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INTRODUCTION 

The southern hemisphere has always been the neglected twin in the 

field ot geophysical research. The r easons for this are certainly not in th e 

realm of science but in the history of man and his development in th" northern 

half of the globe. Geophysically, however , our sou th ern half provides a weal th 

of interesting problems and anomalies. 

Roederer (1966) explains the use of this word 'anomaly 'by showing what 

some of the oddities of the southern hemisphere are, and by contrasting them 

wi th the correspond ing regions of the earth across the equator. The princ.l.pal 

feature is of course the geomagnetic surface field strength minimum at a point 

in the South Atlantic ocean very near the coast of Brazil. 

Maps of geomagnetic field . strength contours for different altitudes 

(e.g. Roederer et a1. (1965)) illustrate how this ' weak spot' is present even 

at large distances from the earth. Obviously this 'unexpected ' minimum has 

considerable effects on any maenetically influenced geophysical phenomena. 

The charged particles trapped in the Van Allen radiation belt are one such 

phenomenon. We shall show, in this thesis, the effects of the anomaly on 

the fluxes of energetic electrons as they drift eastwards towards this re6ion 

of low magnetic field strengths • 

. A good understanding of the distribution of these charged particles in 

the radiation bel t , when they .approach the earth's surface is essential to any 

work concerning their interaction with the upper atmosphere. The effects 

that the precipitating portion of this distribution have on the different 

r egions of the i onosphere are well recognized (e.g. Gledhill and Torr (1966), 

Bailey (1968), Tulinov et al. (1969)). A knowledge of the patterns of particle 

precipitation is therefore of value to the ionospherist. 

Dita of this nature are generally only obtainable from non earth-based 

platforms. In the last decade and a half, earth orbiting artificial satellites 
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have proved an essential tool for the collecting of geophysical data. For 

this dissertation, the data used were obtained by particle detectors on board 

the Canadian satellite Alouette ]. 

This thesis contains a detailed analysis of fluxes of electrons with 

energies greater than 40 keV at a height of one thousand kilometres above the 

surface of the earth. The survey is restricted to a region over the South 

Atlantic ocean and South American continent. The variations of these fluxes 

with geographic longitude, geomagnetic latitude, local time and particle pitch 

angle are Presented and discussed. 

--- 0 



3. 

CHAP TER 1. 

DATA ACQUISITI ON AN D I NTERPRETATION . 

1.1 INTRODUCTION 

We have ment ioned befo re that the ar tifici al sate l lite has become essential 

to the geo s c i en tist. HOvlever, experiments on board such craf t gene t"all y produce 

very large quantities of data concerning the phenomena being sampled in r eal 

time. These data have to be telemetered back to Earth stat i ons ei th er in real 

time as well, or else reco rded on board for later transmission. Fortun ate ly, 

electronic data processing has developed alongside o f and very much as a result 

of space research technology . 

This chapter will discuss fir stly the sate llite, its ins t rumenta tion and 

orbital characteristics and finally the format and type of data that was made 

avail ab le from the exp e riments on board the craft . In addition we shall con-

sider the problem of relating data values on a magnetic tape he r e on Earth t o 

the actual physical conditions p ertaining at the satellite at the time of 

sampling. 

1.2 ALOUETTE I. 

Alouette I was launched on 29th September, 19 62 , and carried four experi -

mental packages into a nearly circular orbit around the Earth. One of these 

experiments was the ene r getic particle detecto r package which provided the data 

we have anal ysed. The height of the orbit was nearly constant at 1000 km, 

apo gee and perigee differing by only 35 km. 

ments, 1971). 

(Data Ca ta l og of Sate llite Experi-

The satellite was spin stabilised and carried a single fluxgate magnetometer 

which measured the component (Smag) of th e geomagnetic field (B) in a plane 

perpendicular to the spin axis. The spin period was initially 42 second s , and 

had a known decay rate (McDiarmid et al. (1963p »). The attitude of the craft 
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4. 

was defined by· its pitth angle (O(). The diagram illustrates the method of 

obtaining D( through the relation 

<, 

, 
----'--71"=----->-­

SIT'IQ!I 

SPIN 
flX/S 

0( = sin-I (Bmag) 
( B) 

B, Bmag and the spin axis are co-planar 

B is computed from the Jensen & Cain 

geomagnetic field expression. 

Inclination of the orbit was 80.46
0 

and the orbital plane precessed re-

o 
lative to the Sun - Earth line at only 2 per day. As was well illustrated 

by Thomas and Andrews (1968) this requires three months of continuous data 

sampling before a full 24 hour local time coverage is obtained. Table I shows 

the periods for which the energetic particle detector data are available for the 

region in which we are interested. The initial period amply covers the 3 month 

requirement . Of cours~ all seasonal variations in the phenomena will be lost 

if the da ta is time averaged . All data presented in this thesis have under-

gone an averaging process, the four periods listed being taken together. 

Pass No. 

0067 

2557 

3161 

4837 

TABLE 1. 

INTERVALS DURING WHICH ALOUETTE I TRANSMITTED PARTICLE 

DATA TO SOUTH ATLANTIC STATION 

START FINISH 

Date Time (U.T.) Pass No. Date 

2/10/62 04 18 30 1661 29/1/63 

2/4/63 14 13 30 2699 13/4/63 

16/5/63 21 53 20 3188 18/5/63 

16/9/63 16 12 30 4932 23/9/63 

Time (U. T.) 

10 26 50 

01 20 40 

21 22 50 

15 20 10 

5/ .. ... 



5. 

Relative to the Earth itself the orbital plane precessed westwards by 

about 25
0 

between each pass that the satellite made around the globe . 

Because Alouette I did not have a tape recorder on board, telemetry was in 

real time and data for any region could only be received when the craft was 

in sight of a station. The maximum time that anyone station could receive 

the satellite during its pass overhead was abou t 14 minutes. On relatively 

few occasions was reception possible on the following pass, although this of 

course depended on the station l atitude. There were 12 stations equipped for 

reception of the data signals . For our analysis we have used data r p.ceived 

at South Atlantic Station in the Falkland Islands. 

Latitude 51.7
0 

S Dip Angle 

Longitude 57.85
0 

W L Value 1. 58 

(Data source: Roederer et a l. (1965». 

Examination of the data from this station reveals that the extreme geo-

graphic ranges for which signals were received from Alouette I were 

Longitude 
o 

17 West 

Lati tude 
o 

26 South 79 0 Sou th 

These extremes, as well as the position of South Atlantic Station, the 

geomagnetic surface minimum, the South African Antarctk Base (SAN~E) and a 

few other r eference points are shown in the map of figure 1. 

1.3 THE PARTI CLE DETECTORS 

Six instruments capable of detecting energetic particles were carried 

aboard Alouette 1. This experiment (NSSDC 1D 62-049A-02) was called the 

'Cosmic Particle Detector' and was initiated by Dr. I.B. McDiarmid of the 

National Research Council of Canada. Descriptions of these counters and 

their characteristics have been given by McDiarmid et al. (196).a) and only a 

summary of the relevant details are given here. 
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6. 

The two counters from which the data discussed in this thesis were obtained 

were the Anton 302-type geiger counter and the Anton 223-type thin window 

geiger counter. The 223-type counter was situated at the end of a collimator 

inclined at 100 to the satellite spin axis and had an angular aperture of 4.5
0

• 

The 302-type counter was used only for measurements of omnidirectional flux 

tAppendix 1). Table 2 adapted from Rose (1966) lists the geometric factors of 

the counters as wel l as their responses to ~he various particles. 

DIRECTIONAL 

Geometric factor 

Particle response 

OMNIDIRECTIONAL 

Geometric factor 

Particle response 

Minimum 
Shielding 

EFFICIENCY 

TABLE 2. 

PROPERTIES OF PARTICLE DETECTORS 

ABOARD ALOUETTE t. 

ANTON 223-TYPE ANTON 302-TYPE 

-4 2 
5.05 x 10 em sr 

electrons E > 40 keV 

protons E > 500 keV 

0.22 2 
ern 0.55 

2 
em 

electrons : 2.8 MeV 10% transmission 

3.9 MeV 50% transmission 

pro tons: :> 33 MeV 

'V 1.4 gm ern- 2 over 2 sr 'V 1. 4 gm cm- 2 over 2 . 1, sr 

80% to relativistic electrons 

Although the 223-type counter responded to protons, McDiarmid et al. (1963,b) 

have shown by using a similar 223-type counter fitted with a magnetic broom, 

that the response of the 223-type counter was nearly 100% due to electrons and 

no t to protons. We therefore take th e counts of the 223-type counter to refer 

only to electrons of energy greater than 40 keV. Electrons and protons with 
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7. 

energies greater than 3 MeV Bnd 33 Mev r~spectively could penetra te the side 

shielding of the 223- type counter and give rise to background counts. I t is 

possible to correct for these by using the counts from the 302-typc counter as 

suggested by McDiarmid (private communication). Data from each detector con-

sisted of a count rate obtained as an average over 10 seconds~ The counting 

rate in the 223- type counter due to particles ",hich had penetra ted the side 

shielding is given by the rate in the 302-type counter multiplied by the ratio 

of the omnidirectional geometnc factors and by the r atio of the solid angles 

for which the shielding was a minimum. I.e. 

corrected 223 count rate = 223 count rate -

302 count rate x 0.22 
0.55 

x 2.0 
2.4 

= 223 count rate - 302 count rate x .333 

This corrected 223-type count rate was then converted to directional flux 

density by dividing by the directional geometric factor and the counting 

efficiency (~ . 9 for non-relativistic e l ectrons) of the detector (McDiarmid, 

private couU11unication) i.e. 

directional flux density = corrected 223 count rate 
5 . 05 x 10- 4 x . 9 

= 2200 x corrected 223 count rate. 

- 2 -1 Units of directional flux density are electrons em sr - 1 
s . We estimate 

that the figures so obtained are reliable to within a factor of 2. 

1.4 . DATA FORMAT AND INITIpL SORTING. 

Through the kindness of Dr. I.B . McDiarmid of the Canadian Research 

Council, 4800 ft. of magnetic tape containing the primary data of the particle 

detector experiments aboard Alouette I were made available to the writer and his 

colleagues. Records on these two reels of magnetic tape were fi l ed by station 

and were written in 9- track EBCDIC code which the computer in operation at 

Rhodes Universi ty was not capable of decoding. The one tape containing records 

received at the South Atlantic station was very kind l y converted to 7- track BCD 

format by Messrs. I.C.L . Limited. As well as decoding the tape, a small 

8/ ..•.. 



sorting procedure was also carried out which created records on the neJ;V" tape. 

slightly different in structure to the origina l . 

8. 

This master data tape named ALOUETTE 556 contained 14,628 records "hich 

had been received at the station South Atlantic. Each record contained data 

collected by the satellite in the 10 second period immediately prior to the 

transmission , as well as co-ordinate, time, date and identification infonnatjon 

which had been merged with the particle data back on earth. 

The following fields within each record were important:-

1). Station Identifier (South Atlantic = 0) 

2). Pass number 

3). Kp for 3 hour period in which pass starte 

4). Date and universal time 

5). Geographic l atitude and longitude 

6). Magnetometer r eading (Bmag) 

7). Computed geomagnetic field value (B) 

8). Altitude of satellite 

9) . Pi tch angle (c<) 

10). Invariant radius (R) 

11) • L" Parameter 

12). Invariant l atitude ( >. = cos-~) 

13) • Log
lO 

223 counting rate 

14). Log
lO 

302 counting ra te 

What remains to be done is a conversion from Log lO 223 counting rate to 

a directional flux density of electrons with energies greater than 40 keY. After 

this, the investigation of the distribution of the flux with various parameters 

may be carried out. 

1. 5 CONCLUS ION 

From this point on the data l oses the "personality" of the satellite and, 

except for one sho rt section where we will discuss the reduction of particle 
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9. 

pitch angles from satellite pitch angles, we shall be in a position to ignore 

the existence of Alouette I. For our purposes it has done its job, but the 

Hriter notes with a sens e of O1mership that the 1971 Data Catalog of Satellite 

Experiments lis ts Alouette I as still operationa l. The useful particle data 

was obtained on ly until it lost spin st3bility and assumed a gravitationa l 

gradient stabi l ity . From a satellite very near the top of the li sts of the 

ancients, we hope to achieve some worthwhile results~ 

--- 0 ---
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10. 

CHAPTER 2 

THE DATA ANALYSIS 

2.1 INTRODUCTION 

In this chapter we shall explain the steps taken in the analysis of the 

energetic electron data obtained from the satellite Alouette I. Appendix 2 

has been comp li ed as a write-up of the computer system that was developed to 

carry out the procedures required in the analyses . 

Before presenting any of the initial results of the analysis we shall 

introduce some simple concepts from the theory of charged particle motion in 

the geomagnetic field. Also as an aid to interpretation of the results and 

their implications ,,,e have drawn two maps of the region covered by the satellite 

while collecting the data. 

A presentation of the statistics of the analysis is given, together with a 

cOJrunent on a surprising feature of the data that may perhaps be used to give an 

indication of energy spectra of particles in the outer zone of the radiation 

belt. 

2.2 A MAP OF THE SOUTH ATLANTIC RECION 

Before any of the e lectron flux di stributions can be presented it is 

essential to have a clear picture of the a rea concerned. In figure 1 we have 

a map of the entire South Atlantic area. We h~ve indicated the positions of 

the South Atlantic station, SANAE and several other prominent locations. Al so 

shown are the approximate geographic limi ts of the area covered by data received 

at South Atlantic station. 

o Figure 2, plotced on a different project ion, covers an area 90 westwards 

from the Greenwich meridian and between the lOth and 80th southern , parallels. 

Again we have marked the positions of various prominent locations. We have 

also plotted a grid of values of >.. - the invariant latitude - at an altitude 

of 1000 km. The two curved contours are the 1.7xlO-5r and 1.9xlO- 5T 

II / ..... 
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11. 

geomagnetic contours at 1000 km encircling the position of the geomagnet i c 

I!linimum. These contours are obt3ined from Roederer et al. (1965). 

The Acon tours were obtained from the Alouette I records. For each 

selected value of A , the data file was scanned and all records with a value 

of A close enough to the selected value, were ex tracted . The pairs of 

geographic co-ordinates for each extracted record were then us ed in a least 

squares fit for a third degree polynomial. In all cases this cubic provided 

a sufficiently good fit fo r it to be used to represent the 1000 km contour for 

the selected value of A 

From the map in figure 2 we can see that the area covered by the 

satellite - rough l y the region for which the grid is shown - is very favourably 

placed for an analysis or the effects of the anomaly . The range of longitude 

includes the 'eye' of the anamoly to the north. The range of invariant lati-

tudes available very nearly includes the centre of the geomagnetic minimum . 

