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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

ABSTRACT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Inaser ies  of passes in the northern high latitude region, short 

bursts of radiation were observed in the energy range 0.7 to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA24 kev 

by detectors aboard the polar orbiting satell i te O W - 4 .  Among these 

bursts were anumber in which the pitch angle distributions at 2 .3  lcev 

displayed a maximum at small angles to the magnetic field l ines.  

From the distributions and energy spectra it is argued that a possible 

source mechanism for these particles is electric fields parallel to 

the magnetic field l ines at distances of several  ear^ rzdii. The 

source particles would then be the ambient thermal plasma, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwith 

two markedly different temperature components, one at a few ev, 

f rom which the field aligned radiation originates, the other greater 

than an order of magnitude hotter, which produces the isotropic 

portion of the pitch angle distribution, 
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While observations of low energy charged particles have been carr ied out in 

the auroral and polar cap region for some time, the source mechanisms and 

ties have been utilized to argue for one or another process. 

From the dispersion of arr ival times for  particles of different energies, or 

lack of it, the source location can be calculated, assuming that particles of all 

energies originated simultaneously (Evans, 1966; Bryant et al, 1967; Lampton, 

1967). Source locations from within an earth radius to the tail region have been zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

implied by the data. 

From the energy spectrum of the particles, speculations on the source 

mechanism can be made. A fa i r ly  monoenergetic spectrum strongly indicates 

that the particles a re  energized by a process involving electrostatic €ields 

(Evans, 1967; Albert, 1967), while a broader spectrum, monotonically decreas- 

ing with energy, probably suggests statistical processes. 

Pitch angle measurements to date, both with sounding rocket and low 

altitude satellite detectors, have revealed little knowledge regarding the source 

mechanisms. In all cases recorded for electrons of energy greater than 40 kev, 

the distributions have been either isotropic over the upper hemisphere o r  peaked 

at local mirror ing (O'Brien, 1964; McDiarmid and Budzinski, 1964; Mozer zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand 

Bruston, 1966; Fri tz, 1967). The principal satellite observations in the very 

low energy range for electrons (<40 kev) have been reported by Johnson et al 



4 

(1967), who found that in none of the cases they examined did the 0" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAflux exceed 

that at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA55". It has seemed reasonable to assume that a source mechanism oper- 

ating far out along the field lines will yield isotropic particle distributions at 

low altitudes, and i f  the particles undergo at least one traversal  to their m i r ro r  

regions, the atmospheric losses will deplete the intensities at small  pitch angles. 

In contrast to all the above observations, we have measured, with a very 

low energy auroral particles experiment aboard the OGO-4 satellite, anisotropic 

fluxes with maximum intensities along the magnetic field lines. Such unusual 

distributions do have strong implications pertaining to the source mechanism 

and location. 

SATELLITE ORBIT 

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOGO-4 satellite was launched on July 28, 1967, at 1421 U. T. into a 

low altitude polar orbit having an apogee of 895 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm, a perigee of 409 k m ,  and an 

inclination of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA86". The data upon which this report is based was received on the 

fourth and fifth days in orbit when the satellite orbital plane was in a dawn-dusk 

configuration. The data, in quick-look form from the Information Processing 

Division at Goddard Space Flight Center, was  acquired during the passes over 

the northern high latitude region as indicated in Figure 1. 

While the data analysis was performed with the aid of an orbit prediction 

based upon initial orbital elements, the accuracy was checked by one of the ex- 

periments aboard the satellite. The airglow experiment of Mrs. Edith Reed was 

sensitive to starlight. From the time of observation of a bright star in the 
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southern liemisphere and the orbital information, its !ozztion was zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAca?cu!zted to 

be within zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.2" in declination of its actual position. Two sightings were made 

just bracketing the passes used herein. (W. B. Fowler, private communication). 

The sztellite was controlled in attitude such that one side of the spacecraft 

was always pointed towards the earth, while another major axis was constrained 

to the earth-satellite-sun plane. 

EXPERIMENT 

A detailed description of the auroral particles experiment (designated 

D-11A) and calibrations appears elsewhere (Hoffman and Evans, 1967). The 

important features will be described here. It contains eight detectors, each 

comprised of an electrostatic analyzer and a channel electron multiplier. 

of these detectors look radially away from the earth zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA), while three others 

are positioned 30", 60" and 90" respectively to the earth radius vector. 

