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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials
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POS. ION DATA, TAPE

[72-092A-01A] [SPMS-00064]

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY IT CONTAINED
THREE 9-TRACK, 1600 BPI TAPES WRITTEN IN BINARY. THERE IS ONE
RESTORED TAPE. THE DR TAPE IS 3480 CARTRIDGE AND THE DS TAPE
IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPES WERE CREATED ON AN IBM
360/65 COMPUTER AND WERE RESTORED ON THE MRS COMPUTER. THE
DR AND DS NUMBERS ALONG WITH THE CORRESPONDING D NUMBERS AND TIME

SPANS ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN
DRO05273 DS005273 D0305957 1 11/22/72 - 05/10/73
D030558 2 05/11/73 - 11/04/73
D030959 3 11/04/73 - 04/14/74
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REQ. AGENT RAND NO.
cMp RCI9052
ESRO-4

POSITIVE ION DATA

72-092A-01A

ACQ. AGENT

RNH

This data set catalog contains 3 tapes. They are 9 track,

Binary, 1600 BPI, and created on an IBM 360/65 computer. Also

included in this catalog is a listing supplied by the experimenter

of D-30957. Each tape has 1 file. The tape format is on page

VI-2 of the Post Launch Report.

o# c# TIME SPAN

D-30957 C-19813 11/22/72 - 05/10/73
D-30958 C-19814 07/17/73 - 11/04/73
D-30959 €-19185 11/04/73 - 04/14/74
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An experiment to measure the structure of the major ionic species in
the topside ionosphere over a height range of 350 - 1000 km at latitudes
from - 90° to + 90° geographic.

W.J. Raitt
Mullard Space Science Laboratory
i University Co"lleg'e London
1 April, 1970
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1. . Purpose of Experiment

The purpose of the experiment is to investigate the properties of the
major ion species of the topside jonosphere with particular attention to
ionic specieﬁ, energy distribution and drift velocity. The main sensor will
be backed up by other sensors to assist in the analyeis, and as a by-
product these other sensors will provide information on electron temperature,

electron density and irregularities in the total ion density as small as a
change of 0.5%. '

2. Method Used

All of the sensors referred to above will consist of electrodes immersed
in the ionospheric plasma attached to suitable electronic analysers so that
functions of the current flowing to the electrodes in terms of the voltage
applied to them may be studied. This type of sensor is known as the
Langmuir probe after the American physicist Irving Langmuir- (1926) who did
much to develop both the theoretical and practical aspects of probes during

the 1920'a and 1930's,

The biasing voltages for the electrodes are chosen so that measurements

may be made on both negative and positive charge carriers.

The main sensor consists of a large, spherical iom collecting probe of
19 cms diameter. This is supplemented by an electron collecting spherical
probe to ascertain vehicle potential, and a spherical probe wonitoring tetal
ion current mounted on the spin axis of the vehicle to avoid spin modulation

effects on this current.

3. Outline of Theory

The work of Langmuir has been extended by Medicus (1961, 1962) -who has,
in particular, applied the theory to the case of a plasma-consisting of ions
having a Maxwellian velocity distribution due to their temperature-super-
imposed on a steady drift velocity. This is, in fact, the-situation
applicable to a probe mounted on a spacecraft, the drift velocity being the
spacecraft velocity relative to the plasma. '

3.1.. Spherical ion probe

This probe will be referred to henceforth as a mass spectrometer
because of ite ability to resolve different ion species. This may be
understood qualitatively by considering that an ion of species i will have
an energy in the freme of reference of the spacecraft of
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wherw'V; is the spacecraft velocity.

Thus, in order to prevent ions of this species reaching the probe, a
voltage V given by

Simiva ...-..--..---...-.(2)

mst be applied to the probe.

Thus, in principle, by observing discontinuities in the current
collected by the probe as the applied voltage is changed, the presence of
various species may be detected. In practice, the ions have a random
velocity distribution superimposed on this drift so the discontinuities are
not sharp; however, provided ‘

Vt X VD

the discontinuities can be meparated, where Vt = thermal vel.

VD = drift vel.

It can be seen that this is a positive voltage, therefore to prevent
the ion cﬁrrent being swamped by an electron current a grid biased to a
negative potential must surround the probe surface, It can be shown from
considerations of the conservation of angular mdmentum. that as far as the
ion current collected by a spherical probe is concerned the grid has no
effect other than to introduce a transparency factor.

Druyvesteyn (1930) has shown that the energy distribution of the ionms
is related to the current J collected by a Langmuir probe at potential V

is given by

N(V)dvﬁ_a' vioucoaoooooonocov(_3)
dv '

where N(V) is the number of particles having energy VoVseav
Medicus (1962) gives the expression

s
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= electron 'charge

w . ion density

= - ion mass

= probe radius _

= drift energy of jon species when thermal velocity is gero
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= ion temperature.

This expression is for one ion species assuming a Maxwellian velocity
distribution. '

If we write

exp(~7) - 8 3
5,0)) = il q:%)iif’h(a(qv}°1) )| e (5)

We can write the second derivative of current as a function of voltage
for the ith species as

2 .
dJd nAe ' :
= " 8 (n) L S S TP (6)
. _ 4\8 .
ave 4 aniV_Bu

where A = 'ura

Thus, if there are P ion species of fraction fi

P
2
a<J nAe 1 < 11
= LA =8.(M) a-‘aoo-.o-ooo(?)'
ave km'ﬁau; Ty 1)

where nipr = proton mass
Hi = mass number of ith apecies.

Theoretical curves for this function have been evaluated and ars shown
in fig. 1.

It can be seen from the diagram that for the ion species expected in
the topside F-region identification can be made,. but complete resolution of
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H' and He' ig not possible. However, the resolution of the instrument
should be sufficiently high for the two peeks to be distinguished in most
of the circumstances when both H' and He' ions are present,

For the peak of a given ion species we have the relations:
Vu = 1y (V1))

LI (Va,Mi,Ti) |
A =2, (va,ui,:ri,ni)

where ‘
V, = Voltage at which peak maximum occurs
W = Width of peak at say half amplitude

A = Amplitude of peak

In fact V‘n varies rather slowly with Ti and gince the wajor ions present
in the F-region are known to be H+, He' or o* this provides a positive
identification of ﬁi providing the potential of the vehicle relative to the

ambient plasma is known. Having determined -lli Ti can be found from W and
then n, from A,

The functions £, f, and f, are determined by evaluating the expression
(7) for the particular species of ion expected. '

3.2 Electron collecting probe .

For the ele'ctrons, their thermal velocity is much greater than
their drift velocity, so we can use the theory for a Langmuir prohe
immersed in a plasma at rest whic gives the current to the probe as

J(v)-2ﬂir2en —;—g exp 'k%' ceesssensan. (8)

in the retarding region.

Now for a aﬁall spherical probe when the radiue of the charge sheath

around the probe is large compared with the probe radius Medicus (1061)
shows that

J(V) = a+by¥y

in the accelerating region where for a Maxwellian velocity distribution
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That is, the variation of J (v) for the accelerating region is linear and 4
tangential to the variation in the retarding region.

This is illustrated in fig. 2, Tt can be seen that as a means of :
defining space potential, the current characteristic is not very suitable.
However, if the first derivative is observed on a san1-logarithm1c plot, it
can be seen that it is possible to locate the point at which the probe and
the plasma are at the same potential.

A further reason for weasuring the first derivative of the current
voltage relationship is that the effecta of photo~electric currents are
eliminated. In fact, the negative current to -the probe is given fully by

I(v) = Je(v) -Jp - Ji(v)

where de is given by equation (8)
Jp is photo—ele.ctric current
Ji is positive ion current
Now, Ji  Je (see section 5) and Jp is constant.
. dJ dJe
AV = gy only

3
= 2enrp2 % . T_lf .exp (- v -/kTe)

in the retarding region

3

2 2 1 . . .
— . in the accelerating region,
km T % .

. ary ,
and - 2enr
Therefore, in the retarding region a plot of log ( ) v. V .results in a
straight line of 8lope - k;‘ y from which the electron temperature T nay be
found, while in the acceleratmg region log ( ) remains at a constant value

depending on —;— from which n may be detemlned when T is known.

Thus, although the electron probe is primarily for location of vehicle

potential, it also gives supplementary information on electron density and
temperature,

3.3 Total ion density probe

For a spherical probe moving through the iono'aphere of a velocity
of V, and biased -ve with respect to the plasma, the jon current collected 3
is largely independent of attitude and given by: F
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-in diameter to collect positive ions, and surrounded by spherical grid

I = N'eav

P 8

vhere

N* = total ion density

e = electronic charge

S
[1]

probe cross sectional area

v satellite velocity

The only attitude depehdence is cemsed by the probe passing into the wake
of the spacecraft.

