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üpi-tloii 1 

im-NDPUCTION 

Thin ie the I'lrml nrpori Tor m data analyBlo program applied to a 

Mt«Uita that MIS detitgned to  investlgat« the characteristics and causes 

>r horizontal   Ion 'icnvlty Krndlrntti  In the« P-region ionosphere.    The 

;'»t-«|llt"   In; l run» it*   i««.>»ai|i- ■•■•i: li'.n»"! ami iluvt?lopod under Contract NOnr- 

'I-»OI(U )  for  lnv»'i tii'utlun of th»- i.'Xtcnt »»IKI «»U:;OO Of horl/.ontul   lorio- 

pbarte ■traetMa «as au^v^ssrul l>  launched on the OVl-lH uatellite on 

l^ March !•*•#*   Into a W0 Inklination orbit with u '^O km apogee and a 

'•••• Km |-rl.■»•••.    All of the  13 lnnln»ents operated successfully on orbit 

ind provided valuable data.    Arter 18 monthr of on-orblt operation, 11 of 

the  instruments t«re still providing excellent data.    The satellite per- 

formance was good except for the attitude stabilization which was never 

achieved.    lY- satellite has been turned off since September, 1970, due 

to the  failure of the on-board tape recorder.   As a result of the 

r-atcllite   instabil it lee, the data analysis procedures are more complex 

ttnd the spatial coverage will be restricted .'or some of the measured 

parameter»«. 

Preliminary data reduction and analysis has been achieved for selected 

orbits up to revolution 1^00.    The quality of the data is excellent and the 

large variations   In the solar and geophysical conditions during the period 

provide the desired opportunities to investigite the ionospheric charac- 

teristics for a wide variety of conditions,    nie emphasis placed on the 

analysis efft rt under the present contract was with the data acquired 

prior to uuUllite  revolution number 225 since the instrvonent to measure 

the positive   Ion -IcmJlty and temperature did not function properly on 

later revolutions. 
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The  ionosphere  is frequently characterized by  its ability to absorb, 

refract, or reflect electromagnetic  irradiations.    These characteristics 

are clearly important to terrestrial and space  communications networks and 

to radar tracking systems,  particularly over-the-horizon tracking systems. 

In addition,  the  ionosphere plays an important  role  in the ability to 

detect, locate, and characterize nuclear detonations by means of tht elec- 

tromagnetic signals produced by the detonations.     Changes  in the natural 

ionosphere density and composition are also produced by nuclear detonations 

in or near the  ionosphere, and identification of the perturbed  ionization 

can serve as a means of detection and characterization of the nuclear 

device. 

It is well known that nuclear detonations in the earth's magneto- 

sphere produce strong electromagnetic signals,  particularly in the low- 

frequency range.      Detection of these signals and measurements of their 

characteristics provide a means of identifying, locating, and character- 

izing a nuclear detonation.    Electromagnetic signals from nuclear detona- 

tions have frequently been observed at large distances from the point of 

detonation as a result of the propagation of the signals through the 

ionosphere or within the earth-ionosphere cavity.    The intensity,  time 

dependence, and frequency composition of these  signals at remote distances 

are strong functions of the characteristics of the ionosphere.    At present, 

our limited knowledge of the structure of the ionosphere continues to 

limit our ability to determine the electromagnetic source characteristics 

from measurements on the signals received at distant stations. 

Prior to the initiation of the present program, large horizontal 

gradients in the  ion density near the region of maximum density in the 
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F-region (300-350 km) had been observed by the Lockheed Upper Atmospheres 

droup    with natelltte   instrumentation during a '♦-day  flight  In November 

1963«     ^orn»   of the; gradients persisted from day to day and were generally 

aligoed with the magnetic  field.     These data,  coupled with earlier data 

from the Alouette topside  sounder,   indicated that a nighttime  trough of 

low ion density might be present at all altitudes on the equatorial side 

of the auroral zones.    The data also showed that the ion density gradients 

on the nightside of the earth  In the region of the polar auroral zones were 

related to the low-energy precipitated particle fluxes  in those regions. 

Horizontal gradients were also observed in the South Atlantic anomaly 

region and they appeared to be directly associated with the artificial 
2 

radiation belt and at times with the Van Allen radiation belt .    More 

detailed reports of the early Lockheed and Alouette results have subse- 

3 h quently been published elsewhere      . 

The present program was undertaken to improve our understanding of 

the horizontal Ion density gradients.    The major goals of the program are 

l) to Investigate the vertical extent of the type of horizontal ion den- 

sity gradients observed In November 1963* 2) to study the local time 

dependence and other long-term and short-term variations of the observed 

structure and 3) to investigate the role of the energetic particle fluxes 

in providing the ion density gradients. 

Initially, two satellite flights «ere planned.    One was to be flown 

above the F-region peak density (UOO-500 km) and one below the peak (250- 

300 km).    The satellite experiment that has been completed and is reported 

here was flown above the F-peak. 
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A complete  list of the  Instruments flown on 0V1-18 under the heading 

of HIGLO (Horizontal Ion Density Gradients in the Lover Atmosphere)  is 

given in Table 1.1.     Included in the table  is a brief statement of the 

measurement made by each instrument.    A rather complete description of 

each of the  instruments, their calibration and operation.   Is   Included 
5 

in the Final  Report of Investigations of Horizontal Ion Density Gradients 

and will not be  repeated here. 
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Section 2 

VEHICI£ EPHEMERIS AND ATTITUDE DETE EMINATION 

2.1    Ephemerls Determination 

The ephomerlr:  program  routinely  used   in conjunction with the  data 

analyci:; makcc  uco  of the   inert,ial  coordinates  provided  on an hourly 

lih.ziz  Ly EWT Air Force  Base,  Colorado.    The  program repre.sentc a modifi- 

cation of one previously written at IMSC.     In addition to providing the 

geographic coordinates once every ten seconds,   several other important 

q antitles are computed.     Subroutines are  incorporated for calculating 

various quantities  relating to the earth's magnetic  field:     B,L,  the 

invariant latitude, IC-,   , altitude of the  conjugate point, anr the auroral 

time.    For a typical orbit acquisition approximately two to three minutes 

of 1108 computer time  is required. 

The validity of the ephemeris program is  checked on a given orbit 

by comparison of current output of the solar arrays  to the times of tran- 

sition from sunlight to darkness as calculated by the ephemeris program. 

This test can indicate accuracy of 3 to 5 seconds of time  in the ephemeris. 

Another validity check involves comparisons between the magneti- field 

strengths measured with the magnetometer and those  calculated from the 

geographic position and the earth's magnetic field model.    This tech- 

nique will readily indicate the existence of large errors in the ephemeris 

but is not competitive with the light sensors in regard to accuracy. 

