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T he Topside Ionosp here Plasma
Monitor (SSIE) for the

Block 5D/ Fli g ht 2 DMSP Satel l i te

1. INTRODUCTION

This report describes the Tops ide Ionosphere Plasma Monitor flown on the
Block 5D/ Flight 2 Satellite of the USA F Defense Meteorological Satellite Program
(DMSP) . The plasma m oni t or , designated as Special Sensor Ion/Electron (SSIE) ,
consists of an electron sensor and an ion sensor mounted on a boom from the
DMSP satellite as shown in Figure 1. The electron sensor measures the ambient
electron density and temperature and the electrostatic potential of the vehicle wi th
res pec t t o t he ambien t plas ma. The ion sensor measures the densities of the
m ajor ion sp ecies presen t , the average ion temperature , the average ion mass ,
and the vehicle potential . The plasma scale height at the satellite is determined
with the use of both instruments. From the continuous readout of data from the
plasma monitor , the plasma scale height and density are determined as a function
of t ime , and plasma irregularity spectra can be calculated. The vehicle potentials
and plasma densities obtained independently f rom the ion and electron sensors are
compared as a check of instrument performance and of data reduction procedures.

The electron sensor of the SSIE system is a spherical Langmuir probe. The
electron sensor, together with its electronics , is shown schematically in Figure 2.
The flight hardware and the electron data analysis procedure are described in
Section 2. The ion sensor of the SSIE system is a planar electrostatic particle

( Received for publication 17 March 1978)
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trap. The ion sensor and its electronics are shown schematically in Figu re 3.
Tl ie flight hardware and the ion data analysis procedure are described in Section 3,
the method of determining the plasma scale height , in Sec t ion 4, and the SSIE
telemetry allocations and electronics, in Section 5. The time sequence 0r events ,
bias , s weep, and internal calibrations for both sensors are given in Table 1.

ELECTRON SENSOR

12”

ION
SENSOR

SOLAR CELLS

19”

~~~~~ I + X AXIS POINTS VERTICALLY TO
EARTH AT ALL TIMES

E~ 
2 VELOCITY VECTOR PARALLEL WITH

-Y AXIS
/ 3 NORMAL TO ION SENSOR I~5RALLEL/ ,~~~~ WITH -Y AXIS

/ 4 SSIE BOOM PARALLELW ITH-X AX IS
—z /

—Y

_

~~~~~~~ / / ‘~ r- -- - —

Figure 1. F2 Spacecraft Showing Location of SSIE Sensors (not to scale)
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Figure 2. Block Diagram of SSIE Electron Experiment

w ~~D IiJ~~~I- ~~
1,1 W a. .ja. ~d I f l  0fl~~ )

+12V

-5V

S/C GND

Figure 3. Blocl~ Diagram of SSIE Ion Experiment
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2. THE ELECTRON SENSOR

The electron sensor consists of a 1. 75 in. diam sphe rical gold p lated aluminum
collector surrounded by a 2. 25 in. diam spherical grid made of gold plated tungsten
w i r e  of 0. 800 transpa rency. It is mounted at the end of a 2. 5-f t rigid boom deployed
af te r  the spacecraft is stabilized in orbi t. A cross section of the electron sensor
wi th  i ts mounting assembl y is show n in Figure 4. The electron and ion sensors
attached to the boom are shown in Figure 5.

The electron sensor has two modes of operation: In Mode 1, a fixed vol tage
wi th  respect to spacecraft ground is maintained on the outer grid in order to obtain
continuous electron density measurements. The fixed voltage is either +1 . 5 V
( Bias Mode 1 in Figure 2) or 0 V (Bias Mode 2) with respect to spacecraft ground ,
and i t may be changed by ground command . In Mode 2 , a linear sweep voltage
with respec t to spacecraft ground is applied to the outer grid as shown in Figure 2.
This mode gives electron temperature and the vehicle potential by a Langmuir
probe type analysis of the current collected versus applied voltage. At all times ,
the voltage on the collector is +20 V with respect to the outer grid to ensure that
all elec trons passing through the outer grid will be collected. Mode 1 and Mode 2
opera tions of the electron sensor are automatically alt ernate d by t he SSIE Time
Sequencer as described in Table 1 and Section 5. 1. One Mode 2 sweep operation
of 10-sec duration is performed every 128 see , and Mode 1 opera tion is maintained
du ring the remainder of the 128-sec cycle. The values for the app lied voltages
during the electron sweep mode are given in Table 2.

2.1 Electron Sensor Data Analysis

Analysis of the electron sensor data starts with the determ ination of the elec-
tron temperature Te~ 

