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Abstract

The accurate in situ measurement of the wesk magnetic fields in
interplanetary space and near the moon and planets by satellites, has
often been limited more by the spacecraft generated megnetic field then
by the zero level stability of the magnetometer or the quantization
uncertainty of the telemetry data readout system. A new method is
proposed for obtaining accurate results even in the presercc of a large
and varisble spacecraft field. The method uses simulteneous data from
two magnetometers whos¢ sensors are placed at dilferent positions along

a moderetely long boom. The anelysis of the date yields e continuous

measure of the spacecraf't field and the unknown field in space, The
accuracy is determined by the validity of essumptions concerning the
spacecraft field and the zero level drifts of the sensors. It is

essumed that the external field to be measured is spatially uniform

on the distence scale of the sensors' separstion distance, This method
can be used on both spin stabilized and fixed ettitude spacecraft.
Specific application to the future NASA-JPL Meriner Venus Mercury mission
in 1973 is presented,with an estimated accuracy of +0.5 to +1.0 gamme

using a 6 meter boom,
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Introduction

For many years, the eccurecy of measurement of the wesk megnetic
fields in interplenetary spece and near the moon and plenets hes been
frequently limited more by the magnetic field of the spacecraft on which
the megnetometer instrumentation was pleced,than by the intrinsic
zero level stebllity of the megnetometer or the quentization uncertainty
of the telemetry date reedout system, Ness (1970) hes recently reviewed
pest magnetometer experiments on spacecraft and thelr operating
cheracteristics and performence, Several serlies of spacecraft,including
Fxplorer, IMP, Ploneer, 0GO, Electron and certaln COSMOS setellites,
have carried special booms on which ‘the megnetometer sensors were
remotely placed at distences ranging from 1 to 8 meters from the mein
body of the spacecraft in order to reduce the contribution of the
spacecraft field to the measured values. When combined with sufficlently
tight constreints on the mechanicel end electricel design and fabricetion
of the spacecraft and its subsystems, mesximum values of the spacecraft fleld
have been achieved which are less than 1 gexme et the sensor position,

However, the development of such magnetically clean spacecraft hes
increased totel progrem costs as well as restricted the use of certain
devices and materiels which contain megnetic or magnetizable material.

In eddition, special attention to the use of self~-compensation methods

for power distribution cabling end soler erray generation were required.
Additional expensive testing of the megnetic properties of such spacecraft
in various operational modes is also a requirement to certify the cleanliness

of the unit after assembly. .Forbunately, the same .principles used to
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reduce the general level of electromagnetic interference on spaceeraft
also depend upon such self=-compensation methods, and good engineeri:g
practices thus contribute to the overall magnetics restraint
effort, ‘

In the NASA-JPL Mariner series of plenetery iflyby missions to
Venus in 1962 and 1967 and Mars in 1965, neither design nor febrication
constraints were employed and in the sbsence of a boom the residusl
spececraft field at the sensor position was on the order of 10-100 gemme
end verisble during each mission., Verious procedures were used to
estimate the magnitude of the spacecraft field (and intrinsicelly include
eny veriebility of the zero level of the megnetometer) from inflight
magnetic field date., On Meriner 2, Colemean (1965) used preflight test
estimetes of the spacecraft megnetic field and inflight roll maneuvers
to determine the magnitude of the spacecraft field, In addition, the
essumption of symmetries in the distribution of date sets for the
interplenetary megnetic field averaged over a solar rotation period of
27 days was used to correct for the varisble zero levels of the sensors.
There is no-a priori reasos,.bowever, why the observed
veriations were entirely associeted with the megnetometer and in fact
mey have been associated with a varieble spacecraft field. (Note that
on all spacecraft, the effective zero level of & magnetometer
refers to the combined effects of a variasble spacecraft field and & variable
zero level), The effective zero levels on Mariner 2 were adjusted
according to the theoretical Archimedean spirel angle expected for a steady-