From the flux distribution of electrons at this northern end of the satellite 

region it should be possible to obtain information about particle dumping rates 

and related re sults . 

2.3 THEORETICPL CONSIDERATIONS 

Many excellent expositions on the motion of particles in the geomagneti c 

field have appeared, especially since the initial discovery of the radiati on belt r 
in 1958 by the University of Iowa group under J . A. Van Allen e . g . Norchrop (1963), 

Van Allen (1968), Hess (1968) and Roederer (1970) . We would like to quote one 

expression only, for it embodies nearly everything that we shall investigate 

with the data. 

Alfvens Mirror Equation:-

B = B 
m -.~2-

Sln <>< 

where: Bm is the magnetic field strength at the point on the field line 

where the particle mirrors (here ot. = 90
0

) 

B i s the magnetic field strength at any other point on the guiding 
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field line and at this point the particle vel ocity vector 

makes an angle ~ wi t h the direction of the magnetic field 

(the particle pitch angle). 

12. 

We are to analyse data in a region of space where the geomagnetic fi e ld 

values at a given magnetic latitude and altitude are cons iderably lower than 

at the e quival ent northe rn latitude . Hence cha rged particles mirroring at a 

field value Bm in the northern hemisphere at an altitude greater than 1000 km 

will have to spiral much closer to the earth in the anomaly regi on of the southern 

hemisphere to reach th" required value of Bm. It may happen that on a particular 

shell the position of the value Bm may be d"ep inside the atmosph ere. In this 

case we consider the particle to be 'precipita ted' as it collides with atmos­

pheric molecules and loses its energy and its place in the radiation belt. 

The se considerations imm"diately suggest that our primary analysis should 

be of a geographic nature and that a secondary investigation should be of 

particle pitch angle distributiuns. More brief theore tical sections are in-

eluded where necessary in the text and the reader is reminded of Appendix 1 

which explains and defines the concepts of dir"ctional flux, omnidirectional 

flux, geometric factors and other pertinent terms. 

2.4 INITIAL ANALYSIS OF DATA 

The data consisted of directional flux values for electrons with ene r gies 

·greater than 40 keY at various points in space and time. These electrons were 

either trapped, or precipitated into the Earth's atmosphere. The motion of 

all charged particles, and in particular these electrons, in the radiation belt, 

is magnetically controlled . The obvious method of analysis therefore was . to 

divide the records into groups depending on the value of some magnetic co-

ordinate and then to examine the mean flux in each group. I n this way the 

presence of the centre of the geomagnetic anomaly at the northern edge of the 

region (see figure 2) should be detected. 
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13. 

By referring to figure 2 again, we see that an analysis of flux v ariation 

with geogr3phic longitude also will be of interest. Any effects that the low 

values of t he magnetic field may have on the electron population of the 

radiation belt as they drift eastwHrds acro s s the anomaly may be shown in a 

longitudinal scan . 

Before we continue to these two analyses we would like to make an in tro­

ductory com!l1ent on the fact that nearly 42% of the records yielded negative 

values for the background corrected 223-type count rate. Although Rose (1966), 

writing about Alouette I result s obtained ir. the northern hemisphere, states 

that correction of any counter for background never proved worthwhile , we, 

however, have found that a very high proportion of the results have been 

rendcred1useless 1 by the correction procedure. We have investigated this 

phenomenon. The factor (0.333) controlling the proportion of the 302-type 

count ra te that represents background counts in the 223-type counter, is 

purely geometric and unlikely to be the source of the error . Some resu 1 ts . 

that will come out of the forthcoming analysis have helped to shed light on 

the problem and we shal l discuss it again l ater . 

2.4.1 DISTRIBUTION IN INVARIANT LATITUDE 

The 14,628 r ecords were sorted into 2
0 

wide intervals of invariant latitude. 

The histogram in figure 3 (a) shows the outcome of this sorting procedure. It 

should be remembered that the value of A - the invarian t latitude - used here 

is the value at an altitude of 1000 krn and not the value at the same geographic 

co-ordinates on the Earth's surface. This distribution in figure 3 (a) 

approaches a normal distribution centered above the station of South Atlantic. 

At this stage a decision was made to di scard all those intervals con-

taining l ess than 1% of the total number of records. It was decided that 

there were too few r ecords in these intervals for any statistic from them to be 

14/ ..... 
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reliable or representative. All those records "ithin each interval that had 

been 'overcorrected' and so could not have any value for the ele c tron f lux, 

were also discarded. In figure 3 (b) we show the number distribution of the 

8,1 15 remaining records. 

The mean flux and the median flux value in each of the 22 intervals have 

been plotted in figure 4. In all intervals except the one centred on >- = 60
0 

the mean exceeds the median value. Both curves , howevec, displa~ the marked 

effect of the geomagnetic anomaly on the ""electron flux. 

The absolute difference between mean and median values of the flux in 

each interval is plotted in figure 5. It is suggested that this difference ~ay 

be used as a rough criterion for judging whether or not the set of data contains 

exceptionally high values. Some idea of the sp read of the data can then be 

obta in ed. From figuI:e 5 it is obvious that equaton,ard of >- = 28
0

, the data 

contains some very high fluxes. In Appendix 3 we have presented 22 hi.stograms 

showing the number distribution of the fluxes in each of the intervals of 

invarian t l atitude. The conclusion derived from these histograms merely con-

firms what we have said above and no further ment i on will be made of them. 

2.4.2 DISTRIBUTION IN LONGITUDE 

Intervals of longitude 20 wide we"re found to be suitable for giving a 

reasonable number of records per interval. The preparation of the final 

number distribution shown in figure 6 (b) from the ociginal number distribution 

of figure 6 (a) was similar to the case for the invariant latitude distributions. 

In figure 7 we have plotted the mean and median fluxes for each interval. 

The difference in the shape of the two curves is very marked and we 

suggest that the median value is the most representative of the fluxes in each 

longitude interval. The large differences in the two values of each interval 

plotted in figure 8 does, however, indicate that the very high fluxes which are 

known to exist at the northern end of the region are distributed in a fairly 

narro>7 band of longitude 294
0 o 

304 East. It is over this region that the 

, '" I 
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relatively few high fluxes have had the most influence on the means of the 

longitude intervals. This conjecture is confirmed by the histograms in 

Appendix 3 where the flux distribution for the 7 longitude intervals from 

292
0 

East to 3060 East show a considerable number of very high flux values 

7 -2 -1 1 ( > 5 x 10 electrons em sr s-) in comparison with the distribution for 

the other regions of longitude. 

2. 5 BACKGROUND OVERCORRECTION FEATURE 

For every interval in both the distributions we have presented so far, 

we have prepared a plot of the number of records that sutfer ed ' over-

correction,' expressed as a percentage of all the records in that interval. 

The shape of this curve in the case of the invariant latitude distribution 

(figure 9 (a)) is in startling contrast to the similar p l ot for longitude 

(figure 9 (b) ). The values in this l atter case are a ll near to 42%, which 

is -also the average overcorrection statistic for the whole sample, while the ~\ 

curve peaks at 27 0
, where more than 2/3 of the records have negative correc-

ted 223-type count rates. This peak drops very steadi l y to below 6% at 570
. 

invariant l atitude. 

We have rejected any idea that this r esult may be connected wi th the 

high fluxes measured at the low A values. The t wo curves peak at different 

points and falloff at ditferent rates . We have considered the nature of 

the counts of particles from the two detectors: -

directiona lly the 223-type detects e lec tron s > 40 keV 

Omnidirectionally the 223-type detects electrons > 3 MeV 

" " 302-type " " > 3 MeV 

By subt r acting a geometrically specified fraction of the 302 count we hope to 

r emove from the 223 count all e lectrons , E > 3 MeV, and protons, E > 33 MeV 

which have been detected omnidirectionally by the 22 3 counter. If, however, 

the energy spectrum of the particles is very hard, in particular there are 

very many e l ectrons with E "> 3 MeV and protons with E > 33 MeV in comparison 

with the number of"electrons with ener gies in the range of 40keV to 3MeV , then the 

16/ •.•.. 
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count in the 223-type is going to be predominantly due to its omnidirec t ional 

prop.e rtics. This is esp ecially true if the particles are anisotropically 

distributed in pitch angle and for that sample the collimator o f the det~ctor 

is point ed away from the principal pitch angle direction . The refore, after 

due geom e trical correction the t~70 counters will have nearly equal large CDunt-

ing rates. From such a situation it is not difficult to see how negative 

corrected count rates may arise. 

For a soft spectrum very little of the 223-type count rate is due to its 

omnidirectiona l properties and the background correction yTil1 carry out its 

required and expected function. We suggest that this 'percentage overcorrected' 

stati s tic may be used to give an indication of the energy spectrum of the 

particl e d{stri6ution. We can not, hOHever, decide ,;,hether the high energy peak 

in the case of a hard spectrum is due to electrons or protons. In the next 

section we suggest that it may be due to electrons from the Soviet atomic bomb 

blasts of October/November, 1962. 

2.5.1 SOVIET NUCLEAR TESTS? 

Unfortunately for the us e rs of Alouette I data, the USSR exploded 3 high 

altitude nuclear devices about one month after Alouette I was launched. \olest 

(1966) discusses the distribution and energy spectra of one of these explosions 

in detail and Hess (1968) lists the known information about the size of the. 

bombs and their approximate posi tions in magnetic shell space. All three hombs 

were probably exploded above the atmosphere in L values between 1 . 8 and 2.0 . 

~ 0 0 
(~ = 34 - 37 at 1000 km) . West shows results (his figure 18) from Explorer 

XV that confirm our suggestion that the curve of figure 9 (a) illustrates the 

existence of a hard spectrum at >-- = 350 that softens towards the north. The 

principal particle product of a fission reaction is the electron and we can· 

again confirm our suggestion that the hard spectrum refers mainly to the electron 

component. 

It is of interest to note that the background correction process has re-

moved the particles introduced by the bombs. Hence we can continue to use the flux 

17 / ••••• 
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distribution curves of figures 4 and 7 with every confidence that they repre­

sent the natural radiation levels for the outer zone of the radiation belt. 

2.6 FURTl!EIl. ANALYSES 

We have presented the distribution of directional flux values for clec-

trans with energies greater than 40 keY. It has been possible to show a strong 

geographical dependance of these fluxes on distances from the centre of the 

southern geomagnetic anomaly. As pointed out in section 2.3 it ,"ould be of 

considerable interest to obtain some information concerning the distribution 

of those particles with their pitch angles as well. Distributions on a diurnal 

time scale should also be of great value. It is by now widely acknowledged that 

precipitated particles from the r adiation belt playa significant role in the 

production of ionization in the ionosphere . Ionosphe~ic parameters have well 

knm-ffi diurnal rhythms and data on changes on a similar time scale of particle 

fluxes are essential to research into the effects of this "corpuscular 

radiation l1 .. Accordingly, for each of the 22 intervals of invariant la ti tude 

and the 27 intervals of longitude described in section 2.4, the records in each 

interval were sorted according to their pitch angle value and their local time 

value. These ana lyses are described and discussed in Chapters 4 and 5. 

2.7CONCLUSION 

We h ave considered the results of the rudimentary flux distribution 

analysis. The data obtained have been encouraging in that definite trends in 

the flux values can be r ecognized and attribu ted to the presence of the geo -

magnetic anomaly .. 

detail. 

In the following chapter this dependence is surveyed in 

At the end of this chapter we may take l eave of another essential piece 

of 'hardware' in the project. We refer, of course, to the tireless and tire -

some digital computer that was eventually instructed correctly to perform the 

laborious tasks that this project relied upon. All future chapters refer to 

18/ ••••• 



results which were obtained in the computer runs tha t produced the simp le data 

that we have presented in this chapter. For the remainder of this thes is , 

therefore, we are fr ee to conccntrQte on the analysis of thes e results. 

--- 0 ---
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CHAPTER 3. 

SPATIAL DlSTRIllUTIONS OF' ELECTRO:-; FLUXES 

3.1 I NTRODUCTION 

A detailed and rigorous survey of the flu x values obtained by Alouette I 

for el ec tron s .... 1ith energies grea ter than 40 keY is presented in thi s chapter . 

In itial ly we shall demonstrate a statistical verification of the flux inc r eases 

detected clos e to the anomaly. Thi s analys is is then ext ended to produce iso -

flux contour maps of both the South Atlantic region and the conjugate northern 

hemisphere area . 

Throughou t this chapter we consider r esu l ts Hhich are total dir ectiona l flux 

values obtained from a set of record s coverinc a large period of time (Tabl e 1). 

No distinc tion is made between the trapped and the pc~cipitating components o f 

the flux. 

By c omparison with similar data obtained in the northern hemisphere we 

are able to present per tinent resul ts concerning the effect of the anoma ly. 

Finally in this chap ter, a discuision is pres en ted of t he r e levance of mean and 

median values and of the difference between these t wo s tati s tics. 

3.2 TilE INVARIANT LATITUDE ANALYSIS . 

The t itle of this section could be considered misleading for we sha ll 

show here the distinct influence of the geomagnetic minimum on the fluxes as we 

consider successive 'strips' of longitude, each one closer than the last to the 

meridian passing through the 'eye ' of the anomaly. The s ection title refers to 

the use of the data from the 22 invariant latitude 'strips' of section 2.4.1. 

as the basis for the analysis. l{e are aware that the many analyses described 

and carried out are liable to have been confu s ing. In an attempt to clarify 

the present analysi~ the steps carried out sha ll be described in detail . 