Figure 2) Since the inclination of the earth's magnetic field is nearly 90" in the 

high latitude regions, the angles are nearly the pitch angles of the particles 

detected. The eighth detector is a background detector, which measured essen- 

tially no particles in the region of interest here. 

Four 

(See 

The bandpass of each detector was + 19%, -13% of the center energy E,, 

and its angular response was about f 3" by * 7", with the narrower angle being 

primari ly the range of pitch angles observed, since the minor axis of the viewing 

cone usually lay close to the plane containing the detector axis and magnetic 

field. Each of the four detectors at 0" measured particles of different energies: 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 . 7 ,  2 . 3 ,  7 .4 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand 23 .8  kev, while those at the other angles measured particles 

of the same energy, 2 . 3  kev, which was common to one of the energies sampled 

by a 0" detector. 

The geometric factor of each detector is about 6 x 10-5 cm2-ster at the 

peak of the energy passband. 

A summary of the detector properties appears in Table 1. 

A most important feature of the experiment is its data sampling scheme, 

also shown schematically in Figure 2. The outputs of the four detectors at 0" 

are accumulated into four logarithmic accumulators over precisely the same 

time interval, a half of a telemetry main frame. This is followed by the storage 

of the outputs of the four 2 . 3  kev angle detectors for precisely the same duration, 

a half of a main frame, A s  will become apparent from the presentation of the 

data, this simultaneity of sampling is absolutely necessary in order to properly 

interpret the data. 

In the presentation of the data, the 2 . 3  kev detector at 0" will be treated as 

though it were two detectors, one common to the set of four detectors measuring 

the four energies at 0", the other common to the set of four detectors measuring 

2 . 3  kev particles at four pitch angles. 

The counting rate data from a detector will be shown as a continuous 

histogram, with each bar representing the rate during a single accumulation 

period of a half a main frame, and with the ba rs  adjacent to each other. In 

reality, however, each bar should be isolated by a blank space of equal length 
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in t ime, representing the other half a main frame during which no accumulation 

from the particular detector takes place. 

It is the pitch angle measurements which will be emphasized in this report. 

While the spectral measurements at 0" are important, they zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcan oilly iiidicate the 

gross features of the spectrum because of the sparcity of the points scvipled on 

the energy scale. 

DATA EXAMPLES 

For the period of t ime sampled, and the geophysical activity present, the 

passes through the northern high latitude region exhibited the following charac- 

terist ics: -4. While crossing the dusk side auroral zone, some small, varied 

fluxes were observed. B. The dusk polar region u a s  usually rather quiet, with 

activity picking up as the satellite moved poleward. This activity was in the 

form of bursts of electrons, from less than one to 10 seconds in duration. of 

highly variable spectra and pitch angle distributions. The acti l l ty reached a 

maximum in the region of highest latitude, and quieted as the satellite moved 

south towards the dawn auroral zone. C. 

zone, quiet bands of electrons of several degrees width were crossed. 

burst  activity, B, will be discussed. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIri the region of the dawn auroral 

Only the 

An example of this activity in the midnight region appears in Figure 3, as 

measured during revolution 54 by the 0.7 and 2 . 3  kev detectors at 0". A notice- 

able feature of this radiation is the lack of correlation between the intensities of 

electrons of the two energies, although the flux at 0.7  kev was always fairly 



large whenever the spikes at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 . 3  kev appeared. During the bursts at 2 . 3  kev, 

the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7.4 kev detector counting rate was usually two orders of magnitude lower 

except for  one intense burst marked on the figure. 

exceeded the 2 . 3  kev flux by a factor of 6, and the 0.7 kev flux by 30%. Note 

that the intensities at these lower energies showed little change during this higher 

energy burst. 