t he vehicle potent ial 
~~~~

. and the electron number density N e
from analysis of the Mode 2 sweep data. It is assumed that Te and are constant
for the next 128 sec and they are used to determine the ’ ins t ant aneous values of the
ambient electron density f rom the current flowing to the electron sensor in the
fixed voltage mode (Mode 1).

2.2 Sweep Mode Analysis (Mode 2)

The current 
~‘e~ 

to a sphe r ical elect ron senso r is a func t ion of t he senso r
potential (4 )  with respect to the plasma. If ~ is posit ive, then electrons are accel-
erated to ihe sensor; if ~ is negative, they are retarded as they approach the sen-
sor. The expressions for the current reaching the sensor and its first derivative
are given here, assuming a Maxwellian distribution function for the ambient elec-
tron population for a retarding potential (~ < 0) :

8

- — - .———..—-— ~~~ -- - • — .— —.•• ----— -- — - - -_____________________ -
-



GOLD PLATED ALUMINUM
COLLECTOR I.75 ’ DIAMETER

1ö0
~~

R 0 0
\

SOLD PLATED TUNGSTEN GND.
TRANSPARENCY — 0S0
2.25 ” DIAMETER

Fi gure 4. Cross Section of SSIE Electron Sensor

Figure 5. SSIE Experiment 2 . 5-f t Rigid Boom Showing Location of
Senso rs
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Table 1. Time Sequence of Events , Bias and Sweep Voltages, DMSP, Block SD , F2

Event Time (see)
Monitor Duration Repeats

Event Applied Signal Level (see) First Every

Calibration 1 +5 X 1O 8a (Ion) 0.2 V 2 0-2 1024

-1 X 10 6a (Elec) 
_____________ __________ _______ _______

Calibration 2 +5 X 10 11a (Ion) 0.4 V 2 2-4 1024

—l X 10 9a ( Elec)

Electron Sweep None 0. 6 V 2 8-10 128
Flag 

_____________ _________ ______ _______

Electron Sweep +5 V — -8 V +5 V —. +1 V 10 10-20 128
(Outer Grid)

Ion Sweep None 0.8 V 2 24-26 128
Flag 

__________________ _____________ __________ _______ _______

Ion Sweep -5 V —. +12 V +1 V —~ +5 V 12 26-38 128
(Outer Grid)

Bias Resting Bias Mode Monitor
Mode Electron Density Grid (Analog No. 49)

1 1.5V 3.5V

2 OV  1.5V

= Ae aNe a exp (-x
2)/2.ft (1)

ale /a~p = -Ae2 aNe a exp (-x 2)/2 kT ,Jir (2)

For an accelerating potential (~ > 0),

H ‘e 
= Ac aNe a (1 

- x2)/2~~~ (3)

ale/adIp = -Ac2 aNe a/2 kT~~rn (4)

where

= a 2 (2 e 4i/me)

10
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o = potential of sensor with respect to plasma = + (volts)

potential of vehicle with respect to plasma (volts)

= potential of sensor with respect to vehicle (volts)

A = surface area of sensor (m 2 ) 41rr2, where r is sensor radius =
0. 028575 m

e = electron charge = 1. 602 )( 10 19 coulomb

a = sensor transparency = 0. 800

Ne 
= ambient electron density (m 3)

me = electron mass 9.1085 x io 31 kg

a (2 kTe/m e)
h12 

= most probable electron speed (m sec~~ )

T = electron temperature (°K)

k = Boltzmann constant = 1. 38054 X lO
_23 • ule/°K

To obtain Te~ 
we make use of the linear relation between Log 

~~~~ 
and in

the retarding portion of the vs 4, curve. (We will denote Log10 by “Log” and use
lInt for natural logs.) By substituting

aLog(_I~)/a4’p = (ln(10)Y ’ 8(
~
Ie)/Ie dO1, (6)

and Eq. (1) into Eq. (2), we obtain

a Log (_l e)/dOp = e/k Te In (10) (7)

Thus

T 5040°K 8e S

where S is the slope of the semi-log plot ~ I~ vs 
~~

In Figure 6, Log (_ I
e) and its derivative are plotted as a function of 4’~,. The

point 4’~ indicated on the curve is the point d which the probe is at plasma potential

(4’ = 0) and it is the intersection of the exponential (retarding) and linear (accelera-
ting) portions of the vs curve. From this point, we obtain the value of vehicle
potential 4’~ with respect to the plasma

= (9)

11

— 
=

~~~~~~~~~~ - - -- —- - - - - -~~~~~~~~~~~~~~~ -- —

- - 
- - - _‘J._.

~~
•- 5- .,, ‘ - ~- - 5_ _~~-_- - _5 _

_ S 
-



-6

LOGARITHMIC I viV CURVE
SPHERICAL ELECTRON SENSOR

-e ----— -——
Ioql-I)

::ii_ _ 
_

—~~~~~~~ L
I !~ DASHED

~ LINE a[Iog _l))
/ .1.VP

—4c-- — f ———-—— _~5
I

I / ___  ___

-6 -5 -4 -3 -2  0 I 3 4

Figure 6. Electron Sensor Theory: Log10(I) vs and First Derivative

Using the current 10 measured when the probe is at plasma potential (4’ = 0), one

calculates the value of the ambient electron density Ne at the time of the sweep
from Eq. (1).

N (t ) = 2~ r1r I /Ac a a . (10)

Equations (1) through (4) are based on the assumption that le~I ~~kT. In fact ,
the range of the swept voltages may exceed the range of voltage where this assump-
tion is valid. In the accelerating potential region, the finite Debye length (lengt h
that the probe’s electrostatic field can reach into the plasma) causes the current
to the probe to be limited. The slope of the (

~ Ie) vs 4’ curve is less than that given
by Eq. (4) when 4’ - 00 £ 1. 0 V. In the retarding potential region, the measured
current to the probe can be significantly more than the value given by Eq. (1) when

4’ - 4’~ £ -2 V, due to high energy components of the ambient plasma, secondary
and photoelectrons from the grid surfaces, and the sensitivity limits of the instru-
ment electronics. The dat a analysts procedure in Section 2.4 is designed to avoid
the ranges of the potential for which the foregoing assumption Je~ I ~ kT is invalid.

12 -1
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2.3 Fixed Voltage Mode Analysis (Mode 1)

Once Ne and Te have been determined from analysis of the sweep mode data,
one can proceed to derive N at all other times if it is assumed that Te and do
not change during the 128-sec interval between sweeps. During this interval, the ’
0 V or +1. 5 V resting bias is applied to the grid of the electron sensor. If we
designate this resting bias by R volts, then the electron density at any time t dur-
ing the fixed voltage Mode 1 operation is

Ne(t) = Ie(t) Ne(to)/Ie(R) (11)

where Ie(t) is the sensor current at time t , ‘e~
’0 is the sensor current during the

sweep when = R volts, and Ne(t o
) the electron density derived from the sensor

current with the probe at plasma potential in Eq. (10).

2.4 Electron Data Reduction Procedure

The steps followed for the analysis of the electron data are:
1. Take the Mode 2 measured current ‘e as a function of 4’ . From the start

of the sweep in time (O~ = +5 V), fit a straight line to 3 data points to determine
the slope, and then move the fitting process through the entire sweep, one point at
a time. (Measured currents corresponding to the maximum voltage on the tele-
metry channel are disregarded because the true current is out of range.) We find
the potential 0LIN at which the absolute value for the slope of a 3-point fit cen-
tered on 0LIN is a maximum. If two or more fits give the sam e maximum, choose
the fit for the most negative value of 0LIN~2. Take Log 