The response of the PFM instrjment to the four crossings of the outer 

radiation belt on each orbit also serves as an indication of any gross 

ephemeris errors. 
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Ar. a   result of the  foregoing tests  It was dlscovereH that the ephem- 

eria  valuer  supplldi  by KNT Air Force  Base were  in serious error for the 

first  iH8 orbits.     For example,  on orbit 3B8 the light sensor indicatefl 

a time equivalent error of 12^  seconds.    Upon further checking,  a surften 

step function  in the satellite position, as derived from the epheraeris 

cards  supplied by ENT, was uncovered.     It is now generally agreed that the 

tracking data used were for another object near the OVl-18 satellite.    For 

six months personnel at ENT tried without success to generate a correct 

ephemeris  for the first 388 orbits.    As a result of their difficulties 

it became necessary to obtain valid ephemerls for orbits less than 

3rtö by utilizing an IMSC program to run "backward"  in time for about 20 

days to cover the earlier orbits.     In this way it was possible to generate 

ephemerls with adequate accuracy  for all orbits up to orbit  number 3ÖÖ. 

The accuracy of the ephemerls was tester! for revolution ^007 by comparing 

the calculated positions with those measured with radar techniques by 

Dr. A.  Freed at Lincoln Laboratory, Massachusetts Institute of Technology. 

The calculated ami measured positions were found to agree within five 

kilometers. 

2.2   Attitude Determination 

The most difficult task associater' with this data analysis effort 

was the development of techniques to establish the vehicle attitude with 

respect to the vehicle velocity vector.    The need arising from the fact 

the gravity-gradient stabilization booms were never properly deployed 

which meant that the OVl-18 satellite never achieved the desired three- 

axis, earth-centered stabilization. 
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Initially,  the  Eatellite  Instability manifested itself as a rela- 

tively slow tumble with a rate of 0.01 per minute or approximately one 

complete revolution per orbit.    The tumble  rate  slowly increased  in an 

approximately linear manner to 0.28 revolutions per minute as  shown in 

Figure 2-1 until mid-September 19^9 when one or more of the booms appar- 

ently came free of the satellite.    At this point,  the tumble rate  increaser1 

more dramatically to a maximum value of 0.UÖ revolution per minute and 

then slowly   'errease'i to the present value  of approximately O.'tO revolu- 

tion per minute.    The tumble rate was continuously monitore'l alonp; the 

three principle  vehicle axes by a tri-axis magnetometer. 

When the vehicle  is  in the sun,   its attitude  can be obtained from 

the sun sensor and magnetometers on board the vehicle.    A first step, 

then, was to establish the residual offsets of the magnetometers so that 

their readings can be compared to a model of the earth's magnetic field. 

In addition, all the energetic particle measuring instruments required an 

accurate knowledge of their orientation with respect to the earth's mag- 

netic field.    The calculated orientation of the  instruments  is very sensi- 

tive to the corrections to the measured field which must be applied 

because of vehicle  fields.     If one assumes that the vector offset field 

is constant in the  frame of the satellite,   it can be determined by com- 

paring the measured field with the field expected on the basis of estab- 

lished field models.    If we define the quantities 

B0 = Model field 

EL. « Measured field 

^ ' ^ - B0 

an offset field will show up as a quasi-periodic modulation of ££ with a 
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period »quil to tht »pin period of iht MtelllW*   ThU is cleorly Hoion- 

ntimted in Pigur" ?•?.    The wxiuUition ir not m fiapl» finufioidai function 

I*««u8e ihtf vrrior orientation of the vehicle offBet field en-l the ftoMMt- 

nr.ti«? fiolu varies in a "»pie« uay as the sateiiite UMblae* 

If one acauMrc a poenib^ vrhlcie offeri fMi with v^^tor conponentL 

•C. where   . «lenot«'! the coonlinat» axie arrt an « rror in the callhmtion 

scale factor of (A.-l) for each axis» we can relate the trw (ao^el) field 

B   to the aeasurs'! fiel'' b    in the follotring May* 
J J 

■/♦) - AJ[%4(%) 4 c43 

If the vehicle orientation «ere lonependeotly known, one could calcu- 

late Bit)  from the aodel aoH evaluate C   an«i A    froa a best fit.    However, 

without prior knowlcg» of the vehicle orientation ue aust base our correc- 

tions on the discrepancy in the total field. 

B(t) . fA^ryo ♦ erf ♦ A^b^t) ♦ c2f ♦ A^bjCt) ♦ cjj 

To evaluate C , we first choose cases where MtJ • t (t ) • 0, in which 

case we can write 

•.■l''i>"-",K^fer-{Ärjf 
where we have used the notation B(tl) ■ B and b (i.) • b . If, as is 

shown to be the case, the corn tlons are saall coapared with the total 

field, we can drop the second order ten» and obtain 

Fron two such cases, one where b     > 0 and the other where b.   < 0, 

we have 
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Bk = -Ai(bik+ci^MlbiJ-ci) 

Then 

A    -        B^B^ Al 
bli +  lblk| 

c    
Bilbikl - Vu . 

Similar results are obtained for AgjCU and A ,C    by choosing suitable 

cases where b    = B    = 0 and b    = bg = 0,  respectively. 

A statistical analysis of all available ^ata for these cases lead to 

the following results. 

CR    " -19 mG 

cv   " - 8 mG 

CZ    " - 9 mG 

AR = \ = 
Az = l. 02 

Figure 2-3 is the same data shown in Figure 2-2 after correcting for 

the offset field, but not applying the  scale  factor.     The  solid  line  showr 

where the zero line would be if a scale correction A = 1.02|? were applied 

to the data.    It is obvious that the periodic modulation has been elimi- 

nated.    The remaining scatter results primarily from the finite resolution 

of the telemetry system and general noise. 

With the vehicle magnetometer offsets established, the next step was 

to add the information from the solar sensor to the magnetometer informa- 

tion and establish the vehicle attitude.    It requires two non-collnear 

2-7 



o 

u 
o 
o 

a 
c o 
w 

I 

o 
■H 

(0 QJ 
■P +> 

Ä *H _ 

0) U) 

ct. 

(on) iaaowa _ amnsvaiig anaa 

2-8 



vectors to uniquely rlefine the spacecraft attitude.    The three axis mag- 

netometer provides one vector and the sum sensor supplies the other (when 

the vehicle  is sunlit).    A program was developed which determined the 

vehicle orientation  in space  in terms of the three Euler angles that de- 

scribe the general rotations of the Space Craft Coordinate System with 

respect to the  fixe'1 earth centered-inertial coordinate  system.    This 

program was  base'1  on a program kindly  supplier   to  us  by  the Aerospace 

Corporation which they harf ('eveloped for this same purpose on earlier OVI 

satellites.     Orbit-attitude tapes were generated for the sunlit portion 

of the orbits prior to number 22'? using this computer program. 

