=

~ AD=AD34 453

UNCLASSIFIED

INTERNATIONAL LASER SYSTEMs INC ORLANDO FLA F/6 19/5

INDIRECT/AREA FIRE WEAPONS EFFECT SIMULATOR STUDY. VOLUME I1. P==ETC(U)

JAN 77 R E ODOM N61339=76=C=0070
TND=TR=76=0002=VOL =2 NL

- . - ‘




Report No. TND-TR 76-0002 u

Contract No. N61339-76-C-0070

VOLUME Il

INDIRECT /AREA FIRE WEAPONS EFFECT
. SWRSSKMEN. PRELIMINARY SYSTEMS
g AT ST ENGINEERING DESIGN

(Project 5839-01P01)

A034453

"

international Laser Systems, Inc.
3404 N. Orange Blossom Trail
Orlando, FL 32804

COPY AVAILA'E T0 DG DOES NOT - (-
PERMIT FiiL/ LLSICLE PRODUCTION

Prepared for

[ Droes
| S8R
PROJECT MANAGER FOR TRAINING DEVICES e
Orlando, FL 32813 { DIt et Fray lngug;
December 1976 e BRI
Copy available T DDC does aet
-t < "
Study Period 3 June 1976 — 30 December 1976 permit fully Jegible reproduction




DISCLAIMER

This study was conducted under PM TRADE RDTE Program.
Neither the Department of the Army nor any person acting
on behalf of the United States Government assumes any
liability resulting from the use of the information contained
in this document, or warrants that such use will be free from
privately owned rights.




—Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER

S

2. GOVT ACCESSION NO

o -

RECIPIENT'S CATALOG NUMBER

\Simulator Study, ¢Summary) y .
Vol II - Preliminary Systems Engineering Design

o

| INDSTR-76~0002~ | | = - ”
4. TITLE (’ Subtitle) S.hJ'YPE QF. BEPOR’J & PERIOD COVERFD
Vol IJ:Yanirect/Area Fire Weapons Effect /

’ -
[Final » 3 Jun~-30 Dec 76 o

P’

& ~PEREQRMING QRG, REPORT NUMBER -

7. AYTHOR(e)
|

Robert E. Odom
“Chairman, Study Advisory Group

8. CONTRACT QRERAMKK NHURKN W

{N61339-76-C—0070 ~

/

9. PERFORMING ORGANIZATION NAME AND ADDRESS
PM TRADE Field Office

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

Ft Eustis, VA 23604

ATTN: DRCPM-TND-FO H

Ft Eustis, VA 23604 1X762727AR230

11. CONTROLLING OFFICE NAME AND ADDRESS ¥2. REPORT DATE s,

PM TRADE Field Office T Tan 77 - k2 (o 5L
ATTN: DRCPM-TND-FO 13. NUMBER OF PAGES .~ 7

Vol I - 83; Vol II - 370

14. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Office)

1S. SECURITY CLASS. (of this report)

Unclassified

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution is unlimited.

17.

DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and identify by block number)

Training Devices Electronics
Simulation Position Location
Lasers Weapons Effects
Optics

b 20. APSTRACT (Continue en reverse side if neceesary and identify by block number)

This report presents the results of an exploratory

weapon systems.

development study designed

to investigate feasible alternatives for the simulation of indirect fire
The study treats several alternative approaches and provides
technical assessment costs and schedule for development.
Systems Engineering Design, PSED, of the recommended approach is presented..

A Preliminary

N\

FORM
JAN T3

bD , u73

EDITION OF ' NOV 65 )S OBSOLETE

Unclassified

)
2

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




Appendix

A

TABLE OF CONTENTS

Title Page

USE OF THE ATMOSPHERIC ELECTRIC FIELD FOR THE
DERIVATION OF VULNERABILITY WEIGHTING FACTORS IN

THE PRESENCE OF INDIRECT FIRE . . o« o o o o @« @ =
RELATIVE VALUES OF COMPETING SYSTEMS . . . . . . .
LASER WEAPON STMULATOR -~ AREA KILL . . . . . « =« .
VHF TRILATERATION GROUND DESIGNATION SYSTEM . . .
VESUAL CUETNGE < el & s o o et s o o) e el sl e e s
SHELL SMOKE" . "o i Gl oo o olile el ol o e el el e el e e e
LASER WEAPON SIMULATOR - POINT KILL (LWS-P) Ab oty
SIMULATION SYSTEM FIELD COMMUNICATIONS . . . . . .

SYSTEMS LOGISTICS - LASER WEAPON SIMULATOR SYSTEM

LOW COST INDIRECT-FIRE SIMULATION LOCATION

SUBSYSTEM ol ol e o v e o el e e e w e e e e e
SESTHN R0 LT e, D G e T s
POSITION EFINDING SYSPEEMS i & & & = o <« o o o o s
HEGH RISK AREAS & & < & 5 o 5 = % & = s o & % s =
TARGET DECODER/Pk ANRILYGER < v % v s & % @ % % & 1
SYSTEMS COSTS R B T R S S S
%m; B wit
pos Buft Sestiad
BRARROUNGD®
JOSTFISANIER smiiani
| SO i
DISTRIBUTION/AVAILFRILITY COUES |
T L L
F (i
i/ii i

VUML ant ACA’..\'»':"AL

B
r




APPENDIX A

USE OF THE ATMOSPHERIC ELECTRIC FIELD
FOR THE DERIVATION OF VULNERABILITY WEIGHTING FACTORS
IN THE PRESENCE OF INDIRECT FIRE

Prepared by

Graham W. Flint

September 1976

A=1/2




i‘able of Contents

i Introduction and unmiary

11 wasic propertiecs of tihie atmosp.eric [ield

:ve salr wec thier conditions
Te Varitions in field strength
1. L.ong tern fluctuations
2 .nort tern fluctuations
3. .rospects for conpensotion
111 *“ields in t.ie vicinity of oro;rap.uic protrusioas

..o« Lar_ e towo ropihiic Lfeatures
e nall tonosrapitic features
Ce I ann sized ovjects

1 ..easuremeat ol thie atmospheric field

e “Chorncteristics of ionized curreat sources
Ue Yotential rrobes

¥ Frelimin.ry system design

de FProbe desiim
e wlectronic desin

tefercnces

cOPY AVAILABLE TO DG DAES NOT
PERMIT FULLY LEGIBLE PRODLCTION

-

Aot




List of Figures
World wide diurnal variation of electric field and
thunderstorm activity

Topographic contour and associated electric field strengti
for typical mountain in the eastern U..J,

Potential contours surrounding a wall having a lhieight
of 3 neters

Meld augmentation as a function of protrusion geometry

Influence of ventilation on the space charge and electric
field in the vicinity of an ionizing collector

Equipotentials and electric fields around a cylindrically
symiietric probe

Lquipotentials and electric fields around . non-symmetric
probe

!’echanical schiematic of helmet mounted sensor

Dlock diagjrom and circuit of electrometer system

ii




—_—
EEEEHEUTRDN STri

.

