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FOREWORD

The research and construction reported herein were carried out
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the Air Force Geophysics Laboratory personnel whose cooperation helped
to make the project successful , particularly to Dr. R. P. Vancour , the
Contract Monitor, who provided t echnical guidance throughout the program
and handled many of the details involved in integrating the instrument into
the S3-2 sat ellite. The help of the personnel at the Air Force Satellite
Control Facility in Sunnyvale, California , is also appreciated.
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L IN T RO DUCTIO N

The auroral zone and polar cap regions have various patterns of
keV electron precipitation. In particular, auroral arcs are associated with
intense, narrow bands of nearly monoenergetic electrons. While the keV
electron precipitation patterns have been studied by rocket and satellite
instrum entation for many years, the information on these patterns is by no
means complete , and th ere is still much detail in the known precipitation
patterns which can be profitably studi ed further.

An electrostatic analyzer (ESA) for electron detection was launched
on the S3-2 sat ellit e in lat e 1975. This ESA , one of two built for sat ellite use,
was still operating properly in July 1976 and seems likely to operat e reliably
for a number of years , provided othe r satellite components  allow it.

A parallel-plate electrostatic analyzer for electrons in the approxi-
mat e range 1 to 20 keV was developed and fabricated by Panametrics, Inc.
for use on rockets. Several of these ESA’s had been successfully launched
into auroral breakups at r’e Churchill , Manitoba, Canada, and the basic de-
sign had thus been proven in actual use. The rocket payload design fo r the
ESA made use of the comparatively high power levels and telemetry rates
available from rockets, and was therefore not an optimum design for satellite
use. The basic instrument design was thus modified to minimiz e weight and
power requirements, and the data output put into a form suitable for a satel-
lite telemetry system. The final instrument was designed to be compat-

ible with integration into an Air Force satellit e payload, and to make use of
the allotted telem etry.

The satellite parallel-plate ESA design detects electrons over the
approximate range 0.08 to 17 keV in 32 energy bins. A complete spectrum
is swept out in about 1 second, with alternate sweeps being from high to low ,
and low to high, energy . Each energy bin is sampled twice in succession,

with only the accumulated counts being sent to telemetry. Thus, the unit
gives 64 count samples per second. The basic design is discussed in detail

in Ref s. i.1 and 1. 2.

Th e follow ing sections present first a summary description of the
flight ESA , and then a discussion of the first turn-on operation and normal
orbital operation. The final section presents conclusions and recommenda-

tions with regard to th e instrument de sign and applications of the data. An
outline of the ESA data analysis procedure is given in the Appendix.

1
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II. SUM M A R Y  DESCRIPTION OF THE FLIGHT ESA

A detai led descr iption of the two satellite ESA ’ s (fl i ght and b a c k - u p
uni t s )  c o n s t r u c t e d has been give n in Re f . 1. 1. Basicall y, the i n s t r u m e n t  is
a paral le l  plate ESA for me a s u r i n g  i l e c t ron s  in the . 08 to 17 keV range . The
fli g ht  uni t  was launched  in late 1975 and was still  opera t ing properl y in Ju l y
1976 . A s umm a r y  of the sa te l l i t e  ESA cha rac t e r i s t i c s  is g ive n in Tab ’e 2. 1.
The e lec t ron energie s detected a re  l isted in Table 2. 2. The s umming bin
widths are needed to calculate the tota l electron flux and ene rgy  fl ux (see
A ppendix). The e lec t ron  spectrum is swe pt once eve ry  second , with each
e n e r g y  bin being counted twice for a nominal 1/64 second. Successive sweeps
are from channel 00 to 37 (octal)  and f rom 37 to 00 , so a complete in str um ent
cycle take s a nominal two seconds.  Ten analog monitors  are  used to check
prcpe r ESA ope rat ion , with moni tored functions as given in Table 2. 3.

The basic anal ysis of a parallel plate ESA has been given in R e f s .  2. 1,
2 . 2 , and 2 . 3, with a short summary of the flux calculation equations in R e f .  1. 1.
The basic equations are repeated in the Appendix , which contains  an out l ine  of
the data anal ysis procedure .

