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OGO~3 OBSERVATIONS OF ELF NOISE IN THE MAGNETO-SPHERE: PART 1.
SPATIAL EXTENT AND FREQUENCY OF OCCURRENCE

ABSTRACT:

The magnetic noise in the magnetosphere in the fre-

quency range from 10 to 800 hz has been extensively measured

by the spectrum analyzers of the search coil rhagnetometer

on OG0-3. This paper is a statistical study of the spatial

extent and frequency of occurrence of noise at the higher

end of this passband, at which frequencies, noise above the

detector thresholds is most common within the magnetosphere.

Steady noise and noise bursts are found to constitute two

distinct populations. Both the local time and magnetic

latitude distribution of both classes of signals are investi-

gated. When the magnetic latitude distributions are extrapo-
lated downward to 1000 Ism altitudes the results are consis-

tent with previous satellite observations at these low

altitudes. However, the equatorial distributions cannot be

inferred by simply projecting the magnetic noise measured

at low altitudes onto the equator along flux tubes.

The in situ measurements cannot determine the exact

location of the source of all the noise observed. However	 it

is found that steady noise is definitely generated. near 45

degrees magnetic latitude on the dayside of the magnetosphere

for L-values from 6 to 10 and that bursts are_	 .,	 generated near

. the equator above L=8 from 0400 to 1-800 local' time. The

latter observation can be used to explain the generation of

both auroral microbursts and chorus as seen on the ground' via

whistler mode wave growth at the e quator supported by a

-pitch angle anisotro py maintained by the loss cone. t
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I NTRODUCT ION:

Previous observations of ELF noise in the magnetosphere

have been made at low altitude (Gurnett and O'Brien, 1964,;

Dylor and Gurnett., 1968; Oliven and Gurnett, 1968). Such

measurements made near the lower magnetospheric boundary are

not necessarily representative of the distribution of signals

throughout the entire magnetosphere because ELF signals gen-

erated near the magnetic equator may never penetrate to low

altitudes due either to reflection or absorption, or both

(Thorne and Kennel, 1967; Kennel and Thorne, 1967). 	 In

addition	 signals may not be entirely guided along field	 lines.

The purpose of this paper	 is to give the character of the

signals measured in situ in a wide range of positions within

the magnetosphere, covering all local times, mos't L-shells

out to the magnetopause on the front of the magnetosphere,

to the tail at the rear, and at many magnetic latitudes.

Section I of the paper is devoted to a description of

the triaxial search coil magnetometer used for the measure-

ments and to relevant details of the spacecraft and orbit.
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Section 2 is a description of the methods of analysis used

to organize the data, including a discussion of interfer-

ence. The distribution of magnetic nol se in local time -

L-value space is presented and discussed in Section 3,

The distributions  of noise in magnetic latitude averaged

over certain sectors of local time and L-values is given

in Section 4, Finally, the location of the most probable

regions of noise generation and a possible mechanism for

the generation of magnetic noise are discussed.

I .1 IN STR UMENT :

The instrument is essentially the same as the search

coil magnetometer carried on board OGO -1 , some details of

which have been described by H, of zer et al. (1966) and Smith

et al. (1-967). Some of these details will be repeated here

to give e coherent description of the overall experiment.

Not al) the details of the instrument will be relevant to
this paper, however, but will bear on later papers of this

series.

The ► nstrument consists of three orthogonal search

coils, each containing 100,000 turns of copper wire wound

around a permeable core. T'he voltage output of the coils

p p	 frequencymagnetici s ro o ►-t i ona l to the f re uenc of the   	 fluctuation

..	 to about 700 hz. Thereafter, the response of the coils 5

rolls off as shown schematically in graph a) of Figure lb. 	 ('

The coils arbitrarily designated as the X, Y, and Z-axis,	 a	 j
i

are mounted at the end of a 20 foot boom to isolate the

experiment from spacecraft f ields.

,.... . 
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The signals from each coil caused by the fluctuating

magnetic fields are amplified a factor of 100 before being

transmitted clown the boom to the main electronics package

1P	 situated in the body of the spacecraft. A block diagram of

the circuits for a single sensor is shown in Figure la.

The circuitry is repeated for the outputs of each of the

three orthogonal coils and the outputs are independent

except as related by the projections of the perturbation

field on each of the three coils. The signals from each

sensor are passed through a rejection filter  centered at

400 hz to eliminate the strong spacecraft power frequency.

The passband of this filter which also rejects signals

above 1200 hz is shown in graph b) of Figure lb. Then the

signals are divided into two paths, the waveform channel

and the spectrum analyzer channel

The waveform channel filters the signals with both

high pass and low pass filters. The high pass filter has

a 9 db point of ,004 hz and an attenuation of 18 db per

octave. The low pass filter has a corner frequency of 0,8

hz when the satellite transmits data at the two Lowest rates

and a corner frequency of 70 hz when the satellite transmits

data at the highest data rate. The low pass filter has an

attenuation of 12 db per octave. This "i is illustrated by

`	 graph d) of Figure lb.

As indicated in Figure l the waveform channel also has
s,

a variable gain. The total gain from coil to waveform`

w. channel output care be either 700, 7000 or 70,000 on command

from the ground. This combined with a coil constant of
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10 pv/y -hz means that a signal oscillating at l hz with an

amplitude of l y will produce an output voltage of 07 volts

in the highest gain state. The telemetered OLItput of the

experiment can range from 0 to 5 volts, The waveform

channel outputs have a resting level of 2,5 volts so that

changes in signal polarity may be determined, All outputs

are digitized into 255 steps each with a width of approx-

imately .02 volts. The spacecraft telemeters the data at

one of three bit rates 1,000, 8,000 or 64,000 bits per

second. One word requires nine bits gone for parity) and

since the spacecraft telemetry system samples the output

of all the experiments in a 128 word cycle, the experiment

cycle is completed in either 1.152, 0.144, or 0.018 seconds.

Each coil's waveform channel has 5 of these 128 words almost

evenly spaced in time giving	 rise to Nyquist frequencies of

2.2,	 17 or	 139 her depending on the telemetry bit	 rate.

The other path that the signals take is called the

spectrum analyzer channel. Here, the signals are ampli-

fied and passed through five parallel filters centered at

10, 30, 100, 300 and 800 hz, The filters  are each 20 db

i
down at the adjacent center frequency and , 6 db down at

geometric mean. This is illustrated in graph c) of Figure lb,

These five filters are each followed by peak detectors with

a rise time of one second and a decay time of about 40

seconds. The long decay time provides a primitive data

storage device as 14 outputs of the spectrum analyzer channel

are sampled by the spacecraft subcommutator which completes

one cycle every 128 of the above main cycles. During the
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subcommutator cycle some of the channels are sampled once,

some twice and others three times. The output of the filter
on the Z-axis coil centered at 10 hz is sampled once in

every cycle of the main commutator, that is, every 1.152,

0.144, or 0.018 seconds. The gain of the spectrum analyzer

channel may also be in a low, medium or high state which

differ by factors of 10 and is changed by ground command,

Except; when the signal-, rise faster than one second or

fall faster than 40 seconds the signals returned by the 15

outputs of the spectrum analyzer channel are thus slowly

varying DC signals proportional to the square r;aot of the

power present in bands around logarithmically spaced center

frequencies.