Approved for puj,.- .

I ILLRODUCTION AD LUITIARY

It has been proposed that the local iatensity of tie
atriosplhieric electric field could be used a5 o neasurce of the
vulnerability of an individual to tiic effects of indirect fire,
sucih a teclmique would be based upon the fuet that the :tilospileric
clectric ficld varies nccording to tie de;jree of electrostatic
shielding provided by buildings, walls, velidicler etc, ‘or exaniple,
if n soldier stonds in open terraia, s hwelmnel Lecotles tie
extronity of an ovograpaic protrusion; tite clectric Tfield streatit
at tie apex being greatly intensified., Conversely, if the we.arer
is overshadowed Dby . conductive object, sucii a5 2 building or
large veindcle, ais aelmet i3 now in tiie "snelter' of o larger
orozrapilic protrusioan, Mws, tiie field «trengtis is reduced, ‘or
extreme cases, suclii as wviien the wvearer is within & building or at
the bottom of o foxiiole, the field strength falls to a very lovw
valuec.

“rom the above, it is apparent that the output of a helmet
mounted field sensor will bear some relationship to the extent to
wvhichh the wearer is exposed to the outside world, 1In the presence
of indirect fire, tlierefore, one can anticipate a reasonable
statistical relationship between sensor output and the probability
tliiat the wearer will be either wounded or killed,

It is tlhie purpose of *his report to examine the characteristic
of helmet mounted sensors, and to assess their effectiveness as a
means whereby realistic individual 1:ill probabilities can be
established, <he body of the report is divided into four principal
sections, numbered II through V. These sections cover the basic
properties of tiie atmospheric field, fields in the vicinity of
orographic protrusions, measurement of the atmospiheric field, and
preliminary system design.,

In'the discussion of basic properties of the atmospheric field
it is shown that the so called "fair weather field" prevails for
about 90% of the time. Causes of fluctuations in the fair weather
field can be srouped according to the size of the areas over vhich
their effects are likely to be reasonably uniform, On a jlobal
scale there are annual fluctuations of about * 15% combined with
diurnal fluctuations on the order of % 204, Over areas in the
1 = 10 Ikm range there are local two cycle per day fluctuations
associated with the turbulence cycle, together with the motion of

larze cloud masses, In the range of 100 - 1,000 moters there are
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variations due to tie drift of lowv altitude clouds of space char,e,
The collectivo effect of these fluctuations is such that 4 noii-
compensated fiecld sensor would experience anomalies in excess of

* 304 for peruaps 10% of the time during fair weather. .ly
compensation via a fixed field reference sensor, such anomulie:s
would be reduced to an RMS value of less than 10 percent of tie

mean field, Duria; 5 - 10 percent of the tine, vien fair weatiier

R

4.

conditions do not prevail, fluctuations and recversals of tae field

are such taat vulnernbility assessinient rould become uareliacble,

‘““lie discussions presented in sectionr IY¥I deal with three
classes of oro rapaic protrusion; these being large toporraphiic
features, snall topograpaic featuresyand nan sized objects. 5 an
exanple of a lnarge feature, the field strength on a typical
sountain ridge is siowa to be about 755 srecter than tuat for level
terrain. In the closs of small toposrapiiic features, zn analysis
is presented of the fields wiicii surround a taree meter wall, It is
sliovm that, relative to an upright man in level terrain, the Tield
strenztli at distances of 6 meters and 1.2 meters from the wall cre
0.0 and 0.6 respectively., Jimilarly, for o crouching or I=miecling
nan at distances of 6 meters aond 0,2 meters, tiie field strentis

are about 0,3 and 0,1 respectively, <Tlie analysis of isolated :ian

[¢1]

ized aobjects indic .tes that, for an individual protected by a
foxdiole ox small trench, tihe relative fiecld svrenzthh is reduced to
tlie range 0,03 to 0,123 the extent of tiie reduction depending upon
the degree to which the individual's Lelmet ;roirudes above tae
Srouxnd planc.

fie teclmiicues by whaichh the atmospiieric field can be measured

r

are dealt vwicii in secction LVs were; tue use of & radiouctive
collector is exmnined for tuo uiodes of operation; nariely tiie curdeontd
anplifier mode nnd the potential ecualimer .xode. 1t is showa ting,
For tiie curreat uode, tie influcnce of [luctuatiomns in local vi.d
veloecity are suci as to cause proudbitive aoisc, il aigaor
inpedance .oteatinl cqualiter mode con oveircomne this problem.
_owever, for minimum noise, it is importint tiact the collecting
probe be desigmned witit electrostatic mirror syrmetry cbout o plaace
wviich is perpendicular to the field and widca passes through the
center of the collector,

The discussion of prelininnry systen design deals both with
sensor probe design and with the desigm of associuted electronics.

A design is presented for a compact and rugged probe which meets

A-4
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all of the recuircuents derived in the preceding sections of tlhie

report, Incorporated in the design is an umular radioactive
collector wvithh adjucent gunrd rings for counlrol of leakaje
conductunce, it is shovm that minimiz-tion of this conductonce
in the preseoice of nccumulated dirt on tiie exterior surfaces of
tiie probe represcnts a critical feature of both mechanical and
electronic desi a1, <{wo alternate circuits eunploying insulated
sate ficeld ceifect transistors in the input stases are discussed,
sothh circuits include high voltage feedbac!: drivers, wherecby t.e
potential difference between tile collector ana its guard rings is
lkkent small, finally, witii respect to tiiec possible use of electronic
Tfield strengtii compensation via a fixed field monitoring station,
it is su;gested that sucii a correction nicht be included in the

desismation code enployed by the indirect fire sinulator,.

SERBUION §: gk
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Y Ua ol O PROPENDEES OF s AP0k SELC STy

o establis;: tie feasibildty of wusing atmosplieric electriec
field meuasurecments for the assessment of personnel vulnerability
it is necessary to examine the fundamental clharacteristics of such
fields, the ma:mitude of tie field, to;ctuer withh the effective
impedance of tlie . tmiospuere determines ti.e recuired scacitivity ~nd
input imped.nce of the measurin: device, sat Tarlry @ realistic
transfer functioa, wiereby variations in locul field strengtic zre
related to different desrees of vulneravbility, must be derived
from an exmuiin:sition of tiae dependence of tiie ffield upon oro rapiiic

protrusions, vo0 assess the statistical aceuracy of such & systen

2

it is necessary to establish the magaitude of boti. shiort terin 3¢
long term Ffluctuations #w tue field, Lt i3 appropricte, btaercefore,
that tite subsecueint discussions of mecsurecment tecimicue nt nysted
design should be prefaced by cdescriptioa of tiie bagic propertiec

of tlhie atmosphieriec electric [ield, or tlhids purpose we simll Lo ia

by developing an .pproximate niocdel Ffor tiie so called "fair wes t.ter
ciald’, his will be followed by an examination of the e nitude

and freguency of occurrence for fluctuations in the field,

% Pair weatiiter conditions

In the context of tliis report it is not necess .ry to employ
very sophisticated model of the conductive processes in tiie «t-
mosphere. ‘e are not interested, for instance, in the detuiled
mass distribution of current carrying ionss It is sufficient
merely to set bounds upon tiie ion density ond upon the effective
ion mobility. Also, we are interested only in the field close to
thie earth's surface. ihe reader requirin; more detailed inforuntion
siiould refer to tihe analyses conducted by Cnalmersl, Israll™ and
Doleznlek3,