Table 2. 1

Summary of Fli ght ESA Character is t ics

Particles Detected: Electrons
Detector:  Channeltron Elec t ron  Multiplier
Method of E n e r g y  Analysis :  Electrostat ic  Deflection
Ene rgy  Range :  0. 08 to 17 keV
E n e r g y  Bins:  32 (see Table 2. 2)
Geometric Factor: 4 . 68 x l0~~ cm 2 

- sr
Counting Accuracy:  Statistical
In-Flight Calibration Means: Co 57 and Electronic Test Pulse

Generator
Size: 320 cu. in.
Weig ht: 7. 5 lbs
Power Requirements :  28 ± 4 VDC , 3. 0 W
Number of Analog Outputs: 10 (see Table 2. 3)
Analog Output Signal Le vel: 0 to 5 Volts
Analog Output Source Impedance: 5 k~2
Digita l Output Format: 16 Bits Serial

2
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Table 2. 2

Data on the Elec t ron  E n e r g y  Steps for the Flig ht ESA

Decimal Octa l Plate voltage Electron energy  Summing bin
Code Code (k V) (keV) width (keV)

0 00 0. 049 0. 082 0. 022
1 01 0. 062 0. 104 0. 031
2 02 0.086 0. 144 0.051
3 03 0. 122 0.205 0.071
4 04 0. 171 0. 287 0. 097
5 05 0. 237 0. 398 0. 138
6 06 0. 336 0. 564 0. 197
7 07 0 . 472 0 . 792 0. 269
8 10 0 . 656 1. 101 0. 386
9 11 0. 932 1.564 0 . 549

10 12 1. 311 2, 200 0 . 472
11 13 1.494 2.507 0. 277
12 14 1. 641 2. 754 0. 275
13 15 1. 822 3. 057 0. 282
14 16 1. 978 3. 319 0. 317
15 17 2. 20 3. 69 0. 375
16 20 2. 42 4. 06 0. 39
17 21 2.67 4.48 0.44
18 22 2. 94 4. 93 0. 47
19 23 3. 23 5. 42 0. 51
20 24 3.55 5.96 0.57
2 1 25 3.91 6.56 0.60
22 26 4. 26 7. 15 0. 65
23 27 4. 69 7. 87 0. 74
24 30 5. 14 8. 62 0. 82
25 31 5.67 9 . 5 1  0 .91
26 32 6. 23 10. 45 0. 99
27 33 6. 84 11. 48 1. 12
28 34 7. 57 12. 70 1. 23
29 35 8. 30 13. 93 1. 32
30 36 9. 14 15. 34 1. 47
31 37 10.06 16 .88 1.

543



Table 2. 3

Analog  M o n i t o r s  f or ESA

N u m b e r  F u n c t i o n  M on i t o r e d

+ l0v

2 + 1 5V

3 - 5 V

4 + lOV R E F E R E N C E

5 + 28V

6 Tempera ture

7 + 3kV

8 + 3kV Input C u r r e n t

9 - 10kV Input C u r r e n t

10 - 10kV R e f e r e n c e  Input

III. IN-FLIGHT OPERATION OF THE ESA

The fli g ht ESA was launched as par t  of the pay load of the S3-2
satellite late in 1975. Initial tu rn-on  occur red  a few days af ter  launch ,
which allowed suff ic ient  time for pay load outgass ing to avoid corona pro-
blern s with the hi gh voltages. The ESA was still operating properl y in
Jul y 1976.

III. 1 Firs t  Turn-on  Operation

The f i rs t  tu rn-on  of the satellite ESA is critical in that it must  be
turne d off promptly should any malfunction occur .  The two hi g h voltage
supplies are the important components to watch. Should gas pre s sure
from outgassing components be large enoug h to cause breakdown , then t he
high voltage supplies could be des t royed if left on for too long. Any corona
that occurs  can damage the channel multiplier (CM) electron detector ,
pr imar i l y by causing severe gain loss in the CM. Thus du r ing  f i r s t  ESA
t u r n - o n , the hig h voltage monitors (see Table 2. 3) are watched , and the
ESA turned  off at any si gn of non-normal operation.