The amplitude obtained after the spectrum channel

filters from a monochromatic signal into the coils, i.e.

a pure sinusoidal gone, depends upon the frequency, of course,

because of the response of the coil and upon the gain of the

filter  but also upon the distance  i n frequency of the tone

from the center frequency of the filter. If the signal is

not a tone but a broad band spectrum of signals across the

bandwidth of the filter there is a different constant of

proportionality dependent upon the spectral shape of the

noise. Table 1 lists the amplitude of the monochromatic

tone which would give rise to one volt output from each of

the spectrum analyzers if it were at the center frequency

of that filter. it also lists the spectral power density

of white noise (spectral power density constant across the

d



filter bandwidth) and the spectral power density of pink

noise (spectral power density varying inversely as the

9	
square of the frequency across the filter bandwidth) which

would result in one volt output from each of the spectrum
A

analyzers.

it can be seen from Table I that an exact measurement

of the amplitudes of the observed signals depends somewhat

on a knowledge of the spectral characteristics of the

signals.	 In the following analysis a] I data will be given

in observed voltages and it wi1.1 be assumed that all signals

of a given population (steady noise or bursts) have similar

spectral characteristics.

We also note that if one knows that a signal is mono-

chromatic, we can estimate its frequency from the ratio of

the amplitudes of the outputs of the two filters that brac-

ket the tone. Thus we can estimate frequencies using the

spectrum channel outputs alone for monochromatic tones

between 10 and 800 hz.

1.2 SPACECRAFT AND ORBIT:

The spacecraft and mission of the OGO satellites have

been previously described by Ludwig, (1963). Several per-

tinent details will be included here. The spacecraft was

launched from Cape Kennedy on June 7, 1966. It was designed

to have three -axis stabilization in a known orientation

utilizing a system of reaction wheels and gas jets. This

was achieved for the first twenty-three orbits. Thereafter

the spacecraft was spin -stabilized with a spin -period of

about 100 seconds. Sufficient.gas was available to change

k'



spin-axis orientation when power requirements demanded and

to maintain the spin-period.

Perigee was at an altitude of about 250 km and apogee

at 20.2 earth radii geocentric. The resulting period was

2 days and 33 minutes, The spacecraft completely swept

out the two dimensional space defined by local time and

L--value within the magnetosphere in the first year of oper -

ation with relatively few intervals of lack of data.

While the satellite was inertially stabilized some

estimate of the polarization of the fluctuating field could

be made from the relative amplitudes of the Outputs from

three spectrum analyzers at one frequency on the three

orthogonal coils. These studies will be reported in a

later paper of this series. However, during the spin stabil-

ized mode of operation this calculation Was severely compli-

cated.

1.3 INTERFERENCE:

Measurements of fluctuating fields in space are often

Subject to sources of signal other than those which the

experiment intended 
to 

Measure. These may come from the

spacecraft itself 
or 

from the other experiments. On a

spacecraft as sophisticated as an OGO or with as many

experiments (20) one must be cautious in interpreting
results. Clues as to whether a signal is "real" or is

"interference" can be obtained from whether the relative

amplitudes of the fluctuations change on different coils

as the coil orientation changes relative tc the field;

whether a precise freqL,'ncy is-observed independent of
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external conditions such as field strength and position in

space; whether the signal characteristics such as duration

or amplitude are exactly repeated on each observation;

whether signals repeat at very regular time intervals;a
whether the signals correlate with spacecraft functions

that are monitored or with the times of commands; etc.

Although computers were used in the analysis, all of

the data reported here were scanned visually in amplitude

versus time plots and the above criteria were used to reject

all intervals in which interference could be detected. 	 in

all, about 25% of the data was rejected and it is believed

that a negligible fraction of the data remaining is affected

by interference.

2. ANALYSIS:

For the study of the occurrence of signals within the

magnetosphere, the signals were arbtrarily divided into
h

two categories: steady signals and bursts of signals.

Steady signals were those which persisted or changed slowly

on the 100, 300 or 800 hz spectrum channel over a period

longer than two minutes. When the satellite was spin

stabilized this was usually equivalent to saying that the

spin induced modulation of the amplitude dominated over

chances in the signal strength. The 100, 300, and 800 hz
F

channels were picked because an initial study showed that

}

	

	 within the magnetosphere, these outputs contained the domin-

ant activity. Signals at other frequencies are present but

much less frequently. 'The.: occurrence of those signals  i s r
k



important also but a report on their occurrence will be

deferred to a later paper.

Bursts meant that the signals rose and fell in a per-

.

	

	 iod of time less than two minutes and reached a level of

greater than two volts on ether the 30, 100, 300 or 800 hz

channel. The majority of bursts, however, had a rise time

of much less than a minute. Usually the rise time was

several seconds or less. When the, satellite was spin

stabilized this category was characterized by changes in

signal strength dominating over the modulation induced by

the spin. The two categories are not mutually exclusive.

Both steady signal and bursts were noted on occasion simul-

taneously. However on those occasions when the steady

signal was strong enough to saturate the telemetry cap-

abi l ity of 5 volts no bursts could b e observed or when bursts

occurred so frequently that the level of the detectors could

not decay sufficiently between bursts, then steady signal

could not be detected. Figure 2a shows an example o r steady

noise occurring while the satellite was inert i al l y stabilized.

Here the raw outputs of each of the five analyzers on each of

the three axes are plotted versus time in hours and minutes.

The marls on the vertical axis represent the zero level of

each detector and the distance between closest marks repre-

sents full scale or five volts. At this time the signals are

strongest on the 300 and 800 hz outputs and stronger along

the Z coil than the X and Y. In fact the signals occasion-

ally saturate the Z300 and Z800 outputs. The signal ;.'strengt h

at 100 hz is mush less and the 30 and 10 hz analyzers are at
^	 i
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their resting levels. These data were taken at a local time

of 1530, an L-value of 4.0 and a magnetic latitude of 290

and the Kp index was 1 '.

