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with nmeans to nove the target froma conceal ed position to a visible
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w th nmeans for=arspl ayl ng THe Comnat LIUH Ol —gacir sard taryg A

termatTvety—
50 radio control nmegns| ﬁcersﬁscﬁ/ﬁﬂgﬂf f?%‘i)ﬁf’?‘ﬁ'“%?@ﬁ'@ﬁ‘ts‘&?ﬁ' &ea?relte@ brfst. In
order that the inven{ ¥ 108 gmﬁ@o,{aﬁaghloyfoupq%sgl;&gd and so that further
features thereof may b@n@pmdscanadxptddém\zfiew aﬂeptemnd\wdelofmﬁmdbeer;iescr| bed by

way of exarrpfe ith ref e & is tacerospreectionab piow rof ithectrapsdugemef Figune §hi ch: 55 S

Figure | is perspettg::%!l‘gaz%76 ; uqusp,ﬁaﬁef'ﬂ)‘[e eVIFY% ea“pP'iS'%gB'@ eht vt rmosRtinghsr at us

i n 55 acgcor dance w e m1§3§&mult|dﬂ!§hltdf Q:pamﬁiﬁgwsﬁacateh%mﬁtlfi'tﬁg{d@mf Y
view i ndi cati n?%t he Pigses9ami 0 the trajectory of a projectile relative to

four transducers and_ r diigw¢ %'33'5 ertwndlm@ummtth@sk@aE gentratd bames 10

hyper bol i C co-ordina g é%égﬂ? Pl'% )éseH&leéonIﬁe WOr$9faEEﬁlechge ﬁlr ntec 1otr)let ween

the instants of I ecegitthfes WBVBYSa tedhs edt Steon to
transducers; Figure %SIStsn alathbmedlsada lam“tht smmm;rrbodl mant of

i nvention; Figure 5 illk %lsabg aR| ot 41 F}l% mﬁtefmeu s the 13
i ntersecting hyper bol i Grigyde 07 flaNHacE oot OF”Z“&her°piTi el ﬁibﬁ”mt E es a

t ransducer el enent; Figure 15;

1, 580, 253 . Flgure 18 is a block dlagram of anotheﬁ pﬁt gﬁthe eihbp@mantg;haphmc al

flgurelllustratlng‘f'ﬁe by fhe .transduc shown i rf®
Figure 6; Figure 8 '&t‘g‘@%&lgé}%&ps STt ceﬁ°§i§1§séﬁi‘ﬂgﬁ&§ﬁ?§e%t rtgeﬁf"éf 9 is
an expl oded vi ew of asmneirmﬂremdudaymly@n oftharsﬂ £ ; Figure 10 is

a cross-sectional Vi ew ure AR istar perspelciive viewf Pwllgent@way, of a panel for suppoftingur e 11

t f
= garbe 57 and 10, 'FaancEHg2 ML o o A0 D AR o o

with the transducer of HgweR2i agpaspdctilye vneiyOof another emboEingunt of d dflé ganganin

| evat i onal | | 45serdane t ed 10
oroact el Eram o bt P e oo R b e ok R RBfecr | o

and the detection of trmgwrewkifwwdlsg}mlwﬁvm)byftaeiﬁpaﬁaﬂumafatedq@mhﬁ bei ng
i dentified, thereon P assist i n mat herratlcal anal ysi s of the SI tuatlon 15

Figure 15 is aspl ock, 3. 'H%‘i‘t"“%fd'i“ﬁ
Lo ure 18 o e P i e
15; Figure 17 is a btlatgetls 3¢ht e:ﬂmbeﬁreﬂraolb Bé¢ trma"etmamlfsnieﬂerhem@w dieshbwsiown i n -
Figure 15; Figure 18a ?'Bg kobl!{ acnl%tmf bgnkafbta P@e{l atﬂﬁcnemgmwnent
shown in 20 40 FI mng point may be provided oca ont of the targets is an earth

other protec %ce and.local q{lled behm? the earth bank 4, and thus
20 Figure 19 is a recﬁft&ﬂ'&ﬂé @ihé ON si@ ¢ tFatie® GhdPkoheRT2 B Aol firdd &hacdad t he
detection of the restrnsdugers Shithekransdneerh eleg anramedjalcapaqed Bitiors aldjac the

i dentified thereon tlg¥efsdgespf ﬁ‘afﬁi he shy ‘Pckt“f"lé"' 'Eq
o 20 o g ool e SR Dot o o S g

25 transducers; The transducers 5 will be descrlbed m more detail heremafter The transducers 5
25 Figure 21 is a si Q!Eu‘mne%ﬂb y aneapy ¢f apprapripte g binestéetd atqoamgvduZer gimilar

e, o R SIS R

per spect Lkve vi 8@v of mg@ﬁth.,e,sh@ W t g
t he invention; 30 the transduﬁrgmnetlﬁapasmomof bu‘h/tﬂila eoals dah laovisualfl t he
apparatus il ustrat efispiay “F'lt éhe °30‘1' E %aéyam' IS\BT%YP% eagh of
operatiog of the amé?pﬁ,ge‘i &'?E;Qcﬁa e’%’mre Ei‘féis.‘,fa?fd. e s

of the acconpafyi ng ditvidiv ﬂﬁﬁy i cb ccRd ERgEorhpiter 7 to enable the spectators 10 to view
the progress of the shooting. In addition, or as an alternative, to the provision of
the display units, print out devices or paper punching devices 13 may be operated
by the computer 7 to provide a printed indication of the point at which each bullet
impinges upon the target 3, or a Eunched paper output.
60 * It will be appreciated that with a system of this type it is not necessary to use 60
rigid targets, and the only requirement of the target is that the target should be
visible to the trainee marksman to provide an aiming point. Thus it is not
necessary to utilise personnel to repair targets or indicate the position at which
individual rounds impinged upon the target. It will also be appreciated that since
65 the transducers 5 are located behind the earth bank 4 the only possible way in 65



35 accordance with the present invention conprises a plurality of
firing points 1 35 intended to be occupied by trainee marksnen 2, and a
cor r esponding—rturber—ef—targets—3—+ntended-to - be fired at by the trajnee
mar ksmen. The targets are shown in a single bank, but a plurality of banks
of targets spaced at increasing distances fromthe firing point may.be
P, {ded. Located in front of the targets is an earth 40 bank 4 or

ﬁ' protective device and | ocated behind the earth bank 4, and t.hus 40
o] ajnee marksmen 2 is at |east thrwe spaced
tra . , 3 s—perfg-artranged.-a : Liihns adj acent
t he | owewhiet geIranddutdiecdnde gaxhagad 6k Aresun@f fxdips 8 d comequenzef4 he shock waves
gener at edicoppetyand ek riegehetsiargtvenyygusualy @HOPM%YM@FIP“PW@f transducers nmay
veorow S bt AL e R o ool o
t r aBSAUC Qith a (yet Bida Bf VIbY B 8. § 18 osiBle o Ealduhed the pobRion Bany bailtbducerss 5 wil | be
descr i betngingingon ehat el dredeitteamatirany. of flemert thanptidc dris bdie@de conneet ed, by
nmeans of thapirappiopHite stepsate Fﬂkﬁgéh”gf“’tcb“a‘é}' @M@%’c"ﬁ“’."?dor similar cal cul ating
devi ce whig g{gﬁb%ﬂ‘%@ﬁs nbroadhy desFoe G AT SVERINi e by t he rande
conor ol | er. mlé1e relafifalt sihiple SmBsipéne @f the ivehtionl itk @sshiiéd fasthé | on @f each round
50 Shackdwave geaefatedabygat s@pewbmen projectitd eapandaye agdinestion ed by t he round
i s det ecpe@enscul g@agaﬁtarﬂgaﬁeg;grgct%maqgl gstgﬁaggglal'géﬁd@gtggch bul I et ray be
di spl ay edmiidebeNdentisulers ieiehdbit Llnt the distndel 8 thORbcRivel doblorNd ON @ Vi sual
di dpl ay twomtthd @ajectorsi ded each firing point 1. Thus the trai need marksnman
may see nea diment ofchg imvention afithjsiiyne ﬁdwr}tpesdpeﬂf & . |f spectators
12 et e e s el et SR - 1 e
connect e@e tcndidieedC TB8I G x, /antl Ox, GoFRtRelyN & & baNdt 3jaeses ovddt@e Vi ew 55 the
pr @8r ess trafisdutves athoogenknalpoibtrk, aduti doiopdinater bassi emtraisduwgemBithee, t20 t he
provi si oﬁ'sﬁﬂcﬁzf‘ Hic PBIF ByY ta hertsansdyecerike, Hulz ag@ i Wil e brl bapkk  punchi ng devi ces