4

——

~

—-

~

—---

~ 

--——~~~~~~~~~~~~~~ -~-_---~~~~~~~~ —— -- ---~ - - - - - -- —--— ~~~~ ---~~~~—.- - - - --—---—---~~ -- - ~~- -—---
~~~,- - .Il ~~~~



- -r  - - —- - .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The f i r s t  t u r n - o n  o c c u r r e d  a few days af te r  l aunch ,  and no problem s
were encoun te red .  Al l  moni tors  were  g iving prope r values,  and the counts
from the CM were as expected for n o n - a u r o r a l  condit ions.  Should there
ha ve been any problems. it was planned to leave the ESA off for anothe r day
for further outgas sing and then t r y  t u r n - o n  again .

For the next few days the ESA was turned on several times during
auroral zone passes in an attempt to observe auroral e lec t rons .  One
successful pass was made throug h the northern night auroral zone on
December 8, 1975. Some weak electron fluxes were dete cted during a
portion of this pass. The counts from four consecutive scans (4 seconds)
were summed and the electron spectrum calculated. The spectrum is
plotted in Fig. 3. 1, along w ith the more intense flux observed on March 26,
1976 (see next section). Since the satelli te spin period was about 8 seconds
the spectrum in Fig. 3. 1 is an average over all pitch angles , and over
about 30 km across the auroral zone (the satellite velocity is about 7. 5 km/sec).

The electron spectrum in Fig. 3. 1 shows peaks at 2. 5 keV and 12 keV
Cons ider ing  the large spatial and pitch ang le ave rage , th is  is a reasonable
aurora l  e lec t ron  spectrum. It shows that the ESA is operat ing properl y and
is de tec t ing  electrons as it was designe d to do. The initial t u r n - o n  of the
satellite ESA was accomplished with no problems.

III. 2 Normal Orbi tal  Operation

The e lectron ESA on satelli te S3-2 was launched  in late 1975 , and
normal satellite operation starte d in December 1975. The satellite is in
a near polar orbit with about 1 deg per day precess ion of the orbital plane ,
so it remains near the noon-midni g ht meridian throug hout the year .  Design
lifetime of the satellite is six months , so with proper ESA operat ion in

- - Jul y 1976 the ins t rument  has p er formed be tter than r e q u i r e d .  Generall y,
about two orbi t s  of data per day have been acqui red .

The large amount of data received from the ESA makes it desirable
to have some p re l imina ry  data p lots to help locate the rtrnst important data

• more quickl y. Such p lots have been provided in the form of 64 count sums
ove r two consecu tive  cnanne l s , vs time , for each half  orbi t-  Since each
channe l has two coun t s  per second , this y ields one point for each 16 seconds ,
and a total of 32 plots per orb i t , all on microfiche . Typ ical examples of
these plots are shown or \ ‘ar ch  26 , 1976 , dur ing  a magnetically active
period , in Figs.  3. 2 and 3. 3. The counts are plotted on a logarythmic scale ,
with GMT , la t i tude , i n v a r i a n t  la t i tude , and alti tude given on the bottom scale .

5
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Figure 3. 2 shows a strong electron flux in the ni gh t - s ide  au rc ra l
zone, and a weak flux in the day-side. The rise in counts south of about
35 N la titude is back ground from penetrating protons in the inner radiation
belt. The second part of th is  orbit  (1567) is shown in Fi g. 3. 3 for ESA
channels 10 and 11 . North of latitude 35°S the rad ia t ion  bel t  back ground
is seen, and the n two band s 0 ’ electrons on the day-  side of the pole. The
most intense , third , band of electrons is seen in the nig h t - s i d e  auroral
zone . The fluxe s in Figs. 3. 2 and 3. 3 are among the most intense mea-
sured b y the electron ESA on S3-2 , and are associated wi th  the strong
magnetic act ivi ty of March 26-27 .

The spin period of S3-2 is about 20 seconds , so a one second
spectrum covers about 180 of rotation. The detailed count  p r in t -ou t  for
the March 26-27 data showathe pitch ang le di s t r ibu t ion  of the electrons as
a 20-sec per iodicity in the counts . Since the satellite velocity is about
7 . 5 km/ sec ,  one complete satelli te rotation covers about 150 km in hori-  - —

zontal distance.  During the March  26-27 event the ESA measured peak count
rate s in excess of 10 4 /sec , which is still well within the capability of the
CM electron detector .  Such count rates are achieved onl y a fraction of the
time , so t he l 0 10 _ io~~~ count  life of the CM before gain degradation should
not be reached for some years .  Thus this ESA desi gn is also suitable for
longer-life satellites , even when it is expected to be on cont inuousl y.

A reduced electron spectrum from orb i t  1568 on March 26 is shown
in Fi g. 3. 1. This spectrum is for precip itatea electrons in the nor thern ,
nigh t - s ide  auroral  zone . The spectrum is an average over 6 seconds of
data (12-1/64 sec counts), covering about 108° of satellite rotation and 45 km
in horizontal travel. The spectr um shows a strong peak near 8 keV , and
possibl y a secondary  peak at 5-6  key . From the individual  1 sec count
sequences  it is obvious that there  is some spatial and pitch ang le variat ion
in the flux es , so the spectrum in Fig. 3. 1 is an average , not an instantaneous
electron spectrum . The spectrum is , howeve r, reasonably consistent with