~~~ 
as a function of 4~, and do same 3-point fit as in step 1 to

find the maximum absolute value of the slope. This time if two or more fits give
equal maximum slopes, take the first maximum . Let the slope of this line be 5,
at a potential of 4’LOG

3. Compute electron temperature Te from Eq. (8).
4. Compute

= 
4’LIN 4 0LOG 

(12)

5. Interpolate to find:

measured current I0~ at =

measured current ‘B’ at Ø~, 
= B

13



6. Compute electron density Ne from

2 1 =J~r X l 06 
~N e = 

~, e a  cm (13)

(Te obtained from step 3 is used to compute a .)  Numerically,

N = -6. 896 X IO 9 I~ S c m 3 ( 14)

Thus we now have Ne(to)~ 
Te(to) and 4’5(t0) at a time to which can be equated to the

midpoint of the sweep

t + t
= ~ e (15)

0 2

where t~ and te are times of start and end of sweep, respectively.

7. Calculate the electron density during Mode 1 operation us ing Eq. (1 1).
The density is calculated during the following 118 sec of Mode 1 (M1EL)

operation by assuming that the temperature Te and vehicle potential 4i~ are constant
between sweeps (Mode 2) .

3. THE ION SENSOR

The ion sensor is a planar aperture, planar collector sensor, a cross section
of which is shown in Figure 7. It is mounted on the 2. 5-ft rigid boom shown in
Figure 5 and located so that it faces into the spacecraft velocity vector at all times.
The 1.00 in. diam aperture is covered by a double grid of gold plated tungsten wire.
The double grid is used to minimize electric field lea1~age that would disturb the
trajectories of incoming positive ions. Like the electron sensor, the ion sensor
has two modes of operation which alternate automatically (see Figure 3 arid Table 1).
in Mode I, the retarding (swept) grids in Figure 7 are electrically connected to the
spacecraft frame and all ions passing through the aperture are collected. The ion
sensor Mode 1 is used to measure instantaneous ion densities. The retarding grids
are .~wept once every 128 sec from -5 V to +12 V (Mode 2) to obtain ion tempera-
ture. This swept grid is also a double grid to improve the uniformity and accuracy
of the applied potential across its surface. Between the retarding grids and the
collector, a third grid is maintained negative with respect to the collector at all
times. This acts as a suppressor to the photoelectrons and secondary electrons
generated at the collector by solar UV and energetic particles, respect ively.

14
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_CO LL ECT O R

SWE PT
SUPPRESSOR -- . - 1 TO iON AMPLIFIER

ALL GRIDS GOLD PLATED TUNGSTEN ,
0.92 TRANSPARENCY.
COLLECTOR GOLD PLATED ALUMINUM .
ALL CONDUCTING SURFACES GOLD
PLATED .
D IMENS IONS IN INCHES

Figure 7. Cross Section of SSIE Ion Sensor

These would otherwise appear as unwanted positive currents in the amplifying sys-
tem . As shown in Figure 3, the voltages between the different components of the
ion sensor are maintained constant at all times, including the sweep periods , in
order to avoid variations in the collected current due to variations within the sen-
sor. All conducti ng cor-iponents of the sensor are gold plated to minimize contact
potential effects.

The analysis of the fixed voltage (Mode 1) data is given in Eqs. (19) and (38)
for the two ion species and single ion species cases, respectively. The theory of
the analysis of the swept voltage (Mode 2) data Is given in Section 3. 1 and the theory
for the scale height determ ination, in Section 3.3.
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3.1 Sweep Mode Analysis (Mode 2)

The current flow (I) to the (planar) ion sensor can be expressed as a function
of the applied potential (4’~) when the retarding grid potential (4,) with respect to
the plasma is negative (accelerating) or positive (retarding), assuming that the out-
ward normal to the sensor looks along the spacecraft velocity vector. This analy-
sis assumes that a single Maxwellian temperature applies to both ion species.
For e4i � 0 (retarding)