Changes in Ip are therefore a direct monitor of fluctuations in the ambien:
pogitive ion density N

‘Since the emission of photo electrons from the probe surface adds to I
the probe thust be surrounded by a grid biased more negatively thgn the -energy
of the peak flux of photo-electrons from the surface. In this way the photo-

4
emission current is reduced to a low value compared with the ion current. ;
%
3

4. Description of Sensors

4.1 Ton mass spectrometer and electron probhe

As wentioned prevﬁously, this sensor consists of a sphere- 190 cm

20 cm in diameter biased negatively to prevent electrons reaching the
probe surface. The stem supporting the grid is also at grid potential to ﬁj
avoid any high field strength areas in the immediate vicinity of the probe. ¢
Integral with the probe assembly is a pre-amplifier occupying one half of

8 cylindrical container mounted at the end of the grid supporting stem.

sud

The pre-amplifier case also serves to support the electron probe on a
short stem at right angles to the axis of the case, and the other half of -
the container is used as a preamplifier for this probe.

5‘-"._:

The detail assembly is shown in figure 4. The surface of both the b
large and small spheres are to be rhodium plated using plating techniques
88 similar as possible. This is to ensure that the contact potential

between the two probes is low. Rhodium is chosen for the surface because

oI IL T
I
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of its durability, freedom from atmospheric corrosion and conatancy of

contact potential over a large plated area.

The two probes must be in close proximity so that the weasurement of

vehicle potential by the small probe is that applicable to the large prope'
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and this is achieved by the mmmtmg arrangewnent described above. The
other criteria for positmnmg the probea is that.they should be clear of
the charge sheath surrounding the satellite, and also that they should have
8 field of view of as near 4-[ bteradians as possible. These are achieved
by mounting the probe assembly on a boom 1.2 metres iong which is deployed
to have its axis in the direction of the satellite coordinate system.

.

4.2 Total ion density probe

This 'probe consists of a rhodium plated sphere 9.0 -oms--in diemeter
surrounded by a spherical grid 10.0 cms in diameter. The sensor is mounted on
& boom projecting from the spacecraft skin aligned with the opin axis. The
assembly is shown in figure 5. -

The probe is biased to a negative potential to collect positive ions
and the surroundlng grid to a more negative potential to supress photo—
electrons emitted from the probe surface.

¢

There are no preamplfiers associated with this ‘probe, the only electrical

components in the vicinity of the probe being those to decouple R.F. signals
picked up by the probe. ' ’

5. The Problem of Spacecraft Potentlal

In making probe measurements one is eventually faced with making voltage
biasing measurements relative to the spacecraft as a reference. However,
this is not tied to a large capacity body such as the earthing used in
ground-based observations, and since we need to kmow these potentials
relative to the ionosphere, it is important that the spacecraft adopts a -

potential not far removed from the ionosphere, and also that it remains
stable.

When a satellite'is m_wing': through the ionosphere it tends to become
negatively charged due to colleétion of electrons and positively charged
due to collection of positive ions and photo-emission. If no point on the
satellite generates an electric field from an internal source of petential,
the spacecraft norjally stabilises its potential at about onme volt negative
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to the lonosphere, at which potential the electron current equals the ion
current plus the photo-~electric current, If, however, there are any surfaces
at positive Potentials, they collect electrons, and unless this electron
current is neutralised by Providing sufficient clean meta] for an increased

ion current, the satellite wil)l charge up to a relatively high negative
potential,

The ratio of the electron currenmt when a probe is at space potential to
the ion current when an area of metal is also at 8pace potential is given by

do _ he [0y |
Ja " O m, i

where A¢ = area collecting electrons
Al = ares collecting ions
W, = mass of ion

= mass of electron, .

%%\ must be unity at equilibrium

mi '
. . Ai-ABE"
e

- = 170 Ae for ot jons

stabilise at some_p&int about midway between zero and the maximum negative
charge attained witp equal ion and electron collecting areas, Furthermore,
any variation of electron current collected will cause large variations in
the spacecraft rotential acting to counteract the sweep voltage being applied
to the probe which would cause these changes in electron current,

We, therefore, make the ion ¢ollecting area
AL >> 170 Ae

80 that the potentia] stabilises quite close to zero and changes in electron
current have & very small effect on the eatellite potential.

Thus, for the S45 experiment we have specified a clean area of 5000
8q. om. %0 compensate for the current collected by a spherical electron
probe of 1 em. in diameter,

e Ll e s riemam e ., .. e e



The calculations presented above are not exact because, of course, the
ratio of Je/Ji is for space potentiml surfaces, whereas a different potential
is reached by the spacecraft. Accurate calculation is difficult because the
current collecting characteristics of an irregular body such as the clean

- areas of the spacecraft is not readily predictable, However, the calculation
serves to give an indication of the minimum clean area required.

6. Description of Electronics
The overall block diagram of the electronics is shown in fig. 7.

6.1 Mass spectrometer signal processing

The mass spectrometer probe has a varying sweep voltage applied to
it in a manner described below, and added to this relatively slowly varying

voltage are two alternating voltages at frequencies f1 and f2 and equal
amplitudes the value of which is of the order of kTi where Ti is the mean
ion temperature expected {about 1000°K), and can be commanded to a lower
amplitude. Non~linearities in the probe ‘current/voltage relationship cause
mixing of the two a.c. signals, the degree of mixing depending on the second
- derivative of the i-v characteristic. Thus, by observing the amplitude of
the current at the difference frequency (£1~- fz) a measure of the second
derivative of the probe characteristic is obtained as the sweep voltage
changes, | '

-

d2Ji

2

J L o= ov. v
(:1 - fa) 1 72 av

4
where AL and v, are the amplitﬁdea of the f1 and fa signals, By filtering
the current flowing to the probe the difference frequency component may be
selected and rectified to obtain a measure of the value of dZJi .

2
In fact, the expected dynamic range of J dav
{f1 - fz) is about

80 db, s0 to obtain measurements over all conditions likely to be encountered
in orbit the current is monitored by a logarithmic amplifier bhaving four
overlapping ranges., The form of the calibration curves for the amplifiers
being as shown in fig. 8, During any ome sweep two of the ranges only are
used, either the high or low aenaiiivity pair, selection of ths pairs being
automatic and alternated from sweep to aweep of the probe voltage, A

| monitor of which sensitivity range is being used 1s kept by altering one of
‘i l the experiment housekeeping channels to a preset value during one
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sensitivity mode and monitoring the housekeeping signal during the other
sensitivity mode,

6.2 Klectron probe signal processing

The electron proﬁe also has a sweep voltage applied to it and, in
addition, a single alternating voltage f3 of small amplltude less than or
equal to kTe where Te.is the smallest value of electron temperature expected
to be encountered, The amplitude of the probe current at this frgquency is,
therefore, a measure of the mean value of %ﬁ; over the voltage defined by
the amplitude of the a.c. signal. This component is filtered from the probe }
signal by using an a.c, bridge technique to brevent the applied signal
reaching the input of the analysing amplifier when no probe. current is
flowing, and then usinéra selective émplifier to measure the off-balance
component at f3 when the probe is taking current,

Again, to cope with the wide dynamic range a logarithmic amplifier is
used, but in this case only one range is used to cover a dynamic range of
about 60 db., A further reason for using a .logarithmic amplifier in this case

.dJe -

is that the variation of log ‘1;;}'in the retarding region is a linear

function of voltage as explained earlier,

6.3 Qeneration of sweep voltages

Previous experience in this type of probe has shown that the caution
necessary to cope with unexpected variations in spacecraft potential has often

‘led to considerable fractions of the data being transmitted when both electron

and ion probes were so negative with respect to gpace potential that no useful
information was obtained, To improve this situation a new technique has been
adopted in aweeping the potential,

If we consider the start of a sweep cycle when both maas spectrometer
and electron probes are at about =5 volts relative to spacecraft ground,
The sweep generator Produces a rapid increase in voltage on both probes until

- the signal from the electron probe rises above a certain threshold, At this

time the sweep rate reduces to about 1 volt per second for both prebes, and

the electron probe changes the origin of its slowly rising region of Bweep
voltage. This is 11lustrated in fig. 9.

The effect of this is to bring the probes rapidly to about 1 volt below
space potential, then to allow the mass apectrometer to increase slowly from
that point, while the electron probe Sweep voltage is reduced in order that
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signale below the threshold may be studied.

Whén the ion probe voltage reaches a certain preset level boih sweep

voltages fly back to the starting point of about -5 volts.

~ It is not possible to specify an exact sweep period, the period is a
function of electron temperature and spacecraft potential, but it is of the

order of 10 seconds when operating in the searching mode.