the measur ed au ro ra l  e lect ron spectra (see Ref .  2. 2 , e. g. ).

The March  26 , 1976 e lect ron spectrum can be readil y compared
with the Decembe r 8, l975 spect rum also plotted in Fig. 3. 1. Both show
a sharp decl ine  in the flwc above 15 keV. The greate r f lux in the 3-10 keV
reg ion is obvious , although the 0. 5-3 keV reg ion does not appear to be
signif icant l y d i f fe rent .  Below 0. 5 keV the December 8 data gave no counts ,
so the onl y comparison can be made with the ( 1 0 ’)  upper l imit flux , which
appear s to be Lower.

I
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The e lec t ron  ESA operation in orbit appears to be as expected.
No monitor voltages have been observed to deviate significantly from be-

fore-launch ground ch~ ck va lues,  and the measur ed, r educ ed elec t ron
spectra appear to be valid. An outline of the ESA data analy si s pr o c e d u r e

is given in the App endix. The ESA has operated properly for in exces s of

six months , the  minim um r equired l i fe t ime,  an d app ears  q uL ~~e l ikel y to
operat e reliably for much longer , other satell i te systems permit t ing.

IV. CONCLUSIONS AND RECOMMENDA T IO NS

IV. 1 Summary of In - Fli ght Operation

The electron ESA on S3-Z was launched in late 1975 , and has oper-
ated reliably for more  than the r equ i r ed  minimum of six months. R eturned

electron data g ive hi gh quality spectra and show the  ESA is op er ating proper l y.

Since only one ESA unit is on board ,  p i t ch-ang le in fo rmat ion  can onl y be ob-

tained thr oug h sat ellit e spin at the  rate  of 1 rot a t i c n/ Z O  secs.  How ver , the
energy spectrum is scanned once per second with much hig her resolution
than is normal for satellite spectrometers.  An outline of the analysis  pro-
c edur e is given in the Appendix.

During the one second r equir ed for the ESA to measur e a full elec-
tron spectrum the  satellite moves about 7.5 km across  the  auroral  zone.
Since the satellit e spin period is about 20 seconds,  a complet e pitch ang le
scan , made in one-half rotation, cover s about 75 km across  the auroral
zone. Au.roral f o r m s  are  fr equentl y much less than 75 km , so the satellite

ESA makes only crude measur ements of the electron pitch ang le distr ibution
associated with such forms. Certain types of auroral events, for example

the ‘ inverted-V , may be up to several hundred km across (see Sec. IV. 2 below).
For such events this ESA can provide extremely useful iniorrnation , wit h
much better energy resolution than has previously been possibl e fr om satellites.

In event s of this type the pitch-angle distribution is particularly important ,

how ever , as it is for investigation of luminous auroral forms .  For futur e
satellites it would thus be desirabl e to have several  of these high ener gy
resolution ESA ’s on board to improve the pitch angle coverage.

The back-up ESA was ori ginally scheduled to undergo long-term
vacuum tests at the AFGL. These tests wer e never made, and are  pr obably
now unnecessary,  since the flight unit has proven it s elf in the vacuum of
near - earth space. From the operation of the flight ESA to date, it is likely
that this type satellit e ESA unit would op er at e r eliably in space for a numn-
ber of yea r s,  with the major limitation b eing the operation of other satellite
compon ents.
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The geometric factor *nd ener gy resolution of the parallel plat e
ESA can be quite readily calculated (Ref. 2.3). The detection efficiency
of th e channel multiplier (CM) is mor e difficult to determine. The elec-
tron detection efficiency given in the Appendix is calculated from the mea-
sur ements of P ef. 4.1, and is used as the best available. It is w ell known,
however , that CM detection efficiency depends on the pr ecise type and can
vary appreciably fr om one type to the next . Should it later be possible to
measur e the actual detection efficiency of the back-up ESA , these  measur ed
results would be better for use in the ESA data analysis.  Use of such a mea-
sured efficiency function in the analysis would be quit e straightforward,
since the necessary count data are available in the data base defined at
the beg inning of the Appendix.

Operation of the fli ght ESA can thu s be summarized:

i) Initial turn-on showed no problems, with the ESA operating
properly from th e start.

ii) The ESA has operated properly for in excess of the requir ed
six months, and it should operat e prop erly for some time
should the other satellite components allow it.

iii) The quality of the high resolution electron spectra measur ed
by the ESA appears to be quite good. Much data from the
north and south polar regions have been returned.

Recomm endations with regard to the ESA itself can be summarized
as follows:

i) For future satellites it would be desirable to have more than
one ESA on board to improve electron pit ch angle coverage
in narrow auroral forms.

ii) The CM electron detection efficiency should be measured in
the back-up unit to improve the accuracy of the detection
effici ency used in the data analysis.

IV. 2 Data Applications

Since the S3-2 ESA requires about 20 seconds to complete a pitch-
angle scan (via satellite rotation), it is pr incipally suited to measur em ent
of auroral events in which the pitch angle distribution is r elatively constant
