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Preliminary Data Processing Plan for the
Thermal Plasma Experiment on the HILAT Sateliite

1. GENERAL INFORMATION

The Thermal Plasma Experiment is one of five experiments to be flown on the
HILAT Satellite sponsored by the Defense Nuclear Agency. The HILAT spacecraf
is scheduled to be launched into a 830-km circular orbit with an inclination »f
82.2°. The +x axis will be along the velocity vector (10°), The - -
along th. radial vector (£10%). The prime experiment of the mission is the r lic
beacon, or Wide Band, which transmits a phase coherent signal at VHF, UHF,
and L-band frequencies, The signal is used to probe the ionosphere between the
satellite and ground receivers for regions that cause scintillation,

The other experiments onboard are: the Thermal Plasma Experiment, which

is desecribed in detail in this report; the Particle Spectrometer, which measures
. electron fluxes from 20 eV to 20 keV; the Fluxgate Magnetometer, which is used
- both for attitude determination and for detecting field-aligned currents; and the
Auroral Imager/Mapper, which images the ionosphere below the spacecraft in the

vacuum ultraviolet frequencies,

1 The Thermal Plasma Experiment consists of three sensors, @ ground plane,
t a mounting bracket (to hold the sensors and ground plane), and an clectronics box.
F_. The configuration of the experiment on the spacecraft is shown in Figure 1. The

three sensors of the experiment are the Retarding Potential Analyzer (RPA), the

(Received for publication 25 March 1983)
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Driftmeter (DM), and the electron sensor. The normal to the RPA and DM aper- - ®

tures are parallel to the spacecraft +X axis., The electron sensor boom is parallel ‘
to the spacecraft -Y axis. The ground plane is parallel to the spacecraft Y-Z 3
plane, The functional block diagram of the experiment is shown in Figure 2. .
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Figure 1, DNA/HILAT Configurations, Experiment deck and penthouse sections
seen from the forward (+x) side

1N

T T T Y 7Ty

ﬁ—v-E‘YT il r‘v-r

L, o x - . [ - L e e sy At e celadedade el Al n aca momim e m s omt s o x — —ad



e DO A SN B SN

P

v

N B 3

ANNOYD 3ISVD
NHNL 34 ABY
AB2 ANVNIMd
IDV4¥ILIN
H3IM0d

o

3INVY 4 40 LHTLS
3199 1NCAvIN
WICIY THEED &

LA PN

vIv0 vy

1,78 40
TR EREN

——r—r -v — mpr —rape n n T P ; —" ..;.|.<eimd\\11 e m,-l‘\ ula * v
d ® L 4 e : ’
. 1
\ 1
4
4
i gt e AR T iy )
M iounovd STNGH.03 2 avwm T - T T T T T 4
H _ 4
914 ON1LIWO 4 AS U HY A anT m k
o A E ; ‘vddl NOP 3.
A | L
| ]
_I. - i
'IF\I!I’. . !
CGAN GNILvl Ty EERNTRNLD S 4 k
o .ﬁ* AGI} ﬂ. R L NN :
e ! NV d L
Lver ! AN i CNAGHO
L : e e —— e — - '
J r . 7 _
HILYIANOD p— [ RVETSEEDT —— DNILVC 4 AG 4 ]
20/30 $934 19V170A -——- ONILVO14 A2t
- oz_:od . o1y Aoz -
4 IIII_ INHLTOTS A02 B J«:zw»oa
H | - —_— €F MOSN3S
{
o 93y 93 _ H I 1
A0Z- ADI- AGZ 4 (BuS 3§ oL 43M) H AS+°S1INTHID _ '
0L 0L o1 [— d
038 AS + IOV4HILNI OL
E e i HOSNTS T
r - _ -
i wai !
—— —— — + 1
SLINOHD HIL 4IHS HINNL e o Lt 4313w Lm0 b
ERLZCEIL] REIYR 37040 |,_ o vr NO
9114 ISP J
T -—- nA
‘ AQI - AQZ -
_ f M R 4
i — ———— e e i ————
t P S = m nill _
i - = 2373 ! <
T ll 2 L I
_ \ w %aiwamm H3L43IANOD w0 XNW | | wosnas 4
L N - e i N
_r o] J» he- arv i e 3 e 44
T T
! vy
y JR— — | 1 o . h
I | N (U S
| |
| m e 1 g
; L : [ -
| . I — 20z ] 4 M
: SL1NoM10 FETPIN A ; 4 S ,
hAY ST v RELER .I_ : | REEIRIT i
L — —— L - I |
g ] < be—s _\ i ) o
svig [ xnnw H314 ,
@IMs || E; i . :
\v‘? TR N -3 MOSKNIS NY!‘\ -
s ; zof ERE)
i_- ETRIT % NOM11313 /vdy
% -— b e sr
e e — e }

I SISV VAU

N




Aol i el Singiht Sk Shalt S Sutnii St Sl 4

A..u

2. DATA FORMAT

{
‘.411_“;-‘ [P

2.1 Telemetered (TM) Data
. RPA electrometer (RPA)
. RPA sweep monitor (SWP) o

. Ion Driftmeter measurements (IDM) i )

ey

. Frame Counter (COUNT) - counts TM frames in modulus 128 (0 to 127)

. IDM log electrometer outputs (LLA and LLB)

Electron probe electrometer (ELEC)

o
. Temperature monitor (TEMP) 11
. Sensor potential monitor (SENPOT) ‘
. Four bandpass filter outputs (F'1, F2, F3, F4) :
«
4

Y
@

2.2 Data Storage/Readout

Satellite operations are divided into TM frames of 1/2 sec of spacecraft time,
(1, 000 sec in spacecraft time = 0,99956 sec real time, All time measurements
given herein are in spacecraft time.) The electronics for the Thermal Plasma
Experiment starts its frame with the start of the read-out gate (ROG), which lags
the start-of-frame (SOF) pulse by 375 msec. The experiment frame is divided
into 64 equal timeslots by a 128-Hz counter, The TM words are sampled accord-
ing to the timeslot in which they occur. The data is sampled and stored 5. 13 msec
after the beginning of the timeslot., The 512 bits/frame are allocated for seconds

0 to 61 (frames 0 to 123) as follows:

Word Content # Words/Frame # Bits /Word Total # Bits

. RPA 16 9 144 _
p ELEC 16 9 144 R
L .
4] SWPp 4 8 32 -39
E DA 1= 10 160 )
¢ )
] STUBCOM 4 8 32 ;
1 Total A6 512 j'
] @
- ©
p - R
S S
S .
b . -
évv | :
;4‘ .,i
3 4
P 1
\ .
X '}
1
$
: ]
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Table 1. Data Sampling Format for Frames 0 to 123 Thermal Plasma
Experiment — DNA/HILAT Satellite