In addition to the simplified nature of the nodel, tie ensui.ng
discussions of atmospheric properties will, for the most p.rt,
be confined to the conditions identified sjenerally as "fair
weather", In this context the term "fair weatlier" refers to tiose

occasions when tlie electric field vector is directed toward the

earth and when tliere is no precipitation or electrical storn
activity in the area, There is a high degree of correlation between
the meéteorological and the electric field definitions of fair

weather, ..owever, as will be noted in the subsequent discussion

A-6
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of short term fluctuations, the field can occasionally rever:e
during meteoroloically fair weather, Over the Continental
United Ltates fair weather electric field conditions can be
anticipated for at least 90, of the timf,-;.

At an altitude of about 50 km the conductivity of the
atmosphere is sufficiently higih to prevent any appreciable
potential gradients. This conductive region is jenerally referred
to as the electrosphere, fhus, in its sdinmplest form, the
atmospheric electric field can be re  arded as tlhat whidch exists
between the electrodes of a concentric shell spherical capacitor
wherein the inner and outer sliells are represented by the earth's
surface and the clectrosplhere respectively. (he potential of tiie
electrospherc is approximately 350 {v positive with respect to the
earth's surface., ..owever, since the finite conductivity of the
atmosphere increases with altitude, tliis potential difference is
far from uniformly distributed. .t tlie ecarth's surface the ficld
is usually greater than 100 V/m; falling rapidly to less than
10 V/m within the first 10 km,

The conductivity of the upper atmosphcre is dominated by ions

which are formed by cosmic rays. Over land the rate of ionization

up to an altitude of about 1 km is governed by surface radioactivity.

Over the oceans cosmic ray ionization predominates at all altitudes,
sither source of radiation results in the formation of electron/ion
pairs. In the lower atmosphere electrons are quickly attacued to
neutral molecules; thereby producing ne;ative ions, LDoth the
nezative and the positive ions so produced are more complex than
single charsed rniolecules of oxygen ond nitrogen, The ions which
provide the principal contribution to atmospheric conductivity are
called "small" ions and are believed to consist of from four to ten
molecules bound in a cluster by the polarization forces exerted by
the initially single charged simple molecule“. Larger ions, formed
when small ions attach to aerosols er dust particles, have
relatively low mobilities and contribute significantly only to tiie
net space char;e. “The mobilities of small ions fall typically
within the range 10=-%-2x10-4 m2/V-s, 1n our later discussions of
sensor design, where the local atmospheric field is augmented by a
conductive protrusion, we shall encounter fields in the range

1000 - 5000 V/m, Thus, in considerations of ion drift in the
neighbourhood of sensors, the mean velocities of interest will fall
in the range of 10 to 100 centimeters per second. The typical

concentration of small positive ions in the vicinity of the grouad

A-7




varies from 700 to 000 per cubic centimeter, The ratio of small
positive ions to sw..l1l ne,ative ions falls in tiie range 1.1 to 1,5,

In fair weather rejlons tlie electric current betveen the
eartli's suriuace and the elecctrospiiere is carried by the conbined
cffect of downward moving positive ions and upward moving: negcative
ions. lieasurenents conducted by nraalkevilt and clark6 indicate tuat
the current density is essentially independent of altitude throu;h-
out tiie lower portioa of the atmosnliere. ‘I'he value of this current
density lies typically within the ranre 1012 to 4x10~12 _/mZ,

Por a median current density of 2x10-17 ../r.\"-' and & nominal
electrosplicre potential of 350 iLv the total resistance of a
vertical colwm of atmosphiere liaving a cross section of one snuare
neter becomes 1,75x1017 ohms, ‘the major portior of this total
resistance lies in the lower atmosphere; the typical resistance
of suchh a colurm close to tie earth's surlace bein:; on tlec order
of j_‘:l(\‘: oiui/1e

file above rezistance, combined with a current density of
2x10-12 /m, yvields a typical field of 100 V/m near the surfice,.
since the surface cilarge density, &, is given by € = - €, E y

tiie char;e density oa the surface of tire eartlh is on the order ox

- K - - . v 4 . 1 -
100 < comloqafn=, ..t the caGed current GIMsLTy vile pPporiod reduired
to zmeutralise suchl a cupr.;e yould be on e order of 500 sccolcdls.
Jire ttost widely accepted model whiciy accouats for tle

. antenance of tlhie athmospiieric spuce ehurse assunies titat tlie caexr
is resupplied by thunderstoim activity. ‘lie average number ol
thunderstorms yiiicly are active at any time over the entire
surface of tlhiec emxrtiy ds approxinately 100, statistical evidence
indicates that, on average, an active thunderstorin will provide
current on tilie order of 1 amp, . current of 1300 amps averajed
over the surface of ti.e earth would provide a current density of
3.5:{10"1: _'u.xp/x.rf-‘. such a figure is in fair agreement with the
measured valuec.

.t any specific instant in time the world wide tiunderstorn
activity may vary significantly from the average value, since the
time constant of the atmosplieric charge is only a few minutes,
such variations will be of importance in establishing the field
measurement criteria employed for vulnerability sensing. s will
be shown in Subsection ITiL, these fluctuations exhibit both diurnal

and random components,




i

1f we define the atmospheric conductivity as ¥ rmho/m, then

we can writo
E = S (vot /) ()

->

where T is the field and 5 is the altitude independent current
density in amps per square meter, ‘has, for regions close to a
level surface, the clectric field is approximately proportional
to the local atmosplhieric resistivity,

As noted previously, the electric field decrcases substantially
vith increasing altitude; i,e. 3E /)3 # 0 o Jhus, the net
charge density, e iAven by

e
c = ¢(V-E) (2)
must also be non-z=ero. ror normal fair weather conditions the
lower atmospiiere carries a net positive charge, Jrom measurenents
nade by ish’ the magnitude of this excess positive charge would

L couloub/mJ .

seem to be on the order of 107
Using the above units for charge density, the rate ot wiich

tiie electric {iecld decreases with altitude can be approximated by:

dE . - LV | raaxte (7))
3 d ¥
Jrom the above it becones apparent that the reduction in
field with altitudc can be ignored wiien calculating the fielad
augmentation due to small objacts suchh as personnecl, veliicles or
low bDuildings, ..ovever tlie reduction must be talkken into account
when computing the ougmentation due to modest hills or tall

buildings,.