Ac V a a. exp (-x 2) 1
= N. I 1 + erf(x.) + I I (16)

i=l 
~ L 1 Vs ~~

dl 
= 

Ae 2 a 
>2 ___L exp(-x2) (17)do 
i=l ~rm1

where -

x1 =~~ [v5
_ 

~~~~~~ 
(18)

erf (x) = 
~~ 

erp (-z2) dz (definition)

4’ = potential of sensor with respect to plasma = + (volts)

= potential of vehicle with respect to plasma (volts)

= sensor potential with respect to vehicle (volts)

A = sensor aperture area (m2) = “r
2
, where r is aperture radius = 0.0127 m

e = electronic charge = 1. 602 X io 19 coulomb

a = sensor transparency = 0. 590

N1 = ambient Ion dens ity’ of ~th constituent (m 3)

m1 = mass of 1th constituent (kg)

:1 ai = (2kT/m j)
h/2 

= most probable speed of 1th const ituent (m sec ’)

T = average Ion temperature of all constituents (°K)

k = Boltzmann ~onstant = 1. 38054 )( lO
_23 

joule/°K

II
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= number of ion constituents
—l — lV5 = vehicles speed (m sec ) = 7437 m sec

For e4, <0 (accelerating) on the retarding grid, the current collected is only a
function of the flux of ions through the aperture. Put 4, = 0 in retarding Eq. (16)
and x. = V /a. in Eq. (18). Then I is constant (not a function of O~) and so

dl
a4 ’p

3. 1. 1 TWO SPECIES CA SE

To handle this compl icated expression, it will be assumed that for the DMSP
satellite altitude (circular orbit) of 835 km we have, at most , tw o ion species ,
namely, and 0+. Of course, we must allow for either, or both to be present;
thus f or  j = 2, m 1 = 1. 6603 5 < io

27 kg, m2 = ( 16) ~ (1. 66035 x lO _27 kg) and for
j = 1, eit her m1 = (1) m

1) or m 1 = (16) m1), where ni~ = 1.6603 5 x 10 27 kg.
To gain an understanding of the behavior of the current flow as a function of

the applied voltage on the retarding grid, let us for the moment consider what the
response would be if V3 >> a (very low ion temperature T), and we have two com-
ponents present , where m2 > m1.

For 0 < 4 ’  < m 1V
2
/2 e , x1 and x2 >> 1, erf (x1) = erf (x2) = 1, exp (-x~) =

exp (-x~) = 0, we find that

I = A e V5 a (N 1 -4- N2 ) (19)

For m 1V~ /2 e < 4 ’  < m2V~ /2 e, x1 << -1, x2 >> 1, erf (x 1) = -1, erf (x2 ) = 1,
exp (-x~) = exp (-x~) = 0 we find that

l = A e V5 aN2 (20)

For 4’ > m 2V~ /2 e , x 1 and x2 << -1, erf (x1) = erf (x2) = -1, exp (-x~ ) =

exp (-x 2 ) = 0, we find that

1 = 0

These three operating regimes are shown graphically in FIgure 8.
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Figure 8. Ion Sensor Current vs Applied Voltage for Two Species

Since the orbit is circular, V5 is constant = 7.437 km sec~~ (,., orbital period
= 101 mm 28 sec), and we can calculate from Eq. (18)

= 
(1. 660 x 10 27 )(7. 437 x 103)2 = 0.287 V (21)

2x (1..602~~~1.0

and

= (16) 4’l = 4.586 V . (22)

These are the two points that give x 1 = 0 and x2 = 0, respectively. It can easily

be seen from Eq. (18) that, because 1/at occurs as a multiplier on

[V ~ 
.~r3 e4 ’/m~1, 4’~ and 4’2 give zero for x1 and x2, respectively, for all a1 ( all T).

Examining the second derivative of I (fo r one species) , we note

- -Ac2 aN 2 e -x2

kT X e . (23) —

p -p

it is obvious that 821/90 2 0 when x = 0; hence the first derivative reaches a

minimum value at x = 0.
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Thus as the temperature is increased from the previously assumed small
value, the slopes at 4~ 

and 4’2 increase from -~ , but the slope always reaches
its maximum negative value at and and can be directly related to the density

and mass of each species and their temperatures. For illustrative purposes, Fig-

ure 9 shows a plot of I, d I/d4 ’~ and a 2i,a~ 2 assuming equal densities of ~~~ cm 3

for each species with a temperature of 3000°K and vehicle potential of -2 V (the
curves were computed with V5 = 7. 22 km sec~~ as opposed to correct value of

7.437 km sec~~, but this merely shifts 4~ 
and 4’2 a slight amount and does not

change the character of the curves).* It can be seen from Figure 9 that u s  deter-

mined solely by species (0~ ) ’ when 4’ > 4. 5 V. Because of the behavior of erf (x)
and exp (-x ) , the slope 81/84’ is determined solely by one species or the other in
the vicinity of or 4’2 :(that i~ by H~ when < 4  V and by 0~ when 4i~ > 4. 5 V).
The relative contributions of the two species can be clearly separated.

Figure 10 illustrates Log I vs applied voltage for the same data. For com-

parison, the electron sensor response of Log (I) as a function of is also shown
in Figure 10. It is clear that no useful data can be extracted for the ion Log I
curve (as opposed to the case for electrons where the slope is inversely propor-

tional to Te)~
Writing out the separate contributions of the two species at x1 = 0 and x2 = 0,

respectively, we have:

at x 1 = 0, 4’ = + 4’

AeV aN r a -
~11 = s 1 11+ 1 I (24)

L v~~Jir J

dI~ —Ac 2 aN1 1 2= 2 ‘rk’I’ m~ 
= S1 (25)

/ 2 e (4 ’~ + 4’
- 

m~ 
~ = 0  ( 26)

a1 =~~f _ ~~i ,(27)

*Curves for the single species case are denoted by (a) .
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and at x2 = 0, 4’ = 4’2 + 41

A e V  aN r a ~= 
s 2 1 1+  2 (28)2 2 

~ 
v5 .’r r J

~
‘2 -Ac2 aN

2 .1 ,TkT 16 m = S2 (29
p p

2 e (0 3 + 4’ )
V - 

~~ l 6 m ~ 
~ = 0 (30)

- ~/ 2kT (31)a2 - 

~~ 16m

T~~~~1._ _ _



Thus , iden t i fy ing  the values of 
~~~~~ I and i~I ~~~ at which  the  slope S is a maximum