™™ T™

Word Time-~ Word Time-

Count slot Bits Contents Count slot Bits Contents
0 0 0-7 SUBCOM 28 32 256-263 SUBCOM
1 8-16 ELEC 29 33 264-272 ELRC
2 2 17-26 IDM 30 34 273-282 IDM
3 3 27-35 RPA 31 35 283-291 RPA
! 35 36-44 ELEC 32 37 292-300 A DU
5 6 45-54 IDM 33 38 301-310 | IDAL
6 7 55-63 RPA 34 39 311-319 RPA
7 8 64-71 SWP 35 40 320-327 | SWP
8 9 72-80 ELLEC 36 41 238-336 ELC
9 10 81-90 IDM 317 42 337-346 | IDM

10 11 91-99 RPA 38 43 347-355 | RPA

11 13 100-108 LEC 39 45 356-364 1O

12 14 109-118 | IDM 40 46 365-374 | IDM

13 135 119-127 RPA 41 47 375-383 RPA

14 16 128-135 | SUBCOM 42 48 384-391 SURCOM
15 17 136-144 FLEC 43 49 392-400 ELEC i
16 18 145-154 | IDM 44 50 401-410 | 1DM

17 19 155-163 RPA 45 51 411-419 RPA

18 21 164-172 ELEC 46 53 420-428 1L ¢

19 22 173-182 | IDM 47 54 429-438 | 1DM

20 23 183-191 | RPA 48 55 439-447 RPA

21 24 192-199 SWP 49 56 448-455 SWP

22 25 200-208 ELEC 50 57 456-464 L EC

23 26 209-218 | IDM 51 58 465-474 | IDM

24 27 219-227 RPA 52 59 475-483 RPA

25 29 228-236 1L EC 53 61 484-492 ELEC

26 30 237-246 | IDM 54 (944 493-502 | IDM

27 31 247-255 | RPA 55 63 503-511J RPA

The 512 bits/frame are allocated for seconds 62 and 63 (frames 124 to 127) as

follows:

Word Content # Words/Frame # Bits/Word Totul s Bits

.1.~r—\-wglri-,c.tr‘v
. P

.LLB/LLA 16 9 144
ELEC 1 9 144
SWP 4 8 32
- DM 15 10 140
4
SUBC A . .
F. UBCOM 1 8 32
- Totul 56 512
:
.
g
o
-
)

rr" W“'rrj"—-'—-yv
S
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The format for frames 124 to 127 are the same as frames 0 to 123, excoept that o
._c LLB replaces RPA for TM words 3, 10, 17 cte., and LL1.A replaces RPA for TH [}
words 6, 13, 20 etc.

B

2.3 SUBCOM Word

The data in the SUBCOM word is multiplexed as follows: 4
N -
; Frame # Frame # Frame # :
Word Count  0,4,8,...,124  1,3,5,...,127  2,6,10,,..,125 1
: 0 COUNT 1 COUNT
3
F-‘ 14 [.LA 12 ILLLB
g 28 ELEC 13 L LEC
>
3 42 TEMP 4 SENPOT
L
b TENMP (0 to 255 = 0,00 to 5.10V) is the output of the temperature monitor inside
[" the electronics package for the experiment. The conversion from telemetry to
}' temperature is:

T = -40°C + TEMP * (0, 020V /bit)*(25°C ‘v) . (1)

SENPOT (0 to 2535 = 0.00 to 5.10V) is the output of the floating bias volt: 1e applied
between the spacecraft ground and the experiment ground. The conversion from
telemetry to potentiul is:
- DA RN s R ¢4 «
Ogpn © 1800 ENPOT = 4,0 V'V, (2)
The nominal limits are ¢
(SENPOT = 1,00V),

SEN 0.00V (SENPOT = 4,48V) and OgpN T 14.0V

2.4 Timing

Two data storag. registers are used so that one register may be loaded while
the other is read out by the 'TM.  Data readout will lag data storr,, > by 1°2 of »

spacecraft second,  tieh word is serially stored as it necurs in the datu format,

10 .. 0
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Likewise the current to plates B and C is

Igc =K *(1/2W - D+ tan (a)) . (4)

The value that is sent to the TM is log IAB - log ICD' It can be shown that for

'al < 25°
IOgIO(IAB/ICD) x k*tana |, (5)
where

k= -2,3 *tan a * W/(4 * D)
Then, the horizontal component of the plasma drift is
Vy-(V'S+Vd)*tan(a)-x-ys . (%)

Ideally, Vd will be determined from the RPA data. However, for preliminary
processing, we will set this value to zero.

The procedure for obtaining the vertical component of the plasma drift is
identical except the TM value is log IAD - log ICB' Then, using kq. (5), the

vertical component of the plasma drift is

= 2 . {
VZ \V'S+Vd)*tana+g L/'S . 7)

We can estimate the component of the drift that is normal to the sensor aperture

by assuming that the drift parallel to the magnetic field is zero:

Vd;'(\—lz' Bz+¥y' By)/Bx ’ (8)
where
Bx‘ f3y, f32 = component of a unit vector along the magnetic ficld vector,

A series of screens or wire grids are located between the aperture and the ,
collector plates, but are not shown in Figure 3. The grids have ~lcoctrostatic 1
potentials applied to them to perform a variety of functions. These include the ]
surpression of electron currents to and from the collector plutes, exclusion of -
light ions upon occasion as explained in Section 3. 2, and compension of the ion 1
trajectories due to the other potentials. As a result of the grids, the effective

value of D and the actual value are slightly different.

13
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3.2 Operation of Driftmeter . ]
There are two log electrometers used by the driftmeter, Their outputs are .]
4
referred to as V1 and V2, which are placed directly into the TM as LLA and LLB.
If the log electrometers 2re connected to plates A + B and C + D, the outputs are R
g
- - ’ ]
LLA = V1 —G1 * log IAB+V10 _“.._
1
LLB = V2 = G2 * log Iep* V20 , (9) 4
4

where
Gl' G2 = amplifier gains = 1,01 .ﬂ
Vior Voo © amplifier zero levels = 10. 62, 3

We assume that the log amplifiers are matched so that G1 = G2 = GL' The zero

levels are set so that Vy =V, =V, =456V whenl:= 10°% A, T

Instead of sending V1 and V2 to the TM for use in determining the ion drift

velocities, they are input to a difference electrometer. This output is amplified
via a capacitor with a voltage VC across it, The final voltage presented to the

telemeter is

VD =Gy * [(V2 - Vl) + Vc] . (10)

The value of Vc is set once each 4 sec to the instantaneous value of (V1 - Vz), SO

that VD = 0 if the environment is changing slowly. Since there are two modes of

connecting the log clectrometers when measuring the ion drifts, there are two

F capacitor voltages stored; one for the horizontal drifts and one for the vertical

" drifts. The gain of the difference amplifier has four levels of sensitivity such

"4 that

4 (3-R)

- Gy =J %4 , (11)
3 where

i R = range = 0, 1, 2, 3,

E The difference amplifier output is translated by 2. 52 V before being presented to
!_" the TM. Thus, the difference value, D, in the TM equals VD +2.52 V.