state solar wind using the onboard measurements of solar wind velocity.
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On Mariners 4 end 5 similar roll menuevers were used to calibrate
the effective zero levels transverse to the roll exis, In the
cese of Mariner 4 the third axis value was determined by
forcing egreement between the measured and theoreticelly predicted near
carth megnetic fleld assuming thet the difference wes only due to the
spacecreft field (Colemen et el,, 1966), More recently Devis eand Smith
(1968) have applied enother method to inflight date egein essuming
certein symmetries in the interplanetery megnetic field., Rether then
utilize the steedy-state averege, and require consistency with the spirel
geometry to determine the spacecraft fields, their second method esssumes
thet fluctuations of the field are such that on sversge the magnitude
of the fileld is relatively constent while the field direction shows the
most verlebillity. In perticuler, the method determines the effective
zero level of the magnetometer by choosing that value which
minimizes, over many embient fleld discontinuities, the sum of the
squeres of the field megnitude chenge.

While it is known that some such megnetic field discontinuities
observed are in good egreement with classicel MHD theory regerding thelr
Joint plasme-fiield behavior, it is also known thet not all dlscontinuities
preserve field megnitude. Since there wes no preliminery selection of
only that speclal subset of discontinulties that setlsfy the field megnitude
preservation constreint, there is no g priorli reason to assume that the
finel results should be entirely correct. At present, no quantitative
discussion of the results comparing the second method with the earlier
technique existg end thus it cannot be assumed that the effective zero level
determined should be accurste for all time intervals of date chosen.
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From the available results on Mariner 2 (Coleman, 1966) it is
cleaxr that the eff'ective zero levels of the magnetometer were time
varisble Therefore any method which must utilize symmetries in data
distributions, or characveristics of fluctuations, must employ
intervals sufficiently:lerig that statisticel stationaeity of the
assum ' parameters is Justified. The fact that use of such an assumption
then shows a variable effective zero level,between successive time
intervals selecﬁed,is en indicetion thet & better method would be one

which continuously permits en estimation of the spececraft field independent

of the characteristics of the unknown fleld to be measured in space, Even
1f the other methods of periodicelly determining the effective zero
levelswere setisfactory, the short time avalleble for measurements

during planetery flyby(on meny planeﬁéry missions) renders them useless

to deal with changes which occur then.

It is the purpose of this paper to discuss a method for performing
megnetic field measurements on spacecraft with associated fields, which
utilizes in-flight date from two megnetometers simultaneously to provide
e continuous estimate of the spacecraft field and the unknown ambient
field in space. The method uses two similer megnetometers, located on
e moderate length boom, separated from each other by approximetely half
the boom length. The accuracy of the method is limited by:

1) The zero level drift of the sensors and,

2) The validity of certain assumptions concerning the spacecraft

megnetic field, which will be discussed in greater detall later.



Differerit assumptions mey be appiied concerning removal »f the
spacecraft field, The assumptions used depend upon the relative behavior
of the spacecraft field and the ambient magnetic field. The simplist
assumption is that of approximating the spececraft field by a centered
magnetic dipole whose magnitude and direction vary with time, If roll
meneuvers of the spacecraft are poscible in-flight, or if the spacecraft
itself is intrinsically spin-stabilized, then error source {1) can be
eliminated end the validity of (2) esteblished for those components
perpendicular to the roll (or spin) axis.

The magnetic field of the spacecraft itself is analyzed in Section 2
and the mathematical basis for the new method is discussed in Section 3
The use of & dusl magnetometer system is outlined in Section 4 and en
enelysis of the effect of errors in the assumed characteristics of the
spacecraft field and zero level errors are presented in Section 5. Section 6
discusses the use of this dual magnetometer system with epplicetion to

the future Meriner Venus Mercury 1973 mission,



2, Magnetic lield of Spacecraft
Due to the presence of magnetized material and electrical currents,

all spacecraft possess a magnetic field which may be large enough to
adversely affect the measurements performed at the position of the
magnetometer sensor. If the magnetic field of the spacecraft varies
slowly enough so that electromagnetic induction effects are negligible,
then the magnetic field of the spacecraft can be derived uniquely from
e scalear potential y which satisfies Laplace's equation, In spherical
coordinetes r, ¢ and §