n e g a t ive  value, we obtain ö 1. I
~

, dI ~~/ d t h~~ ~~~ ~2 and a19 )O~ .
F rom Eqs . (2 1)  and (30) , we o~ t~~ n the vehicle potent ia l

9

v = ~~. [~
i m (1 1

~
)( o l ~2~1 (3 2 )

To get temperature  T and the densities , we shall  make use of Eqs. (2 8) and (29)
onl y, because, as can be seen from Fi gure 9, the f i r s t  de r iva t ive  at 0 1 is q u i t e
sharply peaked and a small  error  in locat ion wil l  lead to a large e r ror  in deduc-
ing aI~ / 841~ . At 4’2’ however, the peak is much broader , leading to a much grez~i te r
accuracy.

Solvin g Eqs. (28 ) and (29 ) for N 2 and T, we get

2 1/2
1G m S iT -V V 2 1  e

N 2 Ac 2 ~
2 s ÷ + 16 m S 2

and

(Ac aN2 ) e2
T =  2 (34)

22T k l 6 m  S2

For N 1 we could use Eq. (24) , s ince T is now know n, hence a 1 is known , but again .
since the slope at is so steep, t he value of I~ will be susceptable to error. A
more accurate value of N 1 will be obtained by reading off the current 10 at =

(we now know the value of 4 1 ), that is, the current at 4, = 0 given by

Ae V5 a a 1 exp (-V 2 /a~ )
1~ = 2 N 1 L 1  + erf (V 5 /a 1) + 

V5

I a exp (-V 2
/a~) 1+ N 2 1 + erf (V5 /a 2 ) + 2 ~

i V5 .’riT j

where a1 and a2 are defined in Eqs. (27) and (31).
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Th us

2 1 0 1 a,, exp ( - V 2 a~ )

A e V ~~ > 
- 

~“ 2 [1 
er f  ‘V ~ a ) ) — —

- 
-) ~~- 

(3h )

~~ 
exp ( - V  a~~)

I —  - r f ( V  a ) - _______________

We can s imp lif y th i s  expression sl i gh t ly  by not ing tha t  ( V  -a.) has ‘he smal les t
value for largest T. II  we take T I0 4 o~~ w h i c h  is an e x t r e m e l y high v~ 5 - :e , t h en

— l -) 2a 2 3224 rn see , (V . a2 ) 2 . 307 , erf  (V a 2
) 0. P9P and exp ( — V ~ 

/ a ) )

4 . 884 X ~o -
~ giving

2 2a2 exp (- V5 /a 2)1 + erf (V 5 /a 2 ) + 2.000094 2
V . ’rlr

S

For a lower temperature, (V 5 /a 2 ) becomes la rger , giving a value even closer to 2 .
Because (V 5 /a 1

) = 0. 577 and erf (V 5 /a 1) 0 . 585, we cannot reduce Eq. (36 ) any
furthe r , and thus

N 1 = 
[A e V~ ~ 

- 2 N
21/[1 

+ erf (V ,1a 1) + 
a 1 exP (~ V~ /a~ )]

3. 1.2 SINGLE SPECIES CASE

The case where j ust one ion species is present cannot be handled by the pre-
vious analysis because that depends on locating two maximum negative slope points
where the first ~point at can be identified as associated with H~, and the second
point 4’2 with ot If , however , onl y a single minimum slope point is identified , it
is not known a priori whether this point is 

~ l or 
~2’ To illustrat e, in Figure 10,

is we ident if y a maximum negative slope only at 41 6.321 volts , we do not know
whether the species is 0~ , giving a vehicle potential 41~ = -2 volts or giving a
vehicle potential of -5. 052 volts. The corresponding temperatures work out to be
3000°K and 1330°K, respectively. Essentially, we have to choose a single set of
equations, (24), (25), (26) or (28), (29), (30), depending upon whether the mass is

or 16 m (H + or 0+). The clue to choosing the correct set is to make use of the
fact that when 41 < 0 , the current is constant:
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Ae V a a exp (-V /a 2 )
I = N 1 e r f ( V  a ) I ~ 1 (38)o 2 1 -

5 - -

Here N 1 and a 1 refer to the now single species. This equation , together with
equations at 

~ 
= o, (maximum negative slope) = 

~ m i n

A e V  oN a1 l~~- 1 (39)1 v .‘~~~S

-Ae 2 
~N

S1 = 2 
1 

~
‘— kT ni (40 )

p 1

(41 - -
~
- Ø

V . - 2 e  mm ~ (41 )m 1

are solvable nu merical ly for the four unknowns N 1, T, m 1, and 41~ . but certainl y
n ot al gebraicall y beca use the equation in I is nonlinear.