3
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The values of R and D are combined into a single TM word so thit

IDAL = D. R. value
i i i

P11 P TP T 1

0 1 23 456 7829 bits
M L.
S S
B B ,
where
i = index within a frame - 1,2,3,..., 186

Di = difference output 0 Vto 5.10 V

Ri = range = 0,1, 2,3,

The driftmeter operates on a 4-sec (cight-frame) cyele, In addition to repr..-
senting the ton drift velocity measurements, the first eight values of the first of
these eight frames represent "re~zero'’ and "offsct” meusurements which ar.
described in the next section. The proper frame in which the re-zero and oiisct
measurements are located is found with the use o7 the Drame counter, COUNT,
The superscripts R, O, and D used in Section 3, 2. 1 denote values related to

re-zero, offset, and drift measurements,

3.2.1 RE-ZERO MEASUREMENTS

The re-zero measurement is made by disconnecting the output ~' the difference

amplifier from the TXI line and grounding it through the cupacitor u. .o e
horizontal or vertical drift. The output to the TM during a re-zero measurenient
is the translation voltage that should be 2.52 V. Smail vuriations from the nominal
translation is anticipated due to system temperature changes, The true transla-
tion voltage, DR, should be used in the data analysis. The main purpose of th.
re-zero measurement is to re-set the level of Vc- used in bq. (10). Using the

example of Eq. (9), the horizontal ¢apacitor would be e to

= - = * 1 - :
V. V1 V2 GL IOg(‘AB/ICD) + (VIO V20) . (12)
If the environment is unchanging, the following drift messurements will be nearly
equal to the null value output to the TM during the re-zero measurement,  Any

changes in the environment will be measured relative to the value ol VC set during

the preceding re-zero measurement.

15

e a PP P T PG W U UL O P v LI VLA P A WU WV N W P § LI . N S Ly

Py

..

e

v

® ... @
. . e
FUPTTpdly (Y TLPIL W W7 VAN S S

’
o
R S

'
, SR

.o



AL Sar an ot s a4
. B e
. N PREN

DRGSR A: Iahh i deihcit

Aamre aratey

il ol S I S o gih o & 4
. ‘-

| ant
- .

g A A B o 5 S T S i S e S e S N T T IR —

3.2.2 OFFSET MEASUREMENT

The purpose of the offset measurement is to find the voltage placed on the
capacitor during the re-zero measurement. The offset measurement is made by
reversing the log amplifier input to the difference amplifier. The offset measure-
ment is made immediately following a re-zero measurement and it depends upon
the assumption that the ion arrival angle and the outputs of the log amplifiers do
not change between the two measurements, The result is that the output of the
difference amplifier, using the example of Eq. (9), is

0 _
Vi =Gy * (V) - V) + V]

=Gg *[2 %G * log(l, /)] . (13)

By substituting Eqs. (5) and (11) into Eq. (13), we [ind the difference output value

in the TM during a re-zero measurement is

0
DP=2+G, *k*3*xaBF ) wranlynsay | (14)

The ion drift angle during the offset measurement is determined from

G
tan aO . D™ -2.52V . (15)

2 %G, *k*J*4xx3 - RO

By substituting Fq. (15) into Eqs. (6) or (7), the ion drift velocity component is
obtained.

From the offset measurement, we can find a voltage equal to the voltage placed
on the capacitor during the re-zero measurement plus any mismatch betwe en the
log amplifiers. By substituting Eqs. (13) and (14) into Eq. (12), we obtain the

voltage on the capacitor as

20 - (16)

16
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[he offset value to be used in the following difference measurements is

y._D%-2.52v
2 %] * 4#4(3 - RO)

0=V +(Vyg-V (17)

10

3.2.3 DIFFERENCE MEASUREMENT

The majority of values entered into the TM for IDM represent the hifforern
measurements. For the differences due to horizontal ion drifts, plates A wni:
are connected to the first log amplifier and C and D are connected to thc s.c o
For vertical drifts, plates A and D are connected to the [irst log amplifier sni B
and D are connected to the second. In addition, the voltages stored on the cap: -
itors during the horizontal and vertical re-zero are used in combination with th.
output of the log amplifiers as input to the difference amplifier. From lgs, (1),
(10), and (11), the voltages from the difference amplifier is

D

= D 7 - v
VD = (J * 4%%(3 - R ))*(VC-GL*log(I )+(\20 208 1 (13)

aB/lcp 10

Using the previously-obtained value for Vc' 2g. (17), the difference voltoge is

D _ D
Vo = % 4¥x@ - RV * (0 - G * logll, p/T ) - (19)

Using Eq. (3), the difference measurement put into TM is

DP- @3 -RONr 0 -G xk*rana Dy v2s2 | (20)

L

where the subscript i is used to denote the sample within the frame. The drift
angle can be found as a function of values found in the TM by rearranging torme in
Eq. (20)

tana” = 0 - (0,7 - 2,52/ * 443 - ROM/G 20 . (21)

3.2.4 TM OUTPUTS

As previously explained, the outputs of the driftmeter are 1DM that occur
16 times per frame and LLILA and LLLB that are in the SUBCOM word., The operation

of the driftmeter represents an 8-sec cycle composed of two sub-cycles. During

@
e the first 4 sec of the 8-sec cycle, the driftmeter makes 32 horizontal drift meas- : .4
i urements per second, During the second 4 sec, the driftmeter alternates between 1
E horizontal and vertical measurements, making 16 measurements per second of 1
v each, Y
b Y )
f. 17 -0
1

YT T T
L
9

- T
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- The first eight values of IDM in each 4-sec period represent the re~-zero and -
R offset measurements. The first four values represent re-zero and offset meas- ."
‘ urements made with a series of electrostatic potentials on the screens between "
o ) the aperture and the collecting plates. These potentials are designed to prevent
. the H' ions from reaching the collector plates without affecting the trajectory of

the O ions. The second four values of the first frame of data are re-zero and
offset measurements made with a potential on the screen set to pass H" and O
ions equafly without affecting their trajectories from the aperture to the collecting
plates, The screens are used to electrostatically prevent secondary electrons
from leaving the collector plate. All drift measurements are made with the later
set of potentials on the screens.