B VYariations in .ield otrength

liajor fluctuations in the atmospheric electric field nust be
talten into account in thie design of any sensor wvhich responds to
the magnitude of the field., ot only are field reversals obscrved
during thunderstorm activity, but wide variations occur in the
fair weather field., Juch variations exhibit a wide range of tirie
scales, Jsuperimposed upon annual and daily variations are
fluctuations having periods ranging from liours to seconds. These
latter fluctuations are essentially random in nature.

In the context of vulnerability sensors, the fluctuations in
electric field can be divided into threec classes, irst there arc

the long term variations which can be predicted with a fair dejrece

A-9




of accuracy, Compeasation for this class could be acliieved in a

relatively straightforward manner, the second class include:
Tfluctuations wliichi caumot be predicted far in advance of their
occurrence, but wvhichi extend over a lar;ec arei, such [luctuations

niht be detected by o master fixed sensor rron wiiclhi a real time

correction actor could be derived, inally, there will be tihce
truly random fluctuations wiiich exhibit neitlier temporal uor snatinl
correlation between sensors widch are scparated by distriices on tiic
order of 2o Inuidred meters or morec, It is walillely that any
elffective conmen tion could be provided fox this type of

fluecvraaciosie

o provide inple nocdel for tilie principal lactors whidica cause
ficld wiriation ie 3 convenient fo besin Wit an ecuation viiieh
cdescribes t el i oint:

erey J i clie curront density ndd i tizte resigstivity at tuc
:)()jll» O . ifie L ( .

T oy » Tunn tendi between tihe earth's surface oad
tiic eleccerosnitere t.i 1 cial differcnce ir VT axnd the
totil > L RT N ( 4l 1 2

E » 248 (V/m) (s)

T we differentiate witlh respect to tine ond divide by
equation (5) we obtain:
L dE _ 14V | d I R
ol S o ©
s will be s.toim, tie correlation betiween thunderstorta activicy
and potential _radient is ;jood. “hus, in equation (6) tae first
tern, which describes varintions in electrosphere potential,
includes both) amal and diurnal fluctuations in the field.
.owever, this term is dominant only over tie ocecns, the polar
re-ions, and isolated continental regions. for most industrialiczed
areas tlhiere are effects due to atmosplieric pollution whicii correlate
vith local time, .uch effects are caused by low altitude variations
in the resistivity and can be assigned to the second term in
equation (6). The third term is associated with changes in the
total colurmn~r resistance, and can be signilicant in the vicinity
of clouds having lar ;e vertical and horizontial extent.
In addition to the low frequency fluctuations described by

equation (6) tlhiere are fluctuations having periods of a few tens

A-10
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of seconds to o few ninutes, These have beon showm 17110 to be
associated with (drifting clouds of space charge; the drift
vaelocity bein:; closely correlated with local wvind velocity.
Yollowin: this brief qualitative discussion we slhinll now
examiine both long and short tern [luctuations in a quantitative

cashion,.

| Long: term lluctuations

On a worldwide basis tile atrniosplieric field exhibits two
distinct fluctuction periods; namely mmual and diurnal., ‘“The
amual fluctuotion represents a single cycle which provides o
naxirmm field in January and a minimmwea in July. The amplitude of
the annual cycle is approximatels; X 15 of the neon,

.5 noted »nreviously, correlation between tie world wide diurnal
timnderstorn cctivity and tize daily cycl : in the atmosplhieric
fiolkd 15 goods. >ata presented by liipple and ,crasc”, vhicli is
reproduced iix i ure 1, illustrates the extent to which these
functions track in both amplitude and phase. TTizure 1a gives the
global diurnzl variation oi the ctmospieric field as derived from
.rctic and oceanic neasurcments. Pigur. 1b shiows the corresponding
diurnal variatioa ol tiwunderstorm expectation for individucl
continental aoreas ond for the collective land area of tiie slobe.

In both figures tlie time scale is based upon wreenwici ilean “ine,
Srop figure la it is apparent that tie diurnal fluctuation is
stichitly less tlemy & 200,

It siould be oted, liowever, tiiat tiwe datwe off idpple and
serase dis based upon yearly averasesS. s, superinposed upon
these data onc rould expecct to encounter statistical fluctuntions.
Tor instance, il we assume that the world wide average nuber of

1300 thunderstoriis represents tie mear value ol a nornal distri-

bution, tlien the standard deviation becones h2 storms, or about
23! .iowever, it is 1lil:ely tlhat non-rindon, but poorly understood,

Sl T il

influences will vield o somewhat larger standard deviatioa.

25 short term fluctuations

Over a large fraction of the world's land area, particularly

in industrialisied arecas, the Cluctuations in atmospheric field are
far nore comnlex tiar those oncountered over tlic oceans. In nany
cases there exists o two cyele per day variation whicii is

syncironized with local time, Juch belaviour is usually caused by

A=lil
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drifting atmospheric pollution, “he presence of pollution tends

to increase tlic local resistivity; t{hereby influencing the local
field via the second term in equation (6)., Close to industrinl
areas tilese local fluctuations are typically larger than the
world wide amuunl nad diurnal cycles. ‘or instance, in tlie London
area tho meanr low altitude resistivity dis six times the global
average.

w8 tlhe distonce from an industrial zoae is increased, so tie
magaitude of tite pollution induced daily cycle decreases, Cver
land areas widici: are reuote from habitation and industry, tiwe
conductivity exiecutes & relatively sinple daily oscillation witi:

nasiinun value near dava and o ninioun value in niid-afternoon,

fhe occillation is controlled by tlie concentration of particulate
matter suspended in the atmnosphicre and by the concentration of
radioactive ases, These, in turn, are affected by the local daily
cycle of turbulecnce, 1i1 tliese more remote ireas the field
fluctuationc induced by the local conductivity effects appear
superimposed upon tlhiec vorld wide cnnual wd diurnal cycles,

.s noted carlier, tie presence of extensive cloud can influence
thie total colummer resistance., I suchh clouds carry & space chars e,
thiis also will affect the low altitude field, .owever, using sround
based ne~surenients alone it would be difficult to differentiate
between tiie two cffects, Jtrin;fellowp sias nmeasured the surface
field beneath drifting clouds. Using observation sites separated
by 5 - 7 o1, e observed temporal correlation times ranging fron
about 2 to 20 minutess Typical spatial correlation distances were
on tlie order of 10 ‘m, I'resunably the actual times and distances
for ony srecific situation would depend upoin size, altitude and
Arifc velocity of the cloud, I[owever, it would secemn that this
effect will always provide fluctuations at relatively lowv frecuencies
and wiiich extend over areas of a !tilometer or more, Shus, individual
sensor compensation via a nearby calibration sensor should be
feasiblec,

4 more troublesome source of locil fluctuations lies in the
presence of low altitude clouds of spacc charge which drift with
he wind., ecsurenents of the power spectrum and correlation
distance have been conducted by several workcrsc’10’13’13.
l"easurements undertalken in “nzland by Large, using probes at au
elevation of 7 meters, indicate that the typical amplitude ol such

fluctuations is about 10 V/m; the avernge period being 40 seconds.




sinilar measuronients nade by Yer; and Jolmson at an elevation ol

1 nmeter above an airfioeld in !dichigjan yielded a neann standard
deviation of 10 /i tosether with a staadard deviation spread of

6 - 19 V/m, The mean correlation time and mean correlation distance
for the licldgan nensurenents was 62 seconds rnd 204 n,
respectively, the extreme spread in correlation time was 33 « 117
scconds, nle oxtieiie spread in the correlation distince was
stinated to be 155 = 427 .