There are two ways around this diff iculty and both ways will be used in the data
red uct ion scheme:

1. Make use of N e derived from the preceding electron sweep, and se t N 1 = Ne
in Eq. (38) .

2 . Assume that the ion temperature T is going to be less than 3000°K. Then
the ma x im um value of a 1 will be given by

a 1 = 
2 k (3000) 

= 7. 063 x 10~

giving

I a1 exp 
(_ V 2 /a~)l

I 1 erf (V !a ) + ~ I = 2. 0404 2
[ S 1 

~~~~~ J
This Is a worst-case and value gets closer to 2 for T < 3000°K and is very close
for 0~ ( = 16 m ),
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With this approximation, Eq. (38) becomes

= Ac V5 aN 1

and is independent of mass giving directly

N 1 = 10/Ae V5 a

Either case (1) or (2) yields the value of N, which is then used in Eqs. (39) and
(40) to give

(Ac aN 1) 2
= 

~ 
Ac V5 aN 1l 

kg (42)
2Si 7r - — 

2 ]
or, in atomic mass units

(Ac ~N1)
2 e

M1 = 

~ 
Ac V aN1) 

AMU (43)

2S1 ir (I~ 
- 2 .1 m~

This value is then used to calculate

2 2(Ac aN 1) c
T =  22ik M1 m~ S1

and

1V 2 1
= M1 m~ 

- Oij
3.2 Ion Data Reduction Procedure

The foregoing analysis then leads to the following data reduction procedure:
1. Take the measured current I as a function of 41~,. Working from the start

of the sweep In time (O~ = -5 V) and disregarding current readings when the tele-

z~~ try scale is saturated, one should fit a straight line to 3 data points to determine
the slope and then move the fitting process through the entire sweep, one point at a
time.

- —---- - 

IS 
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Find the center point at which  the slope reaches its first maximum negative
value (41k ) and its second max imum negative value (o 2 ) , and let the slopes be S1
and S2. respec t ively.  Take also the currents 1~ and 12 a t and 

~2’ I f  on ly  one
maximum negative slope can be located , proceed to step 4; otherwise go to step 2.

2. Compute vehicle potential 4~ given by Eq. (32 )

r 2117 V . m

~~ L 2~~ 
P _ (41 441 )

and read off (interpolate) measured current ( I )  at 4’ = - 4 1 .
3. Compute N 2, N 1, T given by Eqs . (33) , (37) , (34)

2 1 1/2
16 m S r  V I V  2 1  e

N 2 = 
e2A 0  

~~~~~~ 
l6 m S2 r

[ 2 I 1 /r a i exp (-V~ /a~ )
N 1 = 1 .Ae v

’ 
a - 2 N

2],,
/ L1 + erf (V , ’a 1) + 

V , ..‘r

(Ae aN )2 e2

T =  2 
22 ” k l G r n  S2

and from N 1 and N 2 we obtain the average ion mass

(N 1 + 16 N 2)M e = 
N 1 + N 2 

AMU (46)

Go to step 6.
4. Read off the current (I0) at = 0 volts and compute N1 = I0/Ae V9 .

5. Compute M 1, T and 4’~ given by Eqs. (43) , (4 4) , and (45),

(Ac aN 1
) 2

M 1 = r A e V  aN 1l 
AMU

2 S 1r [I i - ~ Jr n p
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2(Ae aN )2 e2

T =  1 
2 K

2,r k M 1m S 1

IV 2 M 1 m 1
= L 2 e 

- 
~i.J 

volts

Repeat step 5 wi th  N 1 = Ne (value from previous electron sweep M2EL) generating
a second set of values ~11

e Te, 41 e, The two sets of values for the single species
ion mass, temperature , and vehicle potential can be compared. Ideally, the two
sets will be identical but, in fact, they occasionally differ and both sets of values
are m ade available fo r a later decision as to t he bes t values.

6. We now have a set of ion parameters. Since the center of the ion Mode 2
sweep occurs 17 sec after the electron Mode 2 sweep, these ion parameters are
assumed to be valid at t ime = t + 17 sec. Thus

0

N 1(t + 17 sec) = N 1 + N 2 or N 1 or N

M~
(t 0 + 17 sec) = M or M 1 or ~1 e

T.~t + 17 see) = T or Te
t o

+ 17 see) = or

where t o is the time of the center of the previous electron sweep. During the ion
Mode 1 period , the instantaneous total ion density is obtained from Eq. ( 19) as

N( t) = N 1(t) + N 2 (t ) = 1(t)/Ac V5 a (47)

3.3 Electro.tatic Field Penetration

It has been shown 1’ 2 that the electrostatic potential in the spacings of a planar
sensor ’s grids is a function both of the electrostatic potential applied to the grid
wires and of the electrostatic potential of adjacent grids. The potential in the spacing

1. Hanson, W. B. , Frame, D. R. , and Mldgley, J. E. (1972) Et rors in retarding
potential analyzers caused by nonuniformity of the grid-plane potential,
J. Geophys. Res. 77(No . 10):1914-1922.

2. Goldan, P. D. , Yadlowsky, E.J. , and Whipple, E.C., Jr. (1973) Errors in ion
and electron temperature measurements due to grid plane potential nonuni-
tormittes In retarding potential analyzers, J. Geophys. Res. 78(No. 18):
2907-2916. * 

- 
-

~~ 
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is the effective potential 
~
41eff~ 

of the grid; i t should be used in t he above da t a
analysis equations, The effective potential on a grid “i’ is approximatel y given by

41eff ~ 
= V1 + r (V 1 1  - 2V 1 + V1~ 1) (48)

where

V1 = the applied potential to grid 1

V1_ 1 = the applied potential to the grid in front of grid i

V1~ 1 = the applied potential to the grid behind grid i

a = field penetration factor

In theory, a can be calculated from the spacing of the grids and the dimensions
of the grid wires. In practice, a must be adjusted to fit the characteristics of the
instrument. For this instrument with its double grids , theory gives a < 0 . 06, but
in practice a may be as great as 0. 12.