The arrangement of driftmeter measurements is given in Table 2 for an 8-sec
period. The analysis algorithm assumes that the difference amplifier is perfectly
linear, The outputs of the log electrometer are only output to the TM once per
4 sec as LLA and LLB as 8 bit words in SUBCOM. In addition, during frames
124 to 127, LLA is output 32 times per second as a 9 bit word.

3.3 Data Analysis

The following is an algorithm for converting the TM values of the drift meas-

urements (IDM) into scientific units:

Step 1: Acquire a frame of data. Obtain the value of COUNT; this will
have to be created for odd-numbered frames, [f no more data are

available, go to Step 9.

Step 2: If COUNT

N*8, where N =0, 1, 2, ..., 15; Then to to Step 4.

Step 3: If COUNT = N*8 + m, where N =0, 2, 4, ..., 14; Then to to Step 8.
If COUNT = N*¥8 + m, where N =1, 3, 5, ..., 15; Then go to Step 9.

"

m=1,2,3, ..., 7 .

Step 4: Calculate and retain the re-zero and offset values using Egs. (15)
and (17). The subscript denotes the IDM word within a frame.

. D, - 2.52 S

tanaly 5 = 7% G, ¥k #J % 3303 - Ry) o

on ) - D, -~ 2.52 .0
a“"‘v,4‘2*GL*k*J*4**(3-R4) ’
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Step 5:

Step 6:

Step T:

Step 8:

D6-2.52
(tana)H 6 = Z*GL*k*J*4**(3-R6)

D8 - 2,52

(tan a)v_ 8~ 2 % Gy *k*J * ¥*(3 - Rg)

DG - 2.52

H=2*J*4**(3-R6)

O

Dy - 2.52
v 2*J * 43 - Ry -

(@)

where

GL = 1.0 and k*J = -1, 524665.

IfFN=1, 3, 5 ., 15; Then go to Step 7,

» s .

N=0 2, 4, ...
drift measurement using OH from Step 4 and Eq. (21)

14. For i = 9to 16, calculate and retzain the

(tan a)H,i = (O - (D, - 2.52)/(J * 4%%(3 - RMN/(G, * k)

Go to Step 1.

For i = 9 to 16, calculate and retain the drift measurement using

OH and OV from Step 4 and Eq. (21).

Fori =9, 11, 13, 15

(tan a)y ; = (Oy - (D] - 2.52)/( * 44%(3 - R)N/(G * k)

H "
For i - 10, 12, 14, 16

(tan a)y | = (O - (D) - 2.52)/(F * 453 - RYN/(Gp * k)

Go to Step 1.

Calculate and retain the drift measurement using OH and OV from
Step 4 and Eq. (21)

(tan a)} i© (()H - (Di - 2,52} /(J * 4¥x(3 - Ri)))/(GL * K)

1
Go to Step 1,
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Step 9: Calculate and retain the drift measurements using OH and Oy
from Step 4 and Eq. (21)

Fori=1, 3, 35 ..., 13

(tan a)H' i© (OH - (Di = 2.52)/(J * 4%%(3 - Ri)))/(GL * k)

Fori=2, 4,6, ..., 16

(tan a)y ;= (O, - (D - 2.52)/(J * 4%5(3 - R)/(G * 1)

Go to Step 1.

Step 10: The values of the ion density can be calculated as:

1, = LO®{(LLA -V, )/G/ )
Iy = 10%{(LLB - V,)/G, |
Np = Ly +I) (e (Vg + VA ]

Step 11: There are now four time series of tangents of the drift angles plus
the ion density. The tangents of the drift angles from the standard
operation of the driftmeter are (tan a)H and (tan a)v. The drift
angle tangents obtained when the 't ions are excluded from the
collector plates are (tan a); and (tan a)i;. If satellite attitude and
ephemeris data are available, the angles can be converted to drift
velocities using Egs. (6) and (7).

4. RETARDING POTENTIAL ANALYZER (RPA) DATA PROCESSING

4.1 Theory of Operation

The retarding potential analvzer (RPA), as shown in Figure 4, is a planar
ion collector that allows ions to freely enter the aperture, Since the spacceraft
is supersonic with respect to all ion species, all ions will pass through the
aperture, The ground plane around the sensor ensures that the surfaces near
the sensor aperture are electrostatically uniform, so that straight lines represent
the ion trajectories us they enter the sensor, Internally, the retarding grids are
stepped through o series of appli--d voltages, When the potential barriev is equal

to the energy gained by u specics front the sarellite sotontisl an ! sa0ellit motion,

21

(VY —tiat

PP Y P




[

LT, T Tfr 00 v?v’l""“y’v,vﬂw:j’w‘* o 0007 .-.‘ e o,
. . . L - : MUY SN RN

4, v

P Riea S PLAat b St My TN

oo — 32090 —
| 1.000"

APERTURE GRIOS
SWEPT GRIDS

//SUPPRESSOR GRID
COLLECTOR
:.EJ i - :

T

1.830

TO AMPLIFIER

Figure 4. Cross-section of Retarding Potential Analyzer for DNA/
HILAT Satellite

half the ions of that species will not penetrate the retarding grids., For H+, this
is 0.29 V plus the satellite potential, For O+, this is 4, 59 V plus the satellite
potential,

Because the satellite potential could go to -14 V with respect to the plasma
due to exposed contacts on the solar panels, the ion sensors and ground plane have
been electrically separated from the spacecraft ground potential, The ground
plane is isolated from the sensor and electronics by a 1011 ohm resistance. The
ground plane floats to a potential with respect to the plasma of 0 to -2 V. The
electronics for the sensor unit measures the potential between the ground plane
and the spacecraft (A¢ = ¢sc - d:Gp). A floating potential of -A¢ is applied, which
acts as the ground potential for the sensors,

The current flow (I) to the RPA can be expressed as a function of the applied
potential (d>p). This analysis assumes that a single Maxwellian temperature

applies to all ion species,

] 2

. a, exp(-x?)