¥ 0sgst)= T 2 {[Agn(t)sin mg, 43,,(t)cos m 4] * o

(o) ()"

for r2a,

vhere a is the distance of the furthest source from the spacecraft center
and thus is & length charscteristic of the spacecraft size, Nominelly
one mey assume it to be epproximetely equal to the meen radius of the
gpacecreft exclusive of esppendages such as solar arrays or booms,

The exect locetion of the coordinete origin is not importent
elthough,as shall be discussed in Section U4,its coincidence with the
megnetic center of the spacecraft is desirsble from the viewpoint of
reduced errors. Note that the time variations of the spacecreft field
are reflected in the coefficients A, (t) end Bnm(t) end that electromegnetic
redietion and induction effects are neglected, quite a reasonable essumption
in the present context,

The magnetic field .of .the spacecraft is then derivable as the gradient
e
of the potentiel as Bg,= - W . It is adventageous to: choose

the coordinate origin such that the two megnetometers lie on the
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same ra’ial line from the origin, hence at. the same angular-coordinates (91-03
end M "pp), and to consider the sensors' detector exes as parallel, If they
are not parsllsl, then a simple metrix transformation cen relate the two
sets of measurements as though they were obtained from such a geometry.

The spacecraft magnetic field components are then given by the

following equations for r & a:

Bp(r,0,¢it) = "'ngl m:.éo (n+l) (%)nm[%(t)cou mp+Bo () sinmglBn(0) (2.2)
® n +2
Be(r,e,¢;t)-.n§1 mgo(%)n [Am(t)coamwlam(t)sin mrp]gf.g P‘g (0) (2.3)
© n
B(P(r,e,w;t)- si_:'Té A m(g)“*‘?[Am(t)sinm(p-sm(t)coam‘pjpﬁ(e) (2.4)

One observes thet these equetions are of the form

n+2 LY
Bi(rsep‘Pit) - £ (%) fn,i (8,05 t) (2.5)

n=1
where 1 is the 1™ component and £, ; is e funct¥m of 6, ® and t for
the n B multipole moment end the 1"h'component.
The fields wt each of the two sensors are.given by

@ +2
By (r507 50 5%) = ngléi-)“ 2.4 (9,593%) (2.6)
. @ l . n+2
Bi(raﬁeaﬁk;t) -r\El (ré)n fn,i (el’q:l;t) (207)

where 61 = 92 and c;sl = (0. The spacecraft field at the outer megnetometer

mey be further reduced to



-8 -

By (rps0nsppit) = nE (;;‘)n+8(-)n+af 1(91_: ¢y 5%) (2.8)

With the introduction of a coupling matrix otia,'bhin may be rewritten as:
B; (rn, © ;t)-‘t%a B (r. ,0 3t)
1(Foy 92940 jo1 13 ©5\Fy0 1°%
(2.9)

61;5n§1 (-1) )'w" fn,1(02,915%)

(5.") n’i(el:ﬁit)

where czi d'a:u.bi 4 =

nnl

Thus g is a dlegonal matrix in which the element Q44 is the coupling
constant between the two megnetometsars for the 1th component., In general,
it is & quantity which indicates the effective multipole moment of the
spacecraft, since it is a weighted average of the multipole moments.

