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Comparison of Data From the Low Energy

Electrostatic Analyzers on Satellite P78-1

DL * 4RIPTION OF T1lE PROBLEM

ecusi:cop 'td1 +e Itiv te fv anaulvzezr of Detector- I on satellite
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tcchlIt'. d1e1 it eXist In tue tii~i:cc enerfgy inctlvzexrs.
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O 1c~c Iwe) -dfiuftces weemounted onV Oe cii of two holde rs in such a wayv that
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can be corrected by comparing the four analyzers and the data is useful. The prob-

lem is resolved by making such comparisons.

2. EXPERIMENT AND INSTRUMENTS

2.1 Satellite Orbit

Satellite P78-I, launched 25 February 1979, carries high latitude electron
detectors. The satellite is in a circular, polar, sun-synchronous orbit (noon-

midnight meridian plane) at an altitude of 600 ± 30 km. with an inclination of
73'. The satellite consists of a wheel section, carrying the instruments, and

- sail section, carrying the photocells that power the satellite. The wheel section
spins at il 1 rorr., s o that the spin period is 5.45 ± 0. 150 sec. The spin axis of

the wheel section is perpendicular to the orbital plane of the satellite.

2.2 Instruinents

Two clec'ron detectors are mounted in a single container so their look direc-
*Lons cr.1 '0° ,par. Both luc k ou t ward from The i'im of the wheel section. The

-pin of thu, sattullite scans the detecturs t hrough Adll pitch angles in each spin period.

h t'.,o ltecfors -Ai-e identic-al to those flown on the DlNIS satelli'es. The calibra-

:ions used for the detectois Ar( found in Hardy- et al. 2 The calibrations used are
!I .,.,t ' Li, of +he values for !) , , 'rs 4 and .7 in that \%ork. Each detector consists
,)I t'%% a cv,.'.olve clc rcostatic anal,.zers with channeltrons. One analyzer of each

IiC(Q+." collects ele,.ct-ons in ;be energy range of .50 e\ to -1 keV and the other

flil.r oi ecwh detector collects electrons in the energy range of 1-20 keV. Each

,n~lz.zic rs tight energy channels. All four analyzers are stepped through the

'ight ;r1nnlrels sinIultaneously ver'- 256 nisec. Thus, each set of analyzers pro-

, u.s i" lb -porn spctra in last oXer 1 sec or. about 22 spectra in each vehicle

*' I fri i. I'h, c d ditector in 'he vehicle rotation is called 1).t ct'or 1 and the

*It, ., *o lo..in1 by ',O> is (011(4I I 1i C7

a
3. C(lMP\RION ()F RE1L I'S

* ' f1,1 -f o I W i 1) , i r irison urn bust be node when

t t: , "i. i,' :i. f 47, t)t t, 1 i, tic nru,
4 

iwrn l r ii - c or bo ir :i'h .net I-

- -. .' ... 11 till i,.t:lir n f , . i. . - ifi orbits, rIt -l',1l\ 220, 438, 530, nd

.5 1 , .: 1-1 15:tJ I lf " i i . D t



a. When the stated values of the pitch angles of the two detectors,

pa 1 and pa 2, differ by 2' or less,

b. When the difference is greater than 20 but less than or equal
' to 101 , and,

c. When the difference is greater than 10' but less than or equal

to 200.

Three comparisons are made. The integrated number flux, J is used to

compare the two low energy analyzers (Channels 1-8). Whenever Jtot for the eight
-2 -I -l

channels was less than 2 X 10' e cm sec sr , the counts were very low, gave

poor statistics, and so were not used. The second comparison is of each channel

I il-8) of one detector with the corresponding channel of the other detector. The

:tird comparison uses the differential flux values, dJ."dE, of both detectors for

('ianntl U and 9. Channel 8 is centered at 0. 974 keV and Channel 9 at 1. 000 keV.

Sincc t hev are very nearly at the same energy level, the differential fluxes can be

Co , i ed.

.1 Jtot Vaslues, (1annels 1-8, Both Detectors

,Jaa from all four orbits are used for each pitch angle bin. Orbits 530 and 959

"ccurred during fairly ictive K periods while orbits 220 and 438 occurred duringP
mode-;ite K periods.