In addition to tiie fluctuntioas discussed cbove tliere arc,

even in fair weatlie, occasional eXtreme excursions in tiiec Tield;

sonle of sufficient mazmitude to cause a Tield reversal, i.easurericats
conducted by Leflfel and .ill!' wvilticll extended over a period of
nineteenn doys sitowed four periods of field reversals; two of wiich
coincided witi: periods of precipitation, aalysis of their data

inndicates that wiaen: field reversals occur tlhiey persist for less
then TO. of the total %fime. lecordings nade over ¢ two year period
at Yensacola, ,‘loriduﬂ.’ indicated field reversals for less than 5
of the tinc, sindlne recordings made at orfolls, Tirsinia yielded

reversals Tfor 15. of the time in 1952 and 5,75 of the time in 1260,

~

3+ Llrospects for conpensation

N ~
1

uriderisinr vhe preceding discussionsg wnuid; Tor tite

moment, icnoring condidtions of field reversal, we caxz group tie
fluctuation nechianisms according to tiie size of tiie areds over iklici
thieir effects ~re lil-ely to be reasonably uniform, G = ;lobal
scale wve hove thie ~auuel 150 fluctuation combined with the

diurnal £ 204 fluctuationne Over areas in tac 1 = 10 iz rasige ve
con include tiie local two cycle {lucituation induced by pollutio::,

tlic local singlc cycle fluctuation associnted witi: cue turbuleace

cycle, and tiie notion of lar;c cloud nsscse in bite ransc o

100 -~ 1,000 n we st counsider the drilt ol low aliitude clouds of
Space c.aP Ce

T"or niost coutiazental arcas the lobal scale Tluctuadions core

larzely swvanped by local cffccts, G, SErsor coripeiisation ot
these {luciurtion conponents aloae would acivieve little. Sl

coubined amplitude ol % 33, lhiowever, siould be tallen into con-

sideration wlien establishing the dynanic range of sensor electronics.
wor areas in the intermediate ranse thie largest factor ot nost

continental sitcs vili be the severe fluctuation in resistivity duc

to low nltitude pollution., The magnitude of these fluctuations can
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be vory grent; perhaps as large as 1031, owever, siace botu Luc
corrvelation di:binces and perieds nre lifoly te Le lar e, o Sixed
local ficld nonitor . lionld provide thie inforuation necess..ry for
eitiler continnou: or periodic compens tinir of individn~1l sencor:,

P the range of small arens one c.n miticipate rix avier:. e
field fluctuiition of about 10 J/m RMS due to spnce charpge drifc,
«wowever, in view of tie statisticsl purpose of tue vulnerabilit,
sensor, and tie lar e ratio of maxiinur to minimum valnerability
sirmals, it is unlikely tuat a noise sipmal of this ma mitude will
prove trouble:zonc, urther, since lar:e fluctuatiomns tend to Dbe
associated witlh the lar er correlation distances, any form of
compensation employecd for the fluctuations nssociited with pollutio.:
phenomena will tend :.1so to reduce tiic cfective .uiplitude of noise
induced by space char e drift.

s o alternative to tihe continuouns or periodic compensation

via a loecal field monitor, it mi,ht prove satisfactory to accept

degree of error on a statistical basis, IPFor instance,the fair
weather field measurements made by YVery and Jolmson 10 at somgitoay
vichigan exhibited o 90} probability of fields between the liuits of
100 V/m and 174% Vi, Thus, for their particular location, it would
seern that the field for 90% of tiie time could be defined as 1357 v./'m
with an acecuracy of T 27%. ;innce we nre concerned witih vulnerability
ratios of perhaps ten to one und greater, perhaps an essentially
randon error on the order of 30¢: is acceptable, Certainly, statistical
data on field strengthh should be¢athered from tlhie nreas in vhiciu

thhe proposed system is to Le deployed, 1f sucih dote were to establish
that the errors cs-ociated with uncompensated sensors are acceptcblo,
then the system would be greatly simplified.

Mnally, turnin; to the problen of field reversals, it secus
likely that any system of vulnernbility sensing; would beconie
unreliable durin; periods of intermittent field reversal., Uader
such disturbed field conditions a fixed local ficld monitor could
be employed to dicible the vulnerability sensing function of
individual sensors, fhus, for perhaps 5 - 10 percent of the tiune
the vulnerability factor would be forced to revert to . fixed

probability.




ELT  PECED.S 1h88 VECLATELY QF. ORORAPIC PROP W ZEONS

Srom the <implest consideration of the atmospheric field in the
presence of non-f1l:t terrain it is evident that there will be
decree of correlr-tion between the loc:l ficld strensth and the
degree of exposure, 'he field on the summit of 2 hill will be
creater than that in a neighbouring valley. svimilarly the field
measured in the shelter of a wall or vehicle will be less than that
above nearby open ground,

To establish desi;mn criteria for a realistic vulnerability
sensor it is necessary to develop a aquantitative model for the
atmospheric field in the presence of various toposraphic features,
Toward this end we shall begin by deriving a general expression for
the potential in the vicinity of an orographic protrusion, 7This
will be followed by a discussion of computer solutions for the field
in the presence of bota large and small terrain features, [('inally,
we will examine the field augmentation wiiich occurs in the vicinity
of a helmet mounted sensor probe when tlhe wearer assumes various
postures,

In the derivation of a basic expression for tine atmospheric
potential it is convenient to follow the approach of Leffel and

1i11°, Tor this purpose we shall rewrite equation (2) in the form:

2 £
Vs = (m
°
which is Poisson's ecuation for the potential, W , in terms of tie
charge density, e » and the dielectric constant, €, .
The divergsence of the current density within the atmosphere is
assumed conventionally to be zero., Thus:
substituting for from equation (1) yields:
-
V-(¥E) = E.U¥ +¥V-E =0 ()
whicii is nore conveniently written in the formi:
v
V'E + E ’Tx = 0 (IO)

1f we now assume that the conductivity,x , varies only wvitn

elevation, }., then we can write:

%% = g})‘ééa; - %;@q‘l) (n)

3




substituting from equation (11) in equation (10) we obtain:

d A — )
- V- o (2

Writing equation (12) in terms of the potential, W, now

v B - S E.5

yields

L8

V' Uk =+ )_L!"‘“) 22Ul a2 0 (13)
sjince, over limited ranges, tlie variation of conductivity with

altitude can be approximated closely by an exponential f{function,

we have:

3 = ¥ &P} (1)

or, alternatively:
;)}ganﬂ - p (19)

Finally, by substitution of equation (15) in ecquation (13) we

obtain:
viu . p%_‘:_ - 0 (19)

several idealized computer solutions have been obtained for
equations (13) and (10). lwang Yu'? Lias derived an analytic solution
of equation (13) when applied to the contours of typical mountains
in the euastern U, .. ’wo dimensional solutions of equation (10)
have been obtained by hoppel16 for a triangular mountain and a
cliff,

(16) have been performed for a wall, a wire fence,and an upright

At Jolins . opkins University”? computations employing equation

pole, The ensuins discussions of large and small topographic

features are based upon the results of these computer studies.
A Large Topo_raplhic l'eatures

The specific mountain ridge employed by Kwang Yu in his two
dimensional computations was a section of Jouth lountain north of
uarper's Ferry., 7This example was chosen for two reasons. TFirst,
its contour is typical of mountains in the eastern U.J.. Second,

its actual comtour can be approximated closely by a convenient




boundary condition expression, The contour employed in the mnalysis

appears as the lower curve in Figure 2, 7The computation of electric
field was based upon a ground level field of 100 V/m at an infinite
distance from the mountain, The ground level conductivity, ¥,, and
the exponent, P , were iven arbitrary values of 4,55 x 10—1&
(mho/m) and 2.72 x 10=% (n~') respectively. The surface is assumed
to be a perfectly conducting boundary planc.

Learins in mind the anticipated magnitude of fluctuations in
the field, it is probably impractical to detect the 6 to 7 V/m
reduction in field strength associated with the concave approach
to the nmountain, ..owever, the vulnerability in such a location
should not be nmuch different from that on level ground. Un the
other hand it would not Le difficult to register the greatly in-
creased field within 100 m of the crest, Thus, in the region where

vulnerability is enhanced by the risk of silhouetting, an individual

sensor system siiould be capable of providing a modified kill
probability weighting factor.
e small Toposraphic l‘eatures

Individual vulnerability is reduced by the protection of
buildin;s walls or vehicles, Mhe field within a conductive shieath
is zero. thus, the output from a sensor located within a building
or an armoured vehicle must be zero,. I'o establish appropriate
vulnerability weighting factors, therefore, we must equate zero
field with the protection afforded by enclosure within a building
or vehicle, Intermediate levels of protection are provided by the
shelter of walls ctc, I'or instance, in an indirect fire situation,
the close proximity of a substantial wall should reduce tie
vulnerability to shrapnel by about 50%, It is of interest to
determine the extent to which the field is reduced in such a
location,

i'he analytiec worlt at Johns ..opkins ’University5 has provided
potential contours for a wall having a height of 15 meterc and a
thiclness of 2 meters. Oince we are interested in walls of a more
modest height these data have been scaled down to those which
correspond to a wall which is 3 meters high and 0,5 meters thick.
Such scaling is quite valid for low protrusions since the change

wil) -]
of conductivity with altitude ( e = 2,22 x 10 tm ) can be neglected.
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Thus, for the same field strength, the vertical and horizontal

potential gradients remain identical provided the ranges and heishits

at which the [ield is measured are also divided by a factor of five,
fhe general formm of the scaled potential contours are shown

in Fflgure 3, The ;round level field at infinity is taken to be

100 V/m, Irom the shape of the equipotential planes it is apparent

that the field mecasured by a sensor in the vicinity of the wall

rmust be dependent upon tlie orientation of tiie sensor., or a helmet

mounted probe and an upright individual, the augmentation elfect,

witdch will be discussed in detail later, is such that the field

neasured is ecssentinlly the vertical component of the field.

owever for a crouchiing man, tie auzmentation effect is less
pronounced, ..1so a crouching man is liable to inold hais lhiead in
less upright position. Mws, iz this latter case, we suall consider

& rage of Iield sorenthis; the lower limit correspondimng to bue
vertical component, and the upper limit correspondins to tie
vector sum of thie vertical and horizontal components,

rirst lev us consider an uprightt man appreaching tile wall,
Jor tiiis purpose we will assunie that tlie probe mounted on top of

tiie helmet is cpproximately 2 meters above tie ground, Tor larse

distonces from the wall the vertical field is 100 V/m. .t a range

)

£ 0 meters from the center of thie wall the field will drop to

3

79 V/ri, Jor convenience, let us assume a linear relationship

between detected field ond vulnerability weighting factore. Using a
conpensated sensor, a drop of about 204 in the field strength should
be detectable, Thwus, on average, the predicted vulnerability at two
scale lieights from the wall would be set at about 30 of that for a
man standinz in open level terrain, ..t 1.7 neters from the center
of the wall the vertical field drops to 60 V/m. sSuch a fisure
would seem to be in fair agreement with our first estimate of o
50¢, ~ulnerability reduction for positions close to the wall.

For a crouching nman we will assume that tihe sensor height is
1 meter. Again, at large distances from the wall the field will
be 100 V/m., .t 6 meters range it drops to 380 V/m; i.e., essentially
identical to that for a 2 meter elevation at the same range. At
0.3 meters from the center of the wall the horizontal field becones
dominant and, by the carlier definition, the detected field will

fall between 19 and 35 V/m. .gain, using a linear response, such

a measurement would irdicate a factor of J to 5 reduction in
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vulnerability with respect to @ crouching rnian in open terrain,

The greator reduction in vulnerability coumpared witli that for the
upricht man stems from two factors, i'irst, the relative height
of the wall is much sreatere. .econd, the avail.ble data for a 1
meter elevation uaappened to correspond to o shorter range from the
center of the wall.