For any pure multipole term, the three component velues of & 5 i
identical end equal to (x'l/rg) . For a dipole field with inner magnetometer
helfwey between the spececreft center and the outer magnetometer oji =
0,125, In general the three diegonel elements mey not be equel since
the term (rl/z\e)mais welghted by different functions., However, in most
cases, 1t is expected that they will be nearly equel. It is important
to note ithiat the Q44 velues mey very with time as the spacecraft field
changes, since this mey affect the weighting fectors; howevar, substantisl
veriation is not expected. Both the component end temporesl verietiuns

of O may be ascertained from inflight observations of spacecraft field

changes end periodic roll meneuvers.
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3. Mathematicel Basis
Arsume for any given instant of time that the magnetic field observed

at each magnetometer is represented by

L d L ] —p -d
where Bam is the embient field to be measured,
Bzo(ri) 1s the ebsolute error at position r, of the

field due to zero offset (including
eny possible quantization error),
Bae(24) s the spececraft field et position r,,
and Ty Tp ere tiie inner and outer positions of the
megretometers, respectively,
Now, under all circumstences, the megnetic fleld of the spacecraft at the

two positions ry and rp cen be related by s coupling metrix O‘i':j as

- 3 -
Bge(r2)y BJEIL %4 5 [Bsc(l"l) ]J (3+2)
In order te determine the ambient fleld, it is necessary to determine
> -5
Bgo(ry). We define the estimated Bge(ry)swhich incorporates B, (ry),from

the observed fields in the following menner:

—est -est = g
Bge (o) = Bge (r3) = Bpe(rp) - Bobs(ry) (3.3)

Using (3.2) we obtain

Boe (ry) = [L - a1™(B, _(r) B _(r,)] (3.4)

gzgt(”a) = 2‘: [}-'gj‘ltgobs(rl)'ﬁoba(ra)]



Now the ambient field is estimated from either megnetcmeter from
st = st
E:m (ri) = Bops(Ty) - E:c (ri) (3.5)

Substituting (3.4) into (3.5) yields, for either megnetometer, the same
result,

ﬁeax:t = [3- g]-%ﬁobs(re) - g -ﬁobs(rl)J (3.6)

From (3.4) we see that if the difference between 'Eobs(l'l) and gobs(re)
i1s constent, there is no spacecrafl fleld veriastion. If this quentity
shows verietions, then the spececraft field or zero levels are verying,

It wes shown in Section 2 that the matrix Qjj mey be- represented
by a scaler times the unit matrix for any simple megnetic multipole
o spececraft. fleld, For s more complex spececraft field distribution
(i.e., an arbitrary superposition of multipoles) 0% will in gensral be
& diagonel metrix with each of the diagonsel elements reflecting the
influence of the effective multipole moment for that component.

For diagonel metrices, the inverse is perticularly simple; the
inverse of the matrix o whose disgonal elements are Oiiiis the matrix [g]'l
whose diagonal elements ere é‘fi . This allows equations 3.4 and 3.6
to be reduced simply to the following equations governing the it’h

field components.

est 1

Bee (7)1 = T-agy [Bo‘bs(rl) obs(rQ)]i (3.7)
t o =

BSV(r,), = I-%;i (B, (7)) - B, (z)]

BZ;’G= [Bobs(ra)i - @i‘iBobs(rm b (3;8)

1= o4



4. Use of Two Megnetometers.
A duel megnetometer system is especially velusble on those missions

which involve a single pass of the spacecraft pest an interesting object,
or region of space, simulteneous with significent operational mode changes
of the spacecraft with 'possible associated chenges in the spacecraft field,
It does not seem prudent to require nor possible to achieve an
accurate megnetic map of the spacecraft megnetic field preleunch in
every concelivable operetionel mode, as demanded by a single megnetometer
experiment, Furthermore, & néarly continuous series of mode changes
during the encounter phese along with a complex series of veriations in
the embilent field meke it mendatory thet some type of coincidence
technique be employed on the spacecraft to uniquely identify veriations
of scientific interest, The two magnetometer system wlll permit
estimamion, with high confidence, of an observed event as being.either
e gpacecraft(or instrument)essociated perturbaetion or an gmbient field
phenomenon,