In this burst the 7.4 kev flux 

The measurements at the four angles, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0", 30°, 60' and go", are shown in 

Figure 4 for  the f i rs t  two bursts at 2 . 3  kev appearing in the previous figure. 

the northern hemisphere where the field inclination is greater than about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA80°, 

one of the solar cell paddles of the spacecraft shields a considerable portion of 

the cone of acceptance of the 90" detector, so in general the data from this 

detector should be looked upon with askance, since corrections have not been 

applied. While the first burst was fairly isotropic, the second burst, which was 

extremely broad, had a very large anisotropy until near its end. In fact at the 

center of the burst, the 0" detector showed a factor of two additional increase, 

while the other detectors displayed a minimum. The pitch angle distributions 

for the four time periods labeled 1 to 4 on Figure 4 are shown in Figure 5.  

pitch angles have been calculated from the known inclination and declination of 

the magnetic field. 

In 

The 

Because of the order of magnitude fluctuations in the 0 .7  kev electron flux 

during the 2 . 3  kev electron bursts, any display of energy spectra would be 

meaningless. At t imes the 0.7 kev flux was over an order  of magnitude larger  

8 
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thm zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthat at 2 . 3  kev, a d  at ether tLm-es the 2 , 3  kev zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAflux exceeded that at the 

lower energy by over a factor of two. 

tude lower than that at 0.7 kev. 

The 7.4 kev flux was two orders of magni- 

Another example of an anisotropy appeared during revolution 62 on the 

evening side, and is displayed in Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 ,  with the corresponding pitch angle 

distributions in Figure 7. Even during the f i rst  of the three bursts,  which was 

six main frames in length, o r  about 2 seconds, the degree of anisotropy fluctu- 

ated widely between successive readouts. In Table 2 we show the ratio between 

the Oo and 60' fluxes on a frame by frame basis, as well as the ratio for  the 

second burst, which lasted less than one main frame (0.3 sec). The third burst 

was quite isotropic. 

The spectrum during the first burst was much harder than the spectra 

measured during the bursts of revolution 54, since the 7.4 kev flux on the average 

was only a factor of five below that at 2 . 3  Itev. However, again on a frame by 

frame basis the spectrum fluctuated widely. The ratio of the fluxes at 0.7 and 

2.3 kev is also tabulated in Table 2.  The short burst marked "2" in Figure 6 

occurred primari ly during the storage time for the angle detectors, so that the 

spectrum measured by the four energy detectors at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0" during the half main 

frames on either side in time does not pertain to the actual burst spectrum. 

On revolution 60, during which data was acquired only on the morning side, 

a series of small  anisotropic electron bursts having a very steep energy spectrum 

was observed. The angle detector responses are displayed in Figure 8, and the 
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average pitch angle distribution for the periods shaded black is shown in 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9. What is most significant concerning these bursts of radiation is the 

simultaneity between 0.7 and 2.3 kev electrons, for  which correlations could 

be performed to a t ime scale of 34 milliseconds, a half a main telemetry frame 

at the 16 kbps real time telemetry rate. 

Figure 10 contains plots of the 0.7 kev detector counting rate versus that of 

the 2.3 kev detector, with the correlation performed with three time delays for  

the 2.3 kev response between the accumulation periods of the two detectors. In 

the first case, the data was taken from both detectors during the same accumu- 

l a o n  period; in the second case the data from the 2.3 kev detector was taken 

during the half main frame preceding that from the 0.7 kev detector; in the third 

caae the 2.3 kev detector data was taken a full main f rame before the 0 .7  kev 

detector data. The f i rs t  case shows that in all but perhaps one situation the 

increases in flux at both energies occurred simultaneously, since the slopes of 

the curves are positive. The third case shows that almost always the 0.7 kev 

electrons increase before the 2.3 kev electrons, since many negative slopes 

appear. For about half the increases the first case displays greater simul- 

taneity than the second case. If we make the very tenuous assumption that the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

satellite detectors were measuring a temporal ra ther  than a spatial situation, 

the dispersion in arr ival  t imes is less than 0.034 seconds, implying that the 

source location is less than 0.2 earth radius from the satellite. 
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The average energy Speciralri of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAelect rms for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthese bursts ~ppears in 

Figure 11. 