During the non-sun illuminated portion of an orbit the attitude of 

the satellite cannot be determined in the straight forward manner de- 

scribed above.    As mentioned above,  it requires two non-colinear vectors 

to uniquely define the spacecraft attitude, and during the "night-time" 

portion of the orbit only the magnetic field vector from the magneto- 

meters   is available.     Since the Ion Energy Analyzer (lEA)   is  sensitive 

to the angle the velocity vector makes with the normal to the plane of 

its sensor, and since four sensor elements were employed and (iistrlbuted 

effectively coplanar in the spacecraft  it has been possible  to extrapo- 

late the Euler angles  into the  nighttime sector.    The Euler angle    extra- 

polations were accomplished by fitting the measured magnetic field vector 

obtained by the spacecraft to the model magnetic field vector.    All sets 

of Euler angles compatible with this vector fit were used to calculate 

the expected signals to each of the four IEA sensors.    The set of Euler 

angles which gave the "best fit" to the measured signals from the ISA 

was chosen to be the correct set. 
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From the above procedures,   it is felt that the Euler angles and 

hence the  spacecraft attitude have been detemined to a reasonable accur- 

acy   lor mo;;t orbit:; prior to number 225.    Apart from the expense  in time 

and money required to »ievelop these programs for vehicle attitude, the 

most significant effect that the lack of vehicle stability has produced 

is a reduction In the  fraction of time spent observing (or measuring) a 

given phenomena.    That is,  during significant portions of some orbits the 

instruments are  not looking in a favorable direction, as will be seen in 

the next section when the data from the ion energy analyzer is presented. 

However,  since each  instrument orientation with respect to either the 

vehicle velocity vector or the earth's geomagnetic field is known at all 

times, extremely valuable  information has come from the data when the 

vehicle orientation  Is favorable. 

2-10 
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Gectioti  3 

Ion Concentration 

Ion concentration data obtained i'rom the Ion Energy Analyzer is presented 

in Figures  3-1 to >Ö.    Th?  ion concentration is plotted as a function of 

universal time (in seconds).    At each 500 sec time  interval,  the corre- 

sponding values of vehicle altitude,  geographic latitude and geomagnetic 

L parameter are also given.     Indicated on each figure  is the location of 

the point, of transition from sunlight to darkness.    On most  figures the 

location of th^ auroral  rvpiions are shown by the area marked with an "A." 

These  rc^ioriL- were  iletemined  from particle  precipitions as measured by 

other  inrtrumentation carried aboard  the  vehicle.     On those   figures where 

auroral zones are not  indicated, there were no precipitated particles 

observed. 

large data gaps appear in the data.    Small data gaps also appear, 

and are frequently filled in with a broken line.    Thus where broken lines 

appear in the data the exact shape of the  ion density profile  is not pre- 

sented.    The broken line does signify the general trend of the data, 

however.    These data gaps,  both large and small, are the  result of the 

orientation of the vehicle.     During the data gap periods the vehicle was 

in an unfavorable orientation for accurate  ion concentration analysis. 

The vehicle, originally designed to be operated in a stable earth- 

oriented mode,  assumed a spinning-tumbling mode as described  in the pre- 

vious section.    The IEA required a look angle into the velocity vector of 

less than 50  .    Preflight dynamical analysis indicated that Btabillzed 

orientation might not be achieved, therefore,  four separate  sensor elements 
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were positioned co-planar with the  Roll-Zee plane of the vehicle.    One 

sensor was positioned with  its  symmetry axis along the positive zee axit; 

of the vehicle, another was positioned with  its  symmetry axis along the 

negative zee axis.     The other two sensor elements were positioned with 

their symmetry axes making +50    and -50 ,   respectively, with the nega- 

tive zee axis.    With this poEitloning of the h  sensor elements  nearly 

all orientations  for a spinning vehicle, with the  spin vector normal  to 

■the Roll-Zee plane,  would place the velocity vector within an acceptable 

angle with at leai:t one  of the  sensor elements.     Unfortunately,   it appears 

that the vehicle also executed a slow tumbling motion.    The complex motion 

of the vehicle therefore  frequently  caused the  velocity  vector to lie  out- 

side of the acceptable entrance  cones of any of the  instrument sensors. 

On these occasions,   large blocks of data were  rendered greatly suspect 

and were therefore discarded. 

During the period of observation, the magnetosphere was highly dis- 

turbed.    One of the most  intense magnetic storms of the decade was 

recorded during the period from March 19,  1969*  to March 25,  1969.     On 

four of these  five successive nights,   red arcs were observed at the 

Richland Washington observation site.    One must,  therefore, expect that 

the disturbance caused by the magnetic storm will manifest itself in 

the characteristics of the ionosphere. 

A curious feature of the data Is that the expected diurnal effect 

on the Ion concentration data does not appear to be present.    The Ion 

concentration Measured on the nlghtslde of the orbit Is generally Just 

as large as the ion concentration observed on the dayslde of the orbit. 

It may very well be that under these disturbed conditions, a significant 

energy deposit occurs  in the night time region that maintains the high 
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loniMition  I'vl:   tor that coctor.     Coupled   into the diurnal effect  Is 

un altitude el'lcl,  hoveverf   in that the altitude on the night sector is 

BOKVtet  low<r than the altitude  un the day  sector. 

The moi;t striking Feature of the data is the number and magnitude of 

ion concentration gradients.    These gradients are present both in the  sun- 

light and during the  nighttime.    The gradients are however usually more 

pronounced during the night.    Frequently, the total change  in ion concen- 

tration  in one of the  night time gradients  is about an order of magnitude, 

and on occasions will be as great as two orders of magnitude.    However, 

these latter cases are  usually associated with the main night time  ion 

density trough. 

In most cases the  night time main trough  is observed.    However,   its 

character is  rather variable.     The depth of the trough varies from perhaps 

a factor of five to as much as two orders of magnitude.    The width of 

the trough is at times extremely narrow while at other times  li rather 

broad.    The steepness of the walls of the trotjgh also shows marked changes 

from one trough to the next. 

Peaks   in the  ion concentration data are also readily observed.    The 

highest peaks  in the night time  sector are found to occur quite regularly 

at L values of 1.1.    The fact that the largest peaks occur at L = 1.1 may 

be due however to an altitude effect.    The altitude  is near its minimum 

at L = 1.1.     Nevertheless,   it  is significant that peaks in the  ion concen- 

tration occur at night and that they are repetitive  in their location 

with  respect to the geophysical parameter L.    Concentration peaks are also 

found to occur on the dayside of the orbit although less frequently and 

perhaps less dramatically than those that occur at night.    The dayside 
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Ix.aKr; an.'  usually  not kc  charp nor are  they HI: prunounced as  thore   m the 

tii^ht  BidCt     ücnerally  the  dayclclo poakc aro   rather broad and do not  stand 

out significantly above  the average  concentration when compared to the 

nightside peaks.     The maxima    of the dayside  peaks  consistently occur    at 

L values near 1.2 and at positions  in the orbit very near apogee. 

The dayside   ion concentration shows a vei7 significant latitudinal 

dependence.    The lower Ion concentration values occur at the high latitude 

regions, even when those high latitude  regions are at the  lower altitudes 

of the orbits.    The  larger ion concentration values occur generally  near 

the equator and at the higher altitudes.     Upon correcting for the altitude 

dependence,  the latitude dependence of ion concentration would be even 

more pronounced. 