K

	 Figure 2b illustrates steady noise occurring while the

satellite was spin stabilized. The scales of Figure 2a

apply. The spin period is the time interval between maxima

on the X and Y-coil outputs. The modulation on the Z-coil

is at twice the spin frequency. This occurs because the

Z-coil is almost exactly perpendicular to the spin axis of

the spacecraft and will see the same signal amplitude upon

rotation of 180 degrees. The other two coils have a com-

ponent along the spin axis and one perpendicular to it and

are not in an equivalent position upon rotating 180 degrees,

Here the steady signal is seen only on the 100 and 300 hz

analyzers. These data were taken at a local time of 164.0,

an L-value of 3.9 and a magnetic latitude of 7.5 0 . The Kp

index was 3

Figure 2c illustrates what we have categorized as a

slow burst of noise with data taken while the satellite

was inertial 1 y stabilized. The scales of Figure 2e apply.

This type of data is not common. •ihe local time here was

1740, the L -value 6.3 , the magnetic latitude 230 , and the

Kp index 1+.

Figure 2d shows rapid bursts of signals obtained while

the satellite was spin stabilized. The scales of Figure 2a

i

	

	 apply except that- these data were obtained in the medium

gain state and hence a signal must be 10 times stronger to

4

tt



cause saturation than it was in previous examples. The

local time here was 1410, the L •value 8.2, the magnetic

latitude 1.7° and the Kp index 3-.

in the study reported here raw data plots of the

spectrum analyzer outputs in the format presented in Figure 2

were scanned visually for all the data available from OGO -3

at the two highest data rates for orbits 1 to 202, that is

over a span of one year and 44 days. Data recorded at the

lowest bit rate were not used because of the possibility of

missing bursts of noise due to the low sampling rate. The

type of signal present was recorded for each five minute

segment of data. If the satellite was close to perigee and

changed position rapidly or ; f the aMOUnt of continuous data

were not a n-iultiple of 5 minutes, occasional segments of data

less than 5 minutes were used. If steady signals were pre-

sent at one or more frequencies an amplitude in volts was

recorded at each frequency averaged over the interval	 If

one or more bursts occurred at any frequency during this	 i

internal only the fact that bursts were present was noted.

The number of bursts during this segment of data was not

recorded. The orbit number, L-value, local time, magnetic

latitude and duration of each segment of data were also

noted. These facts were put. on punch cards to permit sorting

`

	

	 by L-value, local time, or magnetic latitude. The percentage

of the time that steady signals and bursts were observed in

various positions within the magnetosphere were calculated

as well > as the length of time spent- in that 1 oca ion -and he

number of' 	 orbits used in the average.._ since the
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orbital period is over two days, the number of different

orbits is roughly a measure of the independence of the

samples used in the Yaverage; assuming magnetic activi ty has

a scale time of two day s or less.

Even though the difference between the calculated L-

value and actual equatorial distance of a field line in-

creases as L increases and in fact is very large near the

magnet0pause, L-values up to 12 were used because it was

felt that in dealing with phenomena, that may be contained

by the f i el d, an i ncorrect L -val ue woul d order the data
better than radial distance.

Within an L-val ue of 12 for the first 202 orbits there

were 32, 24 . 1 minutes of interference free data at various

magnetic latitudes, in no way distributed uniformly through-

out the magnetosphere, Of thi s, 24,136 minute s  were within

magnetic l at itude 1-300 , and were used to construct the

equatorial local time distribution of the observed signals,

3.1 LOCAL TIME DISTRIBUTION:

The data within :^300 magnetic latitude were first

sorted by L-value and local time into boxes of dimension

one earth radius by one hour for L-values greater than 5

and into boxes of dimension one earth radius by two hours

local time for- L-value Tess than 5. The percentage of the

time wi thin each box that either  the` 100 hz or 300 hz

channel was above I volt or the 800 hz channel above 2

volts was calculated and is presented in Figure 3. Blanks

occur when data were not available or when data from only one
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orbit were available. This figure shows that steady signals

are most common on the dayside of the magnetosphere within

L=6 and on the nightside within L-5, and that within these

L-values steady signals are more common on the dayside than

the nightside.

The same data are presented in Figure 4 except for

signals of greater than Ij volts on the 100, 300 or 800 hz

channels. This plot shows a reduction in the frequency of

occurrence of steady signals in all regions and it shows a

marked day-night asymmetry. This implies that the signals

seen on the dayside are on the average stronger than those

seen on the nightside.

Figure 5 shows the occurrence of bursts in the same

format as the previous two figures. The most obvious fea-

ture is the lack of bursts in the dusk to midnight quadrant.

In fact, most of the bursts occur between the hours of 0400

and 1600. Also, most bursts occur beyond L-5.

3.2 DISCUSSION:

The distributions of signals observed near the equa-

torial plane as displayed in figures 3, 4, and 5 are similar

in some respects and dissimilar in other respects to the dis-

tributions obtained by Inj un

and O'Brien ' , 1964; Tay lor and

i	 Gurnett,- 1968)	 The Inj un I 1

two broad categories: hiss an

1964)	 These catE ories bear

III at low a't; i tudes ( Gurnett

Gurnett, 1968; Oli ,ven and

1 data have been divided into

d chorus ( G;«rnet t O'Br i en,

g	 some resemblance o buir are

not necessarily congruent with the categories used for the

OGO-3 data

P
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The digital data transmitted by Injun III records the

minimum signal seen betweoii samples which are generally two

seconds apart:. 	 Impulsive noise or signals consisting of

fine structure which lasts less than two seconds will not
.	

be recorded and therefore noise distributions obtained from

the digital	 data will be representative of hiss rather than

chorus or whistlers. The chorus	 is	 identified by the analog

telemetry of the experiment which permits a reconstruction

of the frequency -tiMe characteristics of the signals.
On the other hard, our analysis requires noise to be

at a near constant level for two minutes to be classified

as steady noise. 	 In addition, if the fine structure in

chorus were closely spaced and fairly constant in amplitude

for several minutes and rise and decay times of our instru-

merit would give the appearance of steady signal 	 However,

this is considered to be a rare occurrence and we expect, in

fact-, that in our analysis most chorus is classified as data

containing bursts. Besides chorus we would also count whist-

lers and hiss variations on a time scale of less than two

minutes as bursts

The analysis of chorus on I nj un III by O l i ven and

Gurnett ( 1968) shows chorus occurring mainly from O L1.00 to

1300 LT with some chorus as early as midnight and as late

as 1800.	 In addition chorus is seen' on L -shel 1 s as low as	 a

2 and as high as 15. The distribution of chorus in local

time then aclrees with the distribution of bursts on high

L-shells. However, the occurrence of bursts decreases as
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we move into lower L •values even where the occurrence of

chorus as observed by Injun III is large, We attribute

this to the fact that the Injun III data extend to higher

frequencies and the bursts at lower L-values are at fre-
f

quenc i es above our passband. 	 In fact an increase in the

center frequency of bursts as the satellite moves to lower

L-values is observed in the region beyond L=6. The bursts

that we do see at 'I ow L -va l ues and which do not have the

same local time dependence as the chorus are probably due

to whistlers and variations of the hiss in periods of less

than two minutes. In fact, we expect more whistlers at

low L-values than at high L-values (Car2ent, , ems, 1968).