13 may béesﬁif@%: itk ot LRI b BulePis BEQUI AR ik D | i cati on of the
poi nt at pMhd eohtAMNEH theliraRduceRPhdigAso thaOthelt ei0¢
M%{m tdelays Marging\int em25f this type
ol %{E‘éﬂégﬁ{% §E%§ requi rement of
By

T ol e L S
Ifignrg b l

of the line of sight of the1

»
a Q avatdiara alal=2Ya ap aYa ala

Asdudérg Qlill decei®é aa punched paper

t he pargaﬁlayse _ .aﬁé% e Shif) tfansd hdegi Nee marksman to
pravi de ay this g megatiVé ifStransducer Tyoteceies elssshioyk avelliefdre Se personned to
repQir t dapducer dn; dnfdi andttebeingecopiganonding time delaysder sransdusp@dal r.dInds i npi nged

upon t he *PQRUEH be labpatd knaftl SO e appreciated that since 65 t he.
transducers t5 argaf)‘:)ace?'ltteéi behind the earth bank 4 the only possible way in
65 6 t=(1—lo)/Vn 1, 580,253

6 which the transducers can be da d as a result of firing is as a
consequence of a ricochet, ang'_gﬁtl:n"ﬁggi cochets are ver('j‘/;)unusual. The
prepabil'ity of any transducer tpginyvalanaged is extreged)y | ow. 38s will be
explained in nore detail hereinafter utilising a syste f this type it is
possi bl e} ﬁfd’lﬂt‘%\&'ﬁ vefpatytof C‘E‘?C&é‘ﬂ?"%ﬁﬁ?e"i"’r‘f”'ﬁ’é@gf‘e %algcmry r‘R/\?ﬁ‘fh a target area
of 6 ft. DYwR Habe tHat 1S possible to calculate the position of any bullet 5
i npinging on that target area with an accuracy of greater than 1/4 inch. It
is believed that if appropriatd~=¥t&hs are taken this accuracy may be

[ n’ﬁ{)oved. Now that the invengLonhas,heen broadly described, the invention
W be described in nore detail. 10 In one relatively sinple
enbodi nent of the invention k4y*+d+assxned that the 10 shock wave generated
by a supersonic projectile e‘x_pa+nqis,iﬂxa direction perpendicular to the
trajectory of the projectil e’ Jand FHUS a plurality of detectors in a single
pl ane per pemrkérefdtear to the trajectory will detect the shock wave at tines
dependent sol ely dependent upon the distance of the respective detector 15
fr gm the tr aj ec¥0r y%—ﬁ=€l—}o)(ll+ o)=(]l—E)(ll—(i]o+§-l3=x}_2xxl Bl P '9

15 I n an enbodi ment of the invention of this type at |east four transducers
[eft], T1, T2 and TE-§s(shiowi)h-Elguse. Q=grxar r anged2on a hogi zontal |ine
extending fromleft to right the distance fromtransducer To to transducers
T1, T2 and T3 can bg,consi o Lo, L2 X2 . and x3 rgspectively. If a

bul | et passes over l%terlf’e?lég")ﬁ’gr”)eﬁf rl°2(rl1’sgﬁzc'g°r}sx’gztax’a general point x, y or
co-ordi nates based on transducer TO the 20 distance fromthe pair x, y to
the transducer TO, T1, T2 and T3 will be [err] and 13 respectively. It is
assuned that the trajectory of the bullet is perpendicular to the vertical
pl ane containing the transducers, and also that the transducers w |
receive a 25 shock wave from the bullet sequentially and with tine
del ays varying in 25 dependence upon the precise trajectory of the
bullet. Fromthe signals generated



by the transducers further signals tl, t2 and t3 can be calculated, t1,

being the tinme delay between the reception of the shock wave by transducer
Tl, and—-t—Fa-H-s-d-H-ee-F——'FO—t-h-i-s—f-i-gurﬂ being negativeif transducer T recejives

t he shock wave.before 30 transducer T1; and t2 and t3 being
corresponding time delays for transducers T2 30 and T3. It will be
apparent that where Vn is the velocity of the shock wave perpendicular to
the traj ect\gry of the bullet. W have that Therefore [err] 7 .N
1, 580, 253 . 75

Mul ti plying C%*—t—ﬁ—a-hd—@!—b-y—t—l—aﬁd—eu-b#?ézts?..y. z
5 Miltiplying O by t,Subsitutae for/(lit-l) BneVsetbtracti ng: - Dividing DI by D2 and

rearrangi ng gives 2 x (x3t 1 -xI 3} tRf(ty] -1 3) - (x2t 1-xl1t2)t3(L}-t3) J
Cyclic rearrangenent of terns will al svgt)‘x/zi%(étl‘lﬂ':x'- %)éxr\d Cyclic rear rg}ngemsnt of
terns wll also yield V32_ and 20 V2242V t,l=x3—2xx, C26_

20 Thus we cah neasure the effective e f sqund. Using O we y wite
[err] Hence we can find y:- [err] 25 %?t’&ql"ta"ﬂ’_%?’i ndi cat ed above in an
apparatus in accor dancMultiplylhgtdlcoyltf &6e02 by H\aadkibdactingg— 25 a plurality ofs
transducers are |l ocated beneath a tigrget at_which a trainee 1, 580, 253

8 marksman is to fire. Consider an HisH kst 2x B rdbent i on i A whi ch at
| east three transducerSuRipRingdIH¥)ACehd 61 By NAhd 3Miadtingl Lne, the transducers
bei ng equi spaced. The transducers 15, 16, 17 are illustrated schematicall y

in Figure 3. The transducers each V§dflertarBtaxiviPtati—uthe tine at Hhich a

shock wave gener at efiine b1 bP Y200 rédttheh s.detected, and the signals are
fed to a timng devi éel%?chp %rcgpfcggrfga%%g the tine del ays between the

detection of the shock wave by[the @ft-it,)iEa0s0acae)aqad) he [ast
transducer. Reéerring to F¥ WWM—E&FEEH that ifl0
the shock wave i s detected by the tPandddelbr-Pataddtdstdi mult aneously t hen

the trajectory of the hullet nmust |lie on the central vertical line 10
[err]. However, if theCYAlif regrrangementofiterms will alsevieldi+ons of the shock wave

is one unit 10 of tinme, theityansdp@eritdhfeepgyiaotithe,)shock wave before
transducer 15 then it Wllxﬁ'?{xpfn—eﬁ—a-t—ed—t—hm—t-he—ﬁeﬁ—m-yof the bull et
i s somewhere on the hyperbol Felli ne®plereiptlsiailrdtit—the shock wave is

detected *by the traggglucer 15 one unit of time before it is detected by the
transducer 16 then the trajegtory ofatt b t .qust be on the
hyperbolic line [err]. It wjl s o A ian‘i ly 15 of
t hese hyperbolic coordi nates2nhy be(gengdaitet)—(stm:l )&ty per bl ic
coordi nates bei ng defined by the conbination of transducers 16, 17 and al so
by the conbi nasi on of Hawamsfduakex we hiay whife frbma ne speci fic enbodi ment of the
i nvention which is designed on the basis, of "?2—‘0 2 this mat hemati cal
anal ysis five transducers 18-21 asvshoWF(’i"F? e are 20 -utilised
which are mounted in position so that they:guetgpaced apart in a row
beneath the target area. A typical transducer that nmay be used wll be
descri bed her ei naf t er . Cyehe resgrepasment of deram Wil abeiiglder is fed to an anplifier
23-27 to anplify the output signal. A Lypicsl aqelbhier will be described
hereinafter. A respective 25 arﬁ@L-i—fV-l—ep—u—s—eeunee{ed to each transducer
18-22. Counters 28, 29, 30 and 31 are 25 d#finddted respectively to the
outputs of anplifieps 23, 24, 26 and 27 respectively.
: Xt (X5—2X)—X,t4(x,—2x)
. 20 . v: ' . 20
o tyt(ts—t) - :

. Thus we can measure the effec'ti;le speed of sound. Using C/ we may write

" C((x=2)-VA? (p(—-2x)-VA? (x(x,—2X)-V22)?
. avap | 4vig avg

Hence we can find y:—
y=l-x%13

25 ' As indicated above in an apparatus in accordance with the present invention 25
a plurality of transducers are located beneath a target at which a trainee



A logic control device 32 is connected to the output of the anplifier 25,

and is also connected to provide a signal to each of the counters 28, 29,
30 and 31 when -a—sighal—is—present on the output of anplifier 25 Fach.