Each set of records for each of ' the 22 invariant ' latitude intervals 

was considered in turn. A single set at a time was subjected to a longitude 
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TABLE 3 

DI RECTIONAL FLUX VARI ATIONS IN LONGITUDE 

LON G I T U D E (degrees East) 

Invari ant 270- 280 290 300 310 320 330 Row 
Latitude 280 -290 - 300 -3 20 -320 - 330 -340 Mean 

17° 19° Lbo 1.10 3.00 1.00 1. 53 

19 - 21 1.30 1. 00 1.10 1.13 

21 - 23 0.44 1.30 0.94 1.14 0.93 0 .95 

23 - 25 0.21 0.70 1.05 1.01 0.72 0. 74 

25 - 27 0.43 0.74 1. 17 0. 74 0. 82 5 .60 1.58 

27 - 29 0.69 0.89 2. 13 0. 78 1.12 6.40 22.2 4.89 

29 - 31 0.69 0.66 0. 68 1. 58 1.13 5.52 20.3 4.37 

31 - 33 0.48 0.36 0. 77 3.53 1. 65 27.40 5. 70 

33 - 35 0.47 0. 28 0.60 3 . 15 0.59 4.40 1. 58 

35 - 37 1.44 0. 40 0 .70 1. 62 1.16 4.26 1. 60 

37 - 39 3.92 0. 65 0. 72 1. 42 2.05 5 . 68 2.41 

39 - 41 1.23 0. 38 0. 52 1.39 1.20 2.94 1. 28 

41 43 2.29 0. 49 0.67 1.03 1.85 2.35 1. 45 

43 - 45 0.95 0. 58 0 .83 0. 68 1.81 1.60 1.08 

45 - 47 0.35 0.80 0.75 0.72 1. 63 1.00 0 .88 

47 - 49 0.46 0 .72 0 .75 0.65 0.66 0.28 0 .94 0.61, 

1,9 - 51 0.23 0.62 0. 71, 0 . 51 0.55 0.28 0.43 0. 48 

51 - 53 0.23 0.94 0. 59 0.44 0.56 0.32 0. 52 0. 51 

53 - 55 0.09 0. 80 0. 44 0.70 0 . 4:' 0.86 0.67 0. 57 

55 - 57 0 .37 0.84 0.81, 0.80 0.78 loll 0. 79 

57 - 59 1.90 1. 20 0 . 96 1.03 1. 27 

59 - 61 0.83 0.43 0.90 1.05 0.82 0. 81 

Co l umn 
mean 0 .86 0.70 0.88 1.28 1.08 3.97 6.60 
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sort into interva l s of 10°. Seven such longitude intervals were required to 

span the range of the data. Within each block - 100 of longitude wide and 20 

of invariant la titude high - the records Here ordered according to their flux 

values (corrected 223-type) and in th is way a median value was computed. For 

some blocks nea r the l imits of the satellite's range there were too few records 

for a useful or representative median to be extracted. Such blocks were 

considered empty . In Appendix 6 we have presented the 22 histograms of the 

flux distribution in longitude. Obviously these histograms were too unwi eldy 

to provide a convenient analysis, therefore the operation described below was 

carried out. 

The median value of the ilux in each invariant latitude strip 

(figure I,) was used to 'normalize' each block median in that strip. Table 

3 shows the final result of the mathematical juggling . It was hop ed that 

this norrnali zatien procedure would remove the L.ter-row differences in the 

flux values and yet retain the shape of the histogram for each strip. 

The east / west nature of the flux distribution could then be ob­

served. For eac"h column of longitude, the mean was computed and a one-way 

analysis of variance test was carried out to test for significance in the 

difference s between these means. A variance or F - ratio of 4.96 was 

obtained which indicated that the differences between the means were s igni-

ficant (Huitson (1966)). In simple terms the result tells us that the 

elements of the table are unlikely to be random numbers, and so the observed 

increase in the fluxes towards larger l ongitudes is likely to be r ea l. 

By contrast a similar computation to derive the F - ratio for the table 

when viewed sideways, yielded an F-ratio of 1. 3. This value falls below 

the F 0.1, 21, 100 confidence level, indicating that the differences between 

the means of the invariant latitude strips are not significant. 

result confirms the efficacy of the normalization procedure. 

The mean of all the values listed in Table 3 was 1.70. 

This last 

I t can be 

seen that the values often differ wildly from this mean. The standard deviation 
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TABLE 4. 

DIRECTIONAL FLUX VARIATIONS IN INVARIANT LATITUDES 

INVARIANT LATITUDE 

10°_15° 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 Row 
Mean 

1.88 3.53 3.58 0.40 0.21 

15.66 1. 35 0.44 8.38 0.93 0 . 57 0.45 

24.05 7. 62 1.69 0.65 0.50 0.53 1 .32 0.92 , 
8.39 1.41 0.48 1. 21 1.03 0.83 0.76 

18.30 2.65 0.30 0.81 0.26 0 . 59 0.51 1.38 

142.7 33.48 0.91 0.36 0.68 0.46 0 . 53 0.44 

24.79 3.35 0 . 29 1.10 1.10 0.62 0.41 0.55 

1.92 

3.97 

4.66 

2 . 02 

3.10 

22.1,5 

292 271.7 18.76 2.02 0.85 0.62 0.80 0.40 0 . 38 

10.23 3.16 0.32 1.00 0.25 0 . 43 0.21 

1.36 

1.71 

4.03 

32.99 

39.37 

37.49 

294 374.7 201.7 

296 265.2 94.05 11.51 1.37 0.55 0.63 0.38 0 . 44 0.16 0.66 

298 800.0 623.0 10 . 64 4.23 0 . 75 ·0 . 45 1.02 0.51 0.42 0.54 

300 578.0 140.0 18.57 2.64 3.14 1.79 0.50 0 . 82 0.23 0.20 

302 605.7 216.0 10.93 2 . 63 4.94 0.84 0.56 0 .71 0.34 0.54 

144.16 

74.59 

84.32 

44.89 

28.45 

304 388.0 7.00 2.68 1. 68 2 . 42 0 . 63 0.49 0.34 0.74 

306 232.0 12.82· 0.40 5.13 3.18 1.1 2 0.30 0.25 0.82 

308 

310 

312 

314 

316 

318 

320 

322 

324 

326 

328 

330 

Column 

23 . 44 2.83 2.21 3.18 1.19 0.36 0. 11 0 . 71 4.25 

251.0 23 . 47 

12.91 4.72 

24.67 

6.42 1.49 1 .08 0.33 0.30 1.27 2.44 31 . 98 

1 .23 2.61 0.87 0 . 61 0.24 1.00 2 . 00 2.91 

0.57 0.62 2;30 ·1.09 0.3 1 1.27 1.87 4 . 09 

8.14 1. 73 0.53 1.51 4.85 0.70 0.36 0.71 2.49 2. 34 

5.07 1.15 1. 36 0 . 48 0.31 0 . 59 1.98 1 . 56 

2.09 0.33 2.28 0 . 84 0.41 0.20 0.52 2.99 1.10 

8.70 7.50 0.63 0.16 0.26 0.49 0.87 2 . 66 

12.69 5.04 1.45 1.57 0.21 

4 . 58 5.56 1.03 0.06 

0.40 0.99 3 .19 

0.66 0.78 2. 11 

9.00 3.06 0.15 0.07 0.98 0.82 2.35 

17.07 3 . 41 2.19 0 . 61 0.61 0.91 4 . 13 

mean 501.93 219.62 15.86 2.82 2.87 2.48 1.26 0.52 0.35 0.81 1.57 

I , 
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of the values was 3.58. Thus the operation may be suspect from a rigorous 

(or even not so rigorous) statistical viewpoint. We do, however, feel that 

we have shown a feature not seen in figure 7 i.e. th~ electron directiona l 

flux increase towards the meridian passing through the centre of the anomaly. 

3.3 THE LONGITUDINAL ANALYSIS. 

The same openin8 remarks made in section 3.2 apply here. The 27 

inte rva ls or 'strips' of longitude shOl·m in Figure 6 were split into blocks 

using a grid of invariant latitude with 50 spacing. Appendix 6 also contaIns 

the histograms of this ana lysis. Each block median was normalized by divi -

ding by the median value of the longitude strip (figure 7) in which it lay. 

Table·4 contains the result of these computations. 

In this case the normalization '>vas int end..:.d to remove the 10ngi -

tudin a l character of the flux medians so the north/south variations could be 

studied. Once again a one-way analysis of variance was used to test the 

significance o f th~ difference between the column means. An F-ratio of 89.78 

indicates a very high significance, while the test carried out again f or the 

rows gave an F-ratio of 1 . 03, a reas suring confirmation of the effectiveness 

of the normalization process. The mean of the 218 table entries was 26.58 

with a standard deviation of just over 100 . 

The results of this analysis have confirmed the results of Figure 5 

where the invariant latitude tstripl calculations also showed large fluxes 

north of >- = 24
0

• The coarser scale of Table 4 only allows for ~ =200 to 

be set as the boundary of dramatic flux increases. 

3.4 ISOFLUX CONTOUR MAPS 

In order to obtain a more physical picture of the nature and ' shape' 

of the effect that the geomagnetic anomaly has on the fluxes of electrons, the 

map shown in figure 10 was prepared. On a geographic co-ordinate grid of 

latitude and longitude the position of three magnetic latit~de grid lines 

\ 0 . 
( '" = 20 , 350 and 550 ) are marked together with the contours of constant B 
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for three geomagn~tic field strengths (l.~ 1.9 and 2.1 x 10-5T ). From the 

grid of median flux values obtained in the preparation of table 4 it was a 

simple rn.::tter to draw in the positions of the isoflux contours. In view of 

the very large flux values detected at the equatorward edge of the region, 

the isoflux contours for three values an order of magnitude apart were chosen 

5 6 7 -2 -1 -1 
(10 , 10 and 10 el ectrons cm - sr S ). 

Two very interesting observations that can be made from this map 

prompted several more maps to be prepared. These observations wer~ the sudden 

departures made by the isoflux contours [rom pathG parallel to the magnetic 

o 
- co-ordinates at about 320 E, and the emergence of a low flux trough near 

x = 50
0 

at the poleward edge of the region. 

Any characteristics found in -the electron flux distributions which are 

not a result of the presence of the anomaly, should also be de tected at the 

~other end' of the geomagnetic field line passing through the characteristic. 

We have used this principle to investigate the valley found in figure 10. 

Also it is necessary to have a knowledge of fluxes at 1000 km in the conjugate 

region to be able to show which are the flux increases due to the anomaly in 

the south. The sudden deviations of the isoflux contours mentioned above are 

likely to be due to the anomaly and this can be verified in a similar manner. 

Using data received from Alouette I by the two northern hemisphere 

stations of Ottawa and St. Johns, a f lux map covering both north and south 

was prepared. A more convenient co-ordinate system was used in the preparation 

of this and following maps, where geographic longitude and geomagnetic 

(invariant) latitude, were the chief co-ordinates. The northern hemisphere survey 

covered a longitude range from 270
0

E to 350
0

E and an invariant latitude range 

from 350 to 750 i.e. further east and further polewards than the South Atlantic 

data. This unfortunately did not allow for complete conjugate area coverage 

but the loss of overlap is not important. In figure 11 where the isoflux 

contours using meciian fluxes are presented, we have drawn two lines to show 

the approximate direction of the geomagnetic field lines projected onto the 
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surbce of a 1000 kIn altitude sphere . These two lines are in fact portions 

of the lines joining the locations of Port Stanley in the Falkland Islands 

and St . Johns, Newfoundl and ~·lith their respective conjugate points . The extent 

of the non- overlapping of the two regions can now be seen. Also in this and 

subsequent maps we have dra,m the positions of the L value grid lines for 

selected values of L. 

This presentation of the data helps to clarify the situation. The 

absence of any isoflux contours in the northern hemisphere from the equator-

ward limit of the data ()... = 35
0

) until A. = 52
0 

indicates a large region 

where the electron fluxes are very stable. Polewards of A = 52
0 

a pre-

trapping boundary enhancement is found ;Thicl! peaks at around ~ = 65
0 

( 0 'Brien 

(1962,a) Rose (1966)). The exact posi tion of this northern trapping boundary 

is obviously impossible to determine since the variation of about 8
0 

in its 

position (e.g. Frank and Ackerson (1972)) due to local time and magnebc 

disturbance has been averaged out (McDiarmid and Burrows (1968)). However, 

5 -2 -1 -1 
it is now possible to identify the poleward 10 electron em sr s con t our 

of the southern he:nisphere analysis as the start of this trapping boundary 

enhancement. Unfortunately data coverage does not allow for verification of 

the position of the peak of this southern enhancement. The valley found in 

figure 10 now appears to be a small region of the even flux plain that has been 

hemmed in on the equatorward side by high fluxes associated with the anomaly. 

\.Je can now make a comparison of f lux values in the north and south conju-

gate regions . Consider the following table 5. 

2 

3 

4 

5 

TABLE 5 

OBSERVED NORTH/SOUTH 

DIFFERENCES FROM 

DIRECTIONAL 

j (South) 

<320
0

£ >320
0

E 

<: 105 "'10 
6 

< 105 ..:: 105 

<105 ""105 

~ 105 .,. 105 

units: electrons cm - 2 

DIRECTIONAL 

FICURE 11 

FLUX (j) 

j (North) 

<! 5 x 10
3 

< 5 x 10
3 

~ 103 

"" 2 x 103 

-1 -1 
sr s 

FLUX 

,. 20 - 200 

> 20 

'V 100 

> SO 
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In other words we observe an increase o[ about two orders of magn itude of 

southe rn hemisphe re fluxe s over northern hemisphere fluxes. Because of data 

limitations it is not poss ibl e to extend the table below L = 2 but we would 

exp ec t even larger differences in this ' region, judging from the l arge flu xes 

observed in the south. These differences are astonishingly high and can not 

be due s i mp ly to t he geomagnetic anomaly mirror point lowering, as \ 'lC can ShOH 

below. 

We consider two points, one, a thousand kil ometers above the South 

Atlantic station and the other 1000 km above the conjugate point of the station in 

the northern hemisphere. He use Alfven's mi rro r equation to compute the pitch 

angle of an electron 1000 km above South Atlantic station assuming the par ticle 

mirrored at 1000 km altitude above the conjugate point. 

(North) Sin 2 90
0 

(South) Sin 
2 P< = 

2.9 x 10- 5 2.2 x 10- 5 

sin c( = J 2.2' 
2.9 

"V . 87 

0( '" 60
0 

(geomagnetic field valu e s from Roederer et a1. (1965)). 

If we assume an isotropic distribution of flux with pitch angle ( highly 

unlikely) at the southern hemisphere point} the implication of the above r esult 

is that the flux indicated ·by the shaded portion in the diagram consists of 

1,.) 
particles which mirrored at , 'or below the northern 

. , . ' .. . . " ,' ... 
. : :' ::.' " " 

hemisphere point. The non- shaded region, Ylhich in this 

";' '.' . " . 
case is as l arge as 50% of the shaded r egion, re-.' " ..... .' '. ,,:.':, . . ' ,: .-

..... .... .': ': :, ~ ~~ :~', .': 
~~--~~~~~----~.o~ 
0" E>O· ... 

presents the extra f l ux seen in th e south due to 

reduced geomagnetic field strengths . The flux increase is then of the order 

of double or less. Even a reali st i c pitch angle distribution peaked at 90 0 

and falling to zero for very smal l pit ch ang l es can not produce theoreti ca l 

flux increases of the size shown in table 5. 