In the paper by Taylornd Gur nett. ( 1968) the local

time distribution of noise recorded by the digital system

i s presented, In the frequency range from 700 to 7000 h

the steady noise, or hiss occurs almost exclusively on the

dayside of the magnetosphere, it a1 so rarely occurs lower

than an L-value of 3, but extends to L-values greater than

15. This is to be contrasted with our results that show

the steady noise near the equator to be confined mainly to

L-values below 4 and only a weak day-night asymmetry. This

again could be due to the differing passbands of the two

experiments but could also be due to the distribution of the
t	

noise down thefield line.	 In the next section we invest.i

gate this distribution.	 }

i
}
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4.1 MAGNETIC LATiTUDE DISTRIBUTION:

Dividing the data as presented in figures 3, 4, and 5

further by magnetic latitude  would introduce large varia-

tions from region to region due to statistical variations

alone.	 in addition the satellite does not sweep through

an entire magnetic latitude range at a specific local time

and L,-value. Thus in dividing the data up by magnetic

latitude we have averaged over sometimes rather large areas

in local time, L—Value space, trying not to mask out any

changes in the distributions  from one position to the other.

In addition we have not attempted to divide the data which

were taken below L=2 by magnetic 'latitude. The data here

are very sparse and in addition not well distributed in

magnetic latitude.

Figures 6a, b, c, d show the distributions of steady

signals and bursts for the local times from 0900 to 1800

at various L -shel 1 s. The threshold for detection of steady	 1

signals for these and the following magnetic latitude dis-

tributions is the'same as that for Figure 3, that is greater

than 1 volt on the 100 or 300 hz channel or greater than ?_

volts on the 800 hz channel	 The threshold for the detec-

tion of bursts is 2 volts on either  the 30, 100, 300 or 800

hz channel	 The solid black bars indicate the percentage

Occurrence of bursts in each 10 degree range of magnetic

latitude and the cross hatched bars indicate the percentage

occurrence of steady signal in the same 10 degree range. The

total time, T, in minutes, spent in each 10 degree range is
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indicated along with the number of orbits, N, and also the

average magnetic latitude, X, of the samples used.

In the discussion to follow we shall refer to the dis-

tribUtj0n$ of Figure 6 as the dayside distributions even

though the period from 0600-0900 LT is also above the sunlit

hemisphere. The reason for this is that the period from

0600-0900 LT does not show the same characteristics in the

distribution 
of 

steady noise as the rest of the days ide mag-

netosphere and may be a region of transition from night-time

characteristics to day-time characteristics.

Within L=5 the Occurrence of steady signals is quite

high at all magnetic latitudes, and the occurrence of bursts

is small. Beyond L=5 the OCCUN-ence of steady signals at

low latitudes decreases but the occurrence rate at high

latitudes remains quite high. Bitween L=5 and L=6 this

region of frequent occurrence of steady noise spans magnetic

latitudes from 30 to greater than 50 degrees.. However as we

proceed outwards this region narrows so that in the range

from L=8 to L=9 it spans only the latitudes from 40 to 50

degrees. We note that here the occurrence of steady mag-

netic noise decreases both to lower and to higher magnetic

latitudes. At L-VaIUOS above 9, the occurrence rate at high

latitudes decreases and seems to move to lower latitudes.

On the other hand bUrsts become more frequent beyond

L=5, Two general trends are evident. As we move outwards

along a line of constant magnetic latitude bursts become

more common and as we move away from the equator' along anoi

L-shell to higher magnetic latitudes bursts become less
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common. The apparent violation of this trend between L=8

and L.r.00 for magnetic latitudes between 10 and 20 degrees

is due to a lei-go contribution of time from two consecutive

quiet orbits to these two points. The enh-incemont at high

magnetic latitudes for L-values between 5 and 7 appears to

be more than a statistical fluctuation, but the bursts

Counted here may be due to a different source than those

with the characteristics described above.

Figure 7 shows the night-time distributions below L=6.

The OCCUrrence of steady signals is less common than on the

dayside as shown in Figure 6a and the occurrence of bursts

somewhat more common. The post -midni ght distributions are

fairly uniform with magnetic latitude except for an enhance,-

ment of steady signals near the equator. The pre-midnight

distribution of steady noise shows a weak enhancement around

300
 and the bur9ts are more common at magnetic latitudes

above 400

Figure 8 shows the night-time data between L-4 and L=8.

The post -midnight sector extends to 0900 LT because the data

from 0600-0900 LT exhibited the same behavior as the data

from OQ00-0600. We see that steady signals rarely occur in

either sector and that bursts are common only in the post-

midnight sector. 	 In addition the bursts occur less fre-

quently as we go to higher magnetic iatitUdes in this sector.

This is the same effect as we saw in figures 6b, c, d on the

A	 •AY

Figure 9 shows the post-midnight- , and pre-midnight
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sectors for L -valucs between 8 and 12. The post -midnight sec-

tor lies been shortened to include only 0000 . 0400 LT because

of a clionge in the occurrence of bursts after 04-00. in both

sectors steady signals are rare. Bursts are more common

than the steady signals but on the other hand less common

than In the same local time .vectors at lower L-valuos.

Figure 10 shows the distributions in the remaining two

regions of the magnetosphore. Tile lower histogram shows

the distribution for local time between 04-00 and 0900 for

t.-VOILIC, s between 8 and 12. Here steady signals are rare,

as they were from 0000-0 1M and from 1800-2400 LT in Figure 9.

However, bursts are much more frequent and occur with a fre-

quency similar to that shown In	 Figure 6d for	 local times

from 0900-1800. Agaiti, the trend for a decreased occurrence

rate away from the equator is evident.

The upper histograms of Figure 10 show the region below

L=6 from 0600-0900 LT. Here steady signals occur more fre-

quently than from 0000-0600 but less frequently than f  )m

0900-1800. The distribution of steady signals is also tair-

ly uniform with magnetic latitude but no data were obtained

near the equator here. Bursts are not common at low lati-

tudes. However there is are 	 in the number of bursts

with increasing magrietic latitude so that bursts are quite

common between 40 and 50 degrees. The lack of bursts above

500 may be a statistical fluctuation since we have only 6
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In order to facilitate a visualization of the actual

distribution of noise on the dayside of the magnetosphere

we have plotted in Figure 11 the distribution of steady

signals from 0900-1800 of figures 6a, b, c, d slightly
differ°ently. On a grid consisting of dipole field lines
and lines of magnetic latitude we have shaded each block as

to frequency of occurrence. We note that the actual L-

values of the data were obtained from a mul t i pol e expansion

of the field. The dipole lines  are used just for the
graphical representation.