The general trend of the nighttime  ion concentration also  indicates 

a latitude dependence, with increasing values as the vehicle approaches 

the equatorial regions.    The  conclusion for the nighttime  latitude depen- 

dence may not be made as strongly as that for the dayside  in that the 

height profile over the night sector shows a decrease as  latitude de- 

creases and is  near minimum at the equator.    Therefore,  the  ion concen- 

tration  Increase measured on the  nightside as the vehicle approaches  the 

equator may be  in part due to the altitude decrease. 
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Section b 

EI£CTRON MEASUffiMt'NTS 



Section h 

Electron Measurements 

h.l    Thermal Electron Density and Temperature 

A cylindrical I^ngmuir Probe,  kindly supplied by Dr. A. Nagy of the 

University of Michigan, was flown as a part of the  ionospheric measure- 

ments package of OVl-18.    The probe provides a measure of thermal elec- 

tron concentration, electron temperatun-, and vehicle potential.    The 

intent was to compare electron temperature (measured by this probe) with 

the ion temperatures to be obtained from the Ion Energy Analyzer and to 

evaluate the probe's usefulness as a gradient detector.    A useful by- 

product was the vehicle potential which was needed to establish accurate 

energy values for the suprathemKtl electrons collected by the Epitherraal 

Electron Analyzer.    Unfortunately,  the telemetry bandwidth available for 

this probe was too small to allow the probe to have the spatial resolu- 

tion in its measurements to be able to do much about  ionospheric gradient 

measurements. 

Figure h-1 is a plot of the electron concentration obtained from the 

Langmuir Probe for acquisition 13^.    As with the ion concentration plot 

in .^igure 3-l> the electron concentration is plotted on a logarithmic scale 

against a linear time scale.    The appropriate ephemeris information is 

listed on 500 second time intervals.    The open circles indicate the actual 

data points available and point up the problem of spatial resolution. 

The probe makes accurate measurements of the ambient electrons except when 

it is in the vehicle wake.    It was placed on the vehicle in such a manner 

that, had the vehicle been oriented, the probe would have had its axis 

k-l 
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along the velocity vector.    The spinning motion of the vehicle  caused the 

probe to be  in the vehicle wake a significant portion of the time.     In 

Figure h-1 the wake  regions are  indicated.     In those regions little  con- 

fidence can be placed  in the data being accurate ambient electron concen- 

tration values.     It  should be  noted,  by  comparing Figure ^-1 with Figure 

3-8, that when the Langmulr Probe and the Ion Energy Analyzer were look- 

ing in a favorable (non-wake) direction the measured  ion and electron 

concentrations agree very well, as they  should.    The IEA is able to show 

the structural detail that  is missing from the probe data due to the poor 

spatial resolution provided for the probe. 

All of the electron concentration data has been reduced for orbits 

prior to 225«    However,  since the data did not provide a useful input for 

the principle purpose of this study, a study of ion gradients,  the full 

set of data are not shown here.    The Second Quarterly Technictl Report 

showed a plot like Figure  3-8 for acquisition 66. 

The electron temperature and vehicle potential have also been de- 

rived from the data from each of these orbits prior to number 225«    We 

will not show any vehicle potential data here as  it has no specific geo- 

physical value and does not contribute to the  general objectives of this 

study.    Figure k-2 is a plot of the electron temperature derived from the 

Langmuir probe for acquisition 13^«    In the plot, the ambient electron 

temperature is plotted on a linear scale as a linear function of time 

and, as In Figure k-1, appropriate ephemerls Information is supplied on 

500 second intervals.    The wake regions are Indicated to show where the 

data may be suspect.    However, as can be seen In the figure, the electron 
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tenpereture curve •«•■• to Tlow oaoothly through the* wake re^ionc,  Crom 

non-wato to non*w«ke rtgloiti which gives support to the Ides that even 

UK   UUK'-nun-ur-'l U'«pi?mtur»s tmy be valid teapemture aeseureaents. 

Obw.rv»; tN»t tho electron toap^mtures Measured In the high latitude 

regions arc?  HMJ    to \'/xl*Y- higher thun thooo aeasured in the  low lati- 

tude regions.    Poor spatial resolution does not pcralt detailed compari- 

son of the data to possible high latitude energy sources. 

J*.2   Epitheraal Electrons 

Flguies fc-S» '**^» sod k»} show the fluxes of electrons in each of 6 

energy chanoslA aeasured by heads I, 2$ and 3 of the Bplthernal Electron 

Energy Analyser (EM)   experisvnt for acquisition 66.    In the figures the 

flux is plotted on a logsrlthaic scale with the scale for each decreasing 

chsonel niaber displaced downward by one decade. 

Fluxes In a seventh» highest energy channel (3) have been iieasured 

also but not illustrated.   The energy interval corresponding to each 

channel and the factor by which fluxes in each channel aust be multiplied 

to obtain fluxes  in units of ca*   sec'    star*   ev     are given in Ikble 

k.l.   To each energy listed must be added the vehicle potential value to 

give the actual electron energy. 

The following general observations are readily evident: 

Ibe fluxes in the mors energetic channels 7-3 sre drastically reduced 

at night where photo production of electrons is essentially absent. 

Exceptions to this generalixation occur in the nightside auroral zones 

where the fluxes in all chaonels are about equal and at low invariant 

L latitudes of 1*1 and 1*7 where relatively large fluxes of electrons 

(or negativ« ions) wars observed in channel 7 as well as in H and 9. 
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Table k.l 

EEA Channel Convereion Factors 

Channel Energy Interval Conversion Factor rgy interval                        conversion ractc 
(eV) * 'Thannel eV1 ** 

'j 0-2 O.hfrj 

i'. 2 - h 0.593 

7 >* - U 0.?>7 

6 8-16 0»lk9 

} 16-32 O.OY'» 

U 32 - 6«i 0.037 

3 6ii-126 0.019 

* This •mrgjf i« M««urtd ntUtiv« to Uw pountUl «twriy of 

tbt vtbleU «hieb m» typically 3-* «V. 

*• TW riuwa «two In flfitrtt »i-J, fc-fc, «ad *•-!> «two aulilpllttf 

Iqr Uilt rhetor beeaa» nine» In «nlu of •     we*1 «tor*1 

Mi^r    i*   ;f'»4 in Uv tcvn^ lot^nml col 

h^ 



(Miselng duta on all (.'hannols during daylight  results when the particular 

h'"d   lü ürlfiitüd towar«! the  ; uti.)    Note  that the auroral regions are   ludi- 

cated   in the  tli'up:;  by ••tu'lor.fd  rectanr.leo above  the data. 

The  riuxpc ubscrviMl   it. til^ht,   in channclK '(, H and 9 by the three 

ccpttmic h< i'l;   y> r- dtrforeni  by .'Ji-veral ortlero of magnitude at time:;. 

:»unii- nf th«   difforenoe may be oaused by wake effectB which have been 

dociaantad by iJamlr and WUmore (196^).    The difference could also result 

■rum anhiutropy of ttx- «■ hrctron flux or from the electron energy analyser 

?''K,flut: u|   '»'ftitlve  ions* 

• 1 ••    .      : n   • .   :.     :   '*.'    Mar--«-.U    ln>   nn«l  nlnht-.lhr   flux   Sn 

*nannvl 4 MIS Unoer than channel 9.   This ■aaaa that tbare Mas a ntla- 

tlw mm mm In ih>* flu« vs. «mrrgy spectna at an antrgy of about / •? 

