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ABSTRACT

Progress is reported on the mapping of electrostatic potentials using

data from charged-particle trajectories. Experimentally, ions having

negligible velocity afe formed in ﬁhe région of interest and detected as

they leave the system. -Energy, position, and trajectory angle are obtained
from a specially desigﬁed,sensor désigned around a continuoué—dynode electron
multiélier. Work will be extended to include the injection of electron

beams into the region of interest. Routines-for calculatiﬁg charged particle
trajectories ha§e been programmed and iterative schémes.for refining estimated

potential functions are under development.



INTRODUCTION

Spacecraft charging simulations, to be meaningful, require some
estimate of'electriéalvpotential contoﬁrs in regions of interest. Prob-
ing with low-current charged—particle.beams will only slightly perturb the
potentials yet provide data for calculating the contours. This research
deals with general cpnsiderations of how one ecan map nonsymmetric potentials
from such data, yet it still relates to the specific need. The work is in
two parts, experimental méasurément and simulation, wheré the simulation is
to lead to systemati§ methods ofvdata‘processing.

Because of a lack of personnel, thé rates of progress énd expense have
begn less than initially proposed; significant results are not yet available{
Thus, this report déscribes work in progress and is relafively brief.  The.
experimental section describes work with an ion sensof.which detecté ions
created in a ﬁrecisely‘defined test region and ejected by the electrostatic
forces. The work wi;l be extended to include measurements of electron tra-
jedtories. " In the section on simulation are described various approaches
fo; generating-pbténtial‘functions which satisfy certain criteria such as
‘boundary conditions, or more pertinently, partic1e trajectories. As a nec-
essary prelude to the problem,_we havé developed subroutines which generate

particle trajectories in a region having known potential contours.



EXPERIMENT

" Acknowledging thaé practical applic#tion to physical systems is a goal
of this feéearch, we feel tha;veiperimented measurements are needed to
verify methods,‘to establish limits of.reSOIution, and-to reveal un;uspected
complications.- Consequently, we have cqgstructed a testing apparatus consist-
ing of an electron beam which ionizes ﬁackground gas in the test chamber,'é
biased wedge-shaped structure which prpduces a known potential distribution,
an ion detectqr whiéh discriminates against particles-héving less than some
threshold energy, and mechanical linkages for adjusting-the orientation and
location of all of the system elements. The system is fully operational and
is currently in use. 'Méaéurements to date have dealt mainly with the charac-
‘teristics of .the system élements; especially as related to resolutiog.
Furtﬁermore; a set of trajectories has been recorded as the first attémpt
to correlate trajectory daté with the predictions for fhe'wedge geometry.

A separate repo;t on theée measurements wi}l be issued shoffly.
of critical concern is the rgsolutioniachieved byxthe ion detector.
Four paraméﬁers are of interest, the eﬁergy resolution, the translational
resolution, thg angular'resblution, apd the sensitivity. The deéign.of the
detector system inledes a pair of aperfgres that admit ions from a narrow
_cone only. As expected, the response to a highly collimated ion beam is a-
function o£ the 6rientétion of ﬁhe dgtector system. For a reasonable choice
of hole size the angular resolution is less than 1°. The detector system 1is
on a screw-driveﬁ-égrriége thaf 1o¢a£es the aperture position to within an
- aperture hole diameter of .05 cm. When ions enter the detector éystem they
pass throuéh a retar&ing potential which provideé energy discrimination to

within approximately 1 volt. Ions meeting all of the conditions strike the-
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detector which‘is a cpntinubqudynodé'eiectron multiplier. - Because of the’
high gain available, iﬁdividual 1on$ are detected as pulses which are'disQ
played on an oscilloscope and counted.

The ions are crea;ed by collision'of electrdns‘ﬁith béckground gas,
the ions having essentially zero energy at the ppint‘of c?eation. However,

- the location of this point is not preciéeiy known. The ionizing elecfron
beam‘itself follows a curved trajectory because of potential gradients and
magnetic fieldé. As beam ene;g&jis raised, the trajectory becomes éfraigher
and more definite but the probability'of ionization drops. .Further unéertainty
arises from the finite diameter.of the electron beam, though in principle a’
beam.can be focussed to as finé a point as would be desired:fo: this work.
Because the ion sourceApoin;s cannot be precisely determined from the électron
beam parameters, déta processing schemes should not depend upon a prior know-
ledge of those poinﬁs but.shbuld generate them as a naturéi output of thei"'
proce;s. However, ééprqximate source ﬁoint data caﬁ‘initiélize the computa-
tions more efficientiy thaﬁuninformedguesses. One probléﬁ revealed by mea-
surements is the effect of magnetic field omn particlé tréjectories. Thg
low-energy particlesAused:és probesvwiil deflect noticably in the egrth'é
field and cpmpensafion must be made fof,thatieffect.