In the magnetic latitude distributions shown in Figure 11

an occurrence of steady signal was noted whenever the signal

strength was 1 volt or more on the 100, or 300 hz channel or

a signal of 2 volts or more on the 800 hz channel. If we

increase our threshold for the detection of steady signals so

that we are conside ri ng signals greater than 4• volts on any
one of these three channels we obt ain the d i stribution of

Figure 12. This illustrates  that within L•,-A the signals are

strongest between about 20 and 40 degrees magnetic latitude,

whereas for L-values greater than 4 . they are strongest between

4u and 50 degrees,

In Figure 13 we show the day-t ime distribut ion of bursts

on the same type of diagram. This bring s out the trend for
increased burst activity as we move to higher L^-values on a

line of constant magnetic latitude and also the trend for
i

decreased activity as we move to higher magnetic latitudes

-	 along an L-shell

I,



qb.

21

4.2 DISCUSSION:

Both the local time distributions and the magnetic

latitude distributions indicate that the steady noise, and

bursts are on the average quite separate phenomenal . At low

L-values steady noise is quite common at all local times and

except from 0000 to 0600 LT the steady noise has only a weak

magnetic latitude dependence. At higher L-values, however,

steady signals are only a day-time phenomenon occurring at

high magnetic latitudes. Bursts are most common at high L-

values, from 0400 to 1800 LT, and 0CCL11- less frequently as

one moves away from the equator.

We would like to use these facts to understand the

mechanism for the generation of these signals, but we have

to consider first what the distributions tell us about the

location of the source*. We will examine this question below

and test a proposed mechanism,but before doing so,we will
r

examine the discrepancies mentioned in section 3 between

the Injun III local time distribution of hiss, and Our

observations of steady noise near the equator in light of

the magnetic latitude distributions.

First, the marked day-night asymfnetry observed by

Injun III is a result of the fact that the high ma-g-netic

latitude steady noise is a day-time phenomenon. Second,

the observation by Injun III of hiss' to higher L-values

than is shown in Figure 3 for magnetic latitudes within
030 of the equator is explained by the fact that at !high

L-ValLle.S the steady noise is not observed near the equator
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but is present only at high magnetic 1 at i tLICIes. However ,

the lack of observations of hiss by Injun III at lower L

values where: steady noise is common at all magnetic latitudes

is not as obvious. Perhaps the noise is absorbed before it

reaches the orbit of Injun III or perhaps the noise lies

below Injun III's passband in this region. Also, it might

be argued that Figure 6d indicates that the steady signals

observed at high latitudes for L-values greater than 9 do

not reach Injun Ill and hence there is still a discrepancy

between the OGO-3 and Injun III results. However, we note

that the signals near L=8 upon reaching Injun III's altitude.

do not have to propagate very far, parallel to the earth's
a

surface, to distort the magnet;ospheric L-value distribution.

Also, as with the discrepancy in the L-value distributions

of bursts and chorus, the explanation could lie in the differ•-

ing passbands of the two instruments. 	 In light of the above,

we feel that the Injun ! I I observations agree'with whet one

would expect upon extrapolating to low altitudes our obser-

vations made at higher al"titudes while taking into account

the differing passbands. This, in turn, implies that for

the most part what we term to be steady noise corresponds to

ELF hiss and what we term to be bursts, at highL-values,

corresponds to chorus at lower altitudes.

Turning to a considerat!on of the location of the

sources of the observed noise, we note that he'location ofr

the most frequent occurrence of signals or of the strongest
w
I
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signals is not necessarily the location of the Source of the

signals if we have focusing of the signals as they propa-

#	 gate away from the source. If absorption is strong enough

to damp signals before focusing becomes important, of course,

the observed occurrence maximum and the source will coincide.

However, assuming absorption is negligible and that signals

are completely guided along the field we can get a strong

focusing effect.	 In this case, the energy flux down the

tube (the product of the group velocity, the square of the

wave amplitude, and the area of the flUX tube) is constant.

For whistler mode propagation well below the electron gyro-

freque,n-cy the group velocity is proportional to the square

root of the field divided by the number density. For diffu-

sive equilibrium along field lines which appears to be valid

within the plaSMapaUse (8n rami and 	 enter—, 1966), the
^9.2_ 

number density is roughly constant. This combined with the

fact that the area of the flux tube is inversely proportion-

a] to the field strength, results in a wave amplitude that:

grows as the fourth root of the field.	 In the collisionless

model which seems to be valid outside the plaSMapaL l Se (Angerami

and Carpenter, 1966), N is roughly proportional to B and the

group velocity is almost constant.	 In this case the wave

amplitude is proportional to the square root of B. Thus, at

4. 5
0
 magnetic latitude complete guidance by field lines would

give a wave amplitude of 3.6 times the equatorial amplitude

for the collisionless model and 1.9 times the equatorial

amplitude for the diffusive equilibrium model. The several
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cases of noise distribution wi l 1 be examined with this cal-

culation in mind.

The low L-value steady noise distribution between 0000

and 0600 LT shown in Figure 7 strongly indicates that the

principal noise source is near the equator and that the de-

crease at higher magnetic latitudes is due to absorption,

However, between 1800 .2400 LT the noise source might be

placed anywhere from 0 to 30 degrees. Similarly, the dis-

tr i but i on of steady noise on the days i de at low L -values is

consistent with a source located almost anywhere between 0

and 40 degrees. Alternatively , it is possible that the source

is extended over a large range of magnetic latitudes and

strong  	 i s resent.gp

The high L -va l ue, high magnetic latitude  steady noisese

which exhibits a maximum in the vicinity of 400 in figures

6b, c, and G, cannot be explained in terms of an equatorial

source plus focusing. For example, between L=7 and 8 steady

signals above 1 volt on the 100 or 300 hz channel or above

2 volts on the 800 hz channel are present 8% of the time near

the equator, whereas between 40 and 50 degrees, 71% of the

data consists of steady noise above 4 volts. This means

that 63% of the time an amplification of greater than 4 , is

necessary if either the 100 or 300 hz signals are the major

contrributors to the distribution or an amplification of greater

than 2 is necessary if only the 800 hz signals contribute.

This great an amplification is unlikely to be realized since

guiding will not be complete nor will absor, ption`be absent.
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In fact, the di str i but ion of bursts i n f i gures 6c, and 13

indicates that strong absorption is present at high magnetic

latitudes on these L-shells. Accordingly, the source of the
IF

high L-value, high magnetic latitude steady noise must be

near the position of the maximum occurrence rate.