Should the electron probe beceme faulty it is possible to change the
mode of the sweep voltages to that of a normal repeating sawtooth waveform

between defined voltage limits, on issuing one of the commands allocated to

this experiwent.

6.4 Total ion dendity probe signal processing -

The current flowing to the total ion density consists of a
relatively steady level (on a time scale of a few seconds) superimposed
on which may be small fairly rapid variatione caused by the spacecraft

passing through irregularities in the ionosphefe.

The circuitry separates these two components of the probe current in
order that both the ambient ion density and small fluctuations may be observed.

The mean d.c. current is amplified by a logarithmic amplifier and its output

" is presented to one of the low speed telemetry channels,

The f1uctuat1ng component is treated in a somewhat different wanmer. A (
circuit has been devised which gives an output to the telemetry

5
V- L\®  volts
l_p) +1 )
where Io = current to probes at beginning of mass spectrometer sweep

Ip = curremt measured during the course of the sweep .
o = preset sensitivity constant

Now the circuit automatxcally sets Jo = Ip at the beg1nn1ng of each mass
spectrometer sweep, 80
Y = 2.5 volts,

then, depending whether Ip increases or decreaaen, the output voltage varies
in a manner shown in figure 10.

It is planned to set a to a value greater than 10 eo that very small
fluctuations in (Ioflp) of 1% or less uay be detected. The circuit will then .
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provide a measure of the small fluctuations which will have only a minor \
effect on the mass spectrometer, but are of geophysical interest; however, .
if a large fluctuation in ion density should occur this will be indicateq
by a gzero or full scale reading of the output which will be an indication °
that the mass spectrometer data is suspect.

e
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6.5 Electronics housing 'i

Most of the electronics described is housed in a single electronic,
box located in the experimental area of the satellits. In addition, there i,
an AC/DC convertor to provide the voltage rails for the electronice from the:

spacecraft AC power supply., The whole unit weighs 1,9 Kg and consumes hooma
of electrical power.

The only electronics separate from this unit are two preamplifiers
housed in a case on the boom containing the mass spectrometer,.

6.6 Telemet;x channels

The experiment uses 15 telemetry channels of which four are aamplad
at 0.15 sec intervals, two at 1.2 sec intervals and nine at 4,8 sec intervals, 3
The quantities being measured are shown in fig. 7 and tabulated in Table 1.“

6.7 Command facilities

There are six commands used by the experiment to change sweep mode,.
biss voltages and a.c, amplitudes. These are tabulated in Table II,

.

7. laboratory Stimulation of Probes

? 7.1 Mass spectrometer and electron probes e ; 3

The current voltage characteristic of a diode is similar to that
of a Langmuir probe in the ionosphere, and for this reason a diode with a
suitable series reaistance to limit the conduction current is conmnected to
the probe. 4is the probe voltage is awept, the analysers then produce output!
of similar form to those expected in the ionosphere,

Precautions have to be taken in shielding the diodes to avoid unwanted

signal pick-up, and also it is necessary to use a series combination of a % £
point contact diode and a junction diode to give both low capacitance and low i
.

leakage current, In the case of the mass spectrometer two diodes will be used :'§
3

and by applying different bias voltages the situation of two ion Epocies can’
be simulated,
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The diode stimulation for both the masa spectrometer and electron probes
will be housed in a shielded container mounted on the boom assembly with
connections taken to the probe through contacts specially provided on the
two probes.

7.2 Total ion density probe

In order to stimulate the steady current to the total ion density
probe it is only necessary to connect a resistor between the probe and
spacecraft ground. The fluctuating component of the ion current will be
simulated by a low frequency oscillator powered by the voltage on the guard
ring of the probe assembly.

The components te achieve this will be mounted on the protective covering
of the probe surfaces which will have contacts on to the probes in addition
to providing protection.
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TABLE I

Telemetry Sample  Measured paremeter k
channel Interval (sec)

1 Oedtr 042 Ion probe 2nd derivative (high
sengitivity) .

2 15 0.7 Ton probe 2nd derivative (1low ?
sensitivity) -

3 0.145 0.2 Electron probe 1st derivaten?

4 it 0.2 Plate probe fluctuations

b 1.20 Ton probe 8weep monitor

6 1.20 - _Electron probe sweep moniter

7 4;80 dﬁoﬁprobe mean current

8 4.80 - a.c. amplitude monitor (fl)

9 4.80 a.c. amplitude monitor (12)

10 - 4,80 a.c. amplitude monitor (fa)‘

11 4.80 d.c. supply monitor A 4

12 4.80 d.c. supply monitor B . ‘

13 4,80 main package temperature :

14 4, 80 bias monitor

15 4.80 preamplifier package temperature

TADBLE 1}
s I

e ——— e

Compand . Fanelion

1 ere level, sweep, biag
nll mode 1

2 e, lovel @

13

) : aweop mode

4 bing lovel 2




1,:*—%&-%'& . el

(SR

L . ¥,

-

.

LT S

G !

——

ol A -

-

¢

- e O N A

=

List of figures

Second derivative function for s45/1

First derivative function for Sks/2,

General assembly of S4S/1 .and Shs/2,

General assembly of S45/3,
Electronics block diagram,
545/1 calibration curves.
845/1 and S45/2 swgep waveforms.

S45/3 calibration curves. .




A .

SPHERICAL ION PROBE ~ 2nd DERIVATIVe FUNCTION

gt ;
3
b TONOSTHERIC DRIFT VELOCITY = 7,75km/sec '
T, COMPOSITICN  H* « 0.01
i | 0* = 0.75 |
é ! TEMPERATURE  500°K
B
g
'.h ‘20 L i
4 1

-

£ i
]
; ;
i
:
‘
’ *
10 -~
[
4

0 1 2 3 4 5 6 7
i _ PROBE VOLTAGS RELATIVE TO SPACE (VGLTS)




Fig, 2

Variation of electron probe current and 1ta-firat derivative

’ ] : T! = 1200°K

A

B

o i
£ 290 N

Proportional to : ‘
log (di/dv) 1

W -

LT S e

N k

~0.06  -0.04 ~0.02 0 0,02 0.04- 0.0

f ) ) Probe voltage relative to space

-0.86 -0.64  -0,02 0.02 0.0% 0.08

v

k
# Proportional to
3 _ log (di/dv) .

e A
5

Yoo

..
& TR g R
-




e

rig. 6

swon_curves

of Ion Probe calit it ——"

Form

High sehaitivity pair

e — S

yaoltage

“Output

Ry

TalkT

—

low gensitivity pair

?A.

10

et e o L -




LI

-
s g i

~y

— -

A4

101

Ion ani electron probe aweap waveforms

Searching Sweeap

Mode 1

time (seca) —

Non- Searching Sweep

Mode 2

ErEE e —p——

ime (secs) —>




R e

T LR TS ey v

Fig. 8

Transfer characteriastic of circuit for monitoring

. _ ' Small fluctuations in plate probe current

“

e
ooy G-

IR
LI
o
N ok 5 4 Output
- = 20 voltage
Ak = 10
4 ‘+ T
, o= 4,64

Y e

3

3

"7' 1 : ' ;: 0 i 4 +
0.85 0.90 0.95 1-00 1405 1.10 1.15

T .

Current ratio

S ikt




ESRO-4 - EXPERIMENT 84S

FOST LAUNCH REFORT '

’*

W.J. Raitt

oYy

Mullard Space Science Lab,
24th August 1975




Summary

The report describes the form of the S45 raw data and the format of
the data tapes received from ESOC. The procedures to handle this data
both from a routine administrative point of view and the reduction to

e geophysical parameters is described. A prelimimary description of the
type of results obtained at this early stage is given together with an
’ outline of the larger scale scientific analysis which could commence in

the near futurse,
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ESRO-4 EXPERIMENT S4s5

FOST LAUNCH REPORT AUGUST 1973

1« Introduction

. The eatellite ESRO-h was launched at 00.17 U.T. on 22nd November 1972
from the Western Test Range at Vandenberg Air Force Base, California, It
. successfully achieved an orbit of the earth but the apogee of 1100 km was

about 100 knm high and the Perigee of 250 km was about 30 km low from the
nominal orbit 8pecifications, The inclination and time of launch met the _
S scientific requirements, The nominal spin rate of about one revolution per
. second was gchieved after boom deployment., The moment of inertia of the
spinning satellite constituted the means of its stabilisation, although, as

changed by commands sent from the ground.