over distances gr eater than 50 km or so. A highly resolved energy spec-
trum can be determined once per second, however , henc e the ener gy-
dependence of such a constant pitch angl e distribution can be measured
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very  accura te ly.  Optimum applicat ion of the  S 3-2  ESA will thus  be to
those types of au rora l  events that a re  relatively stable in tim e (tens of
seco nds)  and in which  the  uniquely good ener gy resolution of the devic e
will be an advantage .

Much u seful  data of a genera l  su rvey,  or st ati~,Y -~ 1 o c c u r r e n c e
basis, can of course be generated to supplement and improvc. that already
in existence.  For example, to determin e the  averag’.’ spectral  character-
ist ics at various locations with better resolution tha n pr eviousl y possible.
Recent  summaries  of pr evious survey data have been made  by Hultqvist
(P e f . 4 . Z )  and Frank  et a l . ( P e f . 4 . 3 ) .  The latitudinal morphology of 10eV
to 1 OkeV electrons as determined from Isis 1 and 2 has  been repor ted by
Winning ham et al .( R e f .4 .  4) and by Torr  and Torr  ( R e f .  4 . 5 )  in the  0.2 to
26 keV reg ion as measured  from the  AEC sat ellite. A general  survey of
polar cap fluxes de t e rmined  f rom Isis 1 is g iven by Winn in gham and Heikkila
(R ef 4 . 2 2) .  The 2 to 500eV AEC data ar e  d i scussed  by Do ering et al .
( R e f . 4 . 6 ) .  Data in the  0.~ to lZkeV r e g ion as m e a su r e d  fr om Ariel  4 a r e
repor ted  by Craven  and F rank  ( R e f s .  4 . 7  and 4 81.

In teres t ingly ,  in 1975 Boy d commented ( R e f . 4 .9 )  that  “monoener g etic
peaks ” similar to those  observed in intens i- a r c s  by Weste r lund  (Ref .4 .10)
had not been observed  f rom a satel l i te .  One of t he  possible  explanations
given was that the previous satellit e ins t rum ents did not have sufficient
ener gy r esolut ion (Ref .  4.9, p. 739 ) .  In f ac t ,  some of the  Ar ie l  4 satellit e
spectra g iven by Craven and Frank in 1975 (R e f . 4 . 7) show clear peaks in
the  ener gy spectrum near 1 keV. The S3-2 ESA , which has even better
resolut ion that that on Ariel 4, has also observed such peaks as shown ,

for example, by the two peaks in Fi g. 3.1. Ener gy spectra r eported by
M i z e r a  et al. ( R e f . 4 . l l )  as measured on the S72-1  satellit e also show such
peaks. Thus,  h monoenergetic peaks” can definit ely b e obser ved f rom

satellites, provided the instrument  resolution is sufficiently good.

It is gen erally believed that such peaks in the electron spectrum
ar e cau sed by electric f ields ali gned along the magnetic fiel d dir ection
(see R e f .  4 . 1 2  for various pertinent re fer ences) .  One of the manifesta-
tior i s of such an ef fec t  is called the ‘ inver ted-V ’  (IV) event , so-called
because as the  event is t raver s ed by a sa t ellit e t he  a v e r a g e  energy is

found to increase to a peak - in the  reg ion of maxim um electr ic  field -

and subsequ entl y d e c re a s e  (R ef. 4.8) .  Near the reg ion of maximum field

intensity the  electron p itch ang le dis tr ibut ion can be hi ghl y field ali gn ed.

Such events may be hundreds  of km in extent (R ef. 4 . 8 ) ,  a l thoug h they may
be considerab l y n a r r o w e r . Figur e 4. 1 shows the ener gy of the  principal
spec t ra l  peak (which is re lated to the av er a g e  spectral  energy ) for the
March  26 , 1976 northern auroral zon e pass. as measur ed by the S3-2

ESA . This is a good example of an IV event some 50-75 km wide.
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H o r i z o n t a l  d i s t ance  t raveled b y satellite (km)
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}~‘i~~. 4. 1. Variat ion of Peak in Electron Spectrum for March
26 , 1076 N o r t h e r n  A u r or a l  Zone Pass.
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We believe that investigation of the spectral character is t ics  of IV
events could be one of the mor e useful application s of the 53-2 ESA data.
Pr evious studies, some of which have used rocket s (B efs - 4.1 3, 4.14, 4.15),
have measur ed electron spectra that can he expla ined by electric fields
parall el to the magnetic field (R ef. 4 .11)  and , in some instances , it is sug-
gested that the electric field could be located close to the i’.inospher e. In 0

a basic investigation of the effects of such an E field on electron ener gy
and angular spectra, for example, Evan s (Ref.  4 .16)  in 1974 consider ed a
1 kV/ l OOkrn field to be located near 200km altitude. In a statistical study
of the probability of finding f ield-aligned pr ecipitation at a fixed electron
energy of 2. 3 keV (assumed to be associated with E field acceleration)
Berko and Hoffman (Ref.  4.17) used satellite data at two pitch angles to
conclude that the probability is highest near~~800km. Comments by Evans
(Ref . 4.18) suggest that this altitude depends on the electron energy. Since
the maximum altitude of S3-2 is ~4 500 km , while the minimum is near 240
1cm, it is very likely that a statistical study of the ESA spectra would pr o-
vide useful data on inverted-V events.

Furthermore, it also appears probable that a significant E field
could exist between the satellit e and the atmosphere - say the 100 km level.
If it wer e possible simultaneously to measur e the spectra in both locations