(»ItK«* u^ vHil<*lr potential «aa ■■■■ursil to be -J folta at tbaae tiara). 

Ourti a huap ha« toan pradlctad at loaar altitude and durlag dayllght tqr 

thewivtleal atudloa (lagy asd laidia, VflOl tel^n» at ■!•« 19^9) but 

•na not btao aapaetrd at nlglit.   A larvt fmotloanl «ootaat of 0* loo« 

• **   • .4 zttri*  *<mti4 tmävcw tbo otst «ffeei« 

t»l4»o<* fbr mtim*'** ria» la all Haianata ovar M» Mgiwtie polar 

«Op WglOM (tall   rio|4   I IIP»)   I«  t>f»*e«t   la \9m   tUfaf,  Iwt  ll»l   U» 

*tm*->*m** 1« rawftc« *? ^«rraa«!- «lertroo« fraa tba aagartlr tall acrt 

«% % «a iMMi I« Ifmlm* «oUr offset «oil «0 to Uaoatt^Ud. 

*.;f 
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Section ^ 

Klt:KJBTIC PARHCLES 



Section 5 

ENERGETIC PARTICLES 

The principal inrormution on the low-enor^y auroral particle fluxen 

has been derived Crom tvo types of detectors, one for the electron meas- 

urements and one for the proton measurements.    Bot>   types use channel 

electron multipliers as the sensing elements.    Th-t CME detectors are 

Individual iHo   permanent magnet spectraneters used for the electron 

measurements.    They are designed with broad,  flat, response functions 

and arc arranged oonti«"uously so that they cover the enorry ran/re of 

interest without leavini* ^epn.    A rroup of such spectrometers is oriented 

In each of t*«rec} directions, referred to •« the 0   detectors (Gnup 1), 

the 55   detectors (Groups 2 and 3) *nd the 90   detectors (Group '•)•    The 

characteristics of the individual units are listed in Table J.l.   Th«- 

proton detectors, referred to as CFP's, use Magnetic broau to sweep out 

UM electrons, and thin carbon or nickel foils to define the thresholds 

to incident protons.   UM characteristics of ttwse detectors are also 

listad in Tabla 5.1. 

UM rtspocMtt of SCM of UMM dtteeto*4 for the nl^htslde trav*rsals 

of UM noitharn end «outtMiti auroral wonm on fcMreh 22, 1969 are Illustrated 

In flaireVl. toch trar« *- UM output of a lcN*aritl«l<< rataaeter which 

-uafrt^sMs about four decades of äynmic ramM into UM illustrated inter- 

wala.   The pitch ancia appropriate to the Omup 1 detectors is show» la UM 

top euree (IHo0 corresponds to e flu« coain«* oown the field lines)i  11M 

Ode dat«ctor ua^ ««ppri»^in,* a leaporar) aairuftctlor- durinr* part of th« 

t*riv4 illwsirai«4 and iu output tat bean replaced in ttoe plots and sub- 

.*<!<**.% ealculatloM bp tbat of ONQC.   the flrtt double peak in UM noitw* 

Kc«,i:|twr« polar cap region la aa la-fllgbt aalibratica.   Aa tbe satellite 

aoeaa aouthuard into UM euroral teat li tacouatart a bi^bly ttrvctared flu« 

Of soft tleclrt*u, trtilch rapidlr »ukrdene a« %he rate 11 It« ennoaelMt UM 

lower letliwtr:     A *r »i «TM* ;<--{»«a»4 r«« loa of protor pfwclpltatlon is 
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Table  5.1 

Detector Characteri, stic.a 

IJ-irti«' 

Typo ci 
Pnrtio] 
Anuly/' 

l"       Ener»»y Runcr* 
-I               (keV) 

Oeonetric Factor 
(cm'' -  ur) 

Nominal 
Point inf, 
Direction 

(der,) 

CMEIA • • 0.80 - 1.50 8.70 x 10 0 

LB ••' 1.75 - 3.30 8.10 x 10"6 0 

LC ••" i.fb - y.oo 0.60 x lO"0 
v) 

.; •■" 8.30 - I6.3 2.56 x 10"5 0 

IK ••" 17.30 - 37.0 h.Ok x IO"
5 0 

LI ■• Bncki'mund ••» 0 

CKP1H 
4 

P >   }.0 1.30 x lo"U 0 

ID 
• 

P > 3ft. 1.50 x I0'k u 

CMKPA 
• i>.Ht» . i.yt f.ht * IO*6 55 

I 
■ 

-• H.po - I6.5 ?.2k X IO"5 V, 

CKK»A P > 5.0 3.25 x io'5 55 

K 
« 

> ». 1.30 x Mr1* 55 

1 
• 

>6900. 1.30 x io"* ^ 

v ■ 
• 1.80 - 3.30 8.I15 S IO"6 m 

•* 3.75 - 7.00 9.80 x IO"6 M 

CFPJh > 7.7 3.W « 10"' 59 
• 

> • • 

o.ao - i.yo 

1.30 s 10"* 

740 « W"4 90 

•> 
• 

r 1.80 - 3.29 9.M) « ID"6 90 

•<* 
• 

| 1.70 . 7.00 8.50 x ID"6 90 

^D 
• 

B.kO • 16.3 2.^9 x IO"5 90 

crf^t P* > ik. 6.50 x IO"5 90 

to 
• >3B. 6.50 x IO"5 90 
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tU(> iiriHrtjhtrtrod.   A jimlUr ocquane* U lllu«triit«4 for th* 4i>uth«m 
h4«l4ph«r«  t.rr«.  IOM trnvwrmil In Ihla i*l<<ur» «Mtpt In thl« CAM no 
I IN •  •    WT" i.|.,..>rv»4.   Tti«» typicul hlith-Uiltud* opoctml ooftoniru* of 

.••• r»     I     •»••irl> »vidsnt. 

.    NCM    ton typl(*«l riux char^eUrrleticd durlvnl Crtm Uws« 
• • •'  'if Umna Smllotitnd by iho iwii^fÄ in Kiirur^vi.    ftor tho 

■ •  <    Iht flux -Iout. I,» UK« InU'^mi nitfiKir riux of cioetrvna with 
K '• !• . J '-V ul K,   r^|>r»Mnl4 th« riux voifiitod «vtra^it oneivgr. 