Figures  6c and 13 also show that the source of the

bursts at high L-values is near the equator, The common

occurrence of bursts from tho equator to 200 magnetic lati-

tude at these L -values is in accord with the work of Liemohn

(1967) and of Kennel and Thorne (1967) which showed that-

whistler mode signals can be amplified within about.20 0 of

the equator.

In short, the Source of steady signals at low L-values

from 0000-0600 is near the equator whereas the source from

1800--2 LI00 may lie between 0 and 30 degrees magrietic latitude.

-On the days ide at low L -values, the steady sigiia I s may be

generated almost anywhere along a field line up to 40 0 mag.-

netic latitude but at high L-values on the days ide the signals

must be generated 
in 

the range LiO to 50 degrees. Finally the

high L -ValUe bursts must be generated near the magnetic

equator.

We should mention at this point a source of bursts that

is well understood. As noted in section 3, whistlers are

included in the count of bursts. Whistlers are generated by

lightning at t,he Surface Of the earth and occur at satellite

altitudes only infrequontly beyond the plasma pause Car enter,

196 8) . Under the influence of absorption and the inverse of
I	 ilk
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the focusing effect, mentioned above, as the whistlers travel

upwards from the	 ionosphere towards the equator they Should

become progressively weaker and more difficult to detect.

In those regions where whistlers are prevalent, this will

result in a distribution of bursts with a maximum at the

highest magnetic latitudes for which observations are made.

Such distributions may be noted in the 1800-2400 LT interval

in Figure 7 and in the 0600-1800 LT interval in Figure 13.

It is probable that whistlers are principally responsible for

these observations. While the d1stributions would give infor-

mation concerning magnetospheric absorption if the burst

populations were homogeneous, the admixture of at least two

Populations makes such calculations uncertain. 	 In the pre

sent paper attention is directed primarily to bursts which

originate in the magnetosphere.

One cannot expect that the above identification of source

regions for the noise will lead to an unambigwous identifi-

cation of the source mechanism without a detailed Study Of

amplitudes, polarizations, and microstructure of the noise.

However, we shall examine the mechanism used by Kennel and

Pet schek (1966) to determine the limit on stably trapped

particle fluxes to see if it is consistent with our obser-

vations.

Kennel and Petschek, following the ideas of Sa deev and

Shafronov (1961) stated that doppler shifted cyclotron reson-

ance of whistler mode waves with electrons greater than 40 kev

in the equatorial regions would result in wave growth because
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of the presence of a pitch angle anisotropy maintained by

the loss cone. Besides providing a source for whistler mode

noise in the magnetosphere this resonance gave an upper limit

to stably trapped particle fluxes,

In this interaction, particles can eithc;r increase or

decrease their pitch angles depending on the phase of the

wave at the resonance. As electrons decrease in pitch angle,

they give up some energy to the wave and as they increase in

pitch angle they take energy from the wave (see for instance,

Brice, 1964), Since there is a net flow of particles to

lower pitch angles due to maintenance of the anisotropy by

the loss cone, there is a net transfer of energy to the waves.

The growth rate of the waves depends on the fractional number

density of the resonant particles. There are more resonant

particles at the equator because the resonant energy decreases

as the magnetic field decreases and because the spectra of

energetic particles in the magnetosphere are typically mono.-

-tonically decreasing functions of eneigy. The refore the

mechanism should be dominant at the equator. 	 In the remain-

der of this paper we shall refer to this mechanism of whist-

ler mode wave growth and electron precipitation as the

whistler mode loss cone instability.

The resonant frequency of 40 kev electrons with whist-

ler mode waves lies in our passband 'in two regions of the

magnetosphere. The first region is the Outer region of the

nplasmasphere near the equator. 	 If we assuile a i -ea sonable

number density at L=4 of 500 particles/=3,` the resonant
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frequency at the equator is about 800 hz, but if we wish

resonance at the same frequency at L=, we require more than

5000 Particles/cm3 . On the other hands when the pitasmal',),nuse

extends to large radial distai nces,rns occurs at extremely

quiet tiMeS,the resonant frequency may lie well within our

passband. For example, at L=6 for a density of 100 pai-ti-

cles/cm3 the resonant frequency is about 170 hz. However,

at low L-values within the plasmasphere and at magnetic

latitudes away from the equator the increased magnetic field

results in a resonance frequency above OLIX passband.

Outside the plasmasphere the reduced number density of

thermal particles results in the resonance frequency with

430 kev electrons being above our passband. As we proceed to

still higher L-values along -the equator, however, we reach a

second region starting about L=8 where the decreased magnetic

field results Itl a lower resonant frequency. At L=8, if we

have a number density of I/CITI 3 , the resonant frequency with

40 kev electrons is again near 800 hz. At L=10 with a number

density of 0.5 cm"3 the resonant- frequency is 500 hz. As

before, when we move off the equator the resonant frequency

increases and goes above our passband.

As a candidate for explaining the steady noise, this

mechanism may contribute to the low L-value noise in the

equatorial region near the plasmapause boundary, but does

not appear capable of providing all the steady noise within

the plasmcapause except perhaps from 0000-060Q LT, and it

certainly does not provide the steady noise seen at high L-

ValQeS and high magnetic latitudes,

V,
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However, the bursts of noise which occur at low inog-

notic latitudes and 
high 

L-values do coincide with the second

region inept Toned above, and as was mentioned in section 3

the center frequency of the bursts decreases with increasing
61	

L-values which would be expected from this resonance. A

detailed study of this frequency shift will be postponod to

a later paper, however. Thus 
We 

fee.] the whistler loss cone

instability is the mechanism producing the bursts,

Since the bursts of noise we see are usually quite

rapid, occurring within the rise time 
of 

our detector as

shown in Figure 2d, We Would expect that the resulting pro-

cipitation on the ground will not be a steady drizzle but

will also occur in bursts. Such bursts of electron preci-

pitation were first observed by Ande1son and Milton (1964.).