The experiments carried by the satellite were as follows:-

Code Institution Objectives
1. S45 | MSSL, London Thermal plasma parameters of
, . ionosphere
2. 580 | Univ. of Bonn Neutral mass spectra of atmosphere
. 3« S9% | Kiruma Geophys. Obs, Particle fluxes 0.5-150keV, electrons
| and protons ‘
b 599 | Univ. of Gtrecht Proton fluxes 2-100MeV, Alpha
' particles 4-240MeV
5. 5103 MPI, Garching Proton fluxes 0.2-90MeV, Alpha
particles 2,5-360MeV
. 6. HcI Estec, Noordwijk Assess operation of Infra red horizon
' detector

8pin axis of the satellite,

_  The S4s experiment conaits of three sensore and associated electronics
Packages designated ag follows:-

Code Function
shs/1 Spherical ion mass spectrometer (20 cms diameter)
shs/2 Spherical electron Langmuir probe (1 cm)

i
i
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Code Function

sis5/3 Gridded spherical total ion current collector (10 cms)
S545/4 | Main electronice package inside spacecraft

s45/5 545/1, $45/2 preamplifier package (boom mounted)

The positions of the probes relative to the apacecraft is shown in fig 1.

The satellite was launched with Sk5 switched on, and as soon as the
nose-cone had been ejected telemetry signals received at the range ahowed
characteristic curves from the S45 electron probe. The other experiments
were switched on in sequence during the first week of orbital operation
and all were found to function satisfactorily,

There are a number of standard spin axis pointing directions which are
normally such that the spin axis lies in the orbital plane of the satellite,
On one occasion it was 30° out of plane to 1mprove the collection of energy
by the solar cells, A list of the standard attitude and the transition
dates is given in Appendix I,

Further information on the facilitlea of the satellite and the oper-
ational programme can be obtained from the ESTEC documents:-

E4/PD/06 Issue 3 Mission and Ope%ational Programme
E4h/PD/10 Issue 3 General Description of the ESRO-4 Satellite

2. General Characteristics of the Data

The general form of the received data will be made with reference to
copies of Sanborn chart records made at ESOC and supplied on a routine

basis to enable rnpid'aasessment of the operation of the experiment on a
quick-look basis,

- 2.1 545/1 Data

i ' The peak in the second derivative of the probe current-voltage charac-
teristic as ions of differing mass are retarded is shown in fig 2. These

. - plots show the automatic chanée in operations range occurring at each fly=-
back and flagged in one of the housekeeping data samples,

The rapid motion of the satellite through the earth's magnetic field
causes a voltage to be induced in the boom given by
Ving = (v x B) . L
where v = satellite velocity vector all in same
* B = magnetic field vector . coordinate
L = boom vestor .’ ' system
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During one sweep v and B remain sensibly constant, however L is a fotating
vector at the spin rate of 1 revolution per second. Thus the induced voltage
is oscillatory and, being added to the probe sweep voltage, it causes a
modulation in the signal received by the probe current analyser.

The induced voltage disappears at the magnetic equator when ¥ and B
are virtually parallel and is maximum at the polar regions when v and B are
perpendicular. The effect of this on the S45/1 data is shown in fig 3.

The general noise level shows similar characteristica to the ESRO-I
results, . ' in the regions of the characteristic when the second
derivative should be very small the output signal shows a higher noise level -
before the ions are retarded, that is if i is large there is a larger 2 kHz
component than if i is small after the ions have been retarded. The latter
level has changed negligibly since the pre-launch measurements, a contrast
to ESRO-I when the residual electronics noide level steadily increased over
the first 6 months in orbit,

A feature of the ESRO-I data which has not been observed in ESRO-4 is
the large increase in noise level such as to swamp the characteristic peaks
which occurred when ESRO-I left the polar regions and progressed towards the
equator, It my be that sufficient orbits in the right sort of altitude/local
time conditions have not yet been studied, however my feeling at present is

that if the effect is there at all it is at a much lower level than was
observed on ESRO-I.

-

There is a small amount of RFI observed when the high power transmitter
is operating, this is a surprising result since the last three RFI checks on
the ground showed no interference at all. The form of this interference is
shown in fig 4.,  The high powér transmitter is used most during attitudes
favourable to the S9& experiment and then only over the northern auroral and

polar cap regions., It is also used for tape recbrder dumps which last about
three minutes,

In general 'the S45/1 data is free from disturbance due to the satellite
wake, however in certain attitudes the boom passes through the wake of the
Bafellite and when thié occurs in equatorial regions a drop in signal once
Per spin can be eeen in the ion peaks, An example of the effect on the O
~don peak is shown in fig 5. This data is potentially very interesting for
wake-effect studies since with careful analysis a comparison between E‘:/He+
depletions and O+‘dople$10ns could be made. The amount of data on the ion --
density in satellite wakes is very sparse 80 it would seem worthwhile to try
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and prodﬁca not only ion-wake measurcments, but also profiles for different

ion species,

2.2 S45/2 Data

The SU5/2 probe has its first derivative measured and the typicél forms
of the characteristics are shown in fig 6, Again this probe suffers from
\ | the induced v x B voitage on the boom causing a pronounced spin modulation
, of the data,

;_ : The sensitivity of this probe was set rather high so that useful measure-
ments could be obtained down to considerably lower densities than on earlier
' flights of the sensor. Also since in one mode of operation of the experiment
- it controlled the aweep'generator it was felt that we should maintain the
sweeping potentials to the probes for as much of the orbit as possible,

The -result of this as far as the data is concerned is that at low latitudes
near perigee during the day the probe current analyser saturates and there is
no electron density measurement, however we can still measure electron tenp~
erature, and the vehicle potential measurement is not in error by more than
about 200-300 mV. This latter figure could be corrected by use of the measured
electron temperature and the ion density measured by Sks/1, '

The sweep generator stops when the instrument is operated in the ecanning
mode when the value of Ne falls below & value in the range 200 to 500 cm-‘3
depending on the prevailing elsctron temperature.,

-

2.3 Sk Data

- The direct ion current flowing to this fixed bias sensor is analysed in
two ways on board the satellite. At every flyback the current is sampled and
telemetered at relatively infrequent intervals (about 3 times during a sweep),
At the instant of sampling a channel with a much faster sampling rate is set
to midscale and it then monitors changes in the ion current from the sampled

value with a full scale range of about X 30%. Thus it is possible to study
- quite fine detail in ion density structure over a wide dynamic range.

The steady current shows orbital variations which reflect the change in
ion density with altitude and latitude which will be referred to later. The
profiles obtained are, however, greatly modified by the passage of the probe
through the wake of the satellite which occurs once per orbit at a relatively

6low speed since the probe is on the spin axis, and the spin axis is in the

orbital plane.
1

The fluctuations in ion current have three typical types of signal shown

I
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in fig 7.
variation over the sweep is probably a combination of altitude and latitude
The small residual
spin modulation ie thought to be due to transparency fluctuations in the grid
surrounding the probe,

Fig 7a is typical of an undisturbed reglion and the general
variations of density occurring during the sweep period,

When the probe is over ?he auroral and polar regions
the data shows large and random variations indicating either temporal or
spatial fluctuations in ion density due to incoming charged particles. A
typical section of this data is shown in fig 7b. Another characteristic form
of the data is shown in fig 7c¢ which was taken as the S45/3 probe was entering
the wake of the satellite. The large ion density gradient in this region will
cause severe modulation of the ion current if the probe is slightly off the
spin axis causing it to effectively oscillate in the region of high density
gradient at the spin rate. During static ground deployment tests the align-
ment of te probe to the spin axis was always estimated to be better than 1
degree, thus if this figure can be relied uion in orbit it would enable a
measurement of the density gradient in the flanks of the ion wake to be made,

Modifications of Experiment Mode of Operation by Telecommand

There are three parameters of the experiment which can be altered by
telecommand to one of two states and any combination can be set up by sending

a particular grouping of the four commands available to the S45 experiment.
The commandable functions are:-

* Normal Alternate
1. Sh5/1 ac voltages 200 nV 50 iV
2. Sweep mode Fixed period and Controlled by
voltage range 545/2 signal
3. SU45/1 & S45/3 Bias -6 volts =10 volts

The satellite was launched with everything in normal mode, then during

the early orbit phase each of the three alternmate modes was tested for one

complete orbit on two successive days,

The behaviour of the instrument was as expected and after assessment . -
of the data it was decided to operate the instrument with the Si5/1 ac

voltages at 200 mV, the  eveep mode in the alternate condition and the 545/1 -
grid and S45/3 bias at -6 volta,
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The ac voltage control 1s rather historic' than useful since at the tima:
of proposal for TD2 we were concerned about the'effect of finite ac voltage - ¢
oﬂ the shape of the light jon peaks, however since then we feel that ‘a’ o
complete Fourier analysis of the probe g8ignal '‘can completely takd care of
the distbrting effect of the ac voltage, Thus'it is better'to use'the 200 mV'
level to obtain the best sensitivity for the probei: -« - « t:e b1t ol v

The alternate sweep mode enables the period of the swaep genmerator to be
changed from about 18 secs to 12 secs so improving the spatial resolution of
the measurements. This mode does cause the éwéép generator to stop when the
electron density falls below about 500 cﬁ-j,'however'by this time the S4s5/1. -+
and S45/3 probes are giving no data. bt AU

The control of the grid bias was put on to see what effect this bias
had on the operation of the S45/1 mass spectrometer. The initial éxperiments
and subséquent experiments have shown that this has no measirable 'sffect on
the peak being observed and furthermore it demonstrates that the S545/2 probe
is sufficiently far from the S45/1 grid not to be influenced by its potential,

This is shown in-fig-8 which is quite a convincing demonstration of the Debye
shielding effect in a plasm.