- Extensions of experimental.work_ére to includé more measurements of

+ion trajectories andAFhevevenfual processing of that data when thg_computer
routines become operational. 'Hqﬁever, a second experimental téchnique is
also to be implemented. A.steerable electron source gag‘be mountéd on the
cartiage which presentiy holds the ion: detector and tﬁe electron beam it

"generates can be deteéted_by aistationary grid of wires conngcted to an
eléctrometer. Such_a_éystem will speed dgta collection and adapt more
readily'to typical épplicétionsf thodgﬂ_itvwill qot be effective in regions

of positive po;entiél.'



from the other method. The’ revised system w1ll yield values of entry p051tion,_
entry angle, energy, and exit p051t10n of the beam where entry and exit positions

do not necessarily coinc1de. The electrons will not, in general, be associated

with some point ofheero energy as in the case of the ioms, but for selected
parameters,'they may be. When'this happens the entry ‘and -exit positlons w1lli
coincide and the data will be similar to that collected for ions,- However, i
not being restricted to. that special.case.allows‘quick data collection by the
sweeping of the’eiecttonibeam through an angle as shqwn in Fig. 1. As the

beam is swept it intercepts the detector grid at points in time which can be

correlated with the sweep positions at those times.

Equipotential‘

Electrometer

Fig. 1. - Use of a swept electron beam and detector grid to
probe regions of unknown potential



. STMULATION

The first step.in"COmputing a potential function is to generate a -
subroutine for calculating trajectories when a potential is specified.
Two such routines are now operating,-one based on an assumption that.the
time derivative of acceieration is-constant over an interval and the other
based on the method of De Vogelaere [1].. The latter has been testeﬁ by
generating an eiliptical orbit in a coulomb potential;uuinoting the accuracy
with which the particle returns‘to.thefstarting point. Still-more elaborate :
methods exist, such as that of Bashford/Adams [2], but sufficientjaceuracy
is attained without them. | |

Simulated trajectories show‘expectedAexperimental.resuits for ionsn
generated near a biased wedge—shaped.electrode. The fields are calculated
by a combination of conformal mapping ‘and the use of a Green s function as
done previously by Nguyen.[3] ‘A set of subroutines to generate fields is
called by the traJectory—tracing.routinenwhich produces results asvshown»in
Fig. 2. Note that this illustrates the‘caSe-of ions formed with zero energy i
though the‘routines can-handle.the case of ions injected:with arbitrary
velocity andvpositiOn. '

.Generally,'trajectories caiculated*from an assumed_potential_function‘
are to be compared with measured trajectories‘such that the'assumed function
'can be modified to more accurately represent the physical system. The objective
of computational efforts is thus.to generate a potential function which meets
.certain criteria, perhaps matching boundary conditions or, more specific to
jthis research,,matching measured particle traJectories.; One approach is to
build up the potential funCtion in 1ayers by'using first the data for traJec-
tories originating near the boundary of the region and then by using particles

coming from deeper in the region. Black and Robinson [4] describe this






‘approach for a symmetic potential.. Another way is to assume an approximate

potential function and to progressively iﬁprove the function through a series
of'perturbétions; The work to date inltﬁis grant has concentrated'on this
latter method.

-Both before and éf#er a perturbation a potential function must satisfy
Lapléce's equation if spacé charge can be neglected. Oﬁe way of perturbing
a function is to addAa second function which itself satisfies Laplace's equa-
tion. By the principle of superposition, the cémbination isithen satisfactory.
One thus looks for some-combinatién of additive functions and the elementary

operations of shifting, rotating, and scaling which will converge to the

"desired result.

The particular pertufbation»to be implemented should be discernablé
from a meaéure of how the estimated potenfial deviates from the criteria
established in a certain region.. Because the potential and thelparticle
trajectories depend uniqﬁely oh.boundary conditioﬁs, attention haé been
focussed so far on using boundary conditions as the criteria. If a certain

discrepancy exists over a portion of the boundary, then a perturbation should

~ either "pull" or "push" the potential contours to improve the fit as shown in

Fig. 3. A sequence of pulling and pushing operations having a localized range

can in concept force a match at the boundary and consequently establish a

-valid function throughout the region of interest. The problem is to properly

identify these functions.

- The need for convergence implies that the perturbations should be localized

'and 1eads to the consideration of dipole potentials as the perturbations. The -

 dipole function has a singularity wherevthe dipole is centered so that one

cannot consider a dipole to be placed in.the region of interest. Rather the

perturbations are té be thought of as the placement of dipoles outside the




region and near to those portions of the boundary which require beﬁter
matching. ‘The concept of usiﬁg dipoles-applies for either two or three ‘
»dimenéional systems with the potentialé varying as either £%§§Eor§5%?k. :
Here ¢ is the angle meésuréd from the axis of the dipblg and r is the distance
from it. In two dimensions‘thé addition of the dipole fiel& is equivalent
to tﬁe conformal mapping, we=z+ 1/z. This mapping, illustrated in Fig. .4 ..
can be considered either a pull along the.v axis or a push along the u axis.

Our preseﬁt work focuses on how perturbations might be systematically
incorporated into a computational scheme.- Whe dipoles are used, the strength,
location, and orientation must all be'sepcified in some optimum mapner if rapid

- convergence is to be attained. Ultimate use requires the specification of

.perﬁurbationsAin terms of particle trajectory data instead of boundary con-

- ditions. For a given calculation, accuracy will depend on the number and

"location of trajectories.

Boundaries

Fig. 3. - Perturbations of potential contours which can improve
the matching with boundary conditions in a localized region.



Fig. 4. - The conformal mapping w = z + 1/z which illustrates
, localized perturbations. The line segment -2 < u < 2
must lie outside the region of interest.
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