They called them microbursts. The precipitated electrons

were found to have an e-folding energy of from about 20 kev

near L=6 (Anderson et al., 1960 to around 200 kev at L=8

(Venkatesan et- al., 1968). These energies are near those

expected in the whistler loss cone instabiiity. Also, the

microbursts occur mainly between the local times of 0600

and 1700 (Anderson et OL--, 1966).	 In fact, Oliven and

Guest (1968) have shown a close association between chorus

and microborsts, and since we have seen above that the high

L-value bursts and chorus have similar local time distri -

butions, it is not surprising that our bursts and micro-

bursts have similar distributions, The h-,nportance of the

correlation between Our bursts and microbursts is that we
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observe tile bursts near the equator and decreasing in fre-

quency of occurrence off the oquator. Tills implies that the

source of the prod pi gated' electrons is the whistler loss

cone instability acting at the equz-itor, and that the source

of the chorus is also the whistler loss cone instability,

the strong bursts being port ially guided by the field and

reaching the ionosphere despite some absorption or perhaps

propagating in ducts. The resulting chorus as observed at

IOW alti'V.LJdCS will be then a superposition of bursts from

many sources and we will not, in
.
qencral, expect a one-to-

one correlation between the microbursts 
and 

chorus bursts

because the electrons are guided more closely than the

bursts as Oliven and Gurnett (1968) state,

However, we might expect a one*-to-one correlation to

occur whenever IiljJun III was in a duct albeit with a certain

time lag if the wave and particle were emitted the same

direction. Since such a correlation was not found and since

in the whistler loss cone instability the particles and waves

travel in opposite directions, we have another supporting

argument for the whistler loss cone instability.

in light of the above, 
we 

agree with the conjecture of

Parks ('1967) that microbursts are the result of a plasma

instability which the above analysis indiGates is probably

the whistler loss cone instability. However, our data do

not support the suggestion of Lana toil (1967) that the

instability occurs close to the earth. The small dispers',.on
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of microbursts may result from the character of the wavo

particle interaction. As the wave propagates away from the

equator it encounters progressively highor magnetic f ields

and thorefore resonates with clactrons of increasing energy.

These electrons are injec' tod into the loss con y later than

tho lower energy electrons and have to travol farthar be-

CaL1$C,,, the wave and the electrons are moving in opposite

directions. Thus, the slower electrons have a head start

both in tinie and distance and this may account for the fact

that the faster electrons do not overtall-*+e the slow ones by

more than a few milliseconds,

5. SUMMARY AND CONCLUSIONS:

Within the magnetosphere, in Cho. freqUCnCy range from

10 hz to 800 hz, and above, the OGO-3 Spectrum analyzer thres-

holds, signals are observed commonly only in the range from

100-800 hz. Arbitrarily dividing these. observed signals

into steady noise and bursts results in two significantly

different di Str ibUt ions both with respect to local time and.

L-Val L10. For the steady noise we find the following:

1. Frequent occurrence near the equator at all local
times for L-values less than 6.

2. Very weak magnetic latitude dependence for L-values
loss than 6 and for local times between 0600 and
midnight.

3. Frepent occurrence only near the equator In the
region below L=6 from 0000-0600.

4. Frequent OCCUrrence above L=6 only at magnetic
latitudes around 45 o and only on the days ide.

-5. Consistency with low altitude ELF hiss measL.re
nient s,
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6, The identification of the region above L=6 near
magnetic latitudes of L15 0 as a source of steady
noise.

7. An inability to explain all the steady noise observed
by the whistler loss cone instability alone.

For the bursts we f ind:

1, A contribution to the occurrence of bUI-StS at low
L -val ues from I i ghtn i ng -gonerated wh i st I ers.

2. An increase in the frequency of occurrence at L-
values above 7 for local times from 0400-1800,

3. A decrease in the fre ,4uency of occurrence 
of 

these
high L-value bursts with increasing magnetic latitude.

4. S i m i I a r i t yi n the region of frequent  OCCLI r rence of
these high. L-value bursts, auroral microbursts and
chorus.

5. Consistency between the region in which the whistler
loss cone instability Would generate signals in our
passband and the observed region of high L-value
bursts.

The latter four points imply that the whistler loss cone

instability acting at the equator causes the auroral micro-

bt..irsts and the propagation of these bursts through ducts or

by nonducted field guidance causes the CI-101-LIS observed near

the surface of the earth. 	 I

This study leaves unanswered several important charac-

teristics of the signals for example, polarizations and

amplitudes. These will be examined in later papers of this

series, High time resolution studies of the microstructure

of the bursts, however, will have to.-wait until the data

from the search coil magnetometer on the OGO-5 satellite is

examined.
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TABLE 1

AMPLITUDES AND SPECTRAL POWER DEITI ESN'-d?   	 RESULTING  IN	 1	 VOLT
SIGNALS AT THE SPECTRUM ANALYZER OUTPUTS	 IN HIGH GAIN

FILTER CENTER AMPLITUDE OF TONE SPECTRAL POWER DENSITY	 IN BAND
FREQUENCY AT CENTE= R FREQUENCY AROUND CENTER FREQUENCY

WHITE NOI SE PIN'	 NOISE
he ^^ is a ^ ^x 

1_ // h z ,^._,y^/fi z

10 37 1. 8x lo"4 3.7x1o
"4

30 13 6,0x10 "6 1,3xIO"'

loo 3.2 2.2x10 "7 3.5x1O-7

300 2.6 3.7x 10

..8
4.8x1o"8

800 2.2 1.8X10 ' 8 2.Ox1 O."8

.

f
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FIGURE CAPTIONS

Figure ]a

The schematic diagram of the electronics associated
with the search coil magnetometer.

Figure lb

The voltage-frequency curves for various components
shown in Figure ]a. The letters a, b, c, d refer to the
components so labelled in the previous figure.

Figure 2

The raw OLltl)UtS Of the 15 spectrum analyzer channels
versus universal time in hours and minutes. For aplotted ve

discussion of scales etc. sce text. a) Steady noise as
observed while the satellite was inertially stabilized.
b) Stead noise observed while the satellite was spin stabil-
ized. c^ Slow burst of noise obtained while the satellite
was inertially stabilized.

Figure 2d

Rapid bursts of signal obtained while the satellite was
spin stabilized.	 See text.

Figure 3

The localtime " L -value distribution of steady noise
occurring such that either the 100 or 300 hertz channel was
above I volt or the 800 hertz channel was above 2 volts. The
black shading represents those areas where such signals occurred
over 50 percent of the time. The heavy dots cover the area
where such signals occurred between 25 and 49 percent of the
time and the light dots between 0 and 25 percent. Data taken
above 300 magnetic latitude were excluded.

Figure 4.

The local time	 L -value distribution of steady noise
occurring such that either the 100, 300 or 800 hz channel. was
above 4 volts. The shadings and other comments of Figure 3
apply.

Figure 5

The local' t
i
me	 L-value distribution of bursts occur-

ng such thateriither the 30, 100, 300 or 800 hz channel
reached 2 volts. The shadings and other comments of Figure 3
apply.