The results of Rose (1966) point to a complication in the above analys iS . 
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Pre senting the Alouette I results in the Northern hemisphere, he shows tIle 

trapping boundary enhancement to peak at L '" 5.5 with average directional flux 

5 -2 -1 -1 
of ""2 x 10 electrons em sr s This value is an order of magnitude 

l arger than the result obtained in figure 11. Accordingly figure 12 was pre-

pared using a grid of mean directional flux values. The isoflux contours 

derived from this analysis differ in several respects from the contours in 

figul'e 11. 

Firstly the peak intensity in the northern hemisphere ' ridge 1 has 

increased about five times, although the structure of the ridge has remained 

virtually unchanged . 5 -2 -1-1 
The peak value of ..vlO electrons em sr s confi.nns 

the resu lt s reported by Rose. Small differences may be due to the fact that the 

present ana l ysis ignore] the magnetic disturbance criterion, considered a l l 

pi tch angles, and a l so included background count correction. The appearance 

of the southern hemisphere isoflux map in the new average flux plot is not 

r adically different from 
-1 

s contour line follows 

the median case either. The 106 electron cm- 2 sr- l 

a more gene ral po lewnrd t r end over the whole longitude 

range rather than the sudden divergence seen in figure 11. The structure of 

the ' valley ' has become more defined, while flux values have remained almos t 

unchanged. 

We have already discussed the impl ication of large difference s between 

the median and mean values of a set of fluxes. In cases where the mean is five 

to ten times l arger than the median we can regard the difference as an indi-

cation that the fluxes are very variabl e . Ideally the mean and median will 

only co-incide in the case where the flux es are distributed normally. 

(diagram (a)). 

Number 
of 

Readings 

( a) ME'tIIAN 

value of 
readings 

value of 
readings 
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A skeVled disrribution diagrarruned in (b) abo·.,e will produce the mean 

l arger thart median situation . The opposite situation does not occur often 

in the data and when it does the differences can safely be ignored. 

I n figure 13 we have attempted to utili se this distribution information 

by plotting the ratio of mean to median in a map similar to the previous two. 

On this map high values correspond to l arge mean/median differences. It can 

be seen that the northern hemisphere ar,ea contains the l a r gest relative area of a 

high mean/median ratio. The scattered regions of hi gh ratios (>10) i n the 

sout~mainly occur at L values just l ess than 2, explaining the change in the po-

6 -2 -1 -1 
'sition of the 10 e l ectrons ern sr s i soflux contour between mean plot 

aild median plot. 

A possibl e i mp lication of the results of figure 13 i s that the variations 

in the elect ro n flux due to magnetic variations and storms , arc larger in the 

northern heillisphere than in the south. Fur ther analysis to cor relate magnetic 

di s turbance and fl uxes in both northern and southern hemispheres is obviously 

required to substantiate this idea. 

Returning to figure 12, t he mean flux contour map , we can now compile a 

new table of flux differences between northern and southern regions . 

L 

2 

3 
4 

5 

TABLE 6. 

OBSERVED NORTH/SOUTH DIRECTIONAL FLUX 

DIFFERENCES FRON FIGURE 12 

DI RECTIONAL FLUX (j) 

j (South) j (Nort.!::) 

A/ 106 <: 10
4 

'V 2 x 105 ""' 10
4 

<: 105 - 5 x 10
4 

"" 2 x 105 ~ 105 

RATIO 

j (South) 
j (North) 

";>' 102 

>,;x1 lo 
~ 2~ 

,.., 2 

Comp aring the South /North flux ratios obtained in this tab le with those 

'of tabl e 5, we see that the values above are of a more realistic order. The 

flux differences for the lower L va lu es are larges t in the sou th while the 
27/ .•• • 
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northern hemisphere fluxes are only slight l y smaller than those in the con-

jugate southern area in the area far from the anomaly. We shall discuss 

these results and their imp lications further in the following section. 

3.5 A SIMPLE MODEL 

In this secti~n we extend a line of enquiry begun in the previous sec-

tion and present some calculations that may help to account quantitatively 

for the north/ south flux differences that we have rep orted. For thi s model 

we employ the Alfven mirror equation. We consider a particle that mirrors 

at an altitude just greater than 1000 km in the southern hemisphere, and 

compute the pitch angle of that particle when it is at the .agnetic equator. 

We call this angle, <><5. By choosing points in the southern hemisphere 

that lie on identifiable geomagnetic field she lls it is a simple ma tter to 

find the conjugate point in the northern hemisphere. The second ca lculation 

derives the equatorial pitch angle (0(~) of a particle that mirrors just 

above 1000 km at this northern hemisphere position. 

TABLE 7 

THE MODEL 

L ).. BlOOD B 
1000 

BE (L) <s II(n -<s _ I>(n 
South North 

1.25 7° 1. 70 x 10- 5 2.00 x 10- 5 . 96 x 10- 5 48.7 0 43.8° 4.9° 

1. 50 22° 1.87 2.52 .56 33.2° 28.1 ° 5.1° 

1. 75 30° 2.18 2.88 . 36 24.0° 20.7° 3.3° 

2.00 36° 2.30 3.12 .24 18.8° 16.1° 2.7° 

2.50 43° 2.65 3 . 31 .12 12.3° 11.0° 1.3° 

1,.00 54° 3.07 3.60 .030 5.7° 5.2° .5° 

5.00 59° 3.25 3.69 .015 3.9° 3.7° .2° 

tesla tesla tesla 

28/ •••••• 



28. 

The procedure is more easily followed by reference to table 7. A 

line joining South Atlantic station with its conjugate point Has drawn onto 

a map of L co-ordinate contours at 1000 km (Roederer et a1. (1965». The 

geomagnetic field strengths at 1000 km at the points of intersection of this 

line with the northern (B
IOOO

) and southern (B
IOOO

) contours of seven L values 
n s 

was also found. We have made use of the dipole field relation 

to compute BE (L), the geomagnetic field strength at the geomaenetic equator 

for each value of L. 
-5 

BE (1.1) '" 2 . 5 x 10 . T was used as the reference sur-

face equatorial field. 

e< and <><. are then found from the relations 
s n 

sin 
2 

0<- Be = 
S ---

B
IOOO 

s 

and sin 2c( = Be 
n 

B
IOOO 
n 

Now by assuming a pi tch angle distribution for particles at the equator 

for each L shell we can use the differences c( -I>( to give an indication of 
s n 

the expected flux differences between northern and southern hemispheres. 

We shall discuss the implications of this result by considering an equatorial 

pitch angle distribution as shown in the diagram. 

It can be seen that the ratio of 

southern directional flux to northern 

flux can be expressed as: 

i (0<) do{ 
do{ S"~ j (0{) 

• J.ek."''''J. ".,J Whatever the analytic form of j (0() may be, this ratio will be f-O[ .,: 

::t:b • ~j~rl; L R::. ¥) hi-eh"'_·k""" ...... listd jEd ..... )", 7 os 11 
s n 

Referring to tab le 6 we can draw the following comparisons. 
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L 

2 

2.5 

4 

5 

j (South) 
Ratio 

j (North) 

predict e d 

proportional to 2.7
0 

at 16.1
0 

" " 1.3
0 

at 11.0
0 

" II 0.50 
at 5 . 2

0 

" II 0.20 
at 3.7 0 

observed 

'> 100 

"" 50 

"'" 20 

'" 2 

We can not derive a functional expression for j (.() at the equator 

29. 

from this data, as a l arge range of L is involved. It is unlikely that the 

shape of j (o() is the same for all the magnetic shells we hQve considered . 

We would like to make one further comment about the values shown in 

Table 7. Ignoring the differences tha t exist between < and 
s 

-< it is 
n 

interesting to note that their value de creases with increa s ing L. At 

L = 1.25 on the equator a ll those particles with pitch angles around 45
0 

and 

less will be seen at the 1000 km height. In the southern hemisphere especially 

we have se en that this can be quite a substantial flux. (~106 particles 

However, by moving out to L = 5 the 1000 km Ilvisihility cone" , 

angle has reduced to 4
0

• Even so the flux in both hemispheres is still of 

5 -2 -1 1 
healthy proportions ( -'" 10 particles em sr s - ). 

We shall l eave the model at this point. In the following chapter on 

pitch angle distribution we shall make an attempt to make use of the results 

of this section. 

3.6 CONCLUSION 

At the close of this chapter it would seem that the spatial charac-

tcristics of the electron flux data collected by Alouettc I have been compre-

hensively covered. However, only the directional flux distribution of all 

electrons wi.th energies greater than 40 keY has been considered. The maps 
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produced have agreed .,ith results published by other workers, e.g. O'Brien 

(1962), Rose (1966), and some interesting reflections on the implications of 

mean and median differences have also arisen. 

We shall continue to use median values in subsequent analyses of fluxes. 

The rest of this thesis is concerned only Ylith the southern hemisphere data. 

For this region we have shown that the difference between mean and median values 

are generally sufficiently small not to affect the results being sought. 

Next, consideration must be given to the Pitch angle distribution of 

these electrons. Losses of partic l es from the belts are interesting for 

two reasons. Firstly, for what happened in the belt to Cause the particle to 

leave, and secondly, f0 T the future of the partic l e and its effect on regions 

of space closer to the earth . A survey, such as the one described in the 

next chapter, is a natural extension of the overall picture obtained in this 

chapter. 

--- 0 -- -

r 
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CHAPTER 4. 

PITCH ANGLE ANALYSIS 

4.1 INTRODUCTION. 

The pitch angle of a particle moving in a region of space where there 

is a magnetic field is defined to be the ang l e between the velocity vector of 

the particle and the local direction of the magnetic field. This project 

is concerned with the particular case of electrons in the geomagnetic field. 

And while the same definition of pitch angle applies, the exact measurement 

of such a parameter, for any particular particle or 'bunch' of particles, is 

a difficult task. 

The pitch angle (0<:) of the satellite defined the attitude of the craft 

relative to the local geomagnetic field direction. As a result of the method 

used to compute Q\. (see section 1.2) the craft 's pitch angle could lie only in 

h 0 90 0
• t e range 0 to There is therefore an ambiguity as to whether the 

pitch angle was the one computed or its supplement. This has repercussions 

in the interpretation of the directional counter data. The directional 

e l ectron f l ux was detected by the 223-type geiger counter - the electrons 

having reached the counter after passing through a collimator which was in-

clined at 100 to the spacecraft spin axis. The pitch angle ambiguity 

therefore does not allow for a distinction to be made between electrons which 

were detected while spiraling ' down ' the field l ine or 'up ' the field line. 

Regarding ' down ' as meaning tm,ards the Earth, a downward going e l ectron 

detected at 1000 km wi ll have one of three possible futures. It may reach 

a mir,oring field value and reverse its bounce path direction before reaching 

the upper layers of the atmosphere. Alternatively the mirroring fie ld 

required by a particular electron detected at 1000 km is deep inside the 

atmosphere, where the electron wil l collide with the molecules of atmospheric 

constituents, and either l ose its energy and be 'p recipitated' from the 

radiation belt or e l se be scattered into a pitch angle direction tha t allows 

i t to escape back up a field line into the belt. Such a particle is said 

to have been backscattered. lienee upgoing radiation wil l consist of back-

scattered and mirrored components. 32/ • •• .• 
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A second comp licatins factor in this ana l ysis ot particle pitch angles 

arises from the fact that the satellite was spinning and therefore the 

collimator was swept through a 20
0 

range in pitch angles, centred on the 

satellite pitch angle, in each spin period . Fo r this reason the pitch 

angle ana lysis was confined to in terval s of 200 and these were chosen 

000 0 
centred on 80 , 60 , 40 and 20 • The interval 00 

- 100 contained no 

records and so was igno red . For some periods during the f light of the 

satellite the magnetome t er developed a fault and for r ecords during these 

pe riods both magnetometer and pitch angle va lues have been li sted as zero . 

For t his reason the number of records available for the pitch ang l e ana l ysis 

is l ess than the tota l number of r ecords. 

We have again r e legated the raw results o f the survey to an appendix . 

The 22 histograms of me dian directional flux versus pitch angle interval; one 

for each set of r"ecords obtah,!-ed from a I st r ip I of invariant lati t ud e , can be 

f ound together with the 27 equ i va l ent longitude st r ip results in Appendix 4 . 

4.2 PITCH ANGLE DISTRIBUTI ON CHANGES WITH ~ 

Each of the 22 hi s to grams o f pitch ang le versus directional flux bears 

out the earlier suggestion that the flux distribution was not isotropic, but 

p eaked at the large pitch ang l e end. Furthe r it can be seen tha t the lowes t 

of the four medians in each distribution is nearly a l ways the one f r om the 

100 
- 30

0 
r ange . This median value was therefore selected in each distri-

bution as a normalizing factor for the three oth er values , the normalized 

va l ue'S being u sed to draw a concise and simple set of curves which repre-

sented the pitch angle di s tri bution at each inva riant latitude (fi gure 14). 

An ex amp le of the procedure for the values from the histograms for 

~ = 30
0 

is given below:-

PITCH ANGLE MEDIAN FLUX NORMALIZED VALUE 

100
_ 3 00 . 288 x 105 

-2 e l~f tr~r s 1 em sr s 

300 _ 50
0 . 464 x 105 " 1.61 

50
0 

- 70 
0 

8.71 x 105 " 30.25 

70
0 

-
0 5 

90 27.7 x 10 " 96.11 33/ . ••• 
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The curves of figure 14 therefore contain a summary of the results 

of the 22 histograms found in Appendix 4. We can see that the largest fluxes 

always occur in the 700 
- YOO pitch angle range with the distribution at A= 600 

being the single exception. In general, flux increasing with pitch angle is 

observed. There are a few strips where the 10
0 

- 300 range does not have 

the lowest median flux. From our own reasoning and from the results of 

0 ' Brien (1962p ,b) it is reasonable to assume that a very large proportion of the 

electrons detected with pitch angles in this range must be travelling down 

the field line towards the atmosphere, where they are almost certain to be 

lost. It is likely that only a small ~umber of these electrons are in fact 

backscattered. It has, however, been reported that the reflection co-efficient 

for the backsca·tter phenomena is dependant on the intensity of the incident 

precipitating flux (Cumming et al. (1 966)) and this co-efficient can get as 

large as 1. Nevertheless we shall assume that all electrons detected with 

pitch angles within the loss cone are precipit~ted. 

The loss cone angle at 1000 km can be computed by assuming that elec-

trons which mirror at or belol< 100 km are precipitated. Also we make use of 

the dipole field property that BO(_l_. Alfven's mirror equation is now. 

.. 

R3 

sin
2

o)oOox (Re + 1000)3 = sin
2 

90
0 

x (Re + 100)3 

·d 
s~n 1000 = 

whence 

3/2 

(
( 6400)\ 
(7300)) 

(Re = Earth radius) 

. 82 

It is now pertinent to examine the flux values themselves and examine 

the changes with invariant latitude. Because the difference between fluxes 

nearest the anomaly and fluxes in the 'valley' is about 4 orders of magnitude 

it was convenient . to use the 10glO of the median flux value for plotting . 