- A"z\"’ z N |1+ ers(x) + S (22)
1 \ANE
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9 _-Ae‘a [ 2
R N, exp(-x.)/"m. } , (23)
aap V2 T KT —~ i i i
where
[y JEearm
x; = a; {V (2 e¢)/mii| for¢ = 0
X; = V/a; for¢ < O (24)
x
erf(x) = (2/47) f exp(-z2) dz (25)
o
¢ = potential of retarding grid with respect to plasma = ¢ _ + d)p (V)
¢, = potential of sensor aperture with respect to plasma (V)
ép = potential of retarding grid with respect to aperture (V)
A = sensor aperture area (m2) = 7Tr2, where r is aperture radius = 0.0127 m
e = electronic charge = 1, 602 X 10_19 C
o = sensor transparency = 0,590
N; = ambient ion density of it" constituent (m™3)
m, = mass of ith constituent (kg)
_ . 1/2 _ .th o -1
a; = (2 kT/mi) = most probable speed of i~ constituent {m sec °)
T = average ion temperature of all constituents (°K)
k = Boltzmann constant = 1.38054 X 10”23 J/°K
j = number of ion constituents

et

vy o= vehicle's speed (m sec_l) normal to the sensor aperture = Ve

Vd = component of the plasma drift normal to the sensor aperture.
= + '
A% Vd VS
For a spatially uniform plasma, the current, I, is constant with respect to
cjp until x;, for the lightest ion present in a measurable quantity, approaches
zero, Then, the current, I, decreases monotonically and aI/aop increases.

When x; is zern, al/aép is at a maximum, This can also be expressed by
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As c&p is increased and x; becomes significantly less than ~1.0, the current I again
becomes a constant, until %, for the next heaviest species approaches zero, 1If
there are species present for which 1 Xi1 ' < 1,0 when X, = 0

difficult to analyze the RPA data.

then it will be very

This is the case in the ionosphere w: »n both

. =0
t+1 :
This is the case in the topside ionosphere when H' and 0" are the only significant

+ + C e .
H and He are present in significant amounts. If !le\ > 1,0 when x, =0, it

is relatively easy to find from the data the values of (‘)p for x; = 0 and x

ions, Ixamples of RPA data are shown in Figure 5 when it and O are present
at 840-km altitude,

< -’i .:’
! ORBIT 2501 B N
"y : 1/28/77 5 _I
= ¥ E’.i
=2 4 -
. - T -
21 o -1 . [ isew
e e e iamaes e e e e e e e
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Figure 5. An Example of Ion RPA and Spherical Electron Sensor
Data as a Function of Applied Voltage at 810-km Altitude. The
upper plots are from the spherical electron sensor and are typical
of Langmuir probe data in a large Debye'length with respect to the
size of the instrument. The lower plots are from the RPA when

it is in plasma composed of H* and O

In order to find the drift velocity component parallel to the sensor aperture,
g, (24) is used. The value(s) of c‘)p, where X; = 0 is/are determined from the

data. If two or more values of @p(x.‘ = 0) are available, Eq. (24) can be sclved
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directly for the two unknowns, d)s and Vd' If only one value of ¢p (xi = 0) can be

obtained from the RPA data, then ¢S must be obtained from another source, such

e,

as the electron sensor.

If the plasma is not uniform over the time interval of a sequence of ép' the
data analysis of the RPA data will be difficult or impossible., Large variations
in the ambient density (up to An/n = 0.5 at 16 Hz) can be eliminated from the data

when 1 xi1 > 1 for all species, Near values of % = 0 in the data variations e

greater than An/n = 0,02 at 16 Hz can ruin the data analysis.

4.2 Operation of RPA

The aperture grids of the RPA are held at the sensor ground potential at all
times, The sensor ground potential is biased away from the spacecraft potential,
as explained in Section 4.1, to keep it close to the undisturbed plasma potential.
The retarding grids are stepped through a sequence of applied voltages that are
shown schematically in Figure 6 and given in Table 3. The collector plate is
biased from the sensor ground by the retarding voltage plus -10 V. The surpres-
sor grid is biased by the retarding voltage plus -30 V. Any photoelectrons or
secondary electrons generated on the collector plate should be driven back to the
collector plate by the potential from the surpressor screen, Thermal electrons
entering the aperture are prevented from reaching the collector by the potential
from the suppressor grid, Auroral electrons generally have sufficient energy to ,,.J
reach the collector. ’ ‘ ’

The retarding grid applied voltage is stepped through a pre-programmed set ' ]
of levels on a 64-sec sequence, At the beginning of each sequence, the applied

voltage is set to the first step in the program (location 00, 0.000 V). After each

L

readout of the log electrometer, the applied voltage is stepped to the level given «.;

in the next program location. For seconds 0 through 3 and 32 through 35, the .

applied voltage program steps through locations 00 to 7F. For seconds 4 through 5 .

and 36 through 37, the program steps through locations 80 to BF and repeats o

each 2 sec (four frames) until second 32, when the first sequence is repeated, or )

;L. until second 62, At second 62, the electron sensor begins its applied voltage ...‘...;

sequence. Design limitations have r..quired that the RPA applied voltages be the

s same as the electron sensor during these two seconds. The voltages in locations 1
t~ . CO to FF are stepped through during seconds 62 and 63. At the end of second 63, 4
" the program re-starts at second 0 and location 00. If there is a power interrup- 1
] tion at any time, the program will re-start at second 0 and location 00 at the '1
pr L . . 4
;. beginning of the next frame after POWER-ON, During testing it was found that h
\ ]
g the applied voltage program is often one frame or 1/2 sec ahead of the instrument 1
N :
g sequencer, COUNT,

<
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The current to the collector plate is measured by a log electrometer in the j
electronics package. If the current to the plate becomes negative for any reason, o
the output of the electrometer is zero. The calibration of the electrometer is
given in Table 4. There are no modes of operation for the log electrometer, The

observed variations in current collected are due to the retarding potential and the

geophysical environment. During seconds 62 and 63, the RPA and its electrometer
are functioning, but the data are dropped from the TM output.