It should be noted at this point that all of the fields dis-
cussed so far are those widch would be measured by an ideal field
rieter, ach a neter does not perturb tlie local field, and its
aucmentation factor is said to be unity. » itelmet mounted sensor,
on the other hand, is strongly influenced by the geometry of its
conductive support; i.e. the wearer. As vill be siiown in the next
subsection, tiie augnientation factor for an upright man is approxi-
iately 2,75 tines tixt of @ crouciting ninn, Thas, for a croucied
position next to tiic wall, the fiecld meusured by a helriet mountced
sensor would bLe between § and 14 times smaller thaa that associated
with an uprisht man in open terrain, suchh a factor might pirove
greater than tie ratio of corresponding vulneraobilities; thereby
nece-sitating sone degree of non linear compression in the signal
processing,

It is interesting to note that tiie vertical field at & point
0.5 meters above tiic center of the wall exceeds 250 V/m. .onebody
sliould have warned unpty Dumpty,

Leffel and ..i11°9 have made ficld neasurements in the vicinity
of walls, fences, and snall isolated buildings, In all cases tie
behaviour of tihe field was in agreement with prediction, “Their data
for a steel mesh fence, 3.2 meters high, asrees well with the figures

postulated above for a 3 meter high wall,
Coe l.an sized Cbjects

The most practical design for an electrostatic vulnerability
sensor would seenm to talte tiie form of a sninll probe extending
vertically from thie wearer's helmet. Tlhe probe, therefore, would
measure the field at the upper extremity of a conducting protrusion
comprised of tliec helmet aand its wenrer, shie exact nature of tie
field in the vicinity of a protrusion of such complex shape is
extremely difficult to compute, .lowever, il we consider the man and
ids helmet as falling within the envelope of a prolate hemispiieroid

with 1ts major axis vertical, we can adjust the ratio of major axis
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to ninor axis so ns Lo approximate the gross hunan form, o

o

advantages of sucit . aphroxdimatioa cant be seen by exanination
2 isolated prolate spuecrodid in an electric field., ITf suchh a
spheroid is oricntetl seo tlhiat its major axis lies parallel fo tile

eleoctiric Tfiocld, Uthkenr t.te Ffield lines arc gsymetmic witly respect fto
a plane wiiiciit bisccts thie spheroid nid to which the nmajor axis 45
perpendicular, yince this plane must be an equipotential surface,
it ez2nn be xreplaced by o conducting surfnce; i.e. tlie conducting

suriface ol the earth, Thus, the electric field at the zpex of tihe

prolate hemisplieroid cal be described by thie standard form:

3 E
E = = 2 = Ry (l'l)
>
~ 20 + abita(ErE)
a ~¢

vilere E‘ is tiie unilorin field wvidichh would exist if the conducting
spheroid werc not present, a is the scnimnajor axis, b is (he seni-
7

N .’Z) (3

minor amis, and ¢ = (a-=b 4

If we defince thie augmentation, A, as the ratio E/E e can. |
L ] 1 o }

2¢}
A '$)
200 « abl Qn(“-——* o:) ¢

a-c
The agreecrient Letween theory and experineant using the prolate
splieroid approxination is surprisingly sood, ‘or instance, .xraalkevik
and ‘.oppe117, measuring atmospheric electric fields from a Tavy
ZC-121 aircraft,found experimentally thiat the augmentation of the
as

32,4, Using the spheroid approximation,

field at the wingtips w

vhere the major axis, 2a, represeants tlie wing spanyand the ninor

axis, 2b, is the thiclmess of the fuselage, one obtains a value of 29,

3ince we arc interested only in the proportions of the conductive
envelope we canr expross the augmentation in terms of a l-factor
substitution in ecuation (18) we obtain
2 (kl B ‘)‘/l
(19)

i -2(‘!l~l)vl + kdafhe (- )™ )
k- (kt-1)"

Moure U osliows augmentation versus k=Tactor for k-Tactors ia ,

viere k = ~/be Iy

the range 1 = 10, .or an upright man the semimajor and semiminor

axes of the spheroid can be taken as 1,75 m and 0.25 m respectively; |

yielding a k=factor of 7. I'rom iigure 3, this k~factor corresponds

to an augmentation of 29,0, Thus, if the non-perturbed field at




Augnentoetion

k=factor

Figure 4

I'ield augmentation as a
function of protrusion geometry
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ground level is 100 /m, the field at the apex of the helmet for
an upright nan vill be approximately [.,900 V/u, Aimilarly, for a
Imeeling or crouclhin: man, viere tie seninajor and semiminor axes
nay be talien s 1,0 m and 0,2 m respectively, the field at tae
apex of the lhielniet will be appro:idmately 1,050 V/i, dms, o linear
sensor systcn would indicate that the vulnerability of the upright
man is about 1,75 times greater than that of .:is crouching or
kneeling counterpart, It would scer: tihat such a ratio provides
fair agrecment witlhi the rcal vulnerability ratio for sone types of
indirect firec,

s a low vulinerability posture let us consider an individual
protected by « foxiiole, or narrow trencii, sucii thwat only his .ielnet
protrudes above tiie ground plane, the li=Tactor for sucli a pro-
trusion is approxiziately 1.,3; sivings on augmencation of FeTs
ausy on a lirear scale, tiais posture would be assigned a vul..era-
bility wideir ic bout eight times less than thct of an uprigziat man
on level terrain, IL tiie man in tihe foxiiole now lowers 1is head so
that the top of ais iielmet becomes flusl: witii the ground plane, tlic
l=facvor will aproach zZero; civing an augmentation of unitye ..t
this point llis vulnerability advantage factor relative to tlhie
upriziit man on level terrain becomes 29 wlien based upon a linear

SCIISOr ICIDOISC,
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IV MNEAGUREMEST OF TilE ATLOLP.C.IC FFIELD

‘e atmospheric electric field is usually measured eitiher
withh an electric field mill or witnh A radioactive probe connected
to a high inmpedance voltmeter, .1 field mill measures the bound

charge upon o conductor which is alternately exposed or shielded by

a rotating shutter, ‘lie resulting induced current is propertional

e . : 1 v : =3 «
to the local field, such instruments hiave been used exten51vely‘°v1),
and are quite rveliable, owvever, tlhiey are expensive and far too

bulky for use in the present application,

since tlie advent of high input impedance solid state circuitry,
the most convenient and conpact nethod for measuring the atmospieric
field has been tiie radioactive collector, *lie probe, or collector,

in such a system comprises a radioactive source of alpiia particles.

fhe ionization induced by tiie alplia particles produces a localize:l
reduction in the ataosplieric iiapedance; thereby providing a suitable
coupling between tihe atmospliere and o hi~h impedance electroneter.

The presence of tiie ionized zone ctlso serves to enliance tiie ionic
current,

Tie physical punenomena ossociated withh current amplifying
radioactive collectors hove been exinined by Hill and hoppoltﬁ.
Tiieir work on thic application of radioactive collectors to tiic
stabilization of RPV's has led to an analytical model whici:
satisfactorily accounts for the effects of wind velocity, external
electric field, and tine strength of the radioactive source. :ince
the Hill and lloppel nodel is directly applicable to the use of
radioactive collectors in vulnerability sensors, the ensuing

analyses of current and potential probe ciiaracteristics will

largely follow their appro.ch,
Ne Chiaracteristics of lonized Current sources

The most satisfactory explanation of current generation by a
radiocative source is as follows. The length of the ionized track
caused by the passage of an alpha particle through air is a well
defined function of initial particle energy and air density; the
statistical spread being quite small. The source employed in most
radioactive collectors is polonium 210. .since the alpha emission

from this material is essentially monoenergetic, the resulting




envelope of ionivation which surrounds the source in still «ir has
a well defined boundary. In the presence of an externally imposed
electric field,charge separation will occur within the boundary,
lons of one polarity will flow into the circuit connected to tlie
ionizer, lons of t.ie opposite polarity will flow outward to form
a shielding layer of charge which greatly reduces the field within
the boundary. thie shielding loyer is equivalent to the surflace
charge which foriis at tiie interface between re;ions of Lighi and low
conductivity; thereby creating a discontinuity in the electric {ield
across the boundary. 1In perfectly still air a small steady-stirte
current will flow between the ionizer and the surrounding utniospueree.
In a real otio..pitere thie current is due primarily to the coatinuous
removal of the shielding chargje by natural ventilation. ..s air
motion increascs, cliarge removal becomes more ei{fective; resulting
in an increased penetration of the electric field,