Hence the four graphs comprising figure 15 each has 10glO j as their 

'ordinate and invariant latitude as their abscissa. Each graph represents 
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the median flux of electrons in a particular pitch angle range. 

The loss cone angle of 55
0 

unfortunately falls within one of these 

pitch angle intervals, but for the following discussion we shall make the 

convenient and not wildly inaccurate assumption that 50
0 represents the 

precipitation 'cut off' pitch angle. In this case the curves of figure 15 

(a) and (b) will now represent t he direct~nal fluxes of the precipitating 

electrons, while curves (c) and (d) must represent the trapped portion of 

the flux. 

A very distinc t ive feature of the two precipitated flux distr ibutions 

is the nearly linear portion that exists from the equatorward limit of 

" _- 180 
\ 320 

A to A= • The trapp ed particle distributions do not display dlis 

feature . A. linear regr.=.ss ion analysis performed on the co - ordinates of the 

points in these two linear regions yields slopes of - .20 and - .22 for 

graphs (a) and (b) respectively. 

We get 

10glO jp = mA+ c 

whence jp = a lOrn).. 

where: a is a cons tant 

l etting m .-v - • 21 we obtain 

-Ai .. j ~ a e 
p 

2 -1 1 electrons cm- sr s-

We can infer the existence of some process connected with the anomaly 

that has a very strong influence over the low pitch ang l e particles. To 

study the phenomenon further we have calculated the omnidi re ctional flux for 

each of the 22 'strips' of invariant latitude. 

In spite of the crude scale employed in the analyses of directional 

fluxes (Appendix 4) it was possible to use a numerical integration procedure 

to approximate the calculation:-

35/ •• ••• 
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lYhere: 

lYe have 

= 2 j (o!. ) ,.. ). 
2 it sin 0< d O(). 

). 

J is the omnidirectional flux density 

j» ("\.) is the -directional flux density of electrons with 

pi tch angles in the range ( <X.A ) 

latitude A. 

d K ) at invariant 
~ 

treated t.his expression as • 
( : 'in 0< 

\0 

J ( ~ ) =" 41'f L j)-.(20) J . sin 0( do( + j).. (40) 
7.' ?OO 30· , 0 

+ j).. (60) J sino( de(. + j;.. (80) J sin p( d<1 
~·DI'I '0° 

= 4 "IT" [ .ll88 j>- (20) + .22 32 j ;. ( 40) + .3008 j ).. ( 60) 

+ . 3420 j,>- (80) 1 

d« 

Where: j>- (20) is the median flux va l ue in the pi tch angle range 10
0 

- 30
0 

obtained for a particular invariant latitude from Appendix 4.etc. 

~"e can also compute the omnid irectional f l ux of the precipitating component 

if we make a f urther assumption. We take the median flux value for t he 

pitch angle range 50
0 

- 70
0 

as representative of the flux in the sub- interval 

This assumption would tend to yield too high a flux va lue. 

The computation 

Jp (A) = 2 

is clea rly: 
sso 

r j (p( )2.11" J ). ). 
o 

sin O(). do(." 

which we have treated nume r ical ly as 

Jp ( A) = 41T [ j}. (20) 

+ j ), (60) 

~o' 

r sin 0( d-< + 
.l" !>Ii 

S sine< dC"', .0 
= 4" [ . llSS j ,. (20) +.2233 j ). 

so 

j" (40) ~ sin'" d'< 
30 

(40) + . 0692 j" (60)1 

lYhere: Jp (A ) i.s the omnidirectiona l flux of electrons with pitch angles 

wi th in the 550 l oss cone at invariant latitude ~. 

-2 - l. 
Units of omnidirectional f lux are particles cm s 

The omnid irectiona l flux values so obtained a l so displayed a large 

variation over the r ange of invariant l atitude. Therefore we have used the 

logari thm of the f lux to plot the gr aphs shown in figu r e 16. Thi s method 

of presentation of the pitch ang le data for the electron flux es is more con-

v enient than the fou r curves of figure 15. One further a i d to our dis cussion 

of the pi tch ang l e distributions is shown in figure 16 (b) where the r atio 
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of the precipitated omnidirectiona l flux,Jp (J\1 to the total omnidirectional 

flux has been plotted. From tllis curve it can clearly be seen that the 

relative size of the precipitating component is greatly influenced by the 

presence of the anomaly . At A= 18
0

, the equatorward limit of the data 

spread, nearly one third of the observed flux is being precipitated. 

Several precipitation mechanisms have been proposed. Among them v,fe 

may count the le<1ky bucket model, successfully replaced by the splash- catcher 

model of O'Brien (1962.,~ ,tbe interaction of electrons with whistlers proposal 

of Dungey (1963) and the self-excited pitch angle diffu sion model of Kennel 

S 
and Petchek (1966). 

" 
We would like to present some calculations performed in 

an attempt to apply this last model to the Alouette I data. 

S 
Briefly the KePlle l and Petchek model proposes tbat if the pitcb angle 

" 
distribution of the electrons is anisotropic enough, then the system will be 

unstable and wi ll generate whist ler waves. Tbese self-generated whistlers may 

tben interact wi tb the trapped electrons and cause precipitation. Tbe 

scattering process is a resonant interaction of the particle gyrofrequency and 

tbe whistler wave frequency. 

s 
Kennel and Petchek introduce a function A which is a measure of the 

J\ 

pitch angle anisotropy of the electrons. 

1'" a-\' 
A = 0 

,0( tan 0<. v ... dv. 
.0 

2 L f v, dv ... 

where: .( = -1 is the pitch angle tan v l. 

v 1\ 
f is the distribution function for the electrons. 

They show that if 

A 1 > .n/..., -1 

where ..Q is the gyro frequency of the electron 

~ is the frequency of the whistler generated 

by unstable system 

the n the system is unstable to grow whistler waves. 
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By assuming the source of electrons to be at the point where 0( = , ft 
I>. ' 

the expression for A can be reduced to 

A = 1 
2 In ().,. + 1 ) 

~ Co 

where: 0( is the loss cone angle at the equator . 
• 

He can convert the 55
0 loss cone angle ca l.culated [or 1000 km altitude to the 

correspondi.ng an ble at the e quator . Once again vIe use the mirror equRtion 

and also the values for Be and B~g8~h li s ted in table 7 

L ::: 1. 25 1.50 1. 75 2.00 2.50 4 . 00 5.00 

We take 0<. ~ 300 
( 'V .5 radians) as representative of the loss cone angle 

at the lower L values considered in this analysis. We obtain for A, the 

anisotropy measure, 

A = 1 
= 

2 ln ( \ + 1 ) 

1 
2.2 

= . 45 

The system will not support or initiate whistler "aves if 

- 1 '> 1 ..... 2.2 
A 

or .n..,. 3.2 
~ 

This lower limit for the value of the ratio of the electron gyrofrequency to 

whistler wave frequency can be used in the following expression. We have 

written the Kennel and pe~chek expression for the energy associated with 

the resonant velocity of the electrons in the interaction. 

E 
r 

= 1 
2 

= 

where:E is the magnetic energy per particle 
c 

n . is the particle number density. 

We have: 
Er > 3.2 (1 __ 1_)3 

3.2 

:} 1.04 E 
c 

Ec 
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Now Ec [erg1= L = C, say, if we 
Bli n 

express B in gauss 

and in 
-3 

n cm 

[ joules) 
-7 

so E = : x 10 
c 

and E ( ev1 C x 10- 7 
c 

1.6x 10- 19 

= C x 10
12 

1.6 

And so E [kev] = C x 10
9 

c 
1.6 

-5 
Returning to table 7 we obtain a value of .6xlO tesla as representative 

of the equatorial field BE in the L range we are con:;idering (L -v 1.5) 

So B ~ .06 gauss 

and B2 ." 1.4 x 10- 4 

8"1T 

We then obtain for E c 

E >- 1.4 x 10
5 

keY 
c 

1.6 n 

> 9 x 10
6 

keY 
n 

And so 

Remembering that n is the particle number density expressed in units of 

-3 
cm we can see that even for a very high particle density of 

3 - 3 
10 cm , the 

energy of the electrons needs to be of the order of MeV for self-excited 

whistler waves. Since we have concluded that there are very few natural 

electrons observed in this region with these energies, we may rule out the 

self-excited pitch angle diffusion precipitation mechanism as being res-

ponsible for the precipitation near the anomaly. 

If, however, we take ~ = 3
0 

(= .05 radiana) for the large L value 
a 

edge of the data region we obtain: 
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so that 

Arvl. 
3 

and .!L>4 
"-' 

A result not very much different from the previous one. 

But we have to use a value of 

B "'" 1.5 x 10- 3 

(tabl e 7) 

and so B2 ...... 8.95 x 10 
8 .. r 

Whence we obtain for Ec 

- 8 9 
E c "" .;:8-,.-,9.;:5---"x,-;--,1C;0~---"x,-,,1.;:0_ 

1.6n 

Ec "" 56 keY 
n 

and so ER > 95 keY 
n 

-8 

gauss 

keY 

This is a far more likely ,value for the energy of the electrons. The 

detector on board the satellit e responded only to e lectrons with energies 

in excess of 40 keY. 
-3 

Taking a value of only 100 electrons em for n we 

39. 

obtain 1 keY as the minimum energy required by an electron before self excited 

pitch angle diffusion may take place. We may now ascribe the steady increase 

of the curve of figure 16 (b) towards high values to the increasing effect of 

this precipitation' ,mechanism. 

4.3 A MODEL OF EQUATORIAL PITCH ANGLE DISTRIBUTIONS. 

Because quantities, such as the loss cone pitch angle at 1000 km can 

be transformed into equivalent values at the equatoria l point on each field 

line, it i s convenient to carry out comparisons between different magnetic 

shells at these points. In table 8 we have collected pertinent data from 

the previous analyses. 
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TABLE 8 . ----

DATA FOR MODEL STUDY 

L >-- 0.(, ,(. P« .- <{ 0 
> 

1.25 7° 4g0 38° 11° 

1. 50 22° 33° 27° 6° 

1. 75 30° 24° 19O 5° 

2.0 36° 19O 15° 4° 

2.5 44° 12° 10° 2° 

4.0 54° 5.7° 5° 0.7° 

5.0 5g0 3.90 3° O. gO 

The values in table 8 are most easily interpreted by reference to the 

accompanying diagram. 

-, 

We picture a typica l equatorial pitch angle 

distribution for electrons with energies greater 

than -40 keY. is the maximum equatorial 
s 

4U. 

/.!.'~::'.~:~?:}~ ::\·S 
pitch angle possibl.e for electrons which are to be 

o(s 0(--9' ~o detected at 1000 km . ;( 0 - is the loss cone angle 

of 550 at 1000 km projected back to the equator. Therefore the region between 

0( and 0( contains those electrons which will be detected at 1000 km and which ° s 

are trapped . The shaded region contains those electrons which are precipitating. 

We have ignored the back scattered component in this discussion . 

The qualitative implications of the results of the Jp( .A) graph in 
J ( >-) 

figure 16 (b) together with the values of f(s and '1, shown in table 9 are as 

discussed below. The high (-1. ) proportion of precipitated flux at .A "'18° 
3 

where r< must be ~ 40 and 0<0 ~ 32 0 suggests that ~ lies above the knee of the 
s 

flux distribution curve. The difference ~ - ~, would then lie a l ong a 
a 

relatively llat portion of the curve as shown in the diagram . 
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/ 
L-________ ~--~,----~" 

0;:: 0 eX j 

This interpretation allows for high values in both 

J (>-) and Jp (>.). Similarly the ratio value of 

1 is possible with such a distribution. 
3 

Moving to >-. ~ 33
0

, we can guess values of c< 'V 21 0 and 
. s 

0<.. N 170 • 

Here ;]e interpret a low Jp (},) ratio as meaning th~t P<o lies at the foot 
J (A) 

of the knee of the pitch angle distribution. Less flux is detected at. 

the 1000 km point and the ratio can quite easily 

drop to low values should the curve be very steep, 

implying a rather anisotropic distribution . 

L-----~o(.-,--O(; -----'0( 

The final example is for L = 5 (A = 59
0

). In this case both.(o 

and ~ lie well below the steepest section of ·the p1tch angle distribution _ 

eu rve. Once again o(s ~~ may l ie along a relatively isotropic section 

and the ratio . ~~-L 
J (>-) 

can be expected to rise. This is observed. 

The measured fluxes should also be lower than else-

where. Again this is observed in figure 1 6 (a) 

~~--------~~ 

This short discussion is of course very ad hoc and suffers from many 

shortcomings. Principal among these is the assumption of the existence of 

a similar pitch angle distribution curve over the full range of L. There 

is no reason why the pitch angle distribution should be consistent over L. 

The different precipitation mechantsms operating in different zones will each 

impose a characteristic shape on the distribution . Further we have ignored 

small pitch angle electr ons which may have· been backscattered. The conse -

quence of this being that Jp ()q will be slightly larger than it actually 

should be. 

We have, however , attempted to develop a method of comparing the in-

dividual pitch angle distributions obtained for the 22 . ranges of \ at 1000 km . 

The Liouville theorem, well known to plasma physi~sts, allows us to consider 

42/ ....• 
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the observed distribution at 1000 km to be similar to the particle distribution 

elsewhere on the guiding field line. In this case we infer the equatorial 

pitch angle distribution from the 1000 km results. 

Consider the diagram where we have drawn a typical pitch angle dis-

tribution curve from Appendix 4. 

J lo<l 

F 0 

)0' 

Fllo 

By assuming that 

f (0< ) <>C 

we may wri"te 

,C( 
df = c e 

So 70 d;" 

so df = cd>' 
f 

Or 

so that AfoC,c 
f 

e 
(.0{ 

, 

i.e . by assuming that the distribution curve is made up of 4 portions of 

different exponentially incr~asing curves, a number, c, representing the 

'steepness' of the histogram can be evaluated. The actual function used was 

c = F80 F60 
F80 + F60 

+ F60 - F40 
F60 + F40 

+ 

Because Fo = 0, the last term is equal to 1. 

F40 - F20 
F40 + F20 

+ F20 - FO 
F20 + FO 

Large values of c wi l l re-

present a ' steep' or very anisotropic distribution. Smaller values of c 

will result from histograms where the steps between each value are not very 

large. We have evaluated c using the median values displayed in the 22 

histograms of Appendix 4. The result is graphed in figure 17. 