counter is a counter of the 30 type 74191 sol d by Texas Instrunents.
Each counter is connected so that if it 30 initially receives a signal

the respective anplifier it comrences counti ng in a negative sense at

pledeterm ned rate in a negative sense until the control device 32 -
tgves a si gnal from arrpllfle[5§,52,5$and then the counter wll stop”

erTatt Vb‘l , Tt e T cucn ves—a ~-e=t-he contr ol

n s to ons] m nd o Pat 1
devi ce 32tk thﬁﬁ P R Boset ormined rate | n
the posi temps&%al sducer %s il el?QQeL't'ﬂﬁﬂateﬂ@@lﬁl‘n!ﬁ&ll?lrSFlgtﬂ fromthe

assom at emhamnkdtfcersleach'ghmate asugraltluluhetat whiclog sheck wmecr&mmdc pr 015 ectile

passts ovex “‘eh f m‘&?rﬁm& 1, Bemab ary dsé}?;%l&‘% ‘élcﬁ ‘t*\ect ed
Scauent P i e s %g& R ST DA and o w1
store cougks thapire&entr@tk Wiav® |st Rclel NSy irahsd0&es stavhaens 40 the
|ns§ nt oflmdmnewlyehr:nohe trmtca'hgfoke Mvtemb itonaksatocd vertiddlinel 9, 21 and 22

el Wﬂ k
SpeC ?l‘; %ran cfucerﬁlgetiec %I.Iltl‘l ShOC wave oreét?cnzgﬁzglslgl?l?%bt ed {)O t he

out put s Oiuf“b@ EI3t) Shat A - POF ARATSRIck Os SorhvneiaNbn GAUINt S in a menory
form ng pbl)rpbrb@fic llirheo, (StmithuyEflthe%hoclihavﬂ@amdterbyi’hettMEduseraaenet he stored tine

del ys anelmlb tthI befer lh@;ett q'ilé)defl sdxserl lgthefb@tﬂ\ne ntoe' hhﬂadj acgnt pair of
transduceg‘lﬂe“% ?&h‘% Oé sfmlfa?ppregr‘gg'ig PR ated”time del ays
and sel eCEeSn @ﬁrﬁ&%&pttﬁ niBilrlau d&é@m%é'ﬁ%%a ébrb hch the cal cul ated
time del a«ytantmaeoshbtrareettccrs'ﬂhelko uter then roceeds to cal cul ate the

posid i on © pRegi 'é&'tl ot ofith mﬂ' tvhl isg he bagis phe sur ed
ot s T ol SRR df:mat. S N

equat i onSbcg;IeMBlme‘iQrget area abgpieal trd ud’EE&ﬁUlh bd/t&l-.dleﬂl b@fdeick’teedll stances bet ween
al | the t haeisdisedihg ontput of eachB@nyda mltﬁwe@—ﬂﬁt ihleplléo uter nenory.

ti
They£onpul me}égt omct"sfll’o aggﬁll%‘iﬁbﬁ‘féiﬁ@’“‘nb“ﬁl §f;¥ﬁtd t hjss position
can be di AP ihe Ofpuid oFarhiRls 27, 2 EX ah 2 speat ﬂgy be printed by
a print erAmdglaﬁonlrolsieﬁcdnxmnBecwd @the vatput olfthetahphm hsd i@ di ment of "the

i nventi onc "Gb%’ lbﬁﬂhs 28, 29, 30 3pgh At E‘l“’“?a can be

con dor i e&t s e bkt s v 65 b et by
det er m ni lat] ecmeae ermQKEQ'E ﬂi%eﬁpl rhér@hs%tlmngmfor accurate
results tnrgbtere@btsaatraauedetermmedtetﬁea3ac tnm st:lmemmtl@hwetréldavlce( or preferably

five) t raﬁdﬁf?é’ﬁ% atalﬂ fl : “ fhemhe veo of the
rasmaucehlo W dad oy e il el g e ey B ey o 1
IS nECESSﬂlEy:oﬁrﬂerp‘E&Wel ecsltlg h#&t fﬁﬁlpt?ggassoﬂmlgﬁtﬁliﬁew t h | nseor mat i on concerning

t he vel OCIt Thys, atShéulbm!l@teramrSPlltepmdep sowthﬁtramﬂynﬁs I air. Thus, in

certain ciy ‘E;jll: NS E‘%{%ﬁg tBoeff‘Q‘ CFC‘{S'@ ‘E YWETY ransducers, for
exadqpl e éﬁﬁsta%t ©f lde@ttibndTTHE wahe &§ Ufadsdicéra g, @3 ed, qnd/or where
mat ch armuspettmly ang thapsdugeru0i | i sed so that the corrputer or ot her

calculatin 8’3@\(3\%?@ rn7 bsecflmgg%mg; niil’ rto gggfggera G‘\/l ded with 65
appr Oprl ag tﬂesgﬁ @lhﬁﬁf g d calculates the tim delay

g time dela
65 4 each adjacent phir @hﬂduterré/nﬂauwp%manﬁemtséa $3d thegse is a
vert | cal akrutaltedzmne ddx:tsenndw ctaldwaommef fonnndehsoeransduckrsfobul [ et is fired

t hr ough tl‘il"%h B ‘tacé le rtl ; é&' E(j%e jcgm “tﬁf }PE"ﬁ‘E?séb ity that the
conputer Vglﬁ fort, é&é@gﬁ é@{l ,, Slrhﬁ ualrllg?légub let and the
errfir nayaboee.dEnel MEGEred Valies &ff e é‘e,n AN @e transduokts id r anssducers are 5
utilised, P%tmehem StPE‘jf'g!hCICQmB@e'p@SWQTD’O dtomelltalt thyecaleylatdsdhe r ansducer s t hat

t he errorp°s‘5'° E 0“3:3 pgl:’él’l“%? AisRlaYar ksman mi sses

ewce ‘e&rl‘:&? % utilised in s

the targe em{g, rbddfil gg,&rde%gﬁ@d ithe 1 S poOssi bl e that
t heSSCorrputcmfqur |7|calt at consilerditb ealpose 'tlteqmsmfm blhee krujel:tety cénmeoneousl Y, and

will indiesd ebng'mmtrw tbqlhxpeggghq:g fyesmfth R ff e as the bull et
n reality: B e dctgﬂt Ab il 09 Sek Ll fact

ssis
symretri Cﬁl ajeu aﬁﬁ‘g’ﬁh@ B86VBEhe [t¥ifecttry,t IsI RO SHd¢ € §roalaa élUS when 10 a
bul $0et passester Witbi dsrntahmrscommmmg ﬂmrvelotltye)ftthvd:utlletaunédtmlogtw th Glespect to

whi ch t heofapyngrin i Utsn trﬁtre%an ltre eé*dewatelto ct the shock
e U A S O TR S Fegnccoun of (i

1n
fact and ¢acupkingr &e ¢ ebeOiSFﬁ ﬁrnge Oa;fpﬁfpﬁgdalyseorapﬁwlduca withh where the

bul#%et haspppasigednpunirdorigtion. the error zone, i.e. to recogni sesst he
situation where the two transducers in 15 question receive the shock
wave substantially sinultaneously, and to provide an appropriate display or
print out. Thus if the error zone is not on the target area the conputer is
to indicate that the bullet was a "mss" or to indicate that the bull et




passed through the error zone. In any event a bullet passing into the error
zone 20 woul d be d|sregarded and would not be recorded as a "hit"

20 Since SRCe—C -
it is preferred to ut|I|se at Ieast five transducers as |IIustrated in

Figure 1. {f such an arrangenent is utilised there are five different (i;;)

noti onal groups of four trarisducers that can be selected fromthe five
transducers- The conputer 7 is adapted to store 25 signal s
representative pf the time,of reception of ;hock waves by each of the
25 transducer ,

projectile by usi ng néff th prtibifed thean is & vertical exzenzone ¢itending ebavaen t he
conputer initially jﬁﬁ etsf't’& i S S T e A
det erm nes whet her t b aPlbe rarge% SraPeSS il Ve I Gobr tIARsdREdrd rezone
of that part I cubar gmbu: i the)targeeis 50 poslttonamatiumetrosthe aadduickrssimt theadtror he
computer rej¥cts th "‘Q‘Fasssgﬁrutt‘ ?érf o”c‘é?%?ﬂ ks"gwnss%?sébt? f"u'rg*:ger
Group of four L7 ans A Fre S e ?{tatrzm
course, in such a SIthdJﬁ'i‘gte’Whete'&s th@lbhﬂi’,t K}Ereﬁm§$dn§§ Eth @errgét lsca to be
repeat ed usi ngl@ach aelfualtfhféé swemtrnaIIYQOdawrbctykettMOf the ¢ransdtieers andahus,gvlnups 10
and for the conputer ';tfi"gorf} ng):e £ symmet‘;%\gﬁyf ate ﬂ@gggﬁr ‘ﬂt&’esﬂemg“‘mﬂ‘ther

the shock wave
reduci ng the 35 sul%[arnﬁilly snmultaneously It is possible to take account of this fact and to