During the short period of data acquisition in real  t ime on revolution 59 in  

the dawn a u i : G r d  zone, d y  small  fllwec W ~ I Y  ohserved except for one sinall 

burst appearing predominantly at 2 . 3  kev (Figure 11). 

because the anisotropy in  the pitch angle distribution of the burst particles. 

after subtracting the constant zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAflux on either side of the burst, appeared also in 

the 30" detector (an actual pitch angle of 23" ) rather than only in the 0" detector, 

at a pitch angle of 1 3 g ,  as shown in Figure 12. Whether the maximum intensity 

also occurred at 23'. rather than 0", is debatable, because of the poor counting 

stat ist ics. 

This was interesting 

Thus, in summary, the data from seven passes provide the following 

propert ies of the electron burst radiation in thc high latitude region: 

1 )  Bursts of electrons have been found on the dusk side in the region of the 

auroral  zone, in the high latitude polar region on the midnight side, and i n  the 

dawn auroral zone. 

2) Sortie fraction of the bursts display a high degree of anisotropy, with the 

maximum intensities along the magnetic field line towards the atmosphere. No 

statistical study of the frequency of occurrance of these events has yet been 

undertaken, but the fact that such events can be found at all is of considerable 

importance. 

of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 0  to 40 degrees. 

The anisotropies were contained within the local pitch angle cone 
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3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThe anisotropies have been measured only at the energy of 2 . 3  kev. 

However, simultaneous with the bursts at this energy, bursts of electrons zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAat zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7.4 

kev along the field lines were also observed, as well as much smaller fluxes at 

23 .8  kev. One might extrapolate to the conclusion that electrons even at the 

higher energies were also field aligned. 

DISC USSION AND SPECULATIONS 

Due to the fact that these data have been recently acquired, few ground level 

measurements are available for use in determining whether any extraordinary 

events were occurring in the polar region simultaneously with the bursts. The 

Solar-Geophysical Data Report (No. 277) indicates that the period was extremely 

quiet. The sum of Kp for July 31 was 2+, and for Aug. 1, the sum was 11, with 

the fourth three hour period showing a 3+. 

While many electron bursts were observed in the high latitude region, only 

those which exhibited the field aligned anisotropy will be discussed at length here. 

It is perhaps most natural to  assume at the outset that this anisotropy in the 

electron downflux is a direct consequence of a mechanism which energized these 

electrons, rather than an energization mechanism followed by a very unusual 

dumping mechanism which introduced the anisotropy, fo r  example. 

the case it is necessary that these electrons a r e  freshly accelerated, for the 

distinctive field aligned pitch anglc distribution would not have persisted had 

these electrons becn trapped with their m i r ro r  points zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAso deep in the atmosphere. 

This being 
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The observation of such a field aiigned flux at the top zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the a h o s p h e r c  has 

often been taken to  mean that the particles could not have been released on the 

field line at large geocentric distances. This is because the confinement of 

these electrons to a 30" cone at the point of observation where the magnetic 

field was 0.6 gauss would require that these same electrons be confined in a 

cone only zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAio wide at a point on the field line where the field was zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 x lo4 gauss; 

i. e . ,  the geomagnetic tail. This extreme collimation has been regarded as pro- 

hibitive (McDiarmid and Budzinski, 1964). 

Recently, however, Speiser (1965, 1967) has constructed a model for the 

energization and precipitation of auroral particles where such a collimation is 

an important feature. In Speiser's model charged particles are fYrappedfT in the 

neutral sheet by the very much stronger magnetic fields of the tail on either 

side. 

by a t ransverse (dawn to dusk) electric field. At  some point along their tra- 

A s  these particles oscillate across the neutral sheet they are energized 

jectories, Speiser shows that they may escape from the neutral sheet onto tail 

magnetic field lines. The crucial feature of this step in the process is that the 

accelerated particles emerge from the neutral sheet with very small  pitch 

angles, less than io in some of Speiser's numerical examples, and thus could, 

in principle, produce the pitch angle distributions observed at the top of the 

atmosphere. Because the model produces a steady stream of electrons down 

the field line, the velocity dispersion argument made earlier against distant 

sources would be invalid. 
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However, in order to produce these very collimated pitch angle distributions, 

Speiser requires that the magnetic field in the neutral sheet be extremely weak, 

1 0 - l ~  in the example cited above. Sonnett, Colburn and Currie (1967) argue that 

magnetometer measurements from Explorer zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA35 suggest that the magnetic field in 

the neutral sheet is normally close to 17, a field too large for Speiser's model to 

display the anisotropy at the depths i n  the magnetosphere of the satellite. 