L.1 Unigue Identification of Events

The observetion of e significent event mey eppeer as an abrupt
chenge in field maegnitude or direction, a sinusoidel wave phenomenon with
 asgociated field component variations, or any general combination of these
time changes. A dual megnetometer system may be employed to distinguish
between the two types of magnetic field events as follows. Figure 1
shows the ratio of the temporel changes of the two magnetometer observetions
as & function of the ratio of the two magnetometer positions. If the observed
fleld veristion is due to’e Spacecraft (or indtrument)perturbation, then the outer

megnetometer will -measure & variation in each of its field components that is
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substantielly less than that of the inner magnetometer, This is true for

a spacecraft centered dipole field approximation and a rediel distence of
the inner magnetometer 1y less then 0.8 times the outer megnetometer
distence., For the ratio of rl/r2 = 0,5 the ratio of the observed field
chenges is 0,125 for the dipole epproximation.,

If the observed fleld veriation is due to an amblient field chenge,
however, then the ratio of the two megnetometer variations will be unity
in each component. Thus it becomes & straightforward task to dissociste
spacecraft perturbetions from reel events by teking the retio of the
changes in the twe megnetometers' observetions. Once one ldentifies
an event as being spacecraft essoclated, its removal is streightforward
end the amblent field deate results in a form limited hy errors in
the coupling coefficlents & M and by the zero level uncertainty (see
Section 5)., Dual megnetometer identifications, it should be noted,
might also be useful to other experiments should they have trouble
distinguishing their "events" from spacecraft related effects as monitored
by the spaceeraft magnetic field.

h,2 Détermination of Coupling Coefficients Oyi.

The simplest method of determiningcxii is to essume that the
spacecraft field is represented by a single multipole term, and with a
knowledge of the relative position of the two sensors calculate &yi=
(quéé)n+2. The most plausible estimate is that the spacecraft field

is dipoler, i.e., n = 1. The sacond method, and the one that is to be
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used to check the validity of the first, is to estimate o4y from
in-flight data,obtained during roll meneuvers, Assuming that the
spacecraft field is stationary at the two sensors during roll maneuvers

and that the ambient field does not vary, then by definitien

- -
oS5t . LBobs(rl) = Bam}1
i1 - -

l:Bobs(""2) = Bamli

(4.1)

During the roll (or spin) meneuvers, en accurate determination of
the ambient field components trensverse to the roll (or spin) axis is
possible, independent of spacecraft field and zero level drift (Ness
1970). Thus ®4iis obteined with en error depending on thé zero
level errors. While this might appear to offer an opportunity for
significent amplificetion of errors in the finel determination ofigam,
this 1s not true, as will be shown in Section 5.0,

The third method for determining 0ii in-flight is to assume that
if the difference in the observed field does change significantly at &
given moment, all of the variation in the megnetometers is due to
a spececraft field chenge. The vallidity of this assumption reletes to
the probability of simulteneous verietions occurring in the spacecraft
megnetic fleld, the zero level of the instrument, bthe amblent magnetic
field and the relative size of any such changes.

In the most general case, & change in the spacecraft field during
a short time interval At cun also be accompanied by & change in the

coupling“coefficiénthii for each magnetometer axis. From equetion 3.2

[B, (r258)]; = Gy () [Ba(ryst)]; (4.2)



end ot time t + At & similer expression:
-h Lid
[(Byo(ras t488)]; = 0y, (b486) (B, (ry,b488) ) (4.3)

Using estimates of the spacecraft field and (3.5), or by definition,

(4.3):can be put into the form

o5 (tant) = Lonalrpetrit) y-(ER (b)) (h)
i (B, (rystrat 1y =[BEE(t+at) ]y

If 1% cen be esssumed that there is no change in the ambient field during

the period At, this mey be written

=est
aﬁst (t""At) - ﬁcba(ra”tmt) - B (t)j (’4-5)
-)
H [Bobs(rst#at) = Bag (0}
Thus an estimate of the new value of a4j is determined from the magnetometer

observetions after the spacecraft fleld change end the estimated ambient
field before the chenge,

4,3 Spececraft Field
In the event that the spacecraft field chenges are smeall

relative to the ambient field chenges, and preflight megnetic meps of
the spacecraft do not exist, then it is necessary to depend upon the
centered-dipole approximetion of the gpacecraft field for the most
reliable estimate of @4;. In this spproximation, all the non-dipole

moments of the spacecraft are neglected and it is assumed that
oy = (ry/rp)3.