In this section Jto is calculated for each time period for both detectors b.\
"tot E tot ( -

t= Z L Ai"(1

A,3 can ib, seen in E'q. (I t, Ic (iinn" Is 1-8 are used in the deterniination of J,ot

.inic( ! conip:ir'ison is being iLde of the low energv analyzers (nly. The ratio of
tot'

1fel! ( t v 2 t ) 1 >) t ' t 1()Y - i c - is w ritte n as j tot-k2) and is d te rt i ned. \ alutles tre

fo?;nd tot all +h r-e pitch cingle bins ,ond the a veragc of all values in each bin and in

i.,t i-bit a-aIulcuLted. TAble I lists the results showing fhe nuimber of saniples,

n ,I- -' e .al ' -)f ft(h -; and ihe standar' deviation If the ratio, s.
tot

Thi' rt-sults it a'll pitct itngle hins nd All f()u' orbits tre in good igrement

+oi 1)
• and give: ::n ove rall ave rage value for nil cc si.-s if '14o+ : I. 640 fit) r 314 a; ip!i -..

IO

I
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Table 1. Average Values of -tot (2) for Several Orbits
tot (-"

(i tot Values are for Channels 1-8 Only)

Case A, I pa I - pa 21 <2 10
Orbit 220 438 530 959 Total

n 12 4 17 2 35

x 614 1.651 1. 58 1.425 .590

s 0. 182 0. 079 . 272 0. 4093 .221

Case B, 20 < j pa I - pa 21 10

n 35 14 68 19 136

x 1.650 1.622 1.650 1.682 1.651

s 0. 179 0. 165 0.209 0.224 0.198

'ICase C, i0° < 1pa 1 - pa 21 - 20'

n 43 1 3 69 18 14:1

-x 1. 606 1. 648 1. 638 1. 7'34 1. 642

s 0. 1194 0. 172 0. 361 0. 274 0. 204

(':IS A 4- B1 + C

n 110 31 154 1,9 31-1

x 1. 624 1. 637 1. 637 1. 693 1. 640

0. 186 0. 15G 0. 292 0. 249 0. 218

3.2 (Omparisoti of [ari Fier. (Lannel (I -16) of the Two IDetectorF

:\6 A seond +echnique,. we compj) ed the count S fr aich energy chliLnrel of tlite

two detectors. T ihl.. 2 sho%%s the r%,tio (,f the ,omn+,; ,roi)m H)et,, .tw, 2 t0* .

of Dlet r't'r I fez- (, i'h of fle 16 cneriffv chinn-ls. .Kiuhtv-eight sa\ikles \ert' '

froml (h-hi ' 21 f r i ym -l' 1- , :IT:,- '10 i s l r' I)-(-( fe' (!. n -I' "-!(;. It

".l bC 'ko'rl thut "n fhe lowetr .ne rg n : . t,,'s * tie, 1, w\.st \ie -jt :-ll., i:, in

!I fl n 'l 11. 1 :1n( the 1h1i hcs+ % ll 0 , - m.-5 in ' ifl,,e 4 . I:,.

I 1rDIv Ohf ., sAn t ti" di' 1 i !1' 1 1 y ' . t

, )., +n , ' I '''' ~ ' .. ,--
-i 1: -i,:,.l . .I. '' -i: -' -". .

t - l i n ,I. h..- . '
[J c2' :' s , '. -; .; t l } { ,} it i! ' ': * I 4 , ' ' ' : ; " : } , ' : ; , i- , .



third spectrum. This gives good agreement with the lower energy portion of the

spectrum from Detector 2.

Table 2. Ratio of Counts for Each Energy Channel,
Both Detectors

Cts (Det 2) Cts (Det 2)
Cts (Det 1) Cts (Det 1)

Ch 1 1644± 0. 165 Ch 9 1.017 ± 0. 189

2 1. 652 ± 0.234 10 0.989 ± 0. 120

3 1.609 ± 0.267 11 1.000 ± 0. 137

4 1.655 ± 0. 160 12 1.043 ± 0. 189

1 5 1.594 ± 0. 159 13 1.006 ± 0. 148

6 1.592 ± 0. 199 14 1.020 ± 0. 176

7 1.579 ± 0.242 15 1.011 ± 0. 180

8 1. 626 ± 0. 157 16 1.086 ± 0. 223

100

#53o
83,644 SEC UT

-ODETECTOR I

~--~DETECTOR 2

~ /5 ~ ----- ~DETECTOR I CORRECTED USING
-

1  A FACTOR OF 1.64

10

07

106: .
0 2 01 i00 I01 02

E (keV)

Figure 1. Electron Differential Energy Spectra of All Channels From Both
Detectors

I
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3.3 Values for Channels 8 and 9, Both Detectors
dE

, Orbits 220 and 530 are used to obtain counts for Channels 8 and 9 from both

detectors. Thirty samples are from orbit 220 and 40 samples from orbit 530.

