%
19-20 2

119
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Figure 1.

Figure 2.

Figure 3.

Figure L.

Figure 5,

Figures 6-

|

L6

FIGURE CAPTIONS

Two spectrograms of ELF hiss found in the Injun IIT
VLF experimental data. For both cases the hiss
events last more than 1 minute. During this time

the spectral characteristics do not change greatly.

Two spectrograms of VLF chorus found in the Injun IIT
VLF experimental data. The chorus present'bn
revolution 1845 has lower frequenc& gomponents than
the chorus on revolution 3786. Both cases of chorus

last longer than a minute.

Frequency response of the wide-band VLF system.
The response gradually falls off for frequencies

less than one kHz.

Two spectrograms of radio noise emissions at
frequencies below 1.5 kHz. Two low-frequency

cutoffs can be noticed for each of the emissions.

The variation of Injun III's perigee with
revolution. The majority of datae used in this

investigation was from revolution 1750-2250.

Missilyzer-sectioning and 0-8 kHz and 0-1.6 kHz
spectrograms for ELF noise band svents which occur
over a wide range of magnetic field signal strength

and 700 Hz spectral density measurements.
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Figure

Figure

FPigure

Figure

Figure

Figure

Figure

1k,

15.

16

18.

L7

Portions of spectrograms for a periodic emission

event. ELF hiss is present during the entire event.

Low frequency cutoff plotted against altitude for
six INV blocks. For a given altitude and cutoff
frequency a data point indicates that noise with
frequency components less than the cutoff frequency

was not received by the satellite.

The ratio of the cutoff frequencies to the proton
gyrofrequency plotted versus altitude for six
INV blocks. '

Orbits in INV-MLT space for the passes selected

for the individual pass study.

The 0-8 kHz and 0-1.6 kHz spectrograms for
revolution 105, Station 00. The orbital parameters

of the satellite for this time are given.

The cutoff frequency and proton gyrofrequency plotted
against the orbital parameters of the satellite.

Only the altitude scale is linear.

The 0-8 kHz and 0-1.6 kHz spectrograms for
revolution 775, Station 20. The orbital parameters

of the satellite for this time are given.

The cubtoff frequency and proton gyrofrequency plotted
against the orbital parameters of the satellite.

Only the altitude scale is linear.
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Figure

Figure

Figure

Figure

21.

22.

23.

2k,

25.

48

The 0-8 kHz and 0-1.6 kHz spectrograms for revolution
1757, Station 02, The orbital parameters for the
satellite for this time are given.

The 0-8 kilz and 0-1.6 kHz spectrograms for
revolution 1757, Station 00. The orbital parameters

for the satellite for this time are given.

The cutoff frequency and proton gyrofrequency plotted
against the orbital parsmeters of the satellite.

Mid-latitude diffusive equilibrium model ionosphere,

The frequency at which L = 0 Plotted against altitude
for latitudes of 30 and 60 degrees. The model
ionosphere of Figure 24 has been used in the cal-

culations.




49

] . L .33n9o14

NG9~ 1IN bap 99 ~ANI 0092 ~3anLI TV

(ZHM) D344

00 VIS 9/82 AJ

YS9l ~ [N B3p y9~ANI  00LI~3ANLI LIV
Cachas 0505 22

an
iai

o AR ¥ ot £ T

- ¥

=
6l VIS 8901 A3y

SSIH III NNCN]

T SR e

(ZHM) 0344

2lP—-299



50

AYQOe~L1N

Zz WNo9OI4

bap9G~ANI WY G2e2~AANLI 1TV

GL~1N

1|om_mw 08 >

T Sm. ETEY

bap 29 ~ AN Wy 08~ AANLI 1V

elr—-299

J3S 08 ]

02 V1S Gb8l >m_m
SNHOHD TIT NACNI

(ZHM) 0344

(ZHX) 0344



€ JN9oI4

(PO SN

'$/QG2) = __G_ , m.mul_ .
WM 22G=3AANLILTIV LT11:S0 ‘LN O0:v2:01 ‘96| 41 NVP

= foe vt R e T h 5 =y P Tt s b=l A e e N-Nu.
e LR e > - : oo S i T e . " = el =2 o
3 byt ™ . CF ol o ) re el
- e i Ry S P R L sy I Fe s :
2 P L ] ; . £L : ST by ak a2 NS
-1 » o — _
iy - g
e o = ;]
" =H
2k T,