The only other commanding activity has been to revert to normal sweep
mode for occasional orbits to enabie a check to be made on the residual

noise level of S45/2 which is otherwise not monitored when operating in
the alternate sweep mode.

General Survex of Data Processing Procedures

The agreed procedure for distribution of ESRO-4 data to the experimenters
wag that each experimenter would receive magnetic tapes containing his own data
and any other relevant measurements stripped from the telemetry encoder format
merged with various orbital and attitude measurements and flagged with the
Universal Time of the observations. The principle was adopted that in general
orbit, attitude and associated parameters such as the magnetic field would be
given in terms of basic vectors in a unified coordinate system, namely Geocentric
Equatorial Inertial (GEI). The subroutines to manipulate these vectors into
the more usual coordinates were supplied by ESOC,

Experimenters had the option of having their data in binary or BCD format
on the magnetic tapes. Since the tapes were being produced on an IBM 360
Computer we would have no difficulty in handling the data in internal binary
form so we decided to use thies tape format with its advantages in reduction -
of total tape volume and speed of input to data processing programmes,
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The content and format of the tapes are given in Appendix II copied from
information supplied by ESOC,

The only data medium we initially received was magnetic tape, Bo the first

priority was to produce indexing and listing programmes to present the data

in an easily readable form with the position coordinates reduced to conventional
parameters, Also the calibration tables produced from the calibration measure-
ments made by Pye Ltd. were used to enable the printouts to be produced in
engineering units, These pProgrammes exist to produce listings both on the

line printer and on microfilm for use in the routine rrocessing to be described
later.

At the same time routines were developed to analyse the data to produce
- geophysical parameters from the raw data and these routines have been incorp-
orated in a variety of programmes to make individual analyses of specific time
periods from the accumulating store of data tapes, The general methods employed
will be described later in sections 5 and 6,

Once sufficient data had been analysed to gain confidence in the automatic
analysis procedures adopted the various routines were incorporated into the
main data reduction programme which analyses complete or part dﬁta tapes and
builds up a master tape of the reduced geophysical parameters, Details of this
programme will be given in section 6,

Having referred to the various categories of programme, the general pro-
cedures adopted in handling the data can now be outlined.

The tapes arrive by post from ESOC and are logged into a tape receipt
form. The tape is then labelled Qxxox and a blank tape labelled Rwocox
where xxxxx is the ESOC tape number, At the next available opportunity the
tapes, together with an equal number of blank tapes, are sent to the UCL
Computer Centre to be stored in tape racks which have previously been vacated
by shipping tapes not immediately needed back o the tape store at Flaxman -
Terrace. There is no paperworit with the ESOC tapes so the first Job is to
index the tape to f£ind how many files are written on it, this being done the
Q-tape is then copied to the B-tape using a UCICC programme which makes &
"carbon copy” of the original tape. When the copy has been made the Q-tapes
are then stored at Flaxman Terrace and the B-tapes at UCL as far as is possible
within the limited tape storage space available at UCL.

The tape indexes are then used to select files which emable routine listing
programmes to be run in which a few sweeps are 1listed once per day and about
two thirds of an orbit once per week. The latter printout is produced on micro-
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£11m using the SD h020 plotter situated at the Atlas Computer Laboratory,
Chilton. These printouts are archived for reference purposes, Each tape is
also run with a propgramme which produces a chromological file of all available
data. This file is stored on disc and can optionally be listed from time to
time to produce an index of where data for specific time can-be located on

the original data tapes.

Within the last month we have begun running the main production programme
to build up the master data tapes. Since it is planned to reduce all data by
this programme we are analysing the data tape by tape in numerical order of
ESOC tape numbers, in fact it turns out that this is approximately im chron-
ological data order. This is proving to be quite a time consuming process
because of the large amount of data available., Each tape recorder playback of
one orbit's worth of data takes about 1.5 minutes of computeér time to process
and we are nearly up to orbit 4000 with 80-85% data recovery. It is hoped
that operations can be transferred to the RHEL computer which should improve
the time by a factor of 4-5 since the programme is compute-bound rather than
I/0<bound,

At present this phase of the processing is proceeding rather slowly
because we cannot get about 1 hour per night every night due to the unusually
high work-load at UCL this summer. However, we have managed to make a good
start on the processing by making use of a whole shift on two Sundays recently.

A 1ist of all data processing programmes produced to date is included
in Appendix III. )

Problem Areas

In general there have not been many purely data processing problems,
the tape reading procedures have been quite straightforward, thanke largely
to a very useful routine MULTIR developed by the UCLCC for handling multi-
file tapes which is otherwise ratber cumbersome on the IBM 360. The greatest
difficulties in analysing the data have arisen from the radial boom-mounted
position we had: to accept and from a basic limitation of the 545/1 probe in
analysing the light H /He ions,

5.1 S5pin modulation corrections

The cause and effect of spin modulation in the 545/1 and Si5/2 data has
been described earlier in section 2.,1. Sufficient attitude informtion is
supplied with the data such that, in conjunction with the spin pbase monitor
data, it is poasible to:compute the induced voltage (v x B), L at any sampléh‘
time of the S45/1 or S45/2 data in order that the monitored probe voltage




can be corrected. The mathematical method to make this correction has been
developed by J. Sojka and is described in Appendix IV, The amplitude of the
oscillating voltage was calculated satisfactorily, but the phase gave us the
greatest difficulty, It proved impossible to get the best cancellation of
the spin effects using the nominal boom position and data time reference, so
it was necessary to introduce a variable phase offset and inspect the data

- plots to see which was the best phase offset from nominal to use. It appeared

that this figure should be about 12° phase offset., Examples of the spin mod-
ulation correction to the S45/2 data is shown in fig 9.

When the spin voltage correction is applied to the S45/1 data the removal
of the modulation is not so effective as is shown in fig 10. One possible
cauce of this is due to the overall time constant of the S45/1 circuit from
probe to telemetry output which would cause an additional phase lag in the
signal. This parameter was deliberately reduced during the circuit development
in anticipation of this problem. However, noise considerations prevented Pye
from reducing the time constant below about 50 m sec. This figure is still
small compared with the interval between samples of 200 m sec and the spin

Perlod of 500 m sec so I think we are still talking of a relatively small
correction,

The response of each of the four operating ranges of the instrument was
measured on the bench and it is hoped that the effect of this correction on

the S45/1 data can be studied in the near future if the manpower to do so is
available . .

The procedure outlined above is only applicable when the satellite is in
sunlight, In darkneés there is no spin phase measurement available from the
sun sensor and in this case we resort to our own data to obtain the apin
induced voltage oscillation. As explgined in section 6.2 the oscillating
probe voltage component can be derived from a function fit to the retarding
reglon of the 545/2 output, then providing the data and hence the fit is good
this function can be used to correct the probe voltage monitored for the Sk5/1
probe. The transition from sﬁn to dark and vice-versa is automatically det-
ected by analysing the spin phase output and the method of correcting the S45/1
voltage automatically selected in the programme.

5.2 Analysis of Light Ions

This 18 a problem which has really been carried over from the BSRO-I
data analysis. The basic problem is the low mass resolution of the instrumert
causing the i and He' peaks to overlap thus making peak width measurements a
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function of both H+/He+ ratio and ion temperature., A relatively fast method

of reducing this data was developed to a certain stage for the ESRO-I data ‘
and has been described in a recent paper in the Journal of Physics E: Scientific
Instruments (Raitt et al, A satellite-borne positive ion mass spectrometer,

6, 443, 1973). However, it has not yet been posaible to refine this procedure

to the stage at which it can be incorporated into routine processing. 1 think
again it is time and effort which is required rather than a basic difficulty,
and I am hopeful that J. Sojka who started {o look into the analysis method
will be able to return to it when the pressure of round development, testing
and launching has eased after the High Latitude Campaign.