The conditions surrounding an ionizing source, with and
without ventilation, are shown scliematically in Jigure 5, otix
illustrations have been reproduced directly [rom a report by lill
and thtea. fisure 5a illustrates the approximate charge anad
potential distribution for a collector mounted 1 in above the eurta
in still air., The conducting path to the cartii is assumed to have
a resistance on the order of 10° ohm, and tiie external electric
field is 100 'J/m. “hese conditions produce o high concentration of
nezjative ions at the outer boundary of the ionized region. or a
polonium 210 source the linenr dimension of the ionized zone is
about 3,0 cmj; tlie size of tiae zone being exaggerated for clarity in
the figure. i'ield lines associated with tiie external field terminite
on these ions, ‘ihus, the ion sheath acts as an electrostatic shield
surrounding tiiec hi_lily conductive air within, e illustrated
values of spacec charge and electric field wre typical of those
whichh would appear on the vertical axis of symmetry through tlhe
center of the collector, ILecause of the large space charge at tihe
top of the ionized zoneythe field in the vicinity of the collector
is reduced to a few percent of the external field. Under the
influence of this weak field, positive ions in the vicinity of tue
collector will drift downward to create a current flow through the
load resistor., ..owever, since tlie field in tiie rejion of chargje

deposition is weal:, the resultant current will be small.
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If we nowv introduce strong ventilation around the collector,
the situation changes to that shown in [Pijure 5b, A shielding
layer of space charge still forms at the outer boundary of tie
conductive rone, ..owvever, the density ol the space charge is
reduced by rapid removal of negative ions by veantilation, “This
occurs because tlie nobility of the negative ions in tlie presence
of an electric ficld is only on the order of 10=% - 2 x 10-%
(nz/v—c). ‘has, the motion of ions is dominated by [sross oir
movement even at modest levels of ventilation., ‘the reduced space
charge results in a larger fraction of the field lines penetrating
to tune collector, “he increased field in tlie neishbourhood of tl.e
collector produces a greater rate of ion deposition and, in turn,

a larger voltase drop across the load resistor.

‘rom the above discussion it becomes apparent that the output
of a current sensor is likely to be influenced by fluctuations in
the de ree of ventilation. In an outdoor eanvironment there nrvre
alwvays nild breezes or convective eddies., Uafortunately, for tie
ventilation rates associated with persoiuriel vulnerability sensors,
the fluctuations in density of the space ciiar;;e shield are sufficient
to cause n severe noise problen,

1Iil11l and 'Ix','tr)": nave cderived an expression for the current
collected by o {flat strip ionizer in the presence of transverse
ventillation, .x.omination of this expression shows that the current
is proportional bofli to the external field and to the air velocity
for non-zero velocities up to about 5 - 10 meters per second, 6
high air velocities the current ceases to be dependent upon velocity,
but becomes a function of externul field and ionizer source strength,
wxperimental results obtained in a wind tunnel are in remarkably
good agreement witi theory,

The typical ventilation velocities in tile vicinity of a
personnel vulnerability sensor would fall within the range for wiiioci
signal current is proportional to velocity., It must be concluded,
thercfore, that on ionizing collector operating in the current mode

would prove prohibitively noisy,
D. Potential lIrobes

To overcome the noise inherent in current sensing devices it

becomes necessary to devise a system which measures potential
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ratier than curront, urtlher, as will be sliown, even a potential

probe must employ a eometrically tailored ionization zone to
ninimise the noise induced by fluctuations in the level of
ventilation,

. ideal potential probe would liave nn infinite input impedance,
..owecver, tiiec properties of an ideal probe cont be realized Ly a
device having a finite inpedance wiien tite effeciéive impedance of
tiie collector is stiull conipared with tue input impedance ol tle
monitoring electronics. 7To examine tlie behaviour of csnch a probe
let us consider tite cylindrically syrietric confijuration shown in
Moure O, ..ere tluc inier cylinder represeuats the radioactive
collector aad tiie outer cylinder defines thie linits of thie ionized
siieath, In tlie idealized probe no current flows in tiie voltage

~

sensing circuits sy for a surface of sytmietry, we can write:

o =
§3.45 = o0 (29)
IT tlie probe is surrounded by a rioving .as wildici: carries a
ciitarge density, s and wilicli hias & velocity, VZ’ parallel to tue

probe axis, tiien the current density is jiven by

T = %E *Cvl (u)

viiere ¥ is t.o coseietivitY ¢
Tor a cylindrical Gaussian surface, coaxial witi. and of slightly
- -
larger dicmeter thion the collector, Vx cd JS are perpendiculcr,

g, the et onclosed cliarge 15 q, rmast be sero since:

G¥E -dS = ¥g = 0 (22)

Murther, because tiie conductivity will be constcat over o
surface of syruictry, tlie charge on the ton half of the cylinder must
be equil and opposite to tiiat on tie bLottom nalf., Thus, tie
collector assumes tie carrect equilibriun potential, e ative
space charge reiloved by the wind from the top halfl of the cylinder
is balanced by an equal amount of positive ciiarse removed fron the
lowver half, If an initial charge is carried by the collector, or
if a charge is imparted to the probe, it will dissipate rapidly
throuzli the conductive sheath with a time constant equal to G/X .
lHaving collected at the boundary between the conductive sheath and
the low conductivity atmosphere, it will be removed by the wind.

If, in contrast to the above situation, the ionized sheati is
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non-symmetric, there will be distortion of the equipotential
surfaces, Consider, for example, the case of a cylindrical probe
wherein the radioactive material is distributed such that the
ionized sheatlhi extends only in the upwnrd direction., Juclhi an

arrangenent will result in distributions of cquipotentials and

field lines whici: are not symmetric with respect to the probe,
..cain, let us consider a2 cylindrical Gaussian surface of slightly
larger diameter tiaaa the probe, If we define the conductivities

in the top and bottom portions of tlie sheath as ¥, and \6’ respec-

T
tively, then we can write:

e bealn e h 2 @)

viidecll reduces to:

-%— = - -:‘;1- (?.h)

where E‘r and ?’ are the average fields over the top and the bottom
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