—
T A

Sl - ety
XMOH9=JANLILIVY L7702:G0 1N OI:9:0l $96! ‘b Ny




52

¥ WWNOI4

sday Aousnbaiq
00l

]_

E kit 4

_ asuodsay

|
|
_
_ Aouenbai “
|
_

1
(Sdoy O'6 10 gp 98 —)

Wd|SAS
_u.\ N puDbqg 9pim o

T NOPNI

-O——-—_---_-_-

pIolY

-
| 21/oubDW 0] 8SUOASEY — b mm==""""

— oml

— O.ql

Ol +

gp 8pnilidwy aAlD[BY



53

¢ N9l

NOILNTOATY
000¢ 0002 000
[ [

_ _ i_ _ _ _ _ _

GPE-L99

439143d ST NNPNI 40 NOI 1VIHVA

08—

(930) 3aNL11vT DIHdYY9039



? 3NOIT.

Tlom_m om_il

NI\N g OIX8I 1| HD
AWQ*L ; D9V

ZHee : dU

Wy ¢J01: 171V
062G : 1V ANI

SUH J€6: "I
82:0G:12: LN

Qe LS

9¢8i : A

9.€-299

034




55

£ NDI4

X 7
(gOl H)
QEICE

-03S G0 — =
ZH/A S 0181 | HD gmE ey aa e = = O

Awzg: D9y | et

S ZH19: 4y
Wy ||, : v
0G2G: 1V AN
SYH J¢'8: I
8G:6G: %l LN
02 : V1S
Oc8I : N\3Y

R EE
(@)

O
(ZOWZH)ADNHDOEHA

Ol

B.€-/99




56

8 NS4

le— 035 021—

X Z
zOI H)

Tlomm 0C—

0344

ZHA o OIX 2] 24 HD
AWeG: 09y

ZHG9G: dyu

Wy |6/ : 1V
o8HG : LIV ANI

SYH 28/ : "I
£2:20:91: 1IN
Q2 : V1S

868! : A3Y

viE-199

re.. 3§ ANy, L EE L

@)

X Z
(EOI H)

0

(ZOWZH)ADNHHOEHA

0344



BT

ZH/A SLOIX @R D
AWG'S ; D9y

ZH 08 : dU
Wy ¢/ : 1TV

0J'6G : 1V ANI

SYH ¢€¢'6: "L
90:G:12 ¢ LN
SlNeS

198! : A3y

ele-299

6§ |WNDI4

0344



58

Tfomm 02! I'_

ZHA G OIX6 11 HD
AWQ9'g : DOV

ZHEEG: dy

wy 8¢zl : 1V

09'8L : 1V ANI

SYH bt : LT
ee:gl:Gl: N

OO YIS

. 0.8 : A3y

€LE-299

ELIREIE

OENE

Tlumm om_lv_

aaaaaaa

|

il

I

R

l 1 ’L"

L.

O
(ZOWZH)AQNHHOEHj

(9]

©

@]

O

0344



hg

ZH/A 9 OIX € = 1| HD
AWQ'| : DOV

ZH ggG : dy

Wy ¢8G: 11V
ol'l¥ : 1V ANI

SYH €82 1 "L
CH:8G:Gl: LN

O VIS

8G8| : A3

SLE-199

0344

0344

~— 035 GLO ———— ]

- -

|l|||[|li]ll

0 @)

©
(2OHZH)ADNHHOEHA



60

H/SA G OIXG 21 HD
AWQ0: D9V
ZH86G: dU

WM ep9: 11V
060G : 1V'1 ANI
SYH 2G°L: "L
72 O K /IR i
O ARTALS

2G8l : A3

LLE-L9D

¢l

NDI4

~— O3S om_!i

R g eai

I'- :

‘}-IHJIJ

l

0344



G67-426

61

FREQUENCY (KHz)

ELF PERIODIC EMISSION

ALT
(Km)
2510

2531

PH6(

2590

26/ |

TIME (SEC)

| NV
(deq)
6.l

SN

639

62.5

61.0

LT
(hrs)

1407

14.14

14.25

14.37

14.45

REV 2035 STA I3 MAY 25,1963
NOISE BAND WITH PERIODIC EMISSION

FIGURE 13




" ger-a71

E_ 380_-500 E_ 500_.55o o~ !_' :

E - o
2000}~ i' o
£ i 2 &

VE P * ‘ I‘igij

|000F- N e s
.: " ,.- ; E ; e '.: . '%

Y = i

[55°-60°] ;

n
Q
(@)
O

T LT i TP T i ey i e TP s
BEEER RN R REN R,

ALTITUDE (Km)
o)
O
(@]