Procedures to Reduce Data to Geophysical Parameters

The basic subdivieion of the data for all three probes are the sweeps of
voltage applied to the SL5/1 and S45/2 probes which are synchronized but are
of different voltage range. A1l of the data reduction programmes therefore

~use the basic structure outlined by the flow dimgram shown in fig 11. The

box labelled "Process one aweep of data" can then represent procedures of
varying complexity to analyse some or all of the probe data. The skeleton
show is the loglc to select all of the probe data relevant to one sweep
bearing in mind the data is blocked on the magnetic tape in an asynchronous
manner relative to the sweep geﬁerator which 1tself is not of constant rep-
etition rate due to the control of the generator by the S45/2 signal.

6.1 _S45/1 Data to Jon temperature, density and composition

After calibration and probe voltage correction for spin induced voltage
peaks in the data are searched for in the two voltage ranges Vp > 4.0 volts,

‘Vp s 4.0 volts, it having been found that the spacecraft potential is stable

enough for this voltage to be used as a divider between the Hf/He+ peaks at
lower voltages and the o* peaks at higher voltages.

As far as the H+/He+ peak is concerned only, the amplitude and position
of the peak is monitored. This is sufficient to determine whether the ma jor
light ion is mainly 2" or mainly He' and by using a typical ion temperature
it is possible to deduce a representative ion demsity.

1f an 0O* peak above a certain cut-off level is detected, first its
amplitude and the voltage at which the peak occurs is recorded, then an
attempt is made to measure its width and /dr half-width to obtain a measure-
ment of the ion temperature and density by a double interpolation in tables ‘

of theoretical widths and amplitudes of ot peaks as described in the paper
referred to in section 5.2,

~ .
"
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6,2 Si5/2 Data to Electron Density, Electron Temperature and Vehicle Potential

The calibrﬁted sweep's worth of data 48 put through a selection procedure
to obtain data from the retarding region of the probe characteristic, that is
the ascending section of the probe signal as shown, for example, in fig‘9. :
A simple selection between two levels offset from the signal levels at the
beginning and end of the sweep ia first used, then if either too few or too
many points are selected various modifications are made to endeavour to get
a number of selected points between 5 and 25 in number, Should this prove
impossible the temperature measurement is abandoned, Te is set to a flag
value of 600 and the upper level of the signal at the end of the sweep is
used to give a density value computed as if the value of Te was 6400°K,

If, however, sufficient pointe are selected a function of the form

E=A +BVp +Csin wt + Deos wt

is fitted to the retarding region where

E is the log of di/dV expressed in db

B is the slope of the characteristic in db/volt

Cand D are related to the amplitude of the apin induced voltage
w is the satellite spin rate

Details of the deduction of the paraﬁeters listed in the sub-heading
from the coefficients of this fitted function are given in Appendix V.

6.3 _S45/3 Data to ion density fluctuation figures

It can be seen from fig 7 that in many circumstances it is difficult to
define a key parameter to specify the behaviour of the fluctuations measured
by this probe. However, it was decided that the data could best be fitted by
a spin modulated straight line during one sweep period and this is done giving
& mean slope and the amplitude of the spin component. Away from the polar
regions the mean slope can be combined with the change in attitude during the
sweep period to deduce a value for the scale height assuning that the change
in probe current.from start to end of the sweep is due solely to the change in
gatellite attitude. However this only gives reasonable figures over small parts
of the orbit, in the majority of the lower latitude reglons the latitudinal
change appears to be as great as or greater than the altitude effect giving

unreasonably high or low values for scale height depending whether the two
effects are working together or not.

The spin rate modulation is a useful parameter since it characterises the-
approach to the satellite wake where it becomes very much enhanced in value as
deacribed previoualy. ‘




The final parameter of the fit is the rms deviation and without looking
for specific event effacts in the ﬁolar region, the sudden onset of structure
in the ionosphere is shown by a marked increase in the rms deviation of the
fit of the function,

Preliminary data for this probe and the other probes will be presented
and discussed in more detail in section 7,

6.4 The Geophysical Data Master Tape

As ‘mentioned earlier in section % the parameters computed are written onto
a master tape together with position, attitude and other data, The format,
content and method of reading the master tape is described in Appendix VI.

Scientific Results Obtained

At presont no large scale scientific analysis has been made due to most °
of the available effort being put into getting the data reduction Programmes
running reliably. However, as a by-product of checking the reduction pro-
grammes a certain amount of scientific analysis of the data has been made.

?.1_ 545/2 Measurements of Flectron Temperature, Electron Density and
Spacecraft Potential

Three parameters are extracted from the measurements of the S4s5/2 electron
temperature probe, electron temperature (Te), electron density (Ne) and space-
craft potential (Vsp). |

Electron temperature . 10 general this is the most accurately determined
parameter, once corrections for spin modulation have been made. Our analysis
programme lists Te for each voltage sweep., Figure 12 shows the variations of
electron temperature around a typical orbit.

Spacecraft Potential Spacecraft potential Vsp is determined by finding the
voltage at which the exponential portion of the characteristio changes toa
constant slope, or, in terms of the first differential which is the parameter
that is telemetered, the voltage at which the idealised fixed slope of the
retarding portion intersects the idealised constant level of the non-retarding
portion. In practice the fixed slope has to be synthesized from the spin-
modulated data, and the constant levél has to be selected from a level which
falls from a maximum value, and not always at the same rate, Because of these
uncertainties in slope and constant level, Vsp is uncertain too, and we have
to be alert to the poseibility that any variations in Vsp that we may detect
are in some way creations of the analysis routine rather than real effects. s -
We expect to begin quite’ soon to extract Vsp from the 545/1 data, so as to
have a separate and hopefully independent measurement of Vsp ﬁgainst which




to check the S45/2 measurements,

Neanwhile we are continuing to study the Spacecraft potential measurements,
such as the example given in Figure12, where both Vsp and Te are plotted
againet latitude; apogee, perigee, dark period and attitude relative to the
velocity vector are all indicated. Broadly speaking Vsp follows Te as would
be expected from ¥Whipple's expfession

kTem(E:r_ Eg)-.’}

|

N Vep = e Te "y
t

¢ Z constant . 5322

but there are significant departures in detail.
For the case when 0" dominates, we can write

- : Vsp = L.,5x 10'4. Te-

but we find that, around any orbit, the constant in this expression may change
by as much as an order of magnitude, from say 0.5 X 107 to 5x 10", In
order to find out more about this variation we are listing as part of our
routine analysis the ratio VBp/Te and will look for possible correlations

with other parameters,

One feature already noticed, and one which appears particularly well in
Figure 12, is the dip in Vsp which occurs At or near to the equator crossings.
So far we have established no rules for the occurrence and we have to be
careful to disentangle it from other related effects such as changes in Te,
' and Ne and also changes in the position of perigee, apogee, the daylight/dark
periods and spacecraft attitude. The position of the dip appears to move in
'| . relation to the equator but just what governs the movement is not yet clear;
geomagnetic control so far seems unlikely.

Electron Density The eléctron-density is calculated from a measurement of
the slope of the current-voi%age-gharacteristiérap‘space_potential, and hence
relies on the location of this latter parameter. Beéause of the lack of
precision, Ne is not obtained with any very good accuracy. VYe are however able
to compare values with the'nOf jon concentrations given by the S45/1 probe, at
least to the extent of requiring that Ne be no smaller thann0’, Such checks
- have lead to the discovery that, for any reasonable criterion for determining
space potential, the values of Ne during any one orbit are sometimes less than
n0", sometimes the same and sometimes greater. As part of our current investi-
gations we are listing the ratio_no /Ne in order to look for consistent trends
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and for correlations with other parameters, with the hope that we may in time
throw some light on this puzzling inconsistency.

7.2 Calibrations arainst radar incoherent scatter measurements

We have made comparisons between our determinations of Ne and Te (and
nOf) with those made by RRE Malvern using the incoherent &catter technique,
on four dates in December and January last. On three of these occasions our
Te and no* measurements agreed well with theirs, but on the fourth a x2
discrepancy in density occurred. As far as we can tell it was due to.the
existence of a mid-latitude trough with its Southern edge lying in a roughly
SW/NE direction, in such a position as to put Malvern outside the trough but
the spacecraft inside it when crossing the Malvern latitude only 3° to the weat
in longitude, Taylor at Malvern has questioned the likelihood of the trough
being 80 far south when the Kp index was fairly low, s0 we are checking adjacent
orbits to verify its presence. A complicating factor was the occurence of dawn
at the magnetic conjugate point just before the RRE measurements began., This
Produced a steady decay in Ne over a period of 1} hours or so which can, if
one isn't alerted to its existence, give the impression that the trough was
moving slowly southwards, ’

2:3_VWake Effect Observed by 545/3 probe.