during an IV event , it would be possible to prove the exist ence of the field
in a given reg ion of space, and much insight could be gained into the mech-
anism for its production. That such a s imultaneous measur ement might be
carried out is suggested by the work of Vondrak and Baron (Refs .  4.19 and
4.20). By use of e-density versus  altitude profiles det ermined by the
Chatanika radar (geomagnetic latitude 64.75°), they developed an unfolding
method to determine the electron energy spectrum incident on the atmos-
pher e that is r equir ed to produc e the measur ed density profile. Thus, if
such a measurement could be performed at the time of an S3-Z overpass ,
it would be possible to obtain a set of simultaneous ener gy spectra mea-
sured at two distinct point s on a single magnetic field line. If enou gh such
set s wer e to be measur ed, it is likely that an inverted-V event would be
encount ered in that location. Following discussions with Vondrak , such
a series of measur ements was carried out during the Feb-March 1976 per-
iod. Vondrak (privat e communication, 4/ 1/ 76 )  has indicated that of this
series,  those of immediate interest (based on ground-based observations
in the vicinity of Chatanika) are as follows:
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Chatanika Satellit e Overpass  —

Time(IJT) Alt.
Day Hr Mm kin

46 07 35 316. 7
47 07 28 308. 9
53 08 28 249. 8
63 07 08 273. 0

During the entire initial series of measur ement s the satellite altitude did not
exceed 500 km on an overpass. Those listed above are  even lower and would
serve principally to verif y the ener gy spectrum determination method devel-
oped by Vondrak (assuming that the satellit e spectra show interesting struc-
ture) .  This, in it s elf, is a very useful objective. Of course , a significant E
fi eld could have been encounter ed on one of these passes,  but it is more
probable that such fields would be ob served for higher altitude overpasses.

Clearly, the data reduction procedur e described in the Appendix
should be applied to the above overpasses to determine the ener gy and , to
the extent possible, the angular spectra in the vicinity of Chatanika. Addi-
tional coordinated measur em ent s should be made, if possible, emphasizing
hi gher altitude passes. In addition to the ori ginal work of Evans (R ef. 4. 16)
on the effect of ionospheric E fields on electron energy and angular spectra,
additional work has been done taking int o account the effects of rapidly time-
vary ing fields (R ef. 4.21) and detector energy resolution (Ref . 4 .15) .  All of
these effects would have to be taken into account in comparing the atrnos-
pheric electron spectrum with that measur ed at the sat ellite, pr ovided an
E fiel d is encountered. Furthermore,  in the presence of such a field the
pitch angle distribution Is generally anisotropic, being highly field-ali gned.
The effects of such a deviation from isotr opy on the measured c-density
profile would have to be considered.

In conclusion, with regard to the 53-2 ESA electron data, we
recommend the following:

I) The data base should be examined on a statistical basis for
augmentation of previous survey data.

ii) Th e high energy resolution capability of the device should be
utilized to examine the details of energy spectra arid its de-
pendence on altitude, latitude, etc., dur ing inverted-V events.

iii) The Chatanika overpasses should be examined in detail, as
described above, and additional coor dinated measur em ents
should be carried out , if possible.
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APPE NDIX

OUTLINE OF ANALYSIS PROCEDURE FOR
SATELLITE E L E C T R O N  ESA DATA

The raw sa te l l i te  ESA data consis t  of the two sets of 32 energy
bin counts accumulated d u r i n g  each complete cycle (2 x 32 64 per second)
and the necessary auxiliary data required during analysis. As a minimum
these auxi l iary  data should allow read y calculat ion , for each ESA count
if necessary, of the following parameters: GMT (or UT), altitude , longitude ,
geoce ntric latitude , geomagnetic latitude , invariant latitude , magnetic field ,
L-shell, local time, magnetic  local time , and magnetic pitch ang le of the
detected ele c trons.  From this  data base for each orbit , the following
analysis  procedur e applies.

ESA data: 32 ene rgy  bins - E., i 1, 32
Each bin has an energy width ~~E.
2 counts at each step - nominal 1 sec cycle .

The energy bin va l ue s , E ., and width s for summing, ~~E ., are given in
Table 2. 2 (Note - Table ~~~. 2 uses i 0 , - - - , 31 , whereas here i 1, - - - , 32
in decimal).

The anal ys i s  then proceeds as folio -:::

1) Select data to anal yze (use onl y 1 cf 4 possible modes):

a) Only use 1st of each double count.

b) Only use 2nd of each double count.

c) Do each count , but separately (may be two
separate r u n s  in a) and b)).

d) Do all counts , no distinction.

2) Read in latitude range for thi s orbit , and latitude intervals for
I summing:

a) Read Lat (start), Lat (finish). When the range goe s
over one of the poles the bin where the maximum
latitude is achieved should be noted. The bin where

sun/d ark  transition takes pla ce should al so be no ted.
(Note: normally invar iant latitude w ill be used , but

the option to use geocentric latitude should be retained.)

I
A-i

____-

~