Thus, while some mechanism akin to Speiser's may be responsible for the 

production of these electrons, it seems best to reserve judgment until the physi- 

cal bases for the model are conclusively proven o r  disproven. It then is of 

interest to investigate alternative mechanisms. The observation of field aligned 

fluxes suggests that electron acceleration by parallel electr ic fields is a possible 

alternative mechanism. Therefore, let us investigate the effect of a parallel 

electric field on the energy and pitch angles of the particles, in light of our 

observations. 

One has two equations with which to work (Northrop, 1963): the conserva- 

tion of energy: 

where W is the kinetic energy of the particle, the subscripts "i" and 

to the points of ingression into and egression from the electr ic field region, and 

refer 

V is the potential between the points; and the invariance of the magnetic moment: 

W s i n ?  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAu zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
€3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI constant zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 2 )  
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where B is the magnetic field strength and a the pitch angle. 

Close field: 

First consider the case where the electr ic field is confined to a very short 

length of field line and lies close to  the spacecraft, so that Bi/B, is close to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAone. 

(The acceleration occurs ovcr a length e€ field line zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAso short t.hat grad B is 

neglected.) Also, We = Wd, where the subscript ttd" means that a parameter 

is measured by the detectors. Then 

wi < wd sin2ad (3) 

f rom equation 2 .  The direction of the inequality needs clarification. If the 

source particles have a reasonably isotropic distribution, and a maximum 

energy Wi *, then the particle which results in the maximum pitch angle at the 

satellite will have both W,* and a pitch angle at ingression of 90". Conversely, 

measuring ad  (maximum), or placing an upper l imit on it, will give a measure 

of Wi * , and all other particles with either Wi< Wi *, o r  pitch angles at ingression 

less than go", or both, will result  in  pitch angles less than ad(maximum) at the 

detectors. The three cases are  illustrated in Figure 13. 

For an a d <  30°, and wd = 2.3 kev, equation 3 gives Wi < 0.6 kev, anon- 

thermal energy. One then must have a source of non-thermal electrons, 

although it could produce an isotropic distribution. 

such an additional Source is operating, because the anisotropic peaks at 2.3 kev 

are usually contained within, at least in t ime, regions of high 0.7 kev fluxes, as 

Perhaps the data indicates 
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shown in Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. 

source exists for at least 0.G kev electrons. it would not be unreasonable to 

assume it could produce, at t imes, soniewhat higher energies (W, larger). This 

would result in an anisotropy width in pitch angle which would sometimes be 

seen by both the 0" mid 30" detectors, but not the GO" detector zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( a d  larger,  since zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
W d  is fixcd by the  detectors). 

Iwcn iiiitiatid, with only about 13 cvcbiits aiialyzcd, such zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn situation has bcen seen 

only for the smnll cvcnt oi revolution zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5!), ant1 shown in Figure 13. 

However, we cxn argue further: i f  such a non-thermal 

While our se:ii*cli for anisotropic events has just 

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApotcnl iul tlrol) rcquircd to protlucc. a few 1;ev electrons i f  iiiiposed over 

distanccs of onc to ;I l ' w i  thousanct kilonictc~rs would nccessitate high electric 

ficlds, in the rangc oC onc to tcws of  I i i i l l i \ ~ ~ ) l t s / t ~ ~ ~ t ~ ~ .  \Vith this low altitude 

w s c ,  otic u oiild fccl uncwni foi-tal)lc> sq)poi*ting strch pnrallc~l clcvtric fields in a 

rcgion of high cti.nsitic.s oT thcrni;il particles (thc ionosylwrc) for periods of tens 

o f  sccontis. 