The trends shown in this curve lend weight to our earlier interpreta-

tions of the data. The pitch angle distribution s are more anisotropic for 

the middle" values of the analysis . The two extreme edges have distributions 

which, while not isotropic, certainly are less steep . Because of the nature 
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of the function c, a distribution cont.aining a single large step at a middle 

value of 0( (se e diagram) will yield a sma ll value for c, reflecting the 

existence of two 'isotropic regions ' • It is a 

distribution of this kind t hat we have alrciady 

proposed to exist at the two edges of the region 

under consideration. 

Acknowledgement is again made of the ad hoc nature of these sugges-

tions and pre"sentatiors. However, v.l e contend that these hand-waving argu-

men ts and explanations do account qua litatively for the observations . A 

far more detail e d and exact analysis where magnetic conditions and similar 

flux i nfluencing phenomena are considered is necessary before it would be 

poss ibl e to nail dowr. the behaviour of the pitch angle distribution. Also 

a distinct ion between upgoing and downgoing particles needs to be made. 

This has been achieved in s a tellites such as Injun V,carrying sophisticated 

p a r t icle detecto rs cal led LEPE DA (Frank and Ackerson (1971)). Never thel e ss 

in spite of the relatively primitive devices and experiments aboard Alouette 

I, the results obtained are similar to those achieved elsewhere (c.g. Frank 

(19 65 ), Frank et a1. (1964), Paulikas and Freden (1 964) , O'Brien (19 62, a ), 

(1962, b ), 1964). In addition we have present ed some aspects of elec t ron 

pitch angle distribution that we have not seen reported before. 

4.4 THE SOVIET BOMBS AGAIN 

We would now like to return to the statistic we introduced in section 

2.~ the percentage of r ecords in a particular set of r ecords that have 

suffered 'oVercorrection'. In that section we showed how this statistic 

allowed a rough estimate of the energy spectrum of the partic l es detected , 

to be made. He fur t her suggested that the h igh percentages, which indi-

cated hard spectra were due to the Soviet nuclear bomb tests. In this 

section we have prepared four graph s where we have plotted this percentage 

overcorrecte d statistic .:tgainst invariant lat itude . Each curve in figure 
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18 is for one of tbe pitch angle ranges described above. 

Tbe bombs were deton2ted at a longitude of about 60
0 

East, and it is 

reasonable to assume tbat tbe bigb energy fission products were expelled 

isotropically. The electrons released must have completed at least 3/4 of 

a drift patb around the earth before being detected by Alouette I in this 

region . Proto"s and other positively cha rged particles must h ave travelled 

~bout 1/4 of their drift path before reaching the present detection region. 

The observed products of the explosion are certainly not distributed 

isotropically in pitch angle. Very high enerEY p ~ rticles wi th small pitch 

angles dominate the scene. Another observation that can be made concerns 

tbe dependence of tbe spectra on the invariant la titude. The different 

pitch aneJp. r.anges react in different vHlyS to the presence of the geomagnetic 

anoi!laly. Particles mirroring at or near to the satellite appear to be 

principally natural electrons. Tbis is indicated by the softness of the 

spectrum imp lied by the 10'" values of figure 18 (d). The hard spectra of 

the precipitating component of the bomb products (figure 18 (a), (b),)have 

a distribution in invariant latitude similar to the curve for the tota l 

spectrum (fi.gure 9 (b)). Only tbe two curves represen ting tbe trapped 

portion of the fluxes appear to have been markedly influenced by the geo­

magnetic anomaly. 

The lack of any bomb particles mirroring at 1000 km in tbis southern 

bemisphere region indicates that the probable heights of the detonations 

was below 1000 \em. We have in fact observed a forward wing butterfly type 

of dist ribution described by Van Allen (1968). 

4.5 ELECTRON PITCI! ANGLE DISTRIBUTIONS IN LONGITUDE. 

Exactly similar analyses to those described in previous sections 

were carried out on tbe results . obtained from the 27 directional flux 
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median versus pitch a.ng l e histograms, which may be found In Appendix I,. 

Figure 19 is the graph of the median flux va.lues for the three pitch angle 

000 
ranges above 30, normalized by the median flux of the 10 - 30 range. 

It is obvious that the flux distributions are very different from those 

shown in figure 14 for the invariant l atitude analysis . The largest 

median flux value for some particular longitude strip is not always the one 

o 0 0 0 0 
for pitch angles in the range 90 - 70 (e.g. at 293, 295 , 327 East). We 

can not ascribe these anomalous occasions to the error incurred by selecting 

the median rather than the mean value as representative of the set of 

record~ since figure 8 showed a relatively small spread in the data for the 

records centred on those t h,'ee lon gitude values. We can suppose that the 

high fluxes at small pitch angle are recorded at the northern end of the 

longitudinal strips which is where the high fluxes have been shown to exist . 

To determine changes in the flux distribution in pitch angle with longitude 

the omnIdirectional. flux for each of the longitude samples was computed. 

Also the precIpita ted component and the ratio Jp (long) was calculated ' and 
J (long) 

plotted (figure 20 (a) and (b». In figure ~ (a) the dominant features 
:/0 

of figure 1'( persist. An order of magnitude increase of Jp (longi, tude) 

over a peak width of 60 
centred on 295

0 
is observed, and an even l a r ger 

increase which has a Western limit at 3210 East dominates the picture. 

Figure ~ (b) emphasises the sharpness of the two peaks . The eastern 
:/0 

prominence in these figures occurs at the same longitude where we discovered 

sharp increases in directional f lux values when moving eastward along 

of constant invariant latitude near the geomagnetic anomaly (figure 10). 

Combining this result with the results from figure 16 (a), the omnidirec-

tional flux distribution in >-., we can determine a boundary for the region 

of large precipitation of electrons:-

Equatorwards of ~ = 28
0 

EastHards of 
o 

323 East. 

It i s harder to find a reason for the presence of the precipitation 
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enhancement at around 294
0 

East. The calculation of J (long) and Jp (lmg) 

used the median flux value in each pi teh angle range . The mean/median 

difference curve of figure 8 also exhibits a largo value at this l ong itude. 

If this large difference indicates the occurence of a few -large flux es the n 

these large va lues have filled the l ow pit ch angle intervals sufficiently 

to influence the medians. This we can deduce from the increase of Jp ( long) 

We su ggest that we have a result of an electron precipitation event -

probably along the lines of the sp l ash catche r model. 

4.5.1 TilE BOMBS 

In figure 21 we have plo tted the percentage ove rco,rrec ted figure fo r 

each o f the pitch angle ranges. The results confirm the suggestion that the 

bombs' products have been scattered i nto a small pitch angle hard spec trum 

distribution. Each curve disp l ays litt l e or no l ongi tude de pendence and 

the ave r age value of each drop s steadily lowe r for increasing pitch angl e. 

The total samp l e mean overcorrected figure is just over 42%. 

4. 6 CONCLUSION 

It is not really pos s ible to draw any conclusions from the myriad 

of superficial results presented i n this chapter. We do not p r esume t o be 

able to add any significant physics to theories which are extant . However, 

comments and suggestions have been made where possible about the observa -

t ions and their causes. The ' nature of this thesis is primari l y one of 

reporting . 

--- 0 ---



5.1 INTROlJUCTION 

CHAPTER 5. 

THE LOCAL TIt1E VARIATION OF THE ELECTRON 

DIRECTIONAL FLUX 

47. 

The analysis de scribed and discussed in this chapter was the last 

one carried out for thi s project. It is, hOHever, pleasing to report that 

the old adage applied here as wel\ for the re sults are certainly not the 

least interesting obtained. Hess (1 968) complains that the diurnal 

variations of trapped particle fluxes for regions where A is less than 600 

are virtually unknown~ In addition the explanations for the observed 

patterns at hi gher latitudes are also not very wel~ developed. (O' Brien 

(1963)) • 

We have carried out a local time variation investigation over the 

full range of A available (18
0 

- 62
0
). The survey covers the directional 

fluxes of electrons with energies greater than 40 keV. An analysis of 

the local tirne variations of the fluxes for different longitude regions 

was also performed. The r esults of this ana lysis have revealed a hitherto 

unreported structure in t he distribu tion. 

5.2 DATA PREPARATION. 

A lo ca l time value was computed for each record. The tabulated 

universa l time and sub-satellite longitude were used for the computation. ' 

After the initial sorting of the , records into the intervals of invariant 

latitude and geographic longitude described before, the records within a 

'strip' were sorted into 12 intervals of local time. Each of these 

intervals is 2 hour s wide. The median value of t he corrected 223-type 

directional electron fluxes within the interva l was computed and was used 

to represent the flux for that time interval. In Appendix 5 we have 

presented the 22 + 27 median flux / local time histograms. 
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With a method identical to the one used to produce the tables 3 and 

4 we have produ ced the two 'maps' used in this chapter - figures 22 and 

23. The median flux value for each time interval in each>' or 10ngitClde 

'strip' was normalized by dividing by the 'strip' median . In this way it 

was intended to remove the flux intensity dependence on either the 

invariant latitude or the longitude. However, the distribution pattern 

of the local ti~e variation was retained. Hence two grids , the first 

being 22 invariant latitude rows by twelve 2-hourly rows, and the second 

having 27 longitude rows, were prepared and completed. The contour maps 

discussed in this chapter ..... rere dra~oJ'n from these grids. Only one contour 

line was drawn. The value of 1 was chosen fcor this contour line because 

regions greater than 1 represented times and positions where the directional 

fluxes were higher than normal. 

We again acknowledge the statistical shortcominp of this procedure. 

However, the stability of position of the features of the distribution docs 

in some measure justify the use of this method. The enormou s amounts of 

data available necessi tated some sacrifices of·. ae.curacy to be made for 

compatibility with page size. 

5.3 DIUHNAL FLUX DISTRIBUTION IN LONGITUDE 

It is convenient to present and discuss the l ongitude map first 

(figure 22). The prominent feature of the diagram is the night time 

enhancement of [lux intensity that is clear l y split by a very narrow 

post-midnight trough. The two portions of an enhancement near local noon 

are numerically much smaller than the values within the principal feature, 

and so are probably insignificant by comparison. 

Several factors need be considered in the discussion of this night-

time enhancement. Obviously the term night-time can not be applied 

meaningfully. Most of the records were obtained during a southern hemisphere 

summer. At 1000 km therefore, in some of the latitudes we are considering, 

the hours of darkness are very limited. The enhancement commences at 
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about 1800 hrs + 2 hours and terminates very markedly at 0700 hours 

+ 1 hour. The feature observed is no doubt a function of the configu -

ration of the geomagnetic field lines at different positions throughout 

the magnetosphere . The presence of'sunlight clearly must have no effect 

on electron fluxes of this energy range in the radiation belt. 

The midnight slot is seen to be between two and three hours "'ide 

and COlTunences very soon after midnight. Because the units of time are 

2 hoGrs wide it is not possible to detect whether the slot may in fact 

start just before midnight. There is no great variation of the pattern 

wi th long;' tude. What variations that do exist are likely to be due to 

data irregularities rather than real effects. 

5.3 DIURNAL FLUX DISTRIBUTION IN INVARIANT LATITUDE 

The contour map obtained from the invariant latitude analysis is 

49. 

show-n in f igu re 23. Again the contour line separates areas where the flux 

was larger than the ambient conditions for that latitude. There is cer­

tainly a co-ordinate dependence of the distribution of the fluxes in this 

map. 

The night-time enhancement is present at >. '" 180 but appears as two 

very distinct featu r es. The first is centered at 0700 hours and the second 

at 1700 hours. With increasing invariant l atitude, the two enhancement 

features approach each other, 'squeezing' the midnight slot. At ~ """ 53
0 

the enhancement becomes a single featu r e . This peak retains its width 

( about 4 hours) and position for the remainder of the invariant l atitude 

scan. The t<10 sma ll regions of high flux equatorward of A = 50
0 

at local 

noon ar e relatively insignificant . The appearance of two enhancement 

periods at the higher latitudes are numerically not very large either. 

Data coverage does not allow for verification of the emergence of a noon 

peak as observed by Frank et al . (1964). 
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5.4 A DISCUSSION. 

Increases in counting rates, simply imply that more. electrons ~re 

being det ected per unit. time than were previously being detected. Because 

the detector (223-type geiger counter) that we have used for our analysis 

only detected electrons with energies greater than 40 keY, counting rate 

increases c an also signify the OCCUrrel'lCe of acceleration processes raising 

more electrons to energies above this 40 keY threshold. 

The flux enhancements noted in the local time analyses that we have 

performed in this chapter are likely to be due mainly to the action of an 

acceleration process. This process must be a result of the geomagnetic 

field line distortions that occur during the passage of a field line in each 

revolution of the Earth. 

An attempt was ma de to construct a model of the magnetosphere fol l ow­

ing the idean of Mead and Beard (1964) and Mead (1964). For our model we 

proposed to use the eccentric dipole interna l geomagnetic field source. 

Further, the model was to cater for a range of the Earth spin axis angles 

(seasons) • Computations were abandoned because of numerical problems in 

the mathematical model on the computer before the first complete magneto­

spheric surf ace (Mead and Beard) was obtained . 

We suggest that a knowledge of the behaviour of the fie ld lin~s 

passing through the region being con sider ed would be of great value in 

assessing the possible acceleration processes. It is possible that some 

of the field lines we are considering are distorted right out to the earth­

ward edge of the p l asma sheet at local midnight (Frank (1971». 

Frank and Ackerson (1972) have investigated the diurnal dependence 

of the precipitated portion of the electron flux. They observe enhancements 

in the l ate evening, early morning and at midnight. In their work they 

suggest that the plasma sheet may be a source of the e l ectrons which are 

energised once they enter the belt. However, the processe ·s of energization 

and entry are still not c l ear . 
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5.5 CONCLUSION. 

The two maps which have resulted from t he analyses described in this 

chapter will have to stand for themselves. It appears that even in the 

current li terature there is much doubt as to the source of the trapped 

particles in the radiation belts and the energization processes. We hope 

that this presentation of the previously unnoticed features will add to 

the evidence needed for the formulation of a successful model. 

--- 0 ---
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CONCLlfSION 

The nature of this thesis has been simp l y to present, in the best, 

possible way, the resllits of certain analyses. The analyses concerned the 

distribution of Van Allen radiation belt electrons of a certain energy range. 

It was certainly not vlithin the writer's capability to do more than corrunent 

on the resu l ts obt.:tined and discuss their implications through comparisons 

with the literature. The overall characteristics of the radiation belts are 

becoming more and more well defined and we hope that the sma ll contribution 

made by this thesis will complement past studies and direct future ones. 