The exact nature of the higher order moments in the spacecraft field
representation is not known satisfactorily for reel spacecraft and each
one is expected to have a different relative magnitude and orientation
from spacecraft to spacecraft., For conservative estimaetes, where the maximum

error is required, it seems reasonable to assume that the higher order
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moments ere of megnitude equel to the dipole moment, Under the condition
that ell moments edd so as to meximize their field contribution at the
sensor podtion then the megnetic dipole moment determined from the
observed fields will be in error by a factor determined fram

- - @ n

Myo[1 + &+ (g)?t vor] = B, nEO(%) (446)
This cen be summed to yleld:

M =" Y . l <lb'7

Mopperent Moo ™02 Tr ) )

The error will be directly reflected in the spacecraft field predicted
et the two positions in the seme ratio es equation k. 7.

Depending upon the retio of the two distences, r,/r,, an error in
the choice of the origin mey or mey not be significently reflected into
the predicted spacecraft fleld at the two locations, That the error
depends upon the chenge in the ratlo,end not on the change in the
individuel velues of 1y, 18 beneficial since both ry and rp will change
in the same sense as the origin is changed’ (due to the sensors being
positioned along the seme radiasl line), The chenge in vy is very
sensitlive to the direction in which the origin is shifted, by an
smount dj it is meximum- parallel to the boom akis and e'minimum when
trensverse to the boom axis.

A number of factors enter é.n‘bb the actusd gelection of
specific values of thexeatio wy/ro. They depend upon the spacecraft
georetry or specifc value 6fa,.the bBoom length ( ‘-"re) , ehd ‘the
estimated velue of d for the spacecraft under consideration. There is
also the interaction with the spacecreft structure end the impact on its
dynemics for & boom in both the stowed and erected configuration as well

a8 the more obvious matter of weight for the boom and the boom cable..
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From a consideration of the use of s dual magnetometer system it
is desirable that the spacecreft field nominally be ebout 5-10 times
larger at the remote sensor which implies thet rl/r2 be approximetely
0.45-0.65, The quelity of e dipole epproximation is expected to

increase as the ratios a/ri end d/ri ere reduced,
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5.0 Error Anslyses

There are two possible sources of error in the two magnetometer
system:

e) Coupling coefficient errors and

b) Zero level errors

5.1 Coupling Coefficient Errors
If the improper velue: of Oy, ere used, they directly affect

the estimeted emblent field. The field component error resulting from

en error AQ,4in 043is given by differentieting 3.8 to obtein for the ith
component
804 4 - -
Errory = ——— [Bob,(ra)-Bob,(rl).]i (5.1)
(1 - oyl
Substituting from 3.1 end 3.2, the error is found to be
‘ l Aa -) .
Error, = [&'i';_'-'f] [-aﬁ-] [Bge(r0))y .

Moy g - -
* [y [Bzo(r2)=Byo(ry)]
Here the relative importence of the spacecraft fleld and the zero level
errors are seen in the context of errors in the coupling coefficient.