- ~~~~~ -.-- -—--- -- ——~~~~~~~~ .- ,- ---- - -—-----



— .- ._a_Z - ., - _—.•--—--_—_—... —-—- 
- —~~~

b) Read Lat ( d e c r e me n t )  mode (use either i) or ii)):

i) Use SLat, going from Lat ( s tar t )  to Lat ( s t a r t)  +

S Lat , + 2 S Lat , etc . to Lat ( f i n i sh) .

ii) Or, read in N Lat breakpoints , go f rom La (s ta r t)
to Lat (1), Lat (1) to Lat (2), --- to Lat (finish).

3) Read in pitch angle range s to use (eithe r a) or

a) Read ~~PA , go from PA (mm ) (normall y 0°) to PA (max)
(normally = 180°) in steps of ~ PA .

b) Read  in NPA br eak poin t s , PA( j ) ,  and go from PA(j) to
PA(j + 1) ,  etc.

4) Read  in energy  bin range s to use (ei ther a) or b)):

a) SUM N consecutive bins (NE = 1 is no sum , and may
be use~~; i.e. , go from (1---N E), (NE + l----ZN E),
(nNE + 1---32). Note that last bin may not be NE wide !

b) Read N’ breakpoints , N “(j). Sums are from NE
” ( l )

~
NE~

(2),Ei\T
E

(2 ) + 1 - N
E

’
~~

3)
~ 

etc.

5) Read in the Plotting methods (may do only one , any  two , or all
three) :

a) Plot energy  spectrum for each PA bin . Plot w i l l  bC
S (f lux)  vs log E (~~n crg y). Fo r each  l a t i t u d e  in te rva l
the mode of plotting is (ei ther  i) or i i) ) :

i) All PA bin s a re  on one plot ( p o i n t s , but no e rr o r
bar s).

ii) Only one PA bin per plot, but with error bars

shown for each point. Note that the log E scale

s fixed, but the log S scale m~~y vary f rom run
to run.

b) Plot the PA dis t r ibu t ion  for each la t itude  interva l Mode
of plotting is (e i ther  i) or ii)):

i) All energy bins on one plot (points but no error bars).

ii) Only one energy bin per plot , but with er r o r  bars
shown for each point . Note : the PA scale is linear

~isually 0
0 

t~~~ 180°), but the flux scale can be either

or log J , a s se lec ted by irinut data.