Table 4. Calibration of RPA Log Electrometer

+1 10712 1071 | 10710 | 107% | 1078 | 1077
1 -——- 0.22 1.26 2,28 3.29 4.29
2 -—- 0. 49 1.353 2.59 3.59 4.58
3 -— 0.70 1.74 2,77 3.77 4,76
4 -——— 0. 82 1.86 2.89 3.89 4,88
5 0.00 0.97 2.01 2.99 3.99 4,98
6 0.02-0,08 1.06 2.10 3.07 4,07 --
7 0.08-0,18 1.12 2,186 3.14 4,13 --
8 0.12-0.20 1.16 2,20 3.19 4,19 --
9 0.18-0.26 1,22 2.25 3.24 4,23 --

10 0,.22-90,30 1.25 2,32 3.29 4,29 -

Current input vs analog voltage output (ambient temp = +14, 8°c
temp monitor = 2. 16 V)

+35.1°C Ambient temp -9, 6°C

2.96 V Temp monitor 1.14V
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Input Current

Output Voltage

Input Current

Cutput Voltage

5x1077A

5% 10784

5%107°4
5x10 105

5x10 114

12

5% 107 "“A

4.97V
3.98V
2.98V
1.91V
0.92V
0.00V

7

5%X10°'A

5x10784

5x1094

5% 107104

5x10 114

5x 107124

4,98V
3.98V
3.00V
2,01V
1.02V
0.00V
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4.3 Data Analysis ®
The only accurate way to find the drift velocity parallel to the sensor aperture T {:j
(Vd) is to do a least-squares fit of the data to Eg. (22). Such fitting procedures . .__:
tend to require a large amount of computing time. This should not be done in the :::
preliminary data processing. Instead, only an estimate of Vd should be obtained -_: j
during the preliminary processing of the RPA data, )
For an estimate of parameters of interest, it is assumed that either Gl is
the only species present or H and O+ are the only species present, The follow -
ing algorithm is a possible method of estimating results from the RPA datno:
Step 1: Obtain o from the Electron Sensor data. If unavailable, assurme —
64 = -2 V if the vehicle is in the carth's shadow, or ¢_ = -0.5 V if o]
the vehicle is in sunlight. 3
Step 2: Convert the RPA current values (RPA) from TM to loglo(l). Convert L
the RPA sweep-voltage monitor values (SWP) from TM to voltages ’ X
for frames 0 to 123, Compare SWP values to Table 3. If the valurs ‘.i
compare, match all the currents with the appropriate applied poten- {
tials directly from the table. If the values do not compare exactly,
adjust the applied potentials from the table before using them. This o
only needs to be done once per pass or once per day. . ‘
Step 3: Find maximum and minimum current values. If —a._.l
(loglo(IMAX) - loglo(IMIN)) is less than 1,5, then the data are
inappropriate for processing. Set all output to some default values o
that indicate a null result. If greater than 1,5, use only the data _— 1
points between these two values, -_
Step 4:  Make sure that loglo(l) is a monotonically decreasing function with - "?
respect to increasing values of applied voltage, Increases of one )
or two bits due to random variations should be smoothed out.
Increases of five or more bits from one data point to the next as a . K
function of increasing applied potential should be considered as too S 4
great for processing. Set output to default values that indicate a '-""."._.‘
null result. 3
Step 5: We will use the fact that generally V >» a;. Thus, the value of the ;":
expression in the inner bracket of Eq. (22) is ~2.0 for ¢p = 0 and i;

SRR e . das on ot Al nb AR REES & el b bt d” SO

~1.0 for X; = 0.

First it is necessary to find if light ions are a significant portion
(>10 percent) of the plasma. If significant light ions are present,

set 6 to an applied voltage where the light ions have been completely

. e
ottt b o d ot
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retarded before reaching the collector, but O+ has not been retarded.

Otherwise, set qso =0V.

Step 6: Find ¢l such that,
loglOI(QSl) = loglOI(QSO) - 0,301 .
Step 7: From Eq. (24)
2 _
mO+(V'S tVYT = 2elo + o)) .

if d’s is known, then Vd can be calculated.

If ¢ is not known, but the magnetic latitude is less than 60°, then
we can assume Vd = 0, A value for d;s can be calculated and used
for subsequent data when the magnetic latitude is greater than 60°.
If there is a significant portion of H+ in the plasma, a second equa-
tion like the previous one can be found by approximately the same
technique. Then, the two equations can be used to simultaneously

solve for Vd and d)s.

Step 8: Find ¢2(>¢1) such that,
log,ol(8,) = log,l¢,) - 0.319

From Eg. (24)

2KT/m ; = (2 [v - Ve e¢2)/mo+]>2

5. ELECTRON SENSOR DATA PROCESSING

5.1 Theory of Operation

The two ion sensors (Driftmeter and RPA) are variations of a Faraday Cup
design. This means that all components of the plasma pass through the aperture
with as little change in their ambient trajectories as possible. Once inside the
sensor, the components are separated by electrostatic potentials, The electron
sensor is a Langmuir probe, which is characterized by an electrostatic potential
being exposed to the ambient environment and is capable of drawing current from
the environment, Under this loose definition, the exposed interconnections on the
solar panels are Langmuir probes. A scientifically-useful Langmuir probe

31

PP PV PRI VU YU S S I WSy WU L S SN VU S U L U G S S S S S VA S U VU WL N W

a ..

Ao

PRYTY IS TV W Wy

@ -
il

4 dd ol d

3
o




T 7

-
- .

': l.l '-r ."'. z V',- i ,l. l- o ‘., _I‘

L ohn ote of
R .

b e & . by
.

PR~

measures the current to a collector as a function of the electrostatic potential on
the collector in a controlled manner,

There are two basic types of Langmuir probes, a cylindrial probe and a
spherical probe. The Electron Sensor is a modified, single spherical probe.

A spherical probe is spherical in shape and it is assumed that the sheath around
the probe is spherical, The sheath is the depth into the plasma that an electro-
static potential penetrates. Since an electrostatic potential falls with a charac-
teristic depth of the Debye length (KD) from the source, the sheath is an arbitrary
number of Debye lengths (typically 3 * AD to 10 * XD). For 830-km altitude, the
Debye length can be expected to range from 0,2 to 11 ¢, To ensure that the
sheath is spherical, the probe should be removed from all other parts of the space-
craft by the sheath depth. At high densities, this will be true., At low densities,
there may be some problem with the sensor sheath being affected by the spacecraft
surfaces.

The two types of spherical probes are the double floating probe and the single
floating probe. In the double-floating probe system, two probes are electrostat-
ically biased with respect to each other, The current passes from the plasma to
one probe, through the measuring system to the second probe and back to the
plasma. A single probe system replaces the second probe with the reference
potential or "ground". The spacecraft single probe uses the sensor ground poten-
tial, which is related to the spacecraft ground bv a floating bias potential, Since
the spacecraft ground is not capable of supplying infinite current, the Electron
Sensor can affect the spacecraft potential if the sensor attempts to draw too much
negative current,

The Electron Sensor has two spherical elements, The outer spherical ele-
ment is a spherical grid to which a potential ¢ _ is applied. The inner element is
a solid sphere to which a potential of ¢p + 20V is applied. The current to the
inner sphere is measured. This configuration assures that thermal ions are not
a component of the collected current and it minimizes the effect of photoelectron
emissions from the collector.