35 In utilisi ng a f ipregranirasithe umﬁpiute&ltdi &ﬂ@gﬁtﬁ&lklttﬁﬁor{\ﬂieﬁe thy pllet Ras passqdamsi bl e
to provide rea %)nabltbe Eefui! Hey i -Dierreepghisy r%utheai‘v@atmmtb;wdn 15

fitwation
i at ol y above | LIRS g%trqaru::rta@ achE s, WL et acy
cannot be guarant ee ﬁ\ba &x’:\?h thdilt@btﬂﬁ:t)kaﬁd nsse %m@i at tfh% mipgul ar
area above the transvdve‘bmoiughrﬂtt grfor 46ne. In anytevéns adbematrpasslmg otetherrmatoane t he

possi bl e error 20t hatopihbegtigregarded agd Gt‘lldé*Pt %f ded @Oa % t hese zones,20
u.

t it
t he transducers nay eq"erred to uﬂé‘ﬂe fﬁ Q%ﬂa ugﬂs . %&%F&Acsﬁ Gnl y
detects shock waves pfll: r@ar\é"fﬁr Blﬁbl%ntnfoﬁ Q'Bﬁ@s Elﬂrz&isdil%@ of

t he transducer, thi shq:rcad&tselkmmedndtesivanmduhxersn es:eineutbe'ﬂis sdapteldatt std!ml |l ets

entering into ¢he zoigasls roneesent 'rV'F efrtbearneofre cwtb ted ¥

by 43 L the (A rjggr"rrtam e Aecaan A ok L

not detected by all inifisilylsBi€cts irrant c§t® the lco t&fdetehﬁmMHeﬂterthS not

cal cul ated. Al ter nathuﬂeloyptctmtlb ert%\rouah elyero ﬁ 4ﬁ£$ %R:‘tffwlien a,
& Exappan e

bul I'et p asses3&i t hitfAndyeersandif saoug'ég; e‘&% E@‘g’“@,ﬁt put >
since if the bull et cflfigéu Eouelie m%tthoarsnmrb% Bul B¢ bt TR tetrences
bet ween the instantso® rerpeaexpﬁsingreaﬂ:fofttlte&emhﬁmkfdﬁf)ofthe fivewatatiordal/grodps, andr i ous

transducers will haver the yamppter theo gniakadr average arerean result, thus furthey f?‘h‘cyét e

anot her embodi Aent cﬂ""fhe i on a
st GBVL B ttaﬁt Dkt BUAR RO id possitid dolpsdatite
range having a Iarge,eﬂggdi%ﬂ'cé? y%ﬁrgéflﬁrget &@lgqse%llﬁ})}édﬁxém%ﬁimy ﬁllibvatHeong
r ow of transducers S!rbhaat‘ttfaam s:lgrhs smaatsdudaanmnh lterwataate “EE and
whenever a bul | i goqat side, ALY %@W
ULl et wi |1 i nfi al s s‘gﬂsc"zg mingle 4’&; %ﬁf’ °r{,@“t e ‘ste soki?ﬁf 4
transducers susbt anttrnals uterSonR ttécraeawsrt Mraves magmmpoanp med
transducer, or transdgsose é)f thegi;;]rlé%tlct tldggg%ﬁ;rfmdl e\hgrt)éselsféﬁda” ‘d p of
four or five tgansd L STSURE ucers
i s selected by*the ﬁf‘% e beera by &mbﬁ%r e GUIGER db&amcﬁg SC%% uva @ are
detected by those traiﬁﬁ:dueerasb agfanime uotdetercswhbnaasbualebgms wiithin thé)error
cal cul ation. 60 zone anmrprmderatl a 9 tnubdgineaif b}. ecﬁ’%‘t’ft‘; ‘ﬂ;“hessﬁ‘?kal
error zoues apggar ‘Wgﬁ theggrito 1l$’¥lg'ea gélﬁe patteth it
horizontal liné, it I's @R smegeflehtivbaim emeammron,zmesthwe Emﬁeﬁiuselj
obviated if the tranadajtaegesha&meamrgeam ¢, of sezgessh dvwpossiblRiogrgvided lorigmow ple
upper hqri zontal wg d“C B, thg afgets, °“° a he
i

35

Tarsouct 3 o A TAR o o tafrat"efar§§fé'§ﬁ*a'°s,rm ety efs

transducers 34 35, ehdin numertrahsamr ToaURnsdiicers] A Odeteer the disdck I%vea
letter "W. 1® a group of four or five transducers surrounding that lmtlal tIan§

10 1t W II be apprecﬁ" leg;}:r%r sgﬁcée’f:’sw‘[‘h %‘3}’9 éﬂ‘ﬁ;‘é‘% J es[ he

transducers whgp di sp ﬁclst it ﬂa béenv‘ﬁxlcitgd %oilefi rtaﬁﬁ efbr ﬂﬁaeﬂrw}ﬁi‘e an 60
angl e dependant upo ntridaawangteeo@tedrmsnd@hclmriwttmaﬂ xtt:hewa:m that theda@rrony |

t hus providi ng a hi gtpneemrxbe Gﬁ“@é@&ﬁh‘ﬂ ed'f; r d‘tCPFé§ hgwn in
coordinates are illu P';ﬁeg ge‘;‘s’ﬁﬁﬂ"gz%? o r?v? ‘%f;?é 8 '?;va;’é

i ntersecting hgperbo rkrﬁd&@ﬂrsglﬁa%%th@%p;b d!bS trhakt Jm'éeislaémﬁalet “W” 65
transducers 34, 35, 36 in the upper row can be uti Irsed in precrsely t he

sane way as the three transducers illustrated in Figure 3, and thus nmany

i ntersecting hyperbol ea can be defined. In using the present invention it
IS possible to utilise, as a transducer, nerely a 10 flat disc 39 of a
pi ezo-electric material. Such a transducer may be located in a 10

mmr-""’




hori zontal position as illustrated in Figure 6. Such a transducer does
possess several disadvantages. If a bullet 40 is fired to the right of the
t ransducer—the—subsequent—shockwave 41 will inpinge on the edge or carner
of the transducer 39, and the transducer will be conpressed both in a
vertical direction and in a 15 hori zontal direction. The resultant
out put of the transducer will have a wave form 15 substantially as
Hs&snrated in Figure 7, which is a negative going sinusoidal wave form 42
\

p03|t|ve " he Ieadlng edge. It is desirgg/to
to detectlt twhibe dppfmat?damcmeawdrt;ohslcmemathedeﬁnm byttudaamﬂudehe "pi p" 43

aAd—ittis we.r_lﬁ?_difficult

depends “2[9 ”"SW ?tgen 1‘8;' atgn aag ane ﬂa“t PEP"dl fficult to
di st ngw oéﬁﬁate e Wi S@ﬁf #fgent . The conputer
i s psovi ddi‘l m% " thé lmemtmg) m.e dofinatdd Cas PldtateAN a1 thdee t r agsducer,

this inf aramduccm343é5 13§ inttheunpe euowsen rosilised dmpredisetyttke smavaeas44 of tbe

t ransduc eégge ‘l‘i‘é‘s‘!}’(ﬁ u‘tl 'aﬁér‘F‘OFﬁB""a'{‘I anda H§| BAWo T SHithe basis that the
25 t he bisschl imddation PRPAABLAGIROS) HEABucBNaAL the outpui

si gnal gemeidat 8 by pie2belédiGc inarRfSIOSIRATa transdudel MAl beviocaddd inhe i ngpant at

whi ch t hehosinert# pasitien ay fliusteatedain Figire 6 §mqh| a:trmrluqsoslpw mssessThe t ransducer,

however f 15410 et| me as soon as
rovever BLSSASRAA I T AL R i e e o

verti cal | nacbmalehrtduent'lthamsnlmeﬁutﬂﬁ ofﬂhetrmlmdwderwﬂl\lﬂvé’d)wave formi npi nges di rectly

on the u Wy ac'éxsmtect nleFlsqf uggidal wave 30
approp“ .52 Yt‘tm ﬁﬁtf"m "l%%t%ﬁ%%tﬁ%‘ ?e%egj ectory of the

bul | et 4Qhisith taGcukrd1€ly lsin e lof dieSehileed3 a@,e rutpb,e[hefromthe poi nt 44
t ha#f t he nrccaqeea@slmryofafbutlhels Idtﬁlf dutttto disthzatslz;frmg bammmn@*eyardver 2he

ne
E)r lalnSdUCéia %p:} lS prov1d%& Wr& S lbrmal n [+ necg‘glpngq{legrigmn () eCt ﬁr I es Of dt he
ullets 4[Qans£%el‘ %hi formatlo r is he c the transducer
provi des tednsdikérand s @ﬁ@mea@edf ms 5ca hmﬁ&;svm:vael esheon t he transducer

t he2 i rrestf%'ed ha'tlﬂjé Pbtﬂclﬂe '&Bss#ﬂd t gign ?“egiit 1 bekhg generated
are equal artm g!‘fl?g ﬁg%ﬁ éEj‘ that t he
K ngel

traj ect Orﬂr@cﬁatf.@ sooﬂ s&ﬁ@s I waPe Gt rinent 44, which is
not_corr etutnsdulcer tftatbellembpmlss aeraéal htbove theitragsdecer 39 tlwsli ktyevegener at ed and 40