<  r "-•• i r.'  •    UM riux l~ tn» ii.i^rrfti nuKlwr riux of proton« with 1*9 
r^V u i K,  r^praaonta th» churttetorlatie or xvomg« «norgy or an •••uatd 
nxpcn^ntiil   .pvctrU ^hap* rittad to tha raauita rrr» the two thraahold 

Tabla5.? 

riux Charactariatlea 

h .t • 
Univ*?r4«l 
Tl*-   ( 

Typ» or 
fSrilcio« 

Niatfwr Plux 
(fytielaa/ 
ear-aac-ar) ■o (^V) 

Pitch 
An«ia 

A * - ■ 

• 
'ufk X iO6 20.6 9* 

i' >^U3 "' 3.1«. x 10° 7.76 V 

* V l   • 
• 

3.38 x IO8 
5.W" 96 

: yi«. 
• 

3.31 a iO7 6.91 12l> 

E tVi' ■•" 5.32 a IO7 2M 125 

Th* period or f»rir-«ry intaraat for tha intareoapariaon or tha Ion- 
' «plwric «nd partiela aaaattraaanta, l.a.v tha rirat 225 oifeita, waa a 
parlod or hiifiiy variable vimra:  activity.    It inciudad two axtraaaiy 
"qulat** day« (daai<—tad 4Q in Xht tablaa or Solar-Oaophyaical Data) and 
cur 'di t »rt^l** day«,  including • propln^nt ttt^n^tic atom on 23 an* 2b 

March.   IV twutnatie activity ln4"« Ap for tha period or intaraat la plottad 
.n ru-ureK".   Th« data in Pimir«» V3(A97) wara obtainad on Narch ?*• durin* 

r- ;  rjed and tha data in FlfW» V-^AIW«) uara obtainad durimt tha 
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quiet day of 27 March. As seen in the figures, a substantial difference 

in the general level of auroral activity is evidenced between the two days, 

und the location of the precipitation region has shifted significantly in 

magnetic latitude. 
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Section 6 

Ion Gradient/Particle Comparisons 

6.1    Ion Gradients 

In Section 3 we discussed the general character of the ion concen- 

tration data that was obtained from the 0V1-18 vehicle and figures were 

shown depleting this data for eight acquisitions of the satellite.    Since 

there are u  rather lar^ number of steep gradients  in the  ion concentra- 

tion plots shown there,  it would seem appropriate to discuss these here. 

We will conb^ler in detail acquisition 66, shown in Figure 3-1*  since it 

seems to be typical.    This data was taken during a period of rather high 

magnetic activity.    It can be seen that a number of the large gradients 

contain significant portions that are dashed, therefore their validity 

may be in question.    The first one,  Just prior to 3^500 sec.  is a trough 

which may well be completely suspect.    However, the second trough, at 

about 3^800 sec, must be real, although its exact shape may be different 

than that shown.    On the basis of this suspect data only the troughs at 

3^500 sec,   361OO sec,  37200 sec, and 3Ö250 sec.   could be largely elim- 

inated or really drastically reduced.    Hie other troughs have enough good 

data to establish at least one wall, as  indicated by the solid portion of 

the curve. 

The auroÄl zone shown at 35500 sec.  is the North day zone and the 

one at 363OO s 'C  is the North night zone.    Between these two zones the 

spacecraft is traveling through the Polar Cap region and the ion concen- 

tration shows a lot of sharp structure ae would be expected.    However, 

the total ion concentration is higher in both this and the southern polar 
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f;ap (38^00 - 3900Ü sec.)  than is usually ceen at this altitude.    Since 

this was a disturbed period of time, the  increased ionlzation in the polar 

caps is to be expected.    The so-called "raid-latitude" troughs appear Just 

equatorward of the night auroral zones (368OO sec. and 38OOO sec.) but are 

not particularly prominant features  in Figure 3-1.    These will be dis- 

cussed in greater detail later. 

The rather deep troughs at about 36900 sec. and 37ÖOO sec. are 

unusual features of the data.    No explanation  is available for their exis- 

tence although similar things have been observed at night on other satel- 

lite flights.    Their existence does seem to be real, however.    In comparing 

this data to that obtained from other satellite flights, the most stratiing 

feature  is the large amount of structure seen in the daytime  ionosphere. 

Normally the solar photoionlzation completely dominates the dayslde  iono- 

sphere with a relatively smoothly varying distribution of ionlzation with 

latitude.    It may be that the high magnetic activity during this pass can 

account for this structure in some way. 

Examination of the dashed portions of the curves in the other seven 

ion concentration plots  in Section 3 reveal that most of the gradients 

must really exist because they are established by one wall of really reli- 

able data.    A further test of the validity of the troughs and gradients 

seen on the  Individual plots is a comparison of these features on differ- 

ent acquisitions.    Experience has shown that most latitudinal features of 

the ionosphere are controlled by the earth's geomagnetic field.    This  is 

to be expected since charged particles can move rather freely along mag- 

netic field lines but require significant application of force to move 

them across field lines. 
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The most effective way to make this orbit to orbit comparison; then, 

would be to plot the data as a function of magnetic latitude.    It has not 

been convenient to do that at this point with the data.    However, an 

approximation to that has been performed to enable a comparison of data 

from two different acquisition, 66 and 97, and is shown in Figure 6-1. 

This rißun.- Qonslsta of a portion of the data shown in Figure 3-1 (acqui- 

üitlon 66) yoonnafinetically aligned with a corresponding portion of the 

data Lhown in Figure 3-5 (acquisition 97).    Each curve is plotted as a 

function of Universal Time but the Magnetic Latitude Is shown on 500 

second intervals.    The magnetic alignment of the two curves was done 

using a mid-latitude magnetic reference point and the alignment is prob- 

ably best at middle and low latitudes. 

Even with this somewhat crude alignment procedure,  common gradient 

features line up quite well as are  indicated by the four double-headed 

arrows shown in Figure 6-1.    Even other gradients  in the upper curve 

appear to have some  relationship to gradients in the lower curve.    They 

do not appear to be as well aligned as the four marked by the arrows, 

but perhaps with careful plotting of the data against magnetic latitude 

these differences would be resolved.    In any event, the data seen in 

Figure 6-1 does provide a validity proof that the observed gradients 

seen from OVI-18 are real gradients and are not generated by the rather 

erratic motion of the spacecraft. 

6.2   Gradient/Particle Comparisons 

One of the main objectives of this Ion Gradient program was to eval- 

uate the mechanisms for creation of horizontal gradients, and in particu- 

lar, to study the role that precipitated energetic particles may play. 
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The  upper portion of P'lgure 6-2 shows the ion concentration data through 

the  night northern auroral zone from acquisition 66 of OVI-18.    For 

roferencc,  thia portion of data is taken near the  second (from the left) 

"A"  region  In Figure   i-l.    In Figure 6-2, however,  the ion concentration 

i;; pluttcd on u  linear ccale.    In the lower part of this figure  is a plot 

of  th-    lnt,c/;rat.(.'d  pn cip Itutcd electron flux in the 1 to 37 keV energy 

mtw'.tj.    'fyili; du tu  ic obtained by summing the  flux measured by the CMElA, 

CMELB, CME3C, CMKlU, and CMEIE detectors and is plotted on a logarithmic 

scale as a linear function of time.    The  ion concentration and the pre- 

cipitated flux arc plotted against the same time scale and on this scale, 

at 100 sec.  intervals, are shown the pertinent ephemeris Information. 