The negative current (-Ie) to the spherical collector is a function of the poten-
tial of the sensor grid with respect to the plasma ¢. If ¢ is negative, electrons
that approach the sensor are retarded. If ¢ is positive, electrons within the sheath
are accelerated toward the sensor. If ¢ is zero, the electron current to the sen-
sor is the "random current", Assuming a single population of electrons with a
Maxwellian distribution function, the current of electrons passing through the
spherical grid is given below:
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for ¢ <O,
I = -AeaN, aexp (-x2)/(2J7) @7

for ¢ > 0 and XD > r,

I = -AeaN, all N CYP N (28)
where
2
x° = eqS/kTe
¢ = potential of sensor grid with respect to plasma = ¢ + ¢p (V)
d’s = potential of sensor ground with respect to plasma (V)
d’p = potential of sensor grid with respect to sensor ground (V)
A = surface area of sensor = 3,24 7 rz = 4,104E-4 (m2)

r = radius of the spherical grid = 6.35E-3 (m)

a = sensor grid transparency = 0. 648
a = (2kTe/me)1/2 = most probable electron speed (m sec'l)
Te = electron temperature °x).

Ideally, the results from the Flectron Sensor swept applied voltage sequence
would follow the solid curve in Figure 7. To the left of ¢’p = ¢, Eq. (27) would
describe the data. Much of the data will approximarely fit these equations, but
not all of the data. Notice that in the retarding region, Eq. (27) results in a

straight line in semi-log coordinates
- o
] logw(-IP)/aép = 5040 K/Te . (29)

There are several reasons that the measured current may not exactly match
the theoretical current. First, there may be a hot component to the electron
population as well as a cold component. This is most likely to occur in the sub-
auroral region where the local ionosphere is dark and the conjugate ionosphere is
sunlit. The total current is the sum of two components, each of which can be
fitted by Eq. (27). In such a case, T, = 1500°K, T, = 25, 000°K, and
Ny = 10° % N,

Another source of departure of the measured current from the theoretical is
locally-produced electrons that reach the collector, Figure 7 shows the measure-

+
ment of secondary electrons caused by accelerated ions (mostly He ') striking the
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grid wire. In sunlight there will be 2 small current du to photoelectrons

on the grid wire and sensor oo reaching the collecto:,

v

The most troublesome sourcey of levuarture of the mcasured current v

theoretical current is when N_and/or ¢  change while op is being varied.
t P-4

crente

IR

Thi-

can occur due to spatial gradients in the ionospheric plasma and/or due 15 vr et -

getic particles impacting the spacecraft,

10® . . r r -
/
/
/
/
—”/’—r
67 L RETARDING REGION ACCELERATION |
REGION
v COLD AMBIENT
3 ELECTRONS ™
° -8
S gk ]
-
=4
&
@ //
2 7/
(8] rd
- HOT AMBIENT e
5 ELECTRONS s
£ 5 g
o 'Ot _‘
ul SECONDARY
| ELECTRONS
A
7
PR
. £
Tokad SRl 1
Ve
rd
7
7/
7/
e
v
-®S
10'“ 1 " L Y . 1
-3 -2 - o] | 2 3 9

APPLIED POTENTIAL (VOLTS)

Figure 7. Example of log)(-1,) vs ¢ for HILAT Electron
Sensor. Solid line represents theoretocal response. Dots
represent data points during a sweeping applied voltage
sequence
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5.2 Operation of Electron Sensor

The output from the Electron Sensor consists of the output from the log elec-
trometer and from four passband filters, As shown in Figure 6, the Electron
Sensor's grid is held at a potential of +1.5 V with respect to the sensor ground for
62 sec of each 64-sec period. During the first 62 sec, the output ELEC represents
a dc sampling of the current collected from approximately 6 X 10_6 amps to
6 X 10-ll amp. During the 63rd and 64th seconds, the electron sensor has a series
of potentials applied from +4. 725 V to -4, 725 V based on locations from CO to FF
in the stored program given in Table 3. The calibration of the Electron Sensor
log electrometer is given in Table 5.

The four passband filter outputs represent the ac output of the Electron Sensor
log electrometer after passing through a series of passbands, The four filter out-
put are centered at 70, 220, 70, and 2200 Hz, Figure 8 shows the bandwidth of
each filter. The output of each filter is proportional to the rms of Aloglo(-lp).
Assuming that ¢ is constant, the filter output is also related to rms (AN/N).

Table 6 shows the relationship between the output signal and Aloglo(-Ie). During
the 63rd and 64th seconds, the outputs from the filters are not meaningful due to
the applied voltages.

5.3 Data Analysis

5.3.1 DENSITY MODFE ANALYSIS

The majority of Electron Sensor data is taken when the applied potential is
static, We will assume that the potential with respect to the plasma is either
accelerating or zero. Thus, variations in current to the Electron Sensor are
assumed to be due only to geophysical density variations. The measured electron
density is then

log, (N = log,o(-1) - log (A * e * o *a/(2 x/m) . (30)

For density fluctuations in the range 16 to 0 Hz can be found by taking the rms of
logloNe at the appropriate interval:

Alogm(-le) = rms [loglo(-le)i - lOgIO('Ie)i+j] , J=12, 3, ...

x log (AN _/N ) . (31)
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Table 5. Calibration of Electron Sensor Iog Flectrometer

I 107} 10710 1079 1078 1077 1078
1 -- 0.26 1.26 2.28 3.26 4.25
2 -- 0.56 1.56 2.56 3.55 4.55 o]
3 -- 0.74 1.74 2.73 3.73 4.73 ""‘
4 -- 0.86 1.86 2. 86 3.85 4,86 ]
5 -- 0. 95 1.96 2.95 3.95 4.95
6 0.04 1.04 2,04 3.03 4.03 5. 03
7 0.11 1.11 2.11 3.10 4,10 --
8 0.15 1.15 2.16 3.16 4.15 --
9 0.21 1.21 2,21 3.21 4.21 --
10 0.26 1.26 2.26 3.26 4.25 --
Current input vs analog voltage output (ambient temp = +14, 8°cC
temp monitor = 2,16V)
+35,1°C Ambient temp -9.6°C
2,96V Temp monitor 1,14V
Input Current Qutput Voltage Input Current Output Voltage
-6x107°a 5.02 V -6 x 10764 5.03 V
-6x1077A 4.02 v -6x10774 4,04V
-6 > 10784 3.02 V -6 x 10784 3.05 V
-6 x107%4 2.02 V -6x10"%a 2.06 V
-6 x 107104 1.02 V -6 x 107104 1.06 V
! -6 x 107114 0.06 V -6x 107114 0.00 V
g
v