The S45/3 probe basses through the wakg of the satellite once rer orbit
at a distance of about ope equivalent satellite radius., The geographic position
of this passage through the wake depends to which of the standard attitudes
the satellite is set, thus in attitudes 5. and 6. the wake passage occurs over
one of the poles, whilé in attitudes 3, and 4, it occurs over the equator.

Figure 13 shows two exauples of the wake as observed by this probe in
which the current to Sh5/3 is pPlotted against angle of attack, and since the
probe ie in the -2 direction in the satellite coordinate system the maximum
wake effect occurs at 0° angle of attack, The angle is given a sign to
Ustinguish entry of the-probe into the wake when 6 is decreasing (180° to 0°)
from the exit case when © ig increasing (0° to «180%). - Figure 13a is a plot

of a wake passage over the North Pole, while 13b is a Plot of the wake passage
over the Equator.

LI

The two examples shown have been chosen becaﬂse of the structure which 3
appears on one side of the wake. This has beepn observed on a number of passes
about similar times to these plots but with varying degrees of intensity, .

-~

The geomotric widtM of the wake indicates that for parallel flow of the
ions without &ny convergence the probe should encdunter the edge of the wake
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at attack angles of : 42°, it can be seen that this is not what is observed
indicating a convergence of the flow lines. It is not yet clear however how
much this apparent convergence is affected by the negative bias on the grid
of S45/3 distorting the flow ac the probe approaches the wake edge.

In association with these wake profiles the fluctuations output of S45/3
shows the increased spin modulation at the edges of the wake, however as
mentioned earlier in section 2.3 it is necessary to make some assumptions
about the boom axis-spin axis alignment before any qualitative use can be
made of the data, It is possible that this can be done by comparing the slope
of the wake profile as measured by the steady current to S45/3 with the amp-

1itude of the spin rate oscillations, A typical profile of the amplitude of
these oscillations is shown in fig 14,

2.4 location of particle precipitation zones from S45/3 gdata

It was described in section 2.3 that over the auroral and polar regions
the characteristic appearance of $45/3 data shows large amplitude apparently
randonm fluctuations which reveal themselves as an increase in the rms deviation
of a line fitted to the data as described in section 6.3, Providing the
ambient density in the altitude range in which the satellite passes over the
polar cap is not too low to prevent a signal being measured the effect of
the particle precipitation can be observed as shown in fig. 15.

The figure shows the orbital variation of the rms deviation during a -
mignetically quiet period (orbit 295) and a magnetically active period
(orbit 301) about 4 day later so that the two orbits cover approximately the
same geographical sub-orbital track. The main feature of both plots is the
sudden increase in rms deviation at the S. Pole at the invariant latitudes
marked on the diagram., The qffect is rather masked at the N. Pole due to the
~satellite attitude causing the S45/3 probe to pass through the wake. The
large amplitude spin modulations referred to earlier do seem to cause an
increase in the rms deviation of the fit.

The satellite passed through its apogee of about 1100 km at the S, Pole '
at this time.

It can be seen that there is a significant widening of the precipitation
zone vhen the magnetic activity is higher showing the penetration of charged
particle fluxes to lower invariant latitudes, that is lower I-shells. This
effect has been observed by particle experiments although there are considerable
differences in the low latitude cut-off depending on particle energy, and it
would be interesting to see which boundary our measured boundary agrees with
most closely.,
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ESRO-U4 Standard Attitudes

It 18 easier to describe the standard attitude pictorially as shown
below. The vertical line with the arrowhead towards the top of the page
represents the direction of the earth's spin axis. In all cases the sat-
ellite spin axis lies in the plane of the orbit except one attitude referred
to later as IA when it was set with a skew angle to bring it 30° out of the
orbital plane for better collection of solar energy.,

I ' 1. Designed to make satellite

' perpendicular to the magnetic f£ield
over Tromso for S94, also ram
direction suitable for S80 when
perigee near S. Pole.

2. Desigued to make satellite

: perpendicular to the magnetic field
over Tromso for S94, also ram
direction suitable for 580 when
perigee near N, Pole.
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REFERENCE ATTITUDE

|

S

3

580 ram direction over equator
when peripee near descending node,
Also 599 viewing out at 3. Pole,
5103 at N. Pole

580 ram direction over equator
when perigee near ascending node, -
Also 599 viewing out at N, Pole,
5103 at S, Pole.

Designed to give good S80 dat when
perigee is over the N, Pole.

(Additional attitude - 6 sometimes
used when manoeuvering which is as 5,
but epin axis turned through 180° -
i.e. 580 data when perigee over S,
Pole) '




Manoeuvre Start Stop Attitude
o Orbit Date/Time Orbit Date/Time From | To
1 105 29/11/72 166 | 3/12/72 L |5
2 b2 | 20/12/72 k78 | 25/12/792 4
'3 928 24/1/73 993 | 29/1/73 b A
LA 1566 93/75 09.3111595 | 11/3/73 00.37 | 1w |6
| 4B 1610 12/3/73 22,01 (165F | 15/3/73 2.4k | 6
Ie 1669 | 16/3/73  21.58 | 1713 | 19/3/73  21.21 5
5 1934 3//73 . 20,23 | 1979 6/4/73  15.06 5 | &
3 2556 | 15/5/73 06.'.‘}1 2616.| 19/5/73 b 16
6A 2660 | 22/5/73 {205 | 25/5/73 o060 | 6 |3
7 3181 26/6/73 - 3 15
g 349% | 19/9/73 5 |4
9* 4o19 21/8/73 L 13

* Confirmation of these dates not received at present
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Appendix IV

Vector Manipulation for correcting spin modulation

Definition of the G.E,I, reférence frame.

. The origin is taken as the centre
of the earth, the X direction is taken as the first point of Aries, the Z
being perpendicular to the plane of the ecliptic to the north celestial pole
and the y axis completes a right handed set of cartesian axes.,

Then for every satellite data format (4.8 seconds) the following vectors
in @.E,I. are known.

a) sun vector, §GEI

b) mgnetic field vector, Bogr
c) satellite velocity vector, YaEr
~d) spin axis vector, SAnnr
To endble the induced VxB.L potential on the probe to be calculated

the boom position vector in G.E.I. must be known. The satellite in question
Eping about an axis which is parallel to the spin axis vector. A spin rate of
approx. 1 r.p.s. and voltage sweep duration of 10 seconds are the two important

time periods. Thus the spin modulation for & sweep is of the order of 10 cycles,
this is clearly illustrated on Fig. 8.

Before setting up the necessary transformation from the centre of the

- satellite frame, in which the boom spins, to G.E.I. a number of approximations
are made, B '

1) Over the duration of a sweep the spin axis vector remains

' constant, . '

2) The sun sensor.placed on the satellite sees the sun every 360°
of ‘rotation, This holds good because in a spin period the
satellite can be regarded as stationary relative to the sun.

Hence, we can regard sun sensor period equivalent to the spin
rate, '

3) TUsing the fact that the satellite-earth distance is very small
compared to the earth-sun distance assume that the sun vector in
G.E.I, is the same as the satellite-sun vector in G.E.I.

The problem now reduces to the point where the satellite can be regarded
as spinning at the G.E.I. origin about the spin axes, Then the sun vector,
which is lmown in the satellite frame and G.E,I. frame is used to get the spin
phase between the two frames correct, Define the satellite frame as having
its Z axis along the spin axis and a X,Y plane that contains both the sun
sensor and boom. A general cartesian transformation between the two frames
can be achieved by using two angles Pand Q. P is a positive rotation about .
the G,E.I. Z axis and Q a positive rotation about the new X axis, :
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2!
Zar 1\
Z / Year
A Z /\'2 , [ SaT
Y Y & G//‘YI
= :
Y b
— —x' .
\LP Xsar
» x Nx
vt G.E,I. rotate by P rotate by Q
' to get matellite frame
Writing this in matrix form
s [cos P -sin P o0 1 0 0
. BGEI = sin P cos P O 0 co58Q -s5inQ BBAT
| 0 4] 1 0 8in @ cos Q |
[ cos P ~cos P 54n Q@  sin P sin Q |
= sin P cos P cos Q -sin Q cos P Rsar
o sin Q cos Q ]
= ARgg

To evaluate the componenfs
vhich is common to both frames, is used,

SA.. = (SAx, SAy, SAz)
SA =

205AT 1)
7 SAX = sin P sin Q, SAy =

(o, o,

. aence we can find coefficients of A in terms

of the transformation matrix A the

-6in Q cos P, and SAz =

spin vector,

cos Q

of known vector components.,

The sun sensor sees the sun at a time To so that by transforming the Sun vector

from G.E,I.

sirce the rotation is about the z axis the
siane (x,y) 18 required. This is obtained

. - satellite frame on to the x,y plane.
s-/en by an angle R as follows,

T

to the Satellite frame the sun sensor position is known.