11: ste ndtltl ficld : 

If thc electric field intcnsit!. is reduced b y  exTending the field to larger 
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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figure 14 is a family of plots of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWi as a function of a d ,  each curve holding 

M = Di /Dd (i. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC .  , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADi ) ccnstm-t. 

true fo r  a11 but the top Parts of the curves for large zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa d ,  and that the electr ic field 

intensity is constant along a line of force, then this field intensity will be a 

constant for each curve. Only the magnitude of the electr ic field depends upon 

the  distance between the points of ingression and egression. If the latter is 

coincident with the altitude of the satellite, the magnitudes are  those given in 

Figure 14. A s  the point of egression is moved to higher altitudes, closer to the 

point of ingression, the field intensity increases. 

If we also consider that Wi -g Wd, which is 

Therefore, i f  the ingression particles are the thermal component of the 

magnetosphere, with energies below a few ev, and the potential of - 2 . 3  1rV with 

respect to the position of the spacecraft exists at distances of three to six earth 

radii, the anisotropy at the satellite would be contained within pitch angles of 

20" to 40". 

electr ic field extended to larger distances, and thus the potential difference from 

the altitude of the spacecraft to  points of ingression reached the values of Wd 

measured by the higher energy detectors. 

Higher energy particles would be observed in the bursts only if the 

The situation is i l lustrated schematically in Figure 15. The electric field 

is impressed over some region along the lines of force which contains particles 
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of energy Wi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, and passes through the satellite. Since Wi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 Wd, the part icles 

at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.3 kev measured by the angle detectors in the satellite must have originated 

only at the point along the field lines where the potential was 2.3 kV. Particles 

originating above or  below this point would have either too much o r  too little 

energy to be detected. However, if the electric field extended sufficiently far 

along the field line to give a potential of 7.4 kV, particles would then be detected 

by the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7.4 kev detector at 0". 

Electr ic fields of the order of volts/meter are required for this extended 

field case. 

Far fields : 

Parallel electric fields confined to the tail region would require ingression 

energies smaller than about a half an ev to produce the desired pitch angle dis- 

tribution, since in equation 4, Bi/Bd Q 

electron temperatures in the one to several ev range at large distances from the 

earth, although their data in the tail region were taken during what they con- 

sidered to be 'Idisturbed" periods of time. However, on the sunward side during 

"quiet" periods, s imi lar  thermal energies were measured at distances beyond 

five earth radii. 

Isotropic component : 

Serbu and M a i e r  (1966) indicate 

The pitch angle measurements during the bursts,  especially as displayed in 

Figure 7 ,  not only show a field aligned component of the radiation, but also what 

appears to be an isotropic component, whose temporal character ist ics are 
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identical to those of the anisotropic particles. Because of this synchronousness, 

it would be reasonable to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAasaiinle thzt the s m c  seurce mec!lzism also produces 

the isotropic component. 

Such a total pitch angle distribution could be caused by parallel electric 

fields only if the ingression energy spectrum contained a high energy tail, in 

which the temperatures of the two components are markedly different. These 

particles, with Wi > Wi * of the thermal component, would rcsult in particles at 

all pitch angles at  the detectors. Such a high energy tail is also observed by 

Serbu and M a i e r  (1966), with its temperature greater than an order of magnitude 

that of the low energy coiiiponent (Maier, private communication). 

ing temperatures cause a sharp inflection in the total energy spectrum being 

accelerated by the electr ic field, which displays itself as the inflection between 

the field aligned and isotropic portions of the pitch angle distribution. 

Isotropic bursts : 

Such differ- 

Extrapolating our arguments even further, it would also seem reasonable to 

assume that all bursts, whether they display the field alignment characteristic 

o r  not, originate from the same source mechanism, since field aligned and iso- 

tropic bursts are seen seconds apart on the same pass. With parallel electr ic 

fields as the mechanism, the appearance zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA05 the anisotropy would depend upon the 

relative densities of the two energy component gas in the ingression region. 

Again, in te rms of their electric current-voltage retardation curves, Serbu and 

Ma im measure a variable ratio of the thermal to more energetic electrons. 
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During quiet conditions the ratio is generally 10 to 1 o r  more, while during 

disturbed conditions it is not greater than 5 to 1. However, in terms zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof densi- 

ties, or particles available for  acceleration, the ratio will fluctuate even 

greater. Thus the isotropic distribution may result from a small  rat io in the 

ingression region, and the field aligned aspect emerges when the high energy 

component is suppressed. 