»
3
14 36
»
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Table 6,

Lot -agt ase

Filtered Output vs A(-1 )/(-I()
. 5

. 2

9,

Y PSRRI W SR

— _ L }
-6 )
Inputs: dc = 10 " A Temp DMonitor = 2,54 V ]
_ 1% (1 '
ac = 48.8 mvr‘ms *107Q (F1) -1
6 . B
28,2 mvrms *10°Q (F2) 1
. 6. )
e T

16,3 mvrms 1072 {(¥F3)

9.39 mV.___*10"0 (F4)
rms :
j
F1 F2 K3 174 ]
dB TM Volts TM Volts PN Volts Pl Volts "_;:

0 0.00 0. 00 0.00 0.04

-6 0. 62 0.56 0. 14 0.62 .
-12 1.12 1.10 0.4 .22 ]
] 4
-18 1.70 1.70 1. 44 1.75 ' ..J
1
-24 2.20 2.24 2,00 2.30 )
.
-30 2,74 2,66 2.40 2.380 Y
1
-36 3.14 2. 60 2,56 3.10 )
-42 3.18 2.98 2,92 3.24 "-.f
-18 3.18 3.00 2.94 3.26 }
-9
:
1
For density fluctuations at the frequency of the four filters is «.1
.Y
rms (A(-Is*)’/(_lo))i = Ki * 10%%[0,05 * ].-i * (‘i] 2 rms (AN(\// \'O) (3N \;
SN
T
where ) 1
F, = output of filter in TM Volt - 04
Ci = conversion factor to dB = -11.36, -10.67, -11,50, =10, 65 dB/ TN Volt Y
K; = amplification factor = 0.0548, 0.0282, 0.0145, 0.00995
In the ambient environment N(‘ = Ni' However, because the assumption of R
6 = 0 in FEq. (30) is usually inaccurate by some amount, the calculated values of .1
.\IP and N, are usually not equal. Because Ni caleulated from either the DM or A
RPA is not significantly affected by the vehicle potential, the value in kq. (30)
9
38 -0

.
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should be scaled so that Ne = Ni when both value are available, If the scaling
:—G factor is greater than 10, the Electron Sensor data should be considered as invalid L
due to vehicle potential problems (¢ = -2.5 V),

ke

V‘..' - 5.3.2 SWEPT APPLIED POTENTIAL MODE ANALYSIS

The analysis of the Electron Sensor data during seconds 62 and 63 as a func-
tion of applied voltage yields the sensor ground potential (‘bs)' the electron tem- "'.1
perature (Te) and absolute electron density (Ne)' There is no correction of the
applied voltage to the voltage in the grid spacings.

The foliowing algorithm has proved successful in the past and is recommended

L SRS & A ARa

for the present data set, It is not an exact match of the theoretical formulae ‘:h
(Eqgs. (27) and (28)). but it is quick on a digital computer and it considers the dis- .1
crete digitization of the data. The algorithm is as follows:

B

Step 1: The applied voltage monitor output (SWP) is checked again the

'
-

expected values in Table 3. If the values check, the applied voltage
values from Table 3 with a -4,725 V bias are matched with the

Ao Bant
‘.'.

measurements of electron current (ELEC). If the values do not

match, an adjustment is made in the stored values to match the

Py

W

actual values and then they are paired with the measured electron

current,

Step 2: The measured values of IOgIO(-Ie) vs ¢p are searched for "glitches"

(obvious random noise in the data stream) that should be ignored.

Step 3: The maximum and minimum currents are found. All data not

between op(IMAX) and q&p(IMIN) are discarded. All currents in the
saturation level of the instrument are discarded,

Step 4: If the first four points after the maximum current are fitted to a
straight line, thic forms the dashed line in the acceleration region
of Figure 7.

Step 3: The remaining data are searched to find the best straight line for

the retarding regions. This search is done by making a straight

@

[-‘ i line fit through each group of four points to find the maximum
absolute value of the slope of Iogw(-lp) Vs cSp. If two or more fits
give equal maximum slopes, take the value for the most positive
value of ¢p. Let the slope of this line be "S'",

L. .

< St p 6: Find the intersection of the straight lines from steps 4 and 5. The

-

. potential at the intersection (q)po) is the zero potential with respect
to the plasma, which in turn gives the potential of the sensor

d ground:

- -

b
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The potential of the vehicle with respect to the plasma is

bse =04 - SENPOT , (33)
Step T: The electron temperature is
T, = 5040°K/S . (34)

Step 8: The absolute electron density is

1/2

N, = Ie(d>p°) x2x mf(Axera@sk*T /m) % | (35)

6. CONCLUSIONS

The preliminary data-processing output for the Thermal Plasma Experiment
should consist of three elements:

(1) Raw data without unpacking or conversion from TM units to scientific
units. These data must be time tagged correlation with other experiments and
with attitude/ephemeris data.

(2) Raw data unpacked and converted to scientific units,

(3) Preliminary results calculated from the data.

The information for unpacking the raw data is given in Section 2. The con-
versions from TM units to scientific units are summarized in Table 7.

The calculations of preliminary results are summarized in Table 8,
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Table 7. Summary of Conversions of Raw-Data From TM Units J
o
Word Reference for Conversion L
Ty
COUNT None "
RPA Table 4 -]
SWP Table 3 '-i-.;
IDM Section 3.3 and Table 2 ﬁ
LLA, LLB Eq. (9) and Section 3.3 -3
ELEC Table 5 T
[P—
TEMP Eq. (1) @
SENPOT Eq. (2)
Fl, F2, F3, F4 Figure 8, Table 6, and Eq. (32)
§
-0
Table 8, Summary of Preliminary Calculated Results -
3
Value Samples per sec | Frames Available Reference :
N,(DM) 1 0-123 Section 3.3 0
32 124-127 1
N 32 0-123 Eq. (30) ‘
€ 1/2 124-127 Eq. (35)
N, N, 3/2 8-63, 72-123 Egs. (22) )
™ 0 1/3 0-5, 64-69 to (26) L
1 6-7, 70-71 oy
AN_/N, 1 0-123 Eq. (32) |
70, 220, 700, 2200 Hz .
]
AN /N, --- 0-123 Eq. (31) S
(16/j)Hz, i=1,2,3... Rt
Vo ¥, 16 all Section 3.3 : .j-.]
bg 1/64 124-127 Eq. (33) ]
=
V4(DM) 16 all Eq. (6) ) .4
V4 (RPA) --- --- Eq. (24) R
1
R
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Unit vector

Components of unit vector
Multiplication of scalars
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