Ssar = A Sg
tan R = -s-’l

Sx

However,

Position of the sensor in the spin
by projecting the sun vector in
The position in the X,y plane is
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hence the sun sensor position at a subsequent time t is given by:
X = cos (w (t-‘I'o) + R)
y = s8in (w (¢ - To) + R)

where w is the spin rate, The boom is at a further 100° in the positive
rotation sense to the sun sensor.

S Xpoon cog (w (t - To) + R + 100)

Ypooy = Bin (v (t - To) + R + 100)

Then the third component 2ZpooM is set to O. In actual fact the boom ends
are tilted at 17° to the spin plane. Now the transformation A can be used
on L satellite, stated in component form above, to obtain the required G.E.I.
boom position vector.

Lopr = A Lgpp

) [ 4 . . : .
Thus by smaking use of the given B EI and V BT vectors the voltage induced on
the boom can be calculated by avﬁuating Ege vector expression

Yamr * Bger ¢ Lomx

giving the scalar potential induced on the booum.
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Appendix V

Reduction of Klectron Probe Data to Geophysical Parameters

The programmes to date have used the straightforward electron Langmuir
probe theory for spherical probes using the follpwing relations:

In retarding region i

where i,

v

k

T
In accelerating region ai
. dv

vl

ioe kT sesseses
probe current when V = 0

probe - plasma potential
Boltzmann's Constant

electron tempsrature

Lo

kT

il
dv V=0

The current to the probe at plasma potential is given by

[¥8

where

B B o >

ﬁAen(%ﬁE)i sasssacs
probe area

electronic charge

electron density

electron mass

We can deduce the electron temperature from 1. as follows:-

& -
av

. di
.e ln I'av =

The experiment measures & parameter

iq the following way:-

[uN

ac

L4

ac

where ac

4
ac

~

i vl
o - vm—
T © KT
-ETY. + K tsesstee

curront flowing in probe
voltage applied to probe

1.

2.

Se

b,

which ies dependant on the loglg—%-l
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We measure 1“ in db

i
f.6. "db = 20 log f‘—‘i)
. ref

. db
se loOg jfac = 55 ¢+ log(iref)

. log(-g%) log( iac) - log( Vac\
db
s '2—0" + 108(11'8‘) - 103(\’&0) seee 5-

but from 4,

. 1 Ié& = = + K 6
Og av 1010 . (kT YY) .
o 'Equating 5. & 6.
db <V '
% * log(iref) - log (vac‘ = 0. G Y K cove 1o

From 4, we can see that it is the derivative of l%, wrt V which is a
meagsure of T, thus if we differentiate 7. wrt V we can  obtain an expression
for the relation between the slope of the measured signal in db/volt to the
electron temperature. .

Substitution of constants gives

5
. T4 1.00803::10 s

Where S is the slope of the retarding region of the characteristic
expressed in db/volt.

. Having ascertained T we can then use equation 2, and 3. to deduce the .
electron density n. :
- | 8k b
l ai l - -&Aen(m . T
' dav V=0 kT

Note in substituting for the constants the 'k' in the numrﬁtor is in
J deg™!, while in the demominator it is in eV deg-1.

Substituting for the constants gives

Iii_ = 9-0?17 X 10‘16 ('E;) esse 9.
iy o ‘ T

Where n 1s in m?
and T in degrees Kelvin

e T ——
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di
The determination of 3 and IE\T V=0 1is made in the subroutine DEKINK.
This subroutine selects the data for curve fitting also sets up the data to
fit a straight line plus a spin modulation component in the subroutine
SPINLN,

let E be the experimental db value of iac, then in the retarding region,
from equation 7., we wish to f£it the function

E = GVps + /B . esee 10,

Where Vpg = probe to spacecraft ground voltage

(Note the constant bias due to the spacecraft-plasma potentizl can be ignored
in this application because it has been taken care of in the way in which the
data has been selected to be in the retarding region. Mathematically it
would represent part of the constant @4 in 10)

Now Vp is made up of a bias voltage generated by the sweep voltage
generator (Vp), and an induced voltage due to the v x B potential along the
boom. The latter can be represented as the sum of a sine and cosine term.
to represent an orbitary amplitude and phase. '

e Vps = Vp + (a sinwt + b cos wt)

satellite spin rate
Voltage output of sweep generator

[7%)
Vp

"

se E = an+uasinut+af)cosut+p
or E = A+ Blp+Csinwt + D coswt esss 11,

Where B = slope in db/volt

We may fit such a function by the method of least squares which is done
in SPINLIN by forming the coefficients of the four simultaneous equations
generated and solving them by use of the IBM/SSP routine SIMQ,

The value of B deduced may then be used in 8. to obtain the electron
temperature. The values of a and b enable the spin modulation correction
to be made for SU5/1 when the satellite is in darkness.

The electron density is computed from the maximum value of g%-which
generally occurs near space potential,

The actual space potential is deduced by finding the intersection of the
non-oscillating part of 11. with the line.

aL

o

T = const,
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Contents of OUT (I,1), I=1, 25

I Contents
1 Julian Day humber, origin 1950.00
.2 Day of Month
3 Number of Month
4 Year
5 HH
6 MM Time origin of pass (U.T.)
J 58
8 Orbit Number
9 Sidereal angle ‘.(deg. x 10—1)
10 Spin axis X ‘
11 Spin axis Y Normalised to 10% (GEX)
12 Spin axis Z
13 Spin rate deg. x 10" Y/aec
14 Sun Vector X _
15 Sun Vector Y Normalised to '104 (GEI)
16 Sun Vector Z
17 $45/1 8.5 kHz amplitude (uV)
18 545/1 10.5 WHz amplitude (mV)
19 Positive 6 volt monitor (mV)'
20 Preamp. Temperature (deg. x-10-1)
21 Negative 6 volt monitor (av)
22 Package Temperature (deg. x 10_1)
23 Bias voltage (uV) )
24 $45/2 3.2 kHz amplitude (wv)
25 Spare




Contents
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of OUT (I,J), I =1,25, J = 2, NSW

Contents

116

3 75
4 I¢
L | 5 1¢
6 Iﬂ'
13
8 Is
9 1,

10 17

12if
13 i;
14 T
15 I¢
16 1¢

17 I¢

19 T¢
20 14
21TS§
22 IS
23714
24

26 12

Amplitude of light ion peak (emps x 10_11)
Voltage of light ion peak (mV)

Auplitude of heavy ion peak (amps x 10-11)
Voltage of heavy ion peak (mV)

Electron Temperature (deg.K)

3 5 102)

Eleetron Density (cm~
Space Potential (mV)
Elapsed Orbital time of sweep (at VSP) (secs)
$45/3 current (ua)

$45/3 fluctuations spin modulgtion amplitude
$45/3 fluctuations derived scale height
S45/3 rms deviation of fit

Longitude (deg. x 10_1)

Latitude (deg. x 1072)

Altitude (km x 1071)

Angle of Attack of Spin Axis (deg. x 10°2)
Invariant Latitude (deg. x 10-2) |
Velocity (u/s)

Experiment Status (coded) -

Kp at sweep time (ESOC code)

Temperature of 0% jon (deg. K)

Density of 0% ion (cu™® x 103)

Temperature computation status flag

Spare

Sunlight/Darkness Flag
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Definition of Status Flaps

1. our (19,N)

This number is computed as follows:-

1000%KSENS + 100xIVCOR + 10#STATB(4) + 4«STATB(3) + 2xSTATB(2) + STATB(1)

Vhere

KSENS is S45/1 mensitivity flag = 1 High sensitivity

= 2 Low sensitivity‘

IVCOR is 545/1 spin wodulation correction flag
= 0 Correction by using attitude solution and spin phase monitor
= 1 Correction by fit to 845/2 data (used in darkness)
STATB(4) = 1 Experiment on
. = Experiment off
STATB(3) = 1 Bias = -10 volts
= 0 Bias = - 6 volts -
STATB(2) = 1 Scamming sweep mode
= 0 Normal sweep mode
STATB(1) = 1 S45/1 ac voltages ¥ 200mV
= 0 S45/1 ac voltages = 50mV_

2. OUT {(23,N)

This number is computed as:-

100%IVCOR + 10xMAD + KX

Where

IVCOR is 545/1 spin wodulation correction flag

=

0

1

Correction using attitude solution and spin phase momitor
Correction by fit to 545/2 data

Good fit to 545/2 data
Bad fit to S45/2 data

Peak not usable

Lower half width of 0% peak used
Upper half width of o peak used
Total width of 0% peak used
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