For the DMSP sensor, let us assume that the thickness of the sheath outside
the aperture is approximately equal to the grid spacing. Thus the applied voltages
of interest are

= 0 is the plasma V = 0

= 1 is the aperture grid V1 =

= 2 is the retarding grid V2 = V + 41
= 3 is the suppressor grid V3 = V + - 30

where V is sweep voltage applied to retarding grid.
From Eq. (48), the effective potential on the aperture grid is

4’A 41S (t~~~~~~ E~~r (49)

and the effective potential on the retarding grid is

(50)

The flow of ions to the collector plate is regulated by the grid with the most
positive electrostatic potential. Table 2 shows the effective potentials as a function
of the applied retarding potential for = -2 V and a = 0.06 and a 0. 12. When

4’R~ 
the effective potential on the aperture controls the current , and when

~ 4’R~ 
the effective potential on the retarding grid controls the current . In the

data analysis , the effective potential controlling the ion current should be used
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Table 2. Effective Electrostatic Potential for Planar Sensor

Applied Voltage Effective Potential
c = 0 . 0 6  E =0.12

(V) (V) (V) (V) (V)

-5 -2.180 -8.500 -2.360 -10.000

-4 —2. 120 -7. 560 —2. 240 -9. 120

-3 -2. 060 -6. 620 -2. 120 -8. 240

-2 -2.000 -5. 680 -2. 000 -7.360

-1 -1. 940 -4. 740 -1, 880 -6. 480

0 -1.880 -3.800 -1.760 -5.600

1 -1, 820 -2. 860 -1. 640 -4 . 720

2 -1. 760 -1.920 -1.520 -3.840

2.182 -1.749 -1.749 -- --
3 -1.700 -0.980 -1.400 -2.960

4 -1.640 -0.040 -1 .280 -2.080

5 -1.580 0.900 -1.160 -1.200

5. 053 —1. 154 —1 . 154

6 -1. 520 1. 840 -1. 040 -0. 320

7 -1. 460 2. 780 -0. 920 0. 560

8 -1. 400 3. 720 -0. 800 1.440

9 -1. 340 4. 660 -0. 680 2.320

10 -1. 280 5. 600 -0. 560 3. 200

11 -1.220 6. 540 -0. 440 4 .080

12 -1.160 7. 480 -0.320 4 .960

13 -1. 100 8.420 -0.200 5.840

14 -1. 040 9.360 -0. 080 6. 720 
I

I, 
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instead of the applied voltage on the retarding grid. Use of the uncorrected retard-
ing grid voltage yields ion temperatures that are too high by 10 to 40 percent.

4. PLASMA SCALE HEIGHT DETERMINATION

There is sufficient information from the analysis of the electron Mode 2 and ion
Mode 2 data to compute3 the plasma scale height H~ at a time centered on the two
swept vol t age modes which occur 17 sec apart: that is, H~ is determined at
(t0 + 8. 5), where to is center of an electron sweep, to be

+ 8. 5) = k(T e + T)/M~ 
m~ g km (51)

where g = acceleration due to gravity at 835 km altitude (km /sec2):
g = 7. 675 10~~ km/sec2

Substitute in constants

T
+ 8. 5) = 1. 083 

~~ ) 

km . (52)

5. TELEMETRY ALLOCATIONS AND ELECTRONICS

With the exception of two housekeeping data words , all the data from the SSIE
experiment is transmitted via the spacecraft digital data systems (OLS) us ing a
single NEZ (nonreturn to zero) data signal. This signal is transferred once per
second in phase with the OLS supplied bit clock in bursts of 180 cont iguous bits at
a rate of 1000 ± 1 bps as shown in Figure 11. Upon receipt of a read pulse
(SSIERED) from the OLS, the SSIE experiment provides 180 data bits with the least
significant bit occurring first in the first word. These 180 data bits form twenty
9-bi t data words.

The outputs from the three experiments arc equally spaced throughout the
1-sec interval and arranged in the twenty data words as follows:

Type No. Samples Words

• Electron sensor data 7 1, 4, 7, 10, 13, 16, 19
Ion sensor data 7 2, 5, 8, 11, 14, 17, 20
Event monitor 6 3, 6, 9, 12, 15, 18

3. Rishbeth, H., and Garriott, O. K. (1969) Introduction to Ionospheric Physics,
Academic Press, New York, p. 143, 

—________________________________
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DATA A~~~U IR ED DURING
T H I S  I SECOND PERIOD
IS Sh IFTED OUT HERE

C 1 l8O ns

a 1 sec p - 1 sec u.]

I I I
SS (ERED SSI E R ED

Figure 11. SSIE Telemetry Word Trans fer

The electron and ion sensor data words are converted from a telemetry output
voltage to an amplifier current using preflight and in-flight calibrations. This
procedure is described in Section 5. 2.

The event monitor is an analog Indicator of the voltage applied to both the
electron and ion sensors during their respective sweep periods. The actual volt-
age to the sensor components is derived by fitting a straight line to the event
monitor analog voltage and then comparing it with a preflight calibration of applied
volts vs analog volts.