At 36,000 sec. the vehicle is in the polar cap region; and as can 

be seen from Figure  3-1, the vehicle Is still  in the sunlight.    The rela- 

tively low Ion concentration values between 36,100 and 36,200 sec. are 

typical Tor the polar cap region.    Between 36,170 and 36,3^5 sec.  the 

auroral zom- particles are observed.    Their effect upon the ionosphere 

is shown by increased  ion density between 36,200 and 36»3it? sec.    The so- 

called "mid-latitude trough" of the night ionosphere is seen between 

36,335 and 36,400 sec.    The steep gradient side of the trough (at 36,335 

sec.) is seen to correlate with the sudden Increase of precipitated elec- 

trons at that time.    This Is remarkable since these energetic electrons 

deposit their enrrgy, and thus create lonlzatlon, at about 120 km alti- 

tude whereas this ion gradient is observed at about 483 km altitude. 

The ionization increase must have diffused up the magnetic field line to 

be observed by OVI-lB.    Hiere is not a one-to-one correspondence between 

precipitated flux and ionization increase, but such a correspondence can- 

not really be expected at this high altitude. 
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Figure *■-•;   h; n plot,  similar to Figure 6-2, of ion concentration 

Htid pr-f • ip itatcd electron flux  In the southern night auroral zone on 

u-qut:; Itiuti '■'u    For reference,  thia  is the third "A" zone from the left 

in Figure   i-l.    The vehicle  la at middle  latitudes at  30,000 sec.    A 

narrow "mid-Latitude trough"  la  ceon in the   ionization concentration at 

0,100 jec. arid then an  ionization Increase associated with precipitated 

particlea  begins and   La evident to 38,250 cec, at which time the ener- 

getic electrons arc  no longer obaerved«    The vehicle is  in the polar cap 

region from 3Ö>2',)0 :;ec.   to the end of the plot,  which accounts for the 

low  ion concentrations.    As with the  northern zone,  here there  is a 

general correlation of the precipitated particles and an increase in 

ionization,  but there  is not a one-to-one correspondence.    The measure- 

ment altitude (about 5^0 km)  is well above the place where the precipi- 

tating particles deposit their energy and create  ionization.    It does 

seem quite clear that at least some of the gradients observed in the 

ionosphere are caused by these energetic precipitating particles. 

Figures 6-h through 6-11 are additional ion concentration/precipi- 

tated electron flux plots,  similar to Figures 6-2 and 6-3,  for other 

acquisitions of OVI-18.    In these plots the precipitated electrons are 

integrated electron fluxes of electrons with 0.8 to l6 keV energy, and 

are obtained by adding together the flux measured by four differential 

detectors covering this energy range.    Since the vehicle was tumbling, 

the detectors used were those in the moat favorable position to receive 

precipitated electrons.    Also,  In some of these figures there la a bar 

over some portion of the ion concentration data.    Thia la put there to 

indicate places where the ion trap may not have a favorable view into 
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Figure 6-3      South Night Zone Comparison of Ion Concentration 
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the velocity vector and that concentration data may not be fully reliable. 

The portion of the ion concentration curve under the bar is, then, a "best 

^uecs" value   for that  region. 

Figure 6-h  is a  south  night auroral zone pass from acquisition 68, 

March 22,  1969.    The left-hand part ot  the  figure  is at middle latitudes 

and the right-hand part at high latitudes.    The raid-latitude trough in 

ion concentration is seen at about 60850 sec. and shortly after a large 

gradient increase  in ion concentration is seen to correspond with the 

appearance of precipitated energetic electrons.    The pattern of energetic 

particle precipitation is somewhat more extensive than the pattern of 

enhanced ionization, which is due probably to the high altltude of the 

vehicle and the great variability of precipitated particles. 

Figure 6-5 is a night north auroral zone pass of the vehicle on 

March 23, 1969.    On the left the spacecraft is  in the polar cap (high 

latitude)  region and proceeds through the auroral zone to middle lati- 

tudes.    The ionization peak near 6950 sec.  correlates rather well with a 

peak of precipitated electron flux, although the flux seen between 6800 

and 69OO sec. appear to have little affect on the  ionosphere at eatelllte 

altitude.    The  ionospheric mid-latitude trough Is seen centered at 7100 

sec. 

Figure 6-6 is a night north auroral zone pass from acquisition 8P, 

March Tj,  1969.    It starts (on the left) with the spacecraft In the polar 

cap region and passes to middle latitudes.    The large gradients in Ion 

concentration seen between 58OOO jec and 58125 sec. appear to correlate 

with energetic electron precipitation In that location,    However, the 

energetic flux near ^6200 sec. does not appear to have any affect on the 

ionosphere at satellite   leightE. 

6-9 



Figure 6-Jt   South Right Zone Caaparison of Ion 
Concentration and Precipitated Elec- 
tron Plus fro« OVI-16 on Mirch 22, 
I969 (Acquisition 6ö) 
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Figure 6-5    Night North Zone Comparison of Ion 
Concentration and Precipitated Elec- 
tron Flux from OVI-lS on March 23, 
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The next figure, Figure 6-7,   is the  south auroral zone  crossing from 

this  same acquisition,  number 82.    Here the curve starts with the vehicle 

at mid-latitudes and passes  into the southern polar cap.    The raid-latitude 

trough in the  ionosphere  is broad and not very deep, extending from 60000 

sec.   to 60250 sec.    The abrupt onset of energetic electrons at about 60125 

sec.  did not appear to have an affect on the  ion concentration, at the 

satellite.    The  ion concentration gradients seen between 60250 and 60UOO 

sec.  do not appear to correlate with the observed precipitated electrons. 

Figure 6-8 is the north night auroral zone crossing from acquisition 

97, March 2k,  1969.    The polar region is to the left and the mid-latitude 

region to the right.    Very large gradients are observed in the ion concen- 

tration and these seem to relate, at least in a general way, to the pattern 

of precipitated energetic electrons.    The electron flux appears to be 

located at a higher latitude than the enhanced ionization.    A shift of the 

electron flux curve about 75 seconds to the right would bring the two 

curves  into rather good agreement. 

Figure 6-9 is a night north auroral zone crossing from acquisition 

128, March 26,  1969.    Although ion concentration gradients are observed 

in the high latitude region (left side of figure), they do not seem to 

correlate with the location of the observed precipitated electron flux. 

Also,  in this figure the mid-latitude trough seems very broad and shallow. 

On this same acquisition (128), data were obtained for the south night 

auroral zone crossing and is shown in Figure 6-10.    In the mid-latitude 

region, shown on the left of the figure, the ion concentration is rela- 

tively high.    The raid-latit»ide trough appears to be the feature shown 

between U0550 and 4o600 sec. UT.    The Increase in ion concentration 
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following that trough seems to preceed the energetic electron input by 

about 150 seconds.    The observation of variable structure in the  ion con- 

centiation between ^0750 and 1*0900 sec. UT followed by rather low ion 

density (in the polar cap region)  is not unusual. 

The final figure in this series of comparisons. Figure 6-11,  con- 

tains data from acquisition 13^ March 26,  1969.    This is a north night 

auroral zone croscing and here we can see a case with a lot of gradients, 

but one  in which the precipitated particles seem to be anti-correlated 

with the ion concentration.    The mid-latitude trough  is seen in the right 

hand portion of the curve at 67MO sec.  IfT.    Moving to the left from that 

the enhanced peak of ion concentration occurs near the onset of the meas- 

urement of energetic electron.    However, while the energetic electron 

flux remains high (moving to the left) the Ion concentration soon goes to 

a deep minimum,  rising again near (or In) the polar cap. 