- -
The maximum error occurs when Bzo(rl) = 'Bzo(ra) end ylelds

Error; = [55".‘]: %i" ] ['15Bc("'2)31
(5.3)

2
ot \:330(:-2)35_
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The terms involving &%;; represent amplifivation. factors. They-are'tebnlated
in Teble I, sssuming thet AY,w riert where r «Xpy/rp). T'This"corrésponds
to assuming e dipole representation for the spacecraft field when it is
in fact quedrupole (or vice versa). It is seen that the amplification
factors are less than unity for r 20,55, which means in fact that the
errors are less than they would be with the use of a single magnetometer.
Thus there will always be an improvement in the accuracy of the measurements
by use of the two magnetometer method,

5.2 .Zero Leval Errors,

In eddition to coupling coefficlent errors,: the magnetometers
themselves mey introduce errors due to zero level drifts. The effect
of errvors in the zero levels of the megnetomsters will leed to errors
in the estimated spececreft field end thence to errors in the estimeted
ambient field. These errors can be derived by substituting from equetions
(31) and (3.2) into (3.8) to obtein for the i*B component

s .. - a
B350, Ba* s (hrolee) 1y i) Bro(ea)y (5

Here it is seen-that the error in the estimeted embient field is welghted

less heavily, by @14, for the inner megnefiometsr at poaition 'y
then the outer one at rp, The meximum error occurs under worst case

conditions, when

wrp o
B,olFy) = = B,o(ry) (55)
The error is then glven by

Erro’ri =+ [ ;::j:: ] [Bm(rg)]i (506)

»?
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The megnitude of the coefficient -—i’ﬂﬂ—- is of interest for it is a

measure of the wmplification of the zero level error. The veriation of this

error term a&s & tfunction of r is also given in Table I for nominel values

of rl/ra. It is seen that the amplification is alweys grester than unity,

slthough by less then & factor of 2, for O.l5€r< 0,65, However, it is

felt that this is an acceptable situation since the spacecraft field, which

is expected to be the principal error source, is correspondingly reduced,
It should be noted that if e "flipper" mechenism is included at

the sensor to physically invert the sensors while in-flight, then the

zero level can be determined accurately. This eliminates ell errors

essoclated with zero level drift,
Error levels of the sensors ere often steble withdn +0,50 gamme

from prefllight to post=-leunch operetion. Such steblility has been
demonstrated inflight in the Explorer 33, 34, 35 end 4l end the
Pioneer 6, 7 end 8 spacecraft. Over a period of 4O weeks, the aversge
two week drift on Explorer 33 wes 0,16 gemme, while ths totel drift
veried between +0.5 gemme over this interval. Thus even with en
emplification fector >1, relatively frequent updeting of zero levels
will insure that E’zo‘is elweys small end hence by equetion 5.6 that

zero level errors are slways within eccepteble limits.



6, Applications to Mariner-Venus-Mercury 1973

Specific application to the future MVM-T73 spacecraft shall be made
in the following paragraphs, Although the final Adssign of the boom
system is not complete, approximately realizable distances for r; shall
be used., In preliminary studies of the spacecraft magnetic field based
upon past experience with similar Mariner spacecraft, it has been
estimated that the meximum spacecraft field shall be 12,5 gammas at
a distance of 12 feet (NASA Proposal Brioefing Materisl)., Assuming this
to be a measure of the dipole moment of the spacecraft yields a value of
3,05 x 103 Gauss-cm® for the case where the maximum field is specified
to be the radial component, However, in order to be conservative, it will
be assumed that the dipole moment is twice this value or 6.1 x 103 Gauss~
cm3, which means thet the meximum field was the azimuthal component.

The spacecraft main structure is an eight-sided truncated cone of
approximately 50 cm height and diameter 150 cm. This implies a
characteristic scele length, a, of epproximetely 50 cm, the mean radius
of the structure (independent of the lerge separated saler errays), It
1s proposed to place the magnetometer semsors on & boom such that they are

approximately 300 and 600 cm from the spacecraft structure, Until the

exact structural configuration is known, this suggests using the values
of 350 and 650 cm., respectively for r, end rp. This yields a ratio of

ry/rp of 0.54 and & ratio of spacecraft fields at the two positions of

6.5 to one,
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The two soler arrays are assumed to lie transverse tc the boom axis '
with their geometrical centers approximately 200 cm from the spacecraft
geometrical center. Thus the origin shifts considered to be maximum will
';)e 200 cm transverse and +50 cm parallel to the boom axis., Note that
the ratios a/r2 end d/rz are less then 0,2 under all circumstences, Teble IT
gives the computed results for the errors to be expected under these
conditions for various combinetions of origin offset (ell values in
garmas)., It is seen that under almost all conditions the meximum error
at the outboard sensor position, rp, is less than 0,5 gemma, Only
when the equivelent dipole is displaced by 50 cm towerds the sensors
does the error exceed the nominelly desired limit of.0.5 gemme.,