Since Channel 8 is centered at 0. 974 keV and Channel 9 at 1. 000 keV, they

should count nearly alike. In addition, Channel 8 on each detector should be nearly

equal, as should Channel 9 on each detector. The question arises as to whether

the low energy analyzer of Detector 1 is counting low or that of Detector 2 is counting

high. This question can be resolved by these comparisons.

It can be seen in Table 3 that the ratio (2) of the differential flux values,

dlii dE. of both channels is 1. 639 and the ratio (-i of the dJ/dE values is 1. 611.

i3a)th of these values agree very well with the overall average value of 1. 640 from

Table 1. In addition, the ratios, 2 ) and of the differential fluxe! are

lose to unity. Therefore, Channels 8 and 9 on Detector 2 agree well with each

)the r and with Channel 9) on I)ettctor 1. However, each of them is higher than

C'iannel ; )f Detector I bv a factor of Ahout 1.600. 1his indicates that the low

(te rav analyzer (Ie nnIs I throu h ,' of l)eteCtoe I 9iV. Uotnts that are low I) this

a'l to) '.

lIhle 3. (omparison a)t Channels 8 and 9,

H. A Ii t1ey 220 Hev 530 Overall

t;, 1. 615 1. 650 1. 6339

2 1 1.11 1. 071 1. 057
"2 I 1." ". "

41 ~l 1.0172 1.5d7 1. ttll

t. ((CCH DIM; UIN\lKS

It~~~ t.' 11w I' ....... ,:';, ' [ }, , , i :'a....... tII' 'v't a,' IT ' aaao, T ',a , I* , .

,.4 j J . t , ] t } * t [ ) Z ' t , l i l , I 
I ' , ! i ' , I l ' l " [ 1 _ : [ . " '



U low energy analyzer were substantially lower than those from the eight channels of

the Detector 2 low energy analyzer. The high energy analyzers were in good agree-

ment in all channels (9-16).
3.4In discussions with the designers and builders of the instruments, the con-

lusion was reached that either one or both channeltrons in the low energy analyzer

of Detector 1 was inefficient and gave a lower count than it should, or the problem

was in the electronic circuitry of that analyzer which made the counting inefficient

in all eight channels. In either case, the geometric factor of each of the eight

energy channels was affected, causing a lower count than normal by a certain factor.

In this report, the correction factor for the low energy analyzer data of Detector 1

is determined, to make all data useful.

Several orbits of data are analyzed and each analyzer and energy channel are
compared when the two detectors are at or near the same pitch angle value, at

which time they should read alike.

Three comparisons are made and all agree that the counts for all eight channels

* :f the low energy analyzer of l)tector 1 should be corrected by multiplying the

counts of that analyzer by 1. 6. If this is done, then the calculations of the differ-

'ntial flux dJ/dE, the integrated number flux Jtot, and the integrated energy flux

J Etot, will be performed in the same manner that they are for the other analyzers.
The data are usable but must be corrected as just noted.

The data used in these calculations came from orbits that were early in the

flight of P78-1. Some orbits, from several months later, will be analyzed to see

if this correction factor for the low energy analyzer of Detector 1 remains the same

)r has changed. If the correction factor has changed, it will have to be updated at

various intervals during the flight of P78-1.

3. l'antazis, J. , luber, A. , Hagan, M. P. (1f)77) )esign of'Electrostatic Analyzer,
A G(L-TR-77-0120, AD 042564.

-. flub r, A., llantazi, .1. , lesse, A. .. . and Rothwell, 1. L. (1977) Calibration
ofIhe SS,1/3 Sers!r on the DNISP Satellites. AFGL-TR-77 -0202, AA04599.
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