Comparison with other experiments zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 

The relationship of the bursts of very low energy electrons to the bursts 

observed by detectors with low energy cut-offs at 10 and 40 kev will remain 

unknown until the study of the frequency of events in latitude and local t ime 

observed by the OGO-4 detectors can be performed. However, the same sta- 

t ist ical studies which have been carr ied out with the greater than 10 kev elec- 

trons indicate a dearth of such bursts in the very high latitude region above 77" 

invariant latitude (Fri tz and Gurnett, 1965). On the other hand the spectrum 

becomes softer with increasing latitude (Fr i tz,  1967), so that there may be 

simply a lack of detectable fluxes of particles above 10 kev in this region. 

Judging from the few passes analyzed in this study, our findings do show that 

the high latitude region above 80" invariant latitude is very active with regard 

to less than 10 kev electron precipitation. 

In no way should this discussion of parallel electric fields be construed to  

indicate that such a mechanism is thought to be the source of the electron bom- 

bardment in the auroral zone. If such fields do indeed exist they are applicable 
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only to the short bursts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof electrons in the low energy range observed by the 

detectors while the satellite is in  the very high latitude region. 
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TABLE 1 

Center Energy Efficiency* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFlux Conversion Factor** 
Angle 

(kev) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(%) (to elec tr ons/cm2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-see - s ter - kev) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0" 0.7 80 

0" 2.3 82 

0" 7.4 65 

0" 23.8 45 

3 0" 2.3 82 

60" 2.3 82 

90" 2.3 82 

6.70  x l o5  

2.03 lo5 

8.13 x lo4 

3.60 x 104 

2.03 105 

2.03 105 

2.03 x 105 

*See Hoffman and Evans, 1967. 

**to convert from counts/readout for the 4 kilobit/sec tape storage mode of the spacecraft. For real time 

telemetry at 16 kilobits/sec these factors must be niultiplied by 4. 
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TABLE 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
At 0" 

Flux in 2.3 lcev Detector  

Flux in 7.4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkev Detector  

Flux Measured by 0" Detector 

Flux Measured by 60" Detector 
Main F r a m e  

1 3.97 46 

2 

3 

1.51 

0.91 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA86 

1.0 

4 1.71 1.6 

5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 

2.26 

2.53 

4.6 

3.5 

- Second burst 3.54 
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FIGURE CAPTIONS 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. Orbit of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 0 - 4  satellite in invariant latitude as a function of local 

t ime for the revolutions from which data has been analyzed. The heavier 

portions of the l ines indicate the regions where data examples have been 

taken. 

Figure 2. Schematic diagram of the experiment detector system indicating the 

look directions of the detectors with respect to the earth radius vector, the 

center energies measured by the detectors, and the sampling scheme of 

the detector outputs. 

Figure 3. An example of burst activity in the midnight region, as seen during 

revolution 54 (4 kbps data). 

Figure 4. Counting rates of the four detectors with common center energy of 

2.3 kev and angles with respect to the radius vector from the earth of 0" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 

30" , 60" and 90" during revolution 54 (4 kbps data). 

Figure 5. Pitch angle distributions of bursts during revolution 54. 

Figure 6. Same as Figure 3, for revolution 62 (4 kbps data). 

Figure 7. Pitch angle distributions of bursts during revolution 62. 

Figure 8. Same as Figure 3, for  revolution 60 (16 kbps data). 

Figure 9. Average pitch angle distribution of bursts during revolution 60. 

Figure 10. Correlation determination between 0.7 and 2.3 kev electrons for 

bursts during revolution 60. 
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Figure 11. Average energy spectrum measurements for bursts during 

revolutions 60 and 59. 

Figure 12. Pitch angle distribution of burst during revolution 59. 

Figure 13. Illustration of the fact that a measurement of the maximum pitch 

angle of the anisotropy defines the maximum energy of the ingression 

particles. 

Figure 14. Maximum energy of the ingression particles consistent with the 

maximum extent in pitch angle of the field aligned radiation for various 

ingression distances given by M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD, /Dd (see equation 5 and textfollowing). 

Figure 15. Illustration of the effect of a parallel electric field impressed along 

a tube of force containing thermal particles with a maximum energy W, * as 

well as a high energy tail. 
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