Thus it appears certein that the two megnetometer method will work
successfully on.MVM=T73 without special procedures tc clesn up
the spececraft megneticelly. However, it remeins for inflight deta to
determine this hoped for result.
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7. Conclusions

A two megnetometer system allows the separation of the observed
megnetic field at the two sensor: into an estimated spececraft megnetic
field and the ambient megnetic field. The duel system, using coincident
techniques with simultaneous observations, cen uniquely identify transient
events es being either sssocieted with the spececraft (or megnetometer
instrumentation) or an embient megnetic field change. The mathematical
beslis for the method is founded upon the existence of e coupling
metrix between magnetic field observations at the two sensors., Either a
theoreticel essumption of the multipole representetion of the spacecreft
megnetic field or inflight experimentelly determined vslues of the
coupling coefficients will allow the spacecraft megnetic field to be removed,
There l1s amplificetion of the zero level uncerteinty in the two magnetameters,
under certein condltions, The overall absolute eccuracy of the method
is expected to be on the order of i;/a to +1 7 for a typical spacecraft
mission, such as Mariner Venus Mercury 1973. It is enticipated that the
dual megnetometer method hes sufficient generality to be adopted for other
spacecraft missions, especielly those that probe the soler system at

hellocentric distaences grester than 1 AU,
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TABIE I

Couplin Coefﬁcient Errors Zero level Errors
. S/C Fie [ Zero Level |
Assumed Field ued, Dipole uad, Dipole .
B b v T s, Dipols_
r

.45 -0,605 1,274 | o0.120 -0.112 -1,08 -1.20
0050 "00571 10%6 00162 ‘00150 "1013 "1029
0.55 -0,539 0,900 0,214 -0,198 =1.20 -1,40
0060 ‘OQ 510 Oo 765 00280 "00262 "1030 "lo 55
0.65 0,482 0,655 | 0.36k  -0.346 -1.43 =1.76
Oo 70 'Oo ""56 90563 On L"76 "Oo l+68 "1063 "2“. Oll-

Amplification Factors under worst cese

for o:i i = r3 (Dipole) and“ozii = ry(Q,ua.dxupole). See text
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TABLE II

Off'set Distence= d=0 d=50 d=+50 4 =100 d = 200 Position

(Parellel) (Brensverse)
Nominel Field .2 22,6 9.5 12,7 9.3 ry
of SC 2.2 2.8 1.8 2.1 109 1'2
Difference Field 12,0 19,8 7.7 10.6 Tl
Predicted Fleld 14,2 23.8 9.1 12,6 8.8 rq
of SC 2,2 ,4‘.0 loh‘ 2,0 lo,'} ra
Origin O +1.2 'Ooh‘ -001 "‘-'005 I‘l
Errors O +102 "'Oul"’ -Ool '005 r2
Higher Moment 1,5 2.4 0.9 1.3 0.9 rq
Errors (+) 0.2 0.4 0.1 0.2 0.1 r
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Figure Caption

1.

Ratio of the changes in the observations of the two magnetometers

as a function of the ratio of thelr diatances from the spacecraft

center. As cen be seen, a substential difference occurs between the
negneometer observetions for en smbient field change relative to

8 spacecraft field chenge. The two curves shown, labeled spacecraft
field change, represent the expected varietion in the idealized

cases of & centered dipole or a centered quadrupole, Inflight observations

and ground testing will allow the spacecraft field to be more accuretely
determined,
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