A - 2
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c) Plot a latitude distribution for each PA /E bin. The
plots will be log J vs latitude , with GMT , local time ,
altitude , and possibl y other data , printed under the
latitude. Plots will be made in one of the following modes:

1) Do all point s at each latitude.

2) For each PA bin , plot all energy  points at
each latitude. (This g ive s PA bin # plo ts . )

3) For each energy  bin , plot all PA points at
each latitude. (This gives E bin # plots .)

4) Make a sepa rate latitude plot for each PA /E
bin , plotting both points and error bars.

The above plots should generall y be done on a CRT , with the option
to use a pape r plotte r if desired.

Equations for ESA anal ysis:

There are 32 ene rgy  bins to start - with energy E(i) and effective
width i~ E(i) given as fixed parameters (can use DATA statement) . The
values for E(i )  and ~~E(i) are given in Table 2. 2.

If the individual count s for bin i are M3 (Ej ), then the average
count is

M(E .) = ~~~ M .(E.)/ J  (A . 1)

The flux in bin i is then given by

M(E .)/~~T
= G € (E. ’) 

~r E1 
(A .  2)

where ~~T 1/64 sec (may be corrected if actual cycle tune is not 1 eec) ,
• = 4. 68 x i0~~ cm2 -sr ,  f = 0. 0419, and

€ (E1
1) = 1 - 

6.5 
2 

30 1 (A. 3)
~ + 

(E.’ - 0. 5) 
+ (E. ’ - 0. 5)3 J

with EL’ E. + 0.1,  and c (E. ’) 1.0 if E . ’ < 0, 5. An altcrnative to calculating
1 1 1 1

A - 3  
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e(E~’) as above is to use a table (32 entries). This may be necessary
if cal ibrat ion shows that the ac tua l  e(E 11) differ  from the anal ytical
fit (A. 3).

The statistical error in the flux is

Ô J ( E 1
) = Jm i~sJ~~ ~~~~~~ 

if’s ’ >  ~ (A .4a)

(0. 5/E~T)/ (G e (E .’) 
~r 

E.) , if sT~ 0 and 3> 0 (A. 4b)

= 0 ,  i f J 0  (A.4c)

The fluxes for plotting are calculated as follows:

6) First sort into pitch angle bins for each energy , and calculate
fluxes as above, jm(Ei) ± ö jm~~ j~ ’(32 fluxes for each PA range).

7) Sum over energy bins, as follows:

— —  
j 2

3 (E )  = ~~~j ( E . ) L ~Ej~~~~ E. (A .5
1=3

1

j
2 

1 /2

(E) = ( 8j ~~~~~~~E~)2 

/~~~~~~
j (A . 6)

E = ~~ E./ (j 2 - j 1 + 1)  (A .?)
i=j

l

The values of j 1 and are the breakpoint indices from 4) above.
Not e that the sum s are  j 1 -- -j 2, j 2 + 1- - -j3, etc. , to avoid usin g the
breakpoint bin in two flux averages.

For each pitch ang ie bin calculate the average energy , total
energy flux, and total flux, from

A -4
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32
~~ j ( E 1) 

~~~~ 
E.

L 1=1
E = (A .8)

av 32
~~~‘ j  ( E .) A E .
~~~~m 1 1
i= 1

32
5E tot 

= 
~~ ~~~~~~ 

i~E1 E. (A. 9)

i= 1

and :~zj  = j (E .)  ~~E. (A. 10)
tot m 1 1

i= 1
6

The fina l outputs are :

8) For each latitude inte r val:

a) Print out the averaged flux spectrum for each PA bin
and the averages caculated above . This include s the
3, ÔJ , and E from (A. 5),  (A. 6), and (A . 7) for each PA
bin , and the overall averages E , S • and J from
(A. 8), ( A . 9 ) , an d ( A . l0) .  

av E tot tot

b) Make plots , as necessary  (input  data determine which
plots are to be done , if any).

9) At end make latitude flux plots, as necessary.

Note that steps 6), 7) and 8) must be repeated for each latitude
inte r va l , before step 9) is done at the end.

At some time in the future it may be desirable to add the fl uxe s
from sev eral  orbits together to make synoptic plots covering long time
periods.  Thus an option should be included to output the T . ~~~ and E ,
alon ,. with necessary  ide nti f ying information, onto tape (or elsewhere) for
storage and late r summing.
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