The energetic particle data from Alouette I is indeed limited in its 

coverage and ill its pa rticle energy in formation. However, as was inevitable , 

several possib l y useful and interesting lines of further research emerged 

during the compilation and write-up of this present survey. First of these 

l ines tvould be to tal~e. the magnetic conditions into account when considering 

electron fluxes. A rudimentary ana l ysis identical to the one described in 

this thesis, but performed only on records where K was 4 or l ess .... 7as carried 
p 

out. The results showed no significant distribution changes, but flux l evels 

dropped by about a third. Fol l owing th. ideas of other workers it appears 

that it would be necessary to compare this analysis not with the total 

records analysis as we have done, bUt· rather the comparison shou ld be made with 

an analysis performed on records where K was greater than 4. 
p 

A second follow-up topic of research would be to attempt to find 

particle pitch angles in the range 0
0 

- 180
0

• Some figures and graphs sent 

to the research group by McDiarmid make it possible to obtain the actual 

direction of the satellite spin axis in space. In this way the pitch angle 

data could be sorted into upcoming and downgoing components. Consequently 

the action of the various proposed precipitation mechanisms cou ld be investi-

gated and tested more rigorously than was possible in this thesis . 

The local time/ ••••. 
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The local time distribution 6f electrons at low magnetic latitudes 

is obviously a field for much further investigation. We consider, however, 

that the Alouetlc I data is of little more use in yielding data concerning 

this distribution in the South Atlantic region. Data from another satellite 

will be required for further work in this connection. The local time dis-

tr ibution of trapped electron fluxes can provide a wealth of information about 

the lo ss rates and acceleration processes which are at work in the rnagneto-

sphere. This particular line of res earch when coupled with pitch angle 

analyses is therefore of the greatest interest and value. 

At the time of writing this thesis the resea rch group here at 

Rhodes University was eagerly awaiting data tapes from the Injun V satellite. 

This data kindly promised by Dr. J.D. Craven,will no doubt complement and 

enhance the studies completed so far. 

--- 0 



ABSTRACT 

Dir ect ional flux distributions of electrons with energies greater 

than 40 keY at an altitude of 1000 km are presented. The survey covers a 

region south-west of the geomagnetic f ield strength anomaly in the South 

Atlantic . 

The dis tr ibution of these electron fluxes meas ured over a range in 

L of 1. 3 to 5.0 are contrast ed with distributions observed in the conjugate 

area. A simple mo del to explain the effect of the geomagnetic anomaly on the 

fluxes is di scus sed. 

An analys is of the observed pitch angle distributions is l inked to 

a discussion of the possible particle prec ipi tat ion mechanisms . 

Final ly the local t ime distribution of the e l ec tron f luxes i s 

presented and discussed. A po st- midnight ' s lot' i n a night-time flux 

enhancement feature is reported. 

- -- 0 ---



APPENDIX 1 

DIRECTIONAL FLUX, OMNIDI RECTIONAL FLUX 

AND GEONETRI C FACTORS 

Consider an element of area'l> A, perpendicular to the magnetic field 

.-
direction B. We choose a set of cartesian axes with ~ in the direction of 

B. 

X 

Z 

I5A 
L,~::::.-----l---- y - . '---.J 

Roederer (1970) defines the directional flux density j as 

EN (fl., E, t) = j (.st, E, t) SA cos e S,Sl. SESt 

.,here: EN is the number of particles with energies in the range (E,E +. SE) 

which crosses SA from the direction (e, ~) in the solid angle S Sl. in 

time St. 

In practice this definition is rather too formal and impractical for the use 

of the particle physicist. The most serious difficulty arises from the need 

to define an energy range SE for the particles to be detected. In general 

the only energy measure obtainable is a minimum particle detector threshold 

energy. Consequently the most usually measured quantity is the integral 

directional flux density. This is obtained by integrating the directional 

flux density with respect to energy from ET to QQ, where ET is the threshold 

energy. It is this quantity that we have used through this work, but we 

have used the notation j (eX) as is conventional. Units of j (I>() are 

-2 -1 -1 
generally particles em sr s 

If we consider the case of a population of particles trapped on a 

single guiding geomagnetic field line (ignore drift motions), it is 

possible in/ .•..•• 



APPENDIX 1 (Contd.) 

possible in principle to measure j (~) at any point on the field line . 

However, the function J - the omnidirectional flux-completely describes 

all the particles on the field line. From the Liouville theo rem 

( 0( ) 

where jo is the directiona l flux distribution at the equatorial point 

of the field line 

j is the directional flux distribution at any point on the 

field line . 

This allows us to compute J through the expression 

J = 2 S~h. 
o 

j (0<.) 2 i\ sin..(, d 0<.. 

even though we may o!1ly know j (0<) for a point not at the equator (lles s 

(1968)) • 

-1 
s 

Omnidirectional fluxes are quoted in uni ts of particles cm- 2 

One · of the first papers to present radiation belt results (Van Allen 

et a l . (19 59)) contains a footnote that explains the u se of geometric 

factors. 

The unid i rectional geometric factor G is defined by : 

where: R 

j 

"-

Units of G 

is 

is 

in 

is 

the 

the 

G 
D 

R 
Ej 

true counting rate of 

direct ional in tens ity 

-1 -1 
of 

- 2 
units cm sr s 

an efficiency factor for 

2 
are cm sr. 

--- 0 ---
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APPENDIX 2 

THE COMPUTER SYSTEM 

The computational work "as al.most entirely performed on the l.C.L . 

1901A digital computer currently installed at the Rhodes University Computer 

Centre. All the systems Gnd pr'ograms were des igned and I,ritten by the author. 

Two high level languages, EMA and 1900 FORTRAN ",ere used . In addition, 

extensive use was made of an I.C.L . file scan and report package known as 

FIND - 2. 

A description of the computer system is made brief if we refer to 

the system flowchart opposite. We consider the operations in three sections. 

A. Conversion of 9-track EBCDIC code ma gnetic tape to 7-track BCD code. The 

program was written by Hr. M.A. Lawr ie of Messrs. I.C.L. in Cape Town. 

The output tape of this opera tion was l abelled ALOUETTE 556. 

B. Sorting of ALOUETTE 556 and extraction of records received at S()uth 

Atlantic station . This operation was carried out by FIND-2. Several 

parameter cards were required. The output tap e was l abelled 

STHATL LOG. 

C. This operation was performed by four separate programs . 

ARFIND 1 This program scanned the tape STHATL LOG and extrac ­

ted records that satisfied certain requiremen ts. These require­

ments were of two types depending on whether the 22 invariant 

latitude strips were being processed or whether the 27 longitude 

strips were being processed. 

(i) Records with invariant latitude values falling within 

the limits of the current analysis. 

(ii) Ditto longitude. 

This Program/ .•• 



APPENDIX 2 (CONTD) 

This program ,las the r.C.L. FlND-2 package. Several parameter 

cards were required. Output of the 'hit' records was to a disc 

file named STH ATLANTIC. An output report listed the number of 

records that were 'hits'. 

AL02 This program read the re cords on the file STH ATLANTIC and 

performed three .operations on each record before outpu t ting the 

changed record to a disc fi l e named AL02- OUT. The ope rations 

were: -

1) Conversion of 10gl O 223-type count rate and 

10glO 302-type count rate to rea l numbers . 

2) Computation of corrected 223-type count rate. 

3) Computa tion of local time value for the record . 

The program produced a brief output report verifying that it had 

read all the input records . The program was written in FORTRAN. 

ARFIND 3 This program scanned the records in the file AL02 - 0UT 

and compiled ' hit lists'. These hit lists consisted of counts of 

the number of records that satisfied certain cond i tion. These 

conditions comprised the heart of the analysis . Records were 

' i nterrogated' about their corrected 223-type count rate, thei r 

pitch angle value , their l ocal time value, their universal time 

value and their longitude value (in the case of the i nvariant 

la titude survey) or their invariant latitude value (in the case 

of the longitude survey) . To each record, the program appended 

a numer i cal field which defined which interrogations had scored 

a 'hit' in that record . These enlarged records were output to 

the disc fi l e STH ATLA~TIC. An outpu t record gave details of 

'hit' counts. 

ALOS / ••••• 



APPENDIX 2 (CONTO.) 

ALOS This program us ed the records of STH ATLANTIC as input 

data . It scanned the appended numerical field to identify those 

records fa l ling into each analysis group. Within each group 

this program counted the number of records and the number of 

records that had suffered 'ov erco rrecti'on 1. Further compu­

tation yielded the maxirnum,minimum, mean and median corrected 

223-type count rates in each group . These count rates were 

multiplied by 2200 to convert to directional flux. An output 

report contained all these values and formed the basis of the 

whole survey . 

This program was Hritten in t~vo languages EMA and FORTRAN . 

The third operation (C) was carried out 22 times and 27 times for 

the invariant latitude and the longitude analyses respectively. In addi-

tion th e system was also run several times to produce the !1orthern hemi sphere 

results from Ottawa and St. Johns. 

- - - 0 ---



APPENDIX 3 

NUNBER DISTRIBUTION OF DIRECTIONAL FLUXES 

In this appendix we present the histograms of the number distributions 

of the directional flux values of electrons with energies greater than 40 keY. 

The flux range of 0 electrons em 
-2 -1 -1 

is split 18 non-equAl to 00 sr s into 

int ervals. 

1 0 10
5 

electrons 
-2 -1 -1 

em sr s 

2 1 x 105 2 x 105 
" 

3 2 x 10
5 3 x 105 

" 

4 3 x 105 4 x 105 
" 

5 4 x 105 5 x 10
5 

" 

6 5 x 105 6 x 105 
" 

7 6 x 10
5 7 x 105 

" 

8 7 x 105 
B x 105 

" 
9 B x 105 9 x 105 

" 
10 9 x 105 106 

" 
11 106 2 x 106 

" 
12 2 x 106 4 x 106 

" 

13 4 x 106 6 x 106 
" 

14 6 x 10
6 

B x 106 
" 

15 B x 106 10
7 

" 

16 107 5 x 10
7 

" 
17 5 x 10

7 lOB " 

IB lOB pO " 

It should be remembered when consulting the histograms that the intervals 

differ in size. No results or conclusions were drawn directly from these 

histograms so the choice of interval size was one of convenience. 

Two groups/ •••• 



APPENDIX 3 (CONTD) 

Two groups of histograms are presented. The first 22 cover the 

invariant latitude range to The last 27 cover the 

longitude range 277 0 East to 3310 East. 

-- - 0 ---
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APPENDIX 4. 

DIRECTIONAL FLUX DISTRIBUTION IN PITCH ANGLE 

We present the pitch angle distribution of the flux values in 

each of the 22 ranges of invariant latitude and the 27 ranges of geographic 

longitude. In every case the median flux value for the pitch angle range 

is plotted. 

The pitch angle ranges are : 

0° 10° 

10° 30° 

30° 50° 

500 70° 

70° 90° 

The flux scale changes between histograms t o accommodate the 

large changes in directional fluxes between two different spatial regions. 

-- - 0 ---
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APPENDIX 5 

DIRECTIONAL FLUX DISTRIBUTIONS IN LOCAL TIME 

The 24 hour range of local time is split into twelve equal 

i n tervals. The median flux value of the directional fluxes recorded 

within each time interval is plotted. The his tograms appear in t wo 

groups. The first 22 cover the range of invariant l atitude. The la s t 

27 cover the range of geographic longitude. 

The flux sca l e changes between histograms to accommodate the 

large changes in directional f luxes between t wo spatial regions . 

--- 0 -- -
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APPENDIX 6. 

DIRECTIONAL FLUX DISTRIBUTION 

IN 

LONGITUDE AND INVARIANT LATITUDE 

Within each of the 22 invariant latitude intervals "le have sorted 

the records within each interval according to the longitude value of the 

records. 10° wide ranges of longitude have been used:-

260
0 

East 2700 
East 

270° " 280° " 
280

0 
" 2900 

" 

2900 
" 300° " 

300
0 

" 310° " 

310° " 320
0 

" 
320° " 330° " 
3300 

" 340
0 

" 
The median flux value of the records within each block has been plotted in 

the histogram. 

The second set of histograms in this appendix contains the result of the 

invariant latitude sort that was performed on each of the 27 longitude 

intervals in turn. 5° wide ranges of invariant la.titude were used:-

f-= 10
0 1\= 150 

= 15° = 20° 

= 20
0 = 25
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= 25° = 30
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= 30
0 = 35° 
0 

40° = 35 = 
° 45° = 40 = 
0 

50° = 45 = 
0 

55
0 = 50 = 

0 
60° = 55 = 

0 
65° = 60 --

The flux scale changes between histograms to accommodate the 

l~rge changes in directional fluxes between two spatial regions. 
--- 0 ---



... 
' ", 4 

.... 
'" "' N 

IS 
on 
c 
0 

" +' 
u 
III 2 

A 
1 

III 

"b .... 
>< 

.... , 
II) 

.... 
A= 25 ° - 27° • 4 ),.= 19° - 21 ° 2 .. .. 

N 
'e 

u 

a 
0 .. 
+' 

" '0 .... 
III 

"b 
200 100 

.... 
>4 

--"L..r- . 

0 0 ~ 

.... 
'", 400 

.... ).= 21° - 23° 200 )...= 27 0 _ 290 

' .. .. 
N 

'13 .. 
c 
° " +' 
u 200 100 a' .... 
III 

"b .... 
X 

~ 0 
260° 300" 3400 E 260° 300° 340°1: 



40. ... , 
'" ... 

' .. 
" 'I' 
[j 

... 
'" ... 
' ... 
" N 

'e 
u .. 

4 

52 
!l 
u 

" ol 

40 
... , " ... 
' ... 
" N 

'Il 
" " 1:2 .... 
u ., ., 
" 

"to ... 
>< 

260° 

2 

1 

2 

).. =35° - 37° 2 

1 

300° 3400 E 

a 

I 
260° 

,00 
/\ =35 -37 

>- =390 
_ 41 0 

[ 
3(XP 340°", 



5 • >- = 41 0 _ 43° 
1 . ). = 47° - 49° 

... 
'", ... 4 • .8 
' ... 
'" 

N , 
3. 13 

. 6 u 

'" " 0 ... .... 2 .4 " " rl ., 
"b 1 ~ ... .4 

>< 

0 0 

5 '}.. = 43° - 45° 1 • ).. = "49° _ 51 0 

..... 
' .. 4 .... .8 
'~ 

N 

'S 3 .6 

" c 
0 ... 2. .4 "" " " <1 

"b 1 .2 ..... 
~ 

0 

..... 
' .. 5. >-- = 45° _ 47° 1 • ).= 51° - 530 ... , 
" '" N 

'e 4. .8 
" 
'" c 
° 3 • .6 •• ,0 
" '" ... 
" 

"b 2. .4 ..... 
~ 

1 . 2 

0 0 
260

0 
300° 34Bo E: 260° 300° 340° E 



" I 

f.= 53° - 55° ° ° 5. 5 >- = 57 - 59 
rl , 

'" 
d 4 . 
'" 4 
'" N 

'13 3 . 3 
il 
° " +' 
U 2. 2 " .... 
" 

"b 1 rl 

>4 1 

0 

5 
),. = 55° - 57° 

5 A = 59° - 61° 

rl , 
'" 4 4 

d 

'" '" N 3 3 '13 

'" c: 
~ 2 2 +' 

" " rl 

" 
"b 1 1 
rl 

><: 
0 
260 300 340° E 

260° 300° 340° E 



.-< , 
I!r 20. 