éconpumernsw riqrecélawmt EPRef ;%?r ageduesie epperatioe assi A to the
o e e ﬁuxpi:fiéﬁe STl

reality. offth&byiRe blen gt teasduoer. over come mer €1y by di sposing
the transdud@vswrnhadlsﬂm beﬁarleermar:}eoittht irmwt@eﬁsvﬁat bmlhe«ttl tﬁsducers are in

t he¥f orm :'\}%inlsg l?o f hf,c%r ‘;’ld w? n re 485the pl anar
faces of wﬁ ‘?éae' mg"genera éfgut fhe,ftf ctr ksman. Then, as
a bullet \E&itlmggeeehavmtraer kﬁltlhe btﬂEtsGﬁ,dlShh&qﬁ dﬁmﬁ paftock wave is
gen rat ed44t weclshoeﬂ@o%? n\mherwendm ?%té’égg gepgrat Itdpher)( of each
S

di ¢ o(djﬁ‘@'bjoq}" ‘;éﬁ ‘ ‘M\‘ié‘gb Bech df¥c will be
an equa' NAida atctue Hél'ov%fdo&bf’m flytiied@bdiiag ihus a const ant
ti mng ertramsdusk Im b oeitingl ropidlotatioh jortha thac‘ansdu reodre grethe fermeef by each 50

tra4rgsduc rticg| ‘? 49 & Av “t.F'Er‘Ee ulf?f Efésestqﬁ R. A% usegd, as a basis

for™the ﬁ“ g??@ﬁ{aﬁt @?é“eﬁti'f” tsﬁcwavyﬁfﬁ albiys Grplhgel | ed”out .

However , poh ¢hetpefiphery6f editSdist, duﬂ the wi'rtttor mqimgpmsmtofma shuick amt obvi ate the
pr obl em odn etaﬂedlmllbq: veecngal mcaﬁwrﬁﬂ& cw%aﬂtnﬂm gobthe dise Thuptaput si gnal 42,
(o] a 1
andot hus ARG S8 A T, T pﬁ%geﬁfta%tattto@wvl degpach
t ranSduce({aIC a EhSQhﬁiQ%taQ?eﬁorS&é?l b elled out n a convex sur f ace
exposed to tHo@ewh @eiknting e liscd in a\@hﬂﬂ@bsxtbaa&llmdtobﬁ&e tHee)rqmne being in
| nt| mat e afdin a@tuvatpmmehetlmmsma@ét qutper Fla‘W gﬁﬁgﬁpt ed to transmit

e MV@§:M mx% %ﬁ"ﬁ?‘éﬁggﬁ% b ﬁﬁﬁ%ﬁe &aieﬁalpﬂidntdm’gg vert |r ::g?: yCIOan

|s UtI|IStnﬁ1 Rad@ Xwith

upwar ds laralafnemlnrtt rriitMostlaw Sfromrthe satmhsph;oet @dthtm'natddsert Ha trai nee 60

mar ksman. hemlSP Grlca'td "Pﬁﬁedo A E% e dom t‘ll;P E’c[gng ori entations
th ShOCkr‘r,err tSQE'G ﬁﬁ% b&a@ﬂéﬁ B entiohsae Hock Ne doar get wi | |
al vvay tm ammesy ﬁﬁbje le§ hird rfhémgutlvﬂmlalvd@mmkamlgaent ially, and

shock vvavmuplmrjflofbbe thermissheritdl eisbmeatdnahﬂlgﬂytmdo shykk t“rﬂéesd‘(')ﬂebedl rectly to the

centre of tranymitted sadially throushrhe dome diy ﬁh 1’1 f:é'é‘ £ f;‘ introduced, this
t er 1st|t is ro 1t IE

i gyng er P BT TP UL The 5éa"§'$rom the pe.i;ﬁ.ea ihricde shack wave to

pass fromthe peri phery of the hem spheri cal 1, 580, 253

11 done to the centre thereof, and as indicated above such a const ant

timng error will be of no consequence.




It will be appreciated that the hem spherical done serves to prevent or

mnimse the generation of the p05|t|ve going pip 43 at t he begi nni ng of

t he wave—S§ s . , S = 3

transducer now, 5 reserrbl es nore cI osely a si nusoi dal wave form However

it is inportant that the instant of conmmencenent of this sinusoidal wave

form be nmeasured with great ‘accuracy, and thus it is preferred to utilise a@
r

transducer that will have a very fast response, though not necessarily a

| arge respense, It is found that if the rgsgpsge 10  tinmes of a series,pf

pl ezo- el ect r i e=—eH-ses—of—cfferent—st+re—are—conpat cu L IUUIIu TOU T ITat
ﬁs)a'&’f”e S48 acfoggant LiRWNAEE | er

the response time i §°ﬁlﬁ"% )] t‘?ﬂeqﬁ‘@déf disate
di scs having a fast f i ed \éq{emlsbﬂerﬂﬁ%oﬁﬁ%@rv@@Wﬂe@éﬂakr

response time of al hlldmﬁ€ﬂle\ybﬁ tﬁmomh lpasmte@bm@plpswad the begiining0thetwand i al | y
equal. It is td be fmtn@nerhlodvévehe trarsducet, o Itllﬁo}uwt of thehigansdpc IEObe such

| si ondal wa
a disc is proportio san:to comme %aht g;ﬁlh smus‘o(om al w;v véenT %n‘l};‘ﬂf%m@% that
it is presently pr et@crura% ah@ tHab It prétefed fotiblilhArdAiuder t st
since such a. sr ze pr-cﬁpro shdubten tatsée@ﬁhlyl‘aﬂaﬂé)fkslﬁmkd ibeels mnchthhthemhr

anpl i tude out pift sof atsnrle oéplzzao d ffa‘F@(ﬁl r@fcempead s 10

out put of a transdu “}fyt‘t"p, gﬁé vér"‘m,ﬁsttf% %t‘g‘?@tﬁ%m
hi gher than that of ama csnathssem rdld,m@ ShAleE &e subs@ndally @q raummdwde and

t hus such noi se can hbreeVEchat theﬁmbtttedeed ttaumtput—bf\mher lscuswrowrmwitgagezt.t hat
smal | er di amet & | -tna 's F%?ga; t!l is prosent fiﬁ gtes s Lol ewﬁ
accuracy. Wth refe g ﬂ:t (ipsisn ﬁm L3 ﬁ B fpani Ngs a
preferred transducebf @arnsat&erprdsmweam‘tﬁe ch@Wishds np,rmmmtghemmhaton
conpri ses a trztgsduoer n@-‘feeoremrfcremﬂmﬂwngb fenepu tespé and t?-ﬁ EP*E e‘é g

mat erial such E":E%”‘ H°%§; e‘? 2‘15 dipmeter fisst ey be Bfised s ¢ 520
. easons f i

is | mmthick and 5 EFe t6 Figur g Qo%@@&@ﬂpﬁtyﬁn@ﬁfawﬁ@@@ﬁreféﬁeﬂ he
disc 51 are prOV| dedrawdt:dferafocomé i GEoon ecaont: uthbmtesemaummt &ﬁqprm;ch as

silver which elgmerf cansysvesm tof -e% rigughedsy {9
deposi ti on. Two el eqz ? %qwgggfgg %’ge ic. 83,“1@‘25‘4@ mefg,)rg 25
copper or gold, are coRmubMieimeriads] h@eatvaewm h lbe pmaeds.urat.ﬁaﬁwaﬁem he 3 0
disc and to the per Nphengh ast’oytvmmm gqsntsur'f»mcﬂectricaﬂh@nducme brye@él Heforng

by 30 ubtrasogj Rer @y cpanected tp the gepyr i gusr n
ot come S0 s RN SER S R, :
one end face, the reoﬂpﬁseﬁ cyliadfticalmembe? |35 havar| rmametdaeedescseskm:ﬁﬁmal SO

bei ng associ at ed wi tf#peathe azspsal% ohng %mféﬁ‘?z ﬂ%ﬁ'i‘ﬁ@l E‘F‘;%S to
accommdat e thes wi r &3340 ided o '?.9'1’{ @Qﬂ' f?ﬁﬁ % ek S il #
s imbePss, Hish slbsmgor me

pi ezo-el ectric rrenbe,g,.a“
i n the periphery of aﬂipeedmrheomﬁn!adati Ithcewlwrse &t&remnagngadla gzrt t-,-cess 5
€1

accormodat e t he wi r @diBeenbibg, a@rl‘ mﬁ“‘?ﬁﬁ @hb"r edlgﬁ t he
mai n recess 5649 The f Fes"ﬁ il?h ée)pfﬂ nol i g,
resin bonded fabri chotsi elmopare T»r;e @ aicﬁab hat sofd malec meri cal