The event monitor also indicates calibration sequences and “flags” the sweep
periods 2 sec prior to the sweep, as an aid to data processing. It should be noted
that all events, such as calibrates, sweeps and flag voltages first appear at word
18 of the 20-word, 180-bit burst of data. Therefore the first words of data from a
sweep or calibrate are words 19 and 20 for the electron and ion sensors,
respect ively.

The two housekeeping quantities which are transmitted using the spacecraft
analog system are:

Word 48 - Output voltage of thermistor in main electronics package.
Calibration given in Figure 12.

Word 49 - Monitor of bias voltage applied to grid of electron sensor.
Values given In Table 1.

5.1 This. Sequence of Events

FIgure 13 shows the sequence of all functions of the Event Monitor , Electron
Sensor and Ion Sensor. At all other times, the sensors themselves are operat ing
and recording data In the fixed voltage mode. Additional information Is listed In
Table 1, Including In-flight calibrate details and the designation of the telemetry
output for the electron grid resting bias voltage ,
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Figure 13. SSIE Time Sequence of Events
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5.2 Preflight Calibration and In.flight Update

Before integration with the spacecraft, the amplifiers were accurately call-

bratcd for response to known input currents over a wide range of temperatures.
The preflight calibrations are shown In Figures 14 and 15 and In Tables 3 and 4,
for a temperature of +20°C. Both amplifiers have a logarithmic response with
outputs 0 to 5 V for ranges io -

~~~_ io -
~ A In the electron (negative current ) ampli-

fier case, and 5 X l0 12 _5 )< l0~~ A in the case of the ion (positive current)
amplifier.

These amplifier responses may be expressed as

Log(I) = A + BV (53)

where Log(I) is Log10 of the Input current; V is output voltage of amplifier to tele-
metry; and A and B are constants.

Using e and i as subscripts to denote the electron and ion current amplifiers,
from the preflight calibrations, we obtain the following:

A c = -10.00 Be = +1. 000

= -11. 301 B~ 
= +1. 000

Since the In-flight data received can commence at any point in the 1024-sec
time sequence between calibrates, these preflight values of A and B are used to
process the initial data before the first in-flight calibrate is encountered In each

data set.
As shown in Table 1, each amplifier is fed two levels of known, stable input

currents once every 1024 sec. On each amplifier these consist of two, 2-sec
periods (14 data points each) for each of which an average value of output voltage
V is obtained.

Let Vies V2c~ V~~, and V21 be the calibrate output voltage levels for CalIbra-
tions 1 and 2 of the electron and ion sensors, respectively. We now obtain updated
values for A and B in Eq. (53)

A c = (6 V2e - 9 Vie)/(Vie - V2e ) (54)

Be = 3/ (V ie - V2e) (55)

A 1 = (7. 301 V21 - 10.301 Vii)/ ( V 1~ 
— V21) (56)

B1 = 3/ (V 11 — V21) 
- 

(57)

These updated values of A and B are then used for all sensor data in both fixed
voltage and sweep voltage modes of operation until the next calibrate Is evaluated .
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Table 3. Electron Sensor Amp lif ier  Laboratory Calibration , +20°C , Block 3 D. F2

Calibra tion 1 ( l O
_ 6 

A) :  +3 .964 V
Calib ration 2 ( l 0~~ A) :  +0. 978 V

~loni tor  Levels: Electron Sweep ~5 V -~~ ‘1 V

Sweep Flag ÷0. 6 V

Cal ibra t ion 1 ÷0 . 2 V
Calibration 2 +0.4 V

-J io~~
0 1o~~ io 8 

~~~ io 6

— . 002 .975  1. 972 2 . 968 3 .964 4 . 963

2 .281 1.275 2.270 3.268 4.265 5.262

3 .4 56 1.451 2. 447 3 . 444 4 .44 1

4 . 582 1.576 2. 572 3.568 4. 566

5 . 680 1. 673 2 . 669 3 .665 4 . 662

6 .758 1.752 2. 748 3.744 
- 

4 .741

7 . 826 1.819 2.815 
- 

3.8 11 4 . 808

8 .885 1.877 2 . 872 3. 868 4 . 866

9 .93 4 1.928 2. 923 3 .919 4.917

10 .980 1.974 2.969 3.965 4.963
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T abl e 4. Ion Sensor Ampl i f ie r  Laboratory Calibratio n , +20°C . Block 5D. F2

Calibra tion 1 (5 ‘~ io 8 A): 3 . 984 V
Calib ration 2 ( 5  ~ i0~~~ A) :  ÷0.~~76 V

\lon itor Levels: Ion Sweep - 1 V - 5  V
Sweep Flag - - - 0.8 V
Calibra tion 1 -0. 2 V
Calibra tion 2 +0 . 4 V

-i io 12 I 10
_jo 

~~-9 ~~-8 10 ’

1 - . 25~ 1 . 27 5  2 . 2 8 5  3. 285 4 . 282

2 . 557 1. 580 2. 587 3. 585 4 . 582

3 . 740 l . 75 ~~ 2 . 76 3  3 . 76 1  4 . 757

4 . 865 1.883 2.888 3. 885 4 .881

5 .025 . 967 1.983 2. 986 3 . 982 4 . 9 7 6

6 . 067 1 .046 2 . 063 3 .065  4 . 060 5 . 055

7 . 121 1. 119 2. 132 3 . 132 4 . 127

8 . 166 1. 170 2. 188 3. 189 4 . 185

.221 1.227 2.241 3.240 4.236

10 .2 60 1.27 1 j 2.287 3.286 4.282
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