.-< 

' ... 
'" ('oJ 

'13 
" c 
0 ... ... 
" '" .-< 
w 

"b 
rl 

x 

... , 
'" .-< , ... 
'" ('oJ , 
E! 
<) 

" " 0 •• ... 
u •• .-< 

" 
"b 

.-< 

>< 

... , 
'" 

1 

J 
10 

0 

... 20 

'" '" ('oJ , 
fl 

" " " .1110 
u 

" .-< 

" 
"b 
rl 

2760 
- 278

0 E 

-l~ 

2780 _ 280 0 E 

UL_ 

282
0 

- 284'" E 

200 

100 

-----

[ 
284

0 
- 286

0 
E 

, 
L 

l 00J. 

0 

200 

100 

o 
10~----~25~-----40~-----5~'~ 



600. 
288° ~ 290° E 

.... , 
'" .... 

'" OJ 

N 400, 
'[) 

'" " 0 
k 
+' 
U .. .... 200 • .. 

"b .... 
>< 

600. 290° ~ 292° E 

.... , 
OJ 

.... , 
k 400 '" 

N 

'5 
" " ° <, 
+' 200 u .. .... .. 

"b .... 
>< 

0 

~. 292° - 294° E 

.... , 
'" .... 

'" 400 '" N 

'e 
u 

'" c 
° k 
; ' 200 u .. .... .. 

"b .... 
>< 

0 
10° 25° 40° 

900 

600 

300 

0 

900 

600 

3ctJ 

0 

900 

600 

300 
0 

0 
55° ).. 10° 

294° - 296° E 

296° - 298° E 

298° ~ 300° E 

25° 40° 55 ° ).. 

, 
I 

I I , 



900. 
300" - 302° E 

3OO~ 
306°_ 3C80 E 

.... 
'" .... , 
t; 600. 200 

'" , s 
u 

'" C 
° " +' 

100 u 300. 
" rl 

" 
"b .... 

x 

l 0 
0 --

900 • 302° - 304° E 300 
3C60 - 310° E 

.... , 
'" .... 
'" '" 
'" 600. 200 
's 

u 

" c 
0 

" +, 
u 
<I> 

100 .... 300 
" 

"b .... 
~ 

0 0 

900 • 304° - 306° E 300 310°_312° E 
.... , 

'" .... 
'" '" 
'" 600 's 200 u 

'" C 
0 

" +' 
u 

" .... 
300 " 100 

"b .... 
>< 

0 
0 ~ 

10° 25° 40° 55° '). 10 25° 40° 55 ° "). 



.-< 
I 

'" .-< 

'k 

'" N 
I e 

0 

'" " 0 
k 

.>, 
0 

" .-< 

" "b .... 
:< 

rl 
I 

'" 
rl 

'k 

'" N 
Ie 
o 

200 

100 

0 

(.? roo. 
g 
k 

+> o 

" .-< 

" "b 
rl 

>< 

.-< 
I 

'" 

"b 
.-< 
>< 

200 • 

3120 
- 3140 E 

200. 318
0 

- 320
0 

E 

100. 

0 

200 

100 

OL-________ ~ __ . ____ ~ 

200. 

100. 

o 
l~---no~~o~--~o~ 

25 40 55 f\ 



3240 - 3260 E 

.... , 
'" .... 20, , 
" '" 

'" 'tl 
'" c: 
0 

" 10, +' 
U 

" .... 
" 

"b .... 
x 

0 

326
0 

- 32So E .... , 
'" .... 

20 
'" '" N 

'0 

'" c: 
0 

" +' 
U 10, .' .... 
" 

"b .... ->< 

(j I 

.... 32S
o 

- 330
0 

E , 
'" .... , 

20 " '" 
N 

' e 
u 

'" c: 
0 

" +' 
U 10 " .... 
" 

"b .... 
x 

0 0 
10 25 40 

55° " 



APPENDIX 7 

A GRAPH OF L VERSUS AT 1000 KM 

IN TlIE SOUTH ATLANTIC REGION 

We present a curve of values of L versus A, at 1000 krn in the South 

Atlantic re gion. The points plotted in this graph were obtained by 

averaging the L values of the record s used in producing the )... grid i ll the map 

of section 2.2. 

--- 0 ---



! 
i 

! . 
! 

I !, . . 

I 
-·S· I- L-VALUE - i ; 

t . I : : . 

-.-------! -- ---- ---,. -- ----- i 

' .. ; . I .-- '-,- - '1 ._- - - ~ .. .. t " j -- 1000 km in South Atlantic 
: 'I 
, . • f ••••• .. •... . 0" '-- _ . - --- . -- !.--... -

1 
I . 

"region 
1 

; 
- I 

I , 
- 4 ·S , 

' I, i . _j_ ____ _ ._. , -- ... - -: .--- :-------.- ---.- -. i----·---- --l---- ----l --- - I ! 

· "j; . -J~. ! ··: .. ,.--I-.----j- , J ----- - 1· .. ·-- -

- --.-.. ---,- , 4 , I ' ' ! I L .. 1 __ _ 

, I ;.....: 11~1 ; ~L.~ . . 
~-~-- -!----~-- ·--- :-·-t~·~r· ! ~·i=~~J=:==C . : ~ ." . j. ~ ! 
'-- '-:- .1--. -[ -3 ·S - · -------l·-·~--:-I--;-l ' I i, , ____ i ____ L .. ___ __ j 

- ! .~+ .. !-- --+----I-:·-~~ ! r-!-· C:=l:·] .~;. ! •. I 

~~:XIj~3 =< ·=t'~:=:1 .~. ~,:Ti.J.i- :-~j :i±~:1 
· : ! - - .' . ; , . .L_ .. _I _____ ~-_L ____ :_-._" .. ~--;- -.-- : .! I : . 

" 1 - ... -,.-- .~.- . .:.. -.. - .'----.. - -. : .- ---, .. r i ' 1 ': i ~ . ) 
----+ .. --1 - , i .. , ' I 1 1 1 ' I q. , -t-------, 
.:...-l_' -!--.-~-- --~-~I--+--t-.. ·--r-- 1--;--1 ' 1 : i 
. , ; , ! - .~,- --. 1, -----;-- -1'--- i, ---- .II ·· . ·1· u · 1' - --I, i - j 1 _______ _ . jl 

. .:... __ L_ ..... ---- : - 2 . S 

! , '--i- ' ----',--; '-1 'I : , · ---- ---- ---'------1 --j 'I " " ' ! I , ---· i-I'~. .........j T I I ! I 1 1 , • 
, .----- i 

I -~-. ! 1---- i . i 

---:----.p--' ----; +-' 1 - -~l-_c--I _ r---c--: : :...1
1 

. -- 1 

'--"-- 1·5 1 -- 1· -·--- -- ! tTl I: -------1
1 

ii' ii' -;- : -l~Ti -T-" ~ . ' , -- - . - I I 1 

----; . - - , ---- --. -- - 1
1

--- T'-- i "----T ' : -- I ! 1 I ! ' ,. ___ . __ ' _ ___ I 
i l--'-....l...~;----"-:'-- , i , , 4 So" s'so -A-~ i 

. + .. -' f' . i· .. L I~ ·J
1 
': L. · ' . · · I~: :1 .: I ~:-' -.- ' ..... -: ----1------·--· -'II---r -- i 'I 

i ! 

. - .-.-~--



REFERENCES 

1. Bailey, O. K. , Some quant itat i ve aspec ts of e lect ron precipitation in 

and near the aurora l zone, Rev. Geophys ., ~ , 289 - 346, 19 68. 

2. Cumming , W.O., La Quay , R.E ., O' Brien , B.J. and Wa l t , M, Rocket -borne 

measurements of particle flux e s and auro ral l ight , J. Geophys. 

Res., 2.l:, 1399 - 1405, 19 66 . 

3. Dungey, J.t . , Loss of Van All en electrons due to whistlers, Planetary 

Sp ace Sci., Q, 59 1 - 595, 1963 . 

4. Frank, L.A., Van Allen, J .A. and Craven, J.D., Large diurnal varia tions 

of geomagnetically trapped and of precipitated electrons ob served 

at l ow a l titudes, J . Geophys. Res . , 69, 3155 - 31 67 , 19 64 . 

5. Frank, L.A., A survey of electrons E > 40 keV beyond 6 Earth radii with 

Explorer XIV, J . Geophys . Res ., 7.52., 1593 - 1626, 1965 . 

6. Frank, L.A., Relationship of the plasma sheet, ring current, trapping 

bounda ry, and pl asmapause near the magnetic equator and l oca l 

midnight, J. Geophys. Res., 2&, 2265 - 227 5, 19 71. 

7. Frank, L.A. and Ackerson, K.L., Ob s erva t ions of charged particle 

precipitation in t o the auroral zone , J. Geo phy s o Res. ' " !.2.. , 

3612 - 3643, 1971. 

8 . Frank, L.A. and Acker son, K.L., Local-time survey of pl asma at l ow 

altitudes over the auroral zones, J. Geophys. Res., 22,4116-

412 7, 19 72 . 



9. Gledhill, J.A. and Torr, D.G., Ionospheric effects of precipitated 

electrons in the South radiation anomaly, Proe. VI th Intarnat. 

~. on_.~ace Sci. , Mar del Plata, 222 - 229, 1966. 

10. Hess, W.N., The radi a tion belt and magnetosphBr~ , Blaisdell, 1968 . 

11 . Huitson, A., The analysis of variance, Char le s Griffin & Co ., 1966. 

12. Kennel, C.F. and 
s 

Petchek, H.E., Limit on stably trapped particle 

" 
fluxes, J. Geophys. Re s ., 21:, 1 - 28, 19 66 . 

13. McDiarmid, LB., Burro",s , J.R., Budzinski, E.E, and Rose, D.C., 

Satellite Measurements in the "Starfish Tl artificial radiation 

zone, Can. J. Phys., 41, 1332 - 1345, 19 63 , a. 

14. McDiarmid, LB., Burrows , J.R., Budzinski, E.E. and Hilson, Hargaret D., 

Some average properties of the outer radiation zone at 1000 km, 

Can. J. phys., 41, 2064 - 2079, 1963, b. 

15. McDiarmid, I.B. and Burrows, J.R., Local time asymmetries in the high 

lati tude boundary of the outer radiation zone for different elec -

tron energies , Can. J. phys., 46, 49 - 57, 19 68. 

16. Head, C.D. and Beard, D. B., Shape of the geomagnetic field solar wind 

boundary , J . Geophys. Res ., 69, ll 69 - ll79, 1964 . 

17 . Head, G.D., Deformation of the geomagnetic field by the solar wind, 

J. Geophys. Res., 69, ll81 - ll95, 1964. 



18. Northrop, T.G., The Adiabatic motion of charged particles, Interscience, 

1963. 

19. O' Brien, B.J ., Direct observations of dumping of electrons at 1000 -

kilometer a ltitude and high latitudes , J . Geophys. Res ., !!2, 

1227 - 1233, 1962, a. 

20. O'Brien, B.J ., Lifetimes of outer- zone e lectrons and their precipitation 

into the atmosphere , J. Geophys Res., !!2, 3687 - 3706, 1962, b. 

21. O'Bri en , B.J ., A large diurnal variation of the geomagnetically trapped 

radiation, J. Geophys. Res ., ~, 989 - 99:;, 1963. 

22. O'Brien, B.J. , High l atitude geophysical studies with satellite Injun 3., 

J . Geophys. Res., ~~ , 13 - 43, 19 64. 

23. Paulikas, G.A. and Freden, S.C ., Precipitation of energetic e l ectrons 

in to the atmosphere, J. Geophys. Res., ~, 1239 - 1249 , 1964 . 

24. Roederer, J.G., Hess, W. N. and Stassinopoulos, E. G, Conjugate intersects 

to selected geophysical stations, Goddard Space Flight Center 

publication X - 642 - 65 - 182, 1965. 

25. Roederer , J . G. , Sou thern Hemisphere Anoma lies , Proc. VI th Internat . Syrnp. 

on Space Sci. , Mar del Plata, 11 7 - 129, 1966. 

26. Roederer , J .G. , Dynamics of geomagnetically trapped radiation , Springer­

Ver l ag, Berlin, 1970. 



27. Roederer) J.G., Geomagnetic field distorLions and the ir effects on 

r adiation belt particles , publication of Department of Physics, 

University of Denver , 1971. 

28. Rose, D. C., The Alouette satellite results, Radiation trapped in the 

Earth's magnetic field , ed. McCormac, B.M., 19 1 - 214, 1966. 

29. Sutcliffe, P.R., Resume of Magnetic Co-ordinate Syst~~, Internal Report 

M71 - 1, Department of Physics , Potchefstroom University for C.H.E., 

1971. 

30. Thom~s, J.O. and Andrews, M.K., Transpolar exospheric plasma, J. Geophys. 

Res., 21, 71,07 - 7417, 1968. 

31. Tulinov, V.F., Shib aeva, L.V. and Jakovlev, S.G., The ionization of the 

lower ionosphere under the influence of corpuscular radiation, 

Proc. IX th Internat Symp. on Space Sci., Tokyo, 231 - 236, 19 69 . 

32. Van Allen, J.A., Me Ilwain, C.E. and Ludwig, G H., Radiation observations 

with Satellite 195~, J . Geophys. Res., 64, 271 - 286 , 1959. 

33. Van Allen, J.A., Particle description of the magnetosphere, Physics of 

the magnetosphere,ed. Carovillano, R.L., 147 - 217, 1968. 

34. West, 11.1., Some 6bse rvations of the trapped electrons produced by the 

Russian high-altitude nuclear detonation of October 28, 1962, 

Radiation trapp ed in the Earth's magnetic field, ed. McCormac, 

B.M., 634 - 662, 1966. 

35. Data Catalog of Satellite Experiments, Goddard Space Flight Center 

Publication 71-20, 1971. 

o ---