40 form the holJgade Wirbl“ lmmhne@mfhemwttﬂee p@ylmgrlcal alu anse
alternatively the %& eg%[ ﬁ%%"}g{iﬂ Qt Irgéh' ,é% ‘gﬁig?iﬁfmlug sin
such as that sgyd unggip Fiet Fedlal g&hdedt the a5 Rath gt ai nggl
in a cylindrical al uthesivesichas&rafifite oaancyaw hbﬂven mnndﬂrbneslm | f

this particular expéde 9rme§ "uthpllq“s;e preof °t!!'&rt hed
to provide a Far ada)P“g A Q’L}‘ t and
sﬂi&na ﬁ‘&

materi al .and wsg es Qéthn ns&d’ dtitxedtchet nwl me sucbo
as Araldite or a cyaolilg hertcal (615 tcamheansdecermmdema lwn@vbmetlfrorﬁz are

formed in the | ower pi ‘!“.E\ f%ﬁ"“‘?}ﬁ‘a‘ B !&qﬁgtl ng
pins 62, 63 are mum fé%ffﬁle Iﬁﬁs‘gg %sen aiu ete ectlgﬁﬁv‘fhl‘g‘ [ e thisom t he

| over ends of she bqrnq&:tﬁi’ beibgadapted tododlatiehe l&otehsetrihldlisﬂ #nd havin thelaeri ve o4
ot her suitable 50 diangtdrias thg dnaﬁleAltatnatlvslymhq domsand the member 53 may be c45tas

el ements in positioﬁ‘ ‘%‘:sgt%' 225 PR dh Gfg %tehghasmnfﬁsungéi@qe 65

to the transducer. nhife

setting resin émt erlcahmﬂutﬁlhc atiytbbaliorsoledupmdbmeﬁrém l&'ﬁ@danﬂ/ﬂsrdonhdktedltdrate 60
The donme 65 has an GH*@@ Pd 80 plifihit °1“§“te perated

of the housing and Eﬂe ‘@g"g "é‘ﬁ'u &}Lﬁéﬁ%?ﬁss 55
proj ection being adaﬁ&ﬂ ﬁacmae ﬁecDénﬁ:ZlQb r@&hﬁg;ﬁt basebf thevi ng

the sane 55 d6$netdmuamgthe isc 51. Alternatively the dome and the nenbes
55 may be cast as a single integral unit. The pins 63, 64 protruding from

the base of the holder nay be connected to a co-axial cable, and the entire
connection may be encapsul ated in soft rubber. The 60 coaxi al cabl e may
be short (i.e. upto |l netre in length) and is connected to a 60 suitable
anpllfler adapted to anpllfy t he output srgnal generated by the transducer.

o a Y b1



nounted the anplifier, the printed circuit board being potted on to the
base of the 65 housi ng.
65 12 1,580,253

12 The housipg coupled with its associated transducer is nounted, as
general |y described above, in front of the target, and it is inportant that
&0 the housing and any cable energing fromthe housing be acousticall y

>dupl ed from any support or any other rigid structure that could possibly
ei ve the shock wave 5 det 8}2 d by the transducer before_thesshock
2iq e § dors-provi-dedbatopldE the
transducer. Tifhhmsmgf:ottplha vtmhatssas:kuoamttrarséuqqmamtoscted)nlsaeneraéjyd hori zont al
f r amewor Kescribgdsaboyge oy fren of thy fg‘tth@ “r‘&H%RPu g Lﬁ%@ﬁ‘é'ﬁgcal |y de-coupl ed
from such?hap & A ‘E;F“Jc ool uca MR RekkOmva bl ock of any
Sui t@abl e jaicRdsby the Gars &Stmmjcldwhvesu@bbmabameexrpamda@hlpol ynér foam 10
or a con‘mlbmabrowmed)bn lof/ ﬂlenraﬁmama]rhds,rféhaﬂra @p@aremnﬁ)é pr ef enr'ed
mat eri al rigid hagi ‘E'}‘EHE?Q‘ E’é‘lk i frepory ‘yd‘ﬁa\"fy %ﬂﬁzal bei ng sql d
under th‘%eff c ustlg’ ﬁr%trﬁ'edubry déx a Qfﬂylﬂ@f&dﬁm ted. O Course
manyg ot hQﬁ'a ﬁattioﬁo ynfdatua aﬂgnmadﬂm al'te mosypréferredgonaderialish as 181 ass fibre
cloth or duseeedl fowoallolyefﬁhlenet, jthi mg berm °|l§emﬁff Eg@dﬁwgrhkl ng a bl ock 67
of acoustPagiizole Wk eQEi:e lonite o Qé clé{ﬂ‘l"ﬁeﬁl ol N Figure 11, forning
a hol e or"°PyqBat Bl loc @aa&oaﬁticailyddum93| oned to
accosmodahelivns dhrsaatsd:lincfegurearldfohoilngleholandecqss@r\tlihmght Hecl‘mfusr nddi nto the

recess. r;merehﬂrmeesnmeéékagm “Pg 't@‘ T d%B *‘B gﬁl ent way, such as
by “cl anpshbgoisie Fay af@ Safpetruk taa@fr'i E\p&fc‘t)rs Codsesei t e bei ng
trdt

|IIustratle, sSbG gcyema ally. When t he transducers have been
posiei oned rvelteatthverahszlutdne harar gatetl positipred relafige ne@l@s@ese ltft§r i nf8r mat i on

t
concer ni cets ‘P@é‘ ﬁrm mmmnma@'@ goguppl ied to the
corrputer it Eglptd h Bsle y®@ of each target
és

relative s a'irdfﬂl}& tucheraﬁpréﬁ iafophaie mna e tédsdraatmsdmy be ngasured
care@ful | yora?m!trmdwd ‘pﬁrﬂbpc jused llwpdmamf@nmh%%ée @F’ Fffe trddsducer, 25

or ot her ot
25 exarrpIeg‘-h!‘la]ll,t&%ftug%eﬁ‘é p‘f g%%§¥;°a‘ a4 }??sn brapagate Qw.ge e,ft randucers with a

bt he conputer. For

rul er or nt &, the kine @ aral Olftha‘&iu nddomtbemgma&umttantihe ro of rret al

i s ﬁ@uchrrp@rwcw the qomutter f§r ls ew eco 5}};

propagat ARG, ::;mn%ac i Stt“t 40 e e pul e at each
transduc asure recor ded t he corrputer The coenputer
i's provi ded Iwwtllhbd yprepesld hetf thnebullets areB@redrthwaa £ gar] Eigal ong the

netdflic éitton \ EPE I3tiye to-WhpHagsdycer,and i is h‘P °st‘ cul a with a
hi gh degf g[g ﬁ%ﬁ guﬁ% eﬁff%.%?r i s#far:tsg' ?&ﬁhnwﬁsducer It will
be appreqh {at &Elns lsets are fi re tovvards the targets the. 35
posi tion Tﬂmhembhtluﬂteof the slwelas’areeale (ﬁq ch of thhgatl %m%cer gnd it is
thi §0pOSI‘fF ﬁetﬁf isk ance oﬁlheébwtﬁhwpoﬁ& 4 g@ée&f#ﬁm@%&ﬁﬁvﬁé uter. Thus it is

i rrportantfa A precise informati on concerning
t he positi orFreh t}tnd’@nhlaﬁgeécefsalym obzanapret:xlsrsngnalazﬂm!mgeb@tllﬂélde arrpl i tude of

t he shockowerts e' lc ‘*t?ft“t‘hé‘ 4 wars';,;trg descri bed
abod® wi Iqe‘eﬁl@pﬂé fm\\f “fo; afﬁ"’éi’ E ;nfl ci se nature of
40 the bulfis ‘rm ara@gna mrgerd tlteraarrp&ducer and many

ot her varbe&tgltﬁgg‘emtuyr&hoﬂr wmctﬁm sotstrl d bytanwsroraedé\s edo obtain a

precr se sAmph§ $ ghewe dmF 7?{ whi chgmeasyre the
Oat n%%ﬁ Xg%sa%ﬁ] lllceél\/%t fo?fsgfna ﬁgco%xlalqcs*ﬁé anSdUCer and