EERRRE L] AR RARE

. i:/' i
s : gite !
by a.: : -': = -
1000 ' . |

Lk

. ! ] i ] i ; 1 1 i ; !
OO 200 400 600 O 200 400 600 i
CUTOFF FREQUENCY (Hz)

Figure 14




Km)

_—

ALTITUDE

63

G&e7-370
-~ [38°-50° — [50°-55°
2000 e
1 OOO ; | E— = ":::.-
- ' - &
,; o.;:. .:_ (]
O ; ! | [ | " | I I [
= |55°-60° . B [e0-65°
2000|- E
3 - - s
000f 2 - A
) T = :
Oé 1 | - | - | 1 | |
—  |65°-70° ~ [70°-82°]
: '::'L = ."E; i )
000 - i
O - | | 1 | 1 B | | 1 |
0 04 08 12 0 04 08 12

FREQUENCY CUTOFF/PROTON GYROFREQUENCY

FIGURE

15




64

G67-436

REV (05 ~====
REVE SIS ==
REVATSTE ——

MAGNETIC LOCAL TIME

FIGURE 16




65

VAR I

oszl  Oosl  Ogll 0002
s 05 St OF
00l 06 S8 S8 57’8 08 9
W02, 8 WSl o

ESTE SR Ry | | e e

bl | b
- .

Gl
O

989e-299

OO0 VIS GOl A3y

(W) 17V
(Bap) AN
(4Y) 1IN

ANTL AINM

(ZHM) AONFNOIH S



66

¢
8L FNDI4

G2 0S8 G838 (U)LIN

0S e 09 (Bap) AN
009 oot 002| (W) 1TV
_ _ 002
4 S0
= 7
)
=
00v I
)
l.A
T
s SOl A3Y 1009

G2tr-299



67

6L 3UN9DI4

JEREE e S b (WH,0N) 1V
@& N EG 09 (b2p) AN

G'8 @9 0 (4) 1IN

mm_%__ | Eomgw_ JAIL AINN

SlH-299

(ZHM) AON3IND3HA4

| H =

Q2 VIS G/ A3y



68

02 2aIndTa

008 O0L 0@ ~ 00%

G/, AN3H

tet-L99

(44) LA
(Bap) ANI

(WH) 1TV
00<c

0/0)7

AONFNOIL 4

009 T




69

12 N2

Gl O[T 000 008 009 (W) 17
| | s | | |
o)) Meieyl 20/ GO IR CC (Bap) ANI
| | | | | |
=] Sl Bl gl el | 0l 60 (A4) 1A
| | | | | | | | |
O _i Emo_sv_ Eoo_%_ Emm_sm_ E_m_r_@ AL AINN

(ZHM) AONIND3IY

|

| |
il |
| |
|

1 |
1 |

20 1S 2GJ| A3M

L9€-199



70

zz 3yNold

008 O@w

|

o .m_w 09 &S

SN 3anLiLy

L | (93A0) ANI
I 6

_mm < 08 Gl il

| C.\__ _F_ I | _E_ r: |_|D

&

Py

M

D)

&

m

e 2

O

IA

=

cIs

QORVESE LC I N3 E i

LEVP-L99



Td

€Z [WNOI4

Ol O¢l 00l 06 S8 (44) LT

] | |

b @ 09 0G (Bap) AN
002! 000 008 009 00F (WM) 1TV

| | | | | 1 | OON
5 ]
b 8 _ 1 oov m
_ (s
[Tl
N
)
<
009 &

L JC)| N3Y . =

getr-499



72

000E

¥Z 3WNO14

o WX *30nL1LY
cos| 000! 006

1 i I _ [ | | _ 1 I T \

Ho008 ! JHNLYHIdWIL
¢-W2 gOIX 2 lALISN3Q NOY1D373
Ge'2 ‘+9H LN3IDE3d mc./,
G2°0'+H LN3IDM3d X
WHOOP :30NLILTY 33NINI LT
343IHdSONOI 1300W
3dNLILY1-aIn

EEE-990

ol

Cl

Ql

ol

TR
E_WS U Fu



3000

N
o
o
©)

ALTITUDE (KM)

1000

73

Go7-438

LAT =30° —

VARIATION OF F(L=0) WITH
ALTITUDE FOR MIDLATITUDE
DIFFUSIVE EQUILBRIUM
MODEL IONOSPHERE

| | | |

200

400 600 800
FREQUENCY (HZ)

FIGURE 25