0
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Figure 6a

The magnetic latitude distribution of the percent
occurrence 

of 
both bursts (black bars) and steady noise

(cross-hatched bars) for each 10 0 range of magnetic lati-
tudes in the two regions of local time and I..-value as indi -
cated on the figure. The threshold for dotection of steady
no i se was I Vol t on the 100 or 300 h% channel or 2 vol is on
the 800 hz channel and of bursts was 2 volts on the 30, 100,
300 or 800 112'. channel. Al so shown are T, the total t i me i n
minutes spent in the range, N, the number of separate orbits
from which the data were obtained and X, the average maq-
net: ic latitu(Je of these. data.

Figure 6b

See comments of FigUre 6a.

Figure 6c

See comments of Figure 6a.

Figure 6d

See comments of Figure 6a,

Figure 7

See comments of Figure 6a.

Figure 8

See comments of Figure 6a,

Figure 9

See comments of Figure 6a.

Figure	 10

See comments of Figure 6a.

Figure	 11

A meridional	 view of the day-time distribution of
steady noise shown	 in figures 6a,	 b,	 c,	 d.	 The field lines
shown	 represent	 the l.,-values obtained from a multipole
expansion of the field and not the actual	 'Field lines of
the magnetosphere.	 The blab:k shading	 indicates where steady
signals occurred greater than 50 percent of the time, the
heavy dots between 35 and 4 .9 percent,	 the light dots between
20 and 34. percent,	 and non shaded areas between 0 and 19
percent.
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Figure 12

A meridional view of the day-time distribution of
steady noise similar to Figure 11 but for signals causing
4 volts on either the 100, 300 or 800 h7 channel. The
same shading scale as Figure 11 applies.

•	 Figure 13

A meridional view of the day-time distribution ofof
bursts or noise as shown by figures 67, la, c, d. The sane
shading scale as Figure 11 appllos.

c



CL

c

Q

0

ctQ
4_
L(D

C CU 4(D..J j. U C-1 0

Q 0

uj L-Li

C^

^
p!
UJ

tJ,.

W M

I 10 10
	 j W

M 4L

M
^E

L 1 (l)

X
±LU to ,,,,

J Cali-

fJ=

M--

ljj

y-. L e

W
0,

la l

Cl.

a
u,

n ^A,



4-R

^tl^^"'"'"''^+^wr''.

a



VOW
^^^^ ^	 ^^^^^'i6x::2:t,i e! t Y ° : 'X_Z ^' YRJt .̂ ]!C __'.'-'^M'I.M^C:Ia^yC X m[ a31Mi MkMSMMa'llfe!M^F tlC.2 f[LB::^M!X' M!L'.N?f^l%AIkpISRf

X300
^ ^"lM!-seMAaM^.yAST^+^	 YL::_se_=.	 Y ' . Y ....... ae.t^.'f1*' ca1^^...:iwrESawau.M`Yd^'sl^^^R.w^leiFw.nw tA^lYawnbw^!'^'Mf'.w,yyy 4arelae9w1f1["?!nl'.1F:dit-fbilf A*A'F 1^=1e^RSp.

T300 . gw	 T
. """^^4:94L.:-X`,.'TRM4^billYON.K^s t^syfY,,^G'._=SJMIZ'^^B[9. °"f^#M4Y'^.M'+<R°.#Y.'MJ['Y. 'MM MMIMIy MaM`:iiC«S/lsiC:^:'.^w'w

2500

'1,100

X30

r3u

730 .. ...,	 ..	 ,.... ,,.. ^.	 .^ .. _w ,..^..,._^...	 .._...,....,. E

X14

11{07	 1 1100	 1409	 1414	 1411	 1412	 1413	 14111	 141$ 1416	 1 1117	 i 1{ia	 1419	 1 1120

i.

a	 7111/66

X800

r000 1'fi0t10

.	 - .	 Zo oo ,,.	 ..^.....,.,..,...	 .,.... ^,,^......^,	 :.^.

^;	 X aa
r X300

r3oo Y300

Z300

L

Xi aft X.100

Hzlao zloo

X30.....,,.^ _ . ,_	 ......r..^....._	 X30
a

T30 Y30

Z30 x34
__-.	 _.....	 .....	 ,....

x 10 x10

r i a Yt p ^,.., .._....^	 ..

zi 4 Z 10

2005 2006	 2007	 2008	 2009	 2010	 2.011 1252	 1253	 123 11	 1255	 125E	 1 57



oil

tj

ri

t4l

	

-4 x	 -4 xf.#	 "

	

C) 0 0	 9 9 9

Pi

P
0-
4A

i

co

to

ro
N)

cl/ 
1L



I

d

000

i soo

	

,gldll	 , f ►
i • 

1 f M R
1 ♦ f i b 1 • a ^'rYN	 Ig	^7+^ 1f R ♦ i i r 4 A R	 t 	 A a; N
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r/f ĵ 444(
999y
1,,,fNt°db a+lY U4 rY 	 r ^ tla eta	

/^	 fll	 ^a#yrt rf.

	

h	 M n 9 M h a i+ t{ t'	 ^	 /^

	

4fr/{IH^, akyi " q ° avrN	 Fall `' ttY{t	 l	 Jrl	 eRa +tlb!`f	 ^	 ^
1 N r t t	 ♦ t{ a.	 ^	 11.	 ^ t a. N 6

4/! { w# e a	 t Y{ w
h^ K r / M S a t o 	A a a 4 k	 Ij	 *# b a t t Y J 'r F M t R	 ^	 i

^r iM b P n t F M	 taFtw.t	
^.	 .^	 i {. ^.

	

7/7% Il/^^1^^/I.µy^Yr•r' ^^}f^*^^...	 ^/	
filrl ^!^ a t y b f a y` w ° Y Y^4YY.,r	

rtNrMXY	 b ^	 ^^	

i

!	 4 t • N^P { a N	 ty	 +^h r Y M e s a a+	 (raN' ^ c^ Ntt7	 f$•	 ^+^	 ;y F a # r. { t M w t s l	 tiff S N t i N
	l^/Nr 44 .. °`F`P taFa	 f	 Nat X.r N h F + s r y # Y V M R a t Yat/M'N{.ttF{atYtd Fart

/	 ^L	 a#+ t a N w Y M. '/K Irk 1. N I t N 1 Y 8

	

y' k N w b x 	^^	 tht3{k=,.Y Ft s,_'rn F
' I !P' IIk+G/ P } V t M F x V k v {

//	 $"'r f G	 a { #	 r o d N { 0'^/1 ![ Vl !'1
1
^^a b t + N Mt1{{"a^//	 Lyyy^^^nnna,,,,,, t! Y	 Y ♦ k -.	 } Y '# k	 LI / fl '^ rlrr//, N h 1 4 n Y { R.

tll^ 	 ^.,a^+Mr 	 /@,	 t{.aeh3,te^ YtN F Y al^rylf -̂1tr
bl' +l1, 7/ ry M ^ { a M b P#J"x"adJ'
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