thUS ef fcﬂﬂérbMﬁ dmplifier 73S TRESUFUE O ¢ hediet bremgpd amplifieaTdds AG coutﬁedSI gnal produced
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areo st el e TR ARG
app Fat us® triggere noi se rat er than a shock wave. The

trigger threshol d corrparator 74 may be



adjusted to adjust the sensitivity of the device. The output of the
conmparator is anpllfled with a Iinear anpllfler arrangenent 75, 76, 77 and
an anpl i d : .
shown in Figure 12 of the acconpanylng dramnngs 60 identify the
conponents-utilised in the preferred enbodi ment of the invention, 60 these
conponent s belng mlitary grade conponents avail able from Texas
I nstrunents. The output of the anplifier 71 can be considered to be a 22
digital signal.;3As already.indicated the naghesgati cal anal ysis given abovg
's based on tIE™05 gagﬁ éﬂ@gl I Un Ltll'a!l_félcmiyngf &Q%‘?cﬁec"\'ﬁ, whﬁs(:fl ré?nrbg 1ment[é)¥)f the
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supersoni ¢ proj ecti k: ont above ematical a
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1, 580, 253 accuracy cannot be improved over certain li:%ts er %a afa al ¥0"t he

trajectory of the prﬁ*dchasmewbm:t tecmnbmlmtwhﬂtsbtmét$I‘i3d|fmemguncsuclbaaed on

the above mat hehmt i cffe aqa ygb%mw I% E‘H“E‘é’t ugftaas g5 saﬁl?zékafe qi;
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't i's podsibl e o Capsiicliste Whih Svomim ‘FB,Q‘ A g@\; &
initially 20 assumthgbillRtfrajedtors. ;Elllsrai‘po bﬁ sdcﬁ tglﬁflCﬁ i Jngﬁ-%}aﬁtp %0

sonewhere on the tratpe’d?or% and al so constructl ng a ter endi cul ar from

I-T

the senser to the se .p'g?‘é'é‘n AT At reﬁi ﬁ? lﬁé’e dhe) D on
the trajectoryss The 3] ﬂesﬁi.&tfwabe "tn?; e STodcaton o ﬁtQtent.atA on 3
the trajectory is detected by t e 25 transd ucer C.

25 Consider a bullet travelling along the traj%ctory PADB ultimately
striking the target at B. It is required t¥ $T3d the coordinates & the
point Bin the target plane with respect to thée origin of our coordinate
system 0. P represemhsreihids thogelodityrof eburkirand lyyilslthd valdvitm of tHeibulletg period is
started. The 30 s oWk thdime fap thersheskevave 40 repch thegepspsattGiis svendyr at C
originates frompoint A on 3@iite®orbulldt & trdvElRLME FRbRbck Wavedo @avePi Nt ON t he
trajectory suchothat CD is perfremditcdl ar to ABomImoics assuned that the 40
bul let trajectory is Ilnear over thm(“rbg‘ ativ shor 1) dlbee(?ence PB. Let T

be a unit vector inJ "ﬁﬁ“%ggﬁ#'ﬁ t‘ﬁﬁ | ﬁg}aﬂ L Bpossi rive a BecOh t he

properties of shock & dr@ a'ﬁup@nmmlfsrd%lgbﬁs}fdg ga&,mmsmmpawhen% sin
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shock waye to travel "4\ rifle range that is based on such raQiﬁthﬂaﬁcaﬂ« approach will nowrem A to
C described. 40 Startln with this |n|t|al matherratlcal

concept it is pBssifl e Fifds ) E‘tiﬂ‘#t;i'r Bfin "&i‘#j&‘g qﬁ{.ﬁﬂ?

vectorial paraneter E\’{oaﬂ Jﬁl{Thi‘E‘%ﬁsﬁﬁ?ﬁ 79%&@%# i gt Wahk &gt E:te@ iR ngt he
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simi taneous edfat i IETINERRTAL, E‘ﬁﬁ{‘s‘ g,a m: Pt
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any mformatlon is avallable at the output of a buf 83 then that information is
transferred into the computer 7, and subsequently the buffer is cleared. Each



equations may be solved iteratively. Arifle range that is based on such a
mat hemat i cal approach will now be described. 50 Figure 15 of the
acconpanyrg—draw-hrgs—Hustrates—the arrangerment—of———— 50 transduacers
79 on a range having a plurality of lanes 80 and a plurality of target
banks 81. The transducers 79 of each target bank 81 are connected to a
tii ng arrangenment 82 (which will be described hereinafter) and the out put
ach timng arrangenent is fed to a buffer 83. Thus, referring-+:0-Fi gure
_ acconpanyi ng q : 'gs there are three banks qf_ta#gets 81
. e e e % ng
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rep sentlattlﬁl\Wéc ﬂ‘t fF‘H‘E’e@J fhat ggrticul ar
oty Sk Ehn étfcgt §tﬁéesm%ftgmm‘%%ﬁ§t brecPSd byt he
same trang NFeQEwe Wigns.lsm g withinl the pre ddt&mﬂafllehyam‘ltbﬁed in the buffer
conpri si r!@;ntgmgnsarhat 85possnblysie jyed|fromep nmmmtﬂ ﬁ§: Xaﬂ?lfta & ansducer, but
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7 then i meeqctngrattlmstr@admel@fcart ¢pailythefdistingnished tram th "Plﬂf F'Pﬁi‘t ion fromthe

buf fer 83")tq"l psgucer C‘Q’i‘leﬁg‘t"s?ﬂﬁ‘e%(f’°l°cme' REISHAF e‘t'eé"e l't°H't1t ko' or mat i on

be m later in t

from the B fsﬁséhdlgﬁepm $6dnd Rirfcdh pubdr 881sblbcts m&@ g}@ﬁﬁawteerceﬁai and is also fed
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45 time not shared between the various conponents, but the conponents
oper ate 45 |ndependently of each ot her and the corrponents nay t hus
oper at e—s+=-k - > ‘ : :
I nstrument s TI\/B 9900 corrput er associ at ed with a Iocal rrermry corrprr sing an
Intel 2102 nenory, initially scans the data received fromthe buffer andrO
22

conpares the various tines of 50 . reception of the shock waves by the
transducers W th predeterntned criteria. 50 Fromthis initial conpariso
vari ous g&oups" of recelved srgnals are r &sh fied, each recelved groups
of signals fa A Sftr—t ' mue

that are possibly d r| Qf‘é P"G ’é&‘ﬂ“l f spsh ' ‘2“ ¢ in,
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projectile 55 bbye uireE t@ e.$¢rm bricamstietigical fuhctionl ong
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received si gnal s, afltle fcemds %h:peat natise tnsnataw shes lpmdhtes wdar sigmahb

mred
computer 91 of PRV tz'zﬁf:r%ttﬁem é&iartgﬂtw%m S,

and to pr ovi de an 6separate defBdtap dircifits GT BB, Wi £6 @dupidity etedt snn@:sottthon of
the trajector y2 of t heanpscagniagith¢ arget i§3he camga at any mstant the detector circuits 97,98

being connected to a blanking device 99 a t 20
1,580, 253 v1d : nal hlch lates to t%e mark def'ﬁtﬁf f 'E‘tg?p%fp ied
that the progranm ngnd ém‘d Ithe A/ ¢dnfprises ohly 4P 0 théﬂd gﬁw
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that cat hode r gy %thg tlg: s%%? P gl%ﬁo‘ﬂﬂéﬁvg;seas éh our of
Referring to F| gure dPEhe ki

conprises a closed chertmllets oltpebjemileslt“md omalmraage%f AsBe dt isds edntltahthrsrbdhs 95
for projecting an i Rh@eciestiley W H'r‘ éh‘sFaifsfé ap ghe; PRStSwf‘rFélcE‘aﬁérba thehe

camera 94 opergjes IR} i - wqui aél n;’?@ QWR‘E%“;% 'chﬁfbll nel5 40

representative of thgnde ngpm eYhurhlit§ oPidEge@dnt aﬁ dade 96
are various 15 nmar kﬁmgl’a ItargaSof ferrast, d)(thamdheYvawesqnspt eunitowilk displayof t he
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e canera U5 Jod t GRS wﬁr e P o s
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canmera at -any i nst antescriptien adlet\dmd@ld laymmtmyw rogﬁe r each trpingeynarksianect ed

to a bl anki ng devi cé°9 ta'd“a Jfhe Il 0
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detector and Ysglet eC& ShiFwhan the StGH@DBR ﬁmfeotmamtear ALOL, 55

this conparator bei rsgcqmrImumd:enhpmt WSrwrhfcbram m@yrbeaf'fexm TMS”GQ@O@

conprising the precit ePf F’tcPWCtG¢t°éh?:ﬁe %éfﬂﬁ?' ‘é‘th%?tagg?ﬂ] 1 "‘gﬁstem
aPlafge
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102. The output of the blank 99 is fed to a cathode ray tube 103 via the
exclusive OR gate 102, and it will be appreciated that the cathode ray tube
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the bullets or projectiles fired on the range. O course, it is assuned

that the bullet or projectile will inpinge upon the target at the position
cal culated by the conputer—fromthe informtion derived by the transducers.
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and al so trrmldttcattsm bclhemnumbbvn the tholleys in h&tedmveombhvesfeéheed on

any
par tj.cul ajarasts.. Alte"‘ nveptiqnynay i ti gndris | o0 i abge
di S&an U é}bgr alr- alr trale%ng&m \»élmat e tlh'wt g%g cersq??ﬁ qumgnﬁ:% nﬂ lg g\

1, 580, 253" When a range as described above is utlllsed for trainih astatgxenumtreo pofy range

control l emaI\Mme Compem |1elégﬁa athec«mt harmt UM t, assess-the
pr egjsse ¢ i mrfi $ AP s %%ae 3 comﬁrs vi syal di spl ay
uni t ,5‘,,@01 oI nof cate a unctlon of any particul ar target. A

pri nt er 108 nnmamr &ecammrmbdad/apteu t¢¢akubmtpup®nloag@e¢ib10ynd the printer

being 5 fired &?F‘NGF&G‘ ‘t"é "pP’@V'Id%I%S l‘-‘ltg 13‘@[&‘%"3{‘“‘ ri’g“:l gec e ﬂéc:P;nf or mat i on
prosgnt ikt TR Diherth b et el e cttbndied e
conput er CibdifdtioM | &ﬁ:;ﬁmﬁ@ﬂtw hl thé grainbe Matkear kaspitefeer abl y a conput er
sol d by Clargsutneanymatt@uﬁartﬁlm SéN&keHUMlﬁa triingg mprkparois tq fisgitere, Cal i fornia, as
conput er (8nds 3/the target 25 {3 raunds 4fg:s ?ﬁ?g;"%%y ’r;Ed ﬁé%% ﬁpﬁﬁ s§ftE‘eabl y a 10
flopgy di %‘tﬁgtegs}‘ggédﬁ ﬂ,é?t“"f 5885 FE°SEPY By uter Aut orggtion, the
10 mai N MENOOY cotise] fie &rabhla oaaeansb&ymemnyhofnsunpdtsmaﬁﬁmt{ words as sold
Conput since/uehn medrirgjsses uﬂldb@t Hete b:erheet!ia ll¢ﬁltser"*t *}CIFSC'IdSOfaa Cent roni x 306,

by
aI so avai} @Bﬂ"ﬁoj‘f%%w onap n"ﬁﬂh gﬁg ated that many

modishi cat eshaeél ber !t is posSBIBTHAL e ve)is pEEntpT ovisged wi,t h
faciliti EGIS[ﬂQ/Ted ®al thelldBplay gnia nmgzd:eeasatctated tlaiulmbetsomdlwmange particul ar
&

roj ect i | precigehprdersiggyhic ehatdhe tapgst.d i sual displa
Enl ![ Themf’l (I Stsfsfll‘:g'gﬁ'ﬁ?ﬁ’s 2c ‘gﬁ% *#h mé{’é%vérfgdgﬁ?:oetﬂ;’cﬁrtnﬁ%%e present Pre

i nvept i on® ma-T’h m%ht@F gy 41 @RURte fBiBééclbﬁrgeﬁfog%cﬁ skdofihg seisiom iand fsal | in
response the osemtrdingngorgofahs: Gﬁmp as ﬁisdbh ningFhgksnanlThess nay nerely be

sprays of f’%‘tseﬁdy sot g %PIaP( d's ‘ﬁ[‘,rra ‘“q‘rﬁi tative of the
targets p@f&g(‘ﬁ A f)é:rﬁ??va AT ?}1\ Jb%p; hat rise and

cﬁt&afc&e%[) faine
falleo themapbgeisslayeay be contro e by land line, as descrr bed ea@bove,

al t hough theltisan wmﬂmyhb@mmimaymrbi %@dﬂ alﬁ%emﬂﬂhe conput er may

be operat ngotngo dgai p Otarget is
ooy Bt e B I R oo

I nvemt i Ontﬂaasanhaeelﬁrst $ Qb Ivizada \lrt;irlikentat?(ﬁl 6feirercmaoctf thpmgdts clat ly tes a fixed
rifle range, it is to be appreciated that the invention may be utilised in
a range where targets nove along on trolleys, the transducers al so being
nounted on the trolleys in a fixed position relative to the



targets. Alternatively the invention may be utilised in connection with
ground-t o- 30 air or air-to-air tralnlng I n mhlch case the transducers

descri bed above is utili sed for tra|n| ng a large nurrber of mar ksrren the
conmputer which is located at a central control console may perform many
functions and the preci se functions performed by the conputer 35 may be
controll ed by various push buttons or the like provi ded on the control 3p
consol e. Innialjy the computer may be adaglsgghg;0 cal culate the position ¢b—
each round fi rmﬁ%?“u , oA uc a‘r rrat aeée;l[EEﬁVI Df{m —crrige:Ja

units provided adjac gzgfgn r 108 {SheWb oy ithg 5|

di Spl ay units di Spl Ay po {30(;' egcﬁ gg? traine marks][nan %uit ra1 er nfayv%omtio_lr t he

trai nee nmarks man is ai nT lwga,rmandﬂ mla;smeremmpr thvsdmeSarﬂrgrdmpngBﬂainGMbpefaclﬁhlE

poi nts at whjch’t he {iffRifecmarks FRCHBHNg ashopting sessign, Paf‘%g:ﬂtﬂrmfal ried oul ar 3
firing sessiof. Thusrep*eﬂen?atx%ﬁ% ﬂ'ﬁ@‘% ﬁﬁf?gxhﬁ Aﬁ’otr e ?&s"ﬁeiﬂs lﬁlgtat he
target, as the roundSucaraEpﬁMCoﬁle&ﬁy\be situfte nﬁine xaraethe SKbotifiE o @/ ti on

of impact of the roumcm manksmaar get may be di spl ayed on the 45

appropriate vi d@al d| angptpﬁ utilised with the present invention may be static targets, and it

87 cony se, near- iR SPREEa U e s ey

uni t, since such nearvall a6 bed Be@e& Qliant xlh

end of a shoot i ng sesmnecmonfthhhmrgmrtkarmn bhaso\beefrbnr e aoadeale oﬁmruroame in
his shooting tHére s ?“dl% rifg RO tS’F‘rﬂ"é‘ r"mée} etsmiﬂrle S nl“&tfP‘G iof t h
target, indicating 505 > . “hEEcdE sfm o1 4t get .

nnection

It is possible that Geth’tﬁﬁrleabt&cﬁ(} Blifansd rdhl&d)bay@ Splnﬁh‘edel it
may be associated w bdthatnotbeyrfer mavdmemtw@ghdtheet Oé«muse, tlnndmmwmmmeohe he

rounds were fir®d at ‘“tq%l“ﬂa’tﬂ m%“tfti% ‘ffesﬁﬁﬁc 8% ?:t‘ﬁéé“ﬁﬁ\a < ‘ﬁ Hops EEES 20
whet her his accuracysm ‘}fﬁl gﬂyw Al lﬁ%‘f‘}t ietarge 55
The conputer may a S Opet@tbdinl radpbnst @5 a S reHaf ttar E&d buwfith is aaetrlnng xaeﬁgm on
in 55 the ove(rg'g dfm%ﬂfgmiesmesugmb th;%@s tq thest ki led{;ethtraas nin 'I' 2
mar ksman. These™fi gu a jecan 1 OYsPregEme P "ay
unit 9 provided for é Eﬁ I st bﬂélt%pgl"g}?g&h anlcl)gg alria et liégut a

"hits" and the nunbeaccotﬁnt olmtm:ff&ct nd)e recorded and d| spl ayed or the
score obt4ai ned ﬁy t he F&ef qqg_pp Bigure | abnﬁgytrg eelslens ectory PAB, eventually

60 It is envisaged tHHE™ I?l,‘h 3:%??{?5‘:;1;?&9@" g;e@\glt éohrgA 30
attention of the rang,et}ﬁqmlg &{or 0 any €e nar Ksma o 'S
very inaccurately to enBblthe ;tobleorr n uﬂaMIwmhtnmmgtpcnqdnwarttd ttehatep'rersenmee