The data obtained from OVI-18 were all taken at altitudes above 

about U50 km which, as we have stated previously,   is well above the heights 

at which the measured precipitated electrons transfer their energy to the 

atmosphere and ionosphere.    So,  comparisons of ion gradients and energetic 

particles can, at best,  be loosely qualitative.     For the purposes of com- 

parison we have included In this report some ion concentration/energetic 

particles plots obtained from a DASA auroral package flown on a low alti- 

tude, polar orbiting, Air Force Satellite in November 1965 (1965-90A). 

This data, shown in Figure 6-12, comes from four (U) different passes of 

the satellite over the northern night auroral zone at altitudes ranging 

from 195 to 171 km.    In this figure ion concentration is plotted on a 

logarithmic scale as a linear function of time.    The precipitated particle 

6-1Ö 



1 1 1 
VMVtMiailMtmt 

1        1 1 1 ( 
Mt 

1 
4M 

1 

Mt 

1 

4M              MI 
MMHTM» 

1                 1 

«rt 

1 

«N 

1 

•   m 

U.t 

l 

M.l 

1 

It.l 

 L_ 1                  1 

M.I 

_l  

M.I 

.    J  

M.I 

IM II.« i.n i.N 

Figure 6-11 North Night Zone Comparison of Ion 
Concentr&tIon and Precipitated Elec- 
tron Flux from OVI-18 on March 26, 
1969 (AcquiBition !&) 

6-19 



s IK 
s 

iL u) w 
Ul   UJ    Q   S    > 

r-   o  O  3  p  O 
" 5 P s 5 s 
S i 3 3 3 

9 
9 

J_I i i liii i LLJ i u 

S 

T3 
U 
£ 
01 
♦> 
•H 
Q- 
•H 
u 
& 

a* 
Tl 
a 
ai 

a 
q 
•H 
+» 
g 
+-> 
a 
01 
u 
c 
0 
U • 

l/N 
C VD 
O ON 

M ,-( 
U •* 
O BO 

UJ JH 
C OJ 
0 £ 
M t= 
•H u 
In > 
s. « 
g 0 
o o 
d) d 
a 01 
o A 
N 3 

+3 
•H 

s 
•, i ON 

1 -t 
II N 

Xi u 
»-> ON 
u ^ 
n «* t-: 

in B 
■n t.-. 
3 
*-■ üj 
•H ai 
*« H 
H o 
< •H 

-t-i 
3 IH 

O a) 
.4 fU 

I 

I 
(sH0/NOI) NOIlVUiN3DN0D NOI 

9 9 

d9'33$/SNOiOHd 

e 

6-20 



flux  1c shown  in the lower set of curves and Is plotted on an arbltmry 

loj^arlttmlc seal»; no u linear function of tlae.    Tb* effect of the pre- 

elpttatftd jmrtieh»* on the   ion concentration is draaatic  in each of the 

I'jur «•acca :;fK»wn.    Tin- «•orn.'lution between  incoaine particle flux and the 

Ionisation  increaae   la subctantially better in this figure than in the 

other f'lgurec at this section.    Thh   is to be expected since the data  in 

Figure 9 are taken at much lower altitudes than that taken in GVI-18. 

There is still not a one-to-one correspondence between Incoaing particlas 

and  increased Ionisation since ever, the   I   I  km altitude aeasureaent  is 

made somewhat above the  region where the majority of the  ions are created 

by the energetic particles. 

The conclusion to be drawn from this  comparison is that precipitated 

particles  in the nighttime auroral zone give  rise to significant ioniia- 

tlon gradients at low altitudes and that these effects, although reduced 

in magnitude, are also seen at altitudet. as high as 300 km, well above 

the F2 peak in the  ionization.    At these high altitudes their effect must 

come about by diffusion up from the altitude of interaction.    This creates 

a time delay in their observation as well as a possible   saaaring    out of 

certain characteristics.    This presumably accounta for why some  relatively 

good correlations are observed (i.e., Figure 6*8) and com alaoat anti- 

correlations are also seen (i.e.. Figure 6-11). 
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Section 7 

Summary and Conclusions 

Th.   OVI-lH satellite wac launched on 18 March 1969 into a 99° incli- 

rbtioci urtit with a !//0 km apogee and a U69 perigee.    A major portion of 

iUv puyload wac the HIGLO packafje which contained 13 instruments for 

neaBuring ion concentration and temperature, electron concentration and 

temperature, epithermal electron energy distribution, energy distribution 

of precipitated electrons and protons, angular and spatial distribution 

or these sane particles, and the  intensity and distribution of the very 

energetic particles which are the cause of Polar Blackout.    All of the 

13 InstruBcntc operated successfully on orbit and provided valuable data. 

After 10 aonthc of on-orblt operation,  11 of the Instruments were still 

providing exr'eilcnt data» 

Under the present contract detailed analysis has been carried out 

an the data obtained rrom satellite arquli-itlonc prior to nunber 225. 

Since the satellite failed to achieve  its intended earth-oriented condi- 

tion, but rather perforaed a cooplex tumble notion, significant portions 

of the data were lost due to Instnswnts pointing in ineffective direc- 

tions.    In addition, data analysis was made substantially more difficult 

for the saae reason,    nevertheless, significant results were obtained 

from the study. 

During the first 22^ orbits of the spacecraft, there were periods 

of considerable wmtfmtlc activity.    In fact, the first orbits of data were 

obtained during a highly disturbed period.    The  'on concentration curves 

for these orbit« showed a great deal of horizontal concentration structure 
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(gradients).    A number of the features appeared to be geomagnetlcally con- 

trolled, or oriented, as seen by comparing different orbits that are 

geomagnetically aligned.    The presence of so many gradient features  is 

surprising due to the rather high altitude of the spacecraft and remains 

an outstanding unresolved  item from this study. 

On the other hand, many large gradient features were expected to be 

obcinrvod   in Ihr.'  hi^h  latitude  portion of each  acquisition.     These were 

noon arif] the presence  uf many  oJ" them vie re   related  to the  onset or dernicc 

of precipitated energetic electrons  in the 0.8 to l6 keV energy  range. 

Correlation in detail between precipitated electrons and the  ion concentra- 

tion gradients was not expected as the satellite measurement of the  ions 

was at an altitude much above the altitude where the precipitated electrons 

have their greatest affect on the ionosphere.    The precipitated particles 

are very variable, both in intensity and location, and so    he ionization 

effects seen on a given pass are the result of energetic particles 

deposited at some earlier time.    Under such circumstances,  it is really 

surprising that any correlation exist at all.    An earlier (1965)  flight of a 

low altitude Air Force  satellite gave data with rather high correlation 

between precipitated energetic electrons and  ion concentration enhancements 

and corroborates the above  conclusion. 

It is possible to conclude that, at altitudes near 500 km, very sig- 

nificant horizontal gradients do occur in the  ionosphere.    Most of these 

gradients appear to be geomagnetically controlled and some them (high 

latitudes) definitely seem to be created by the precipitated auroral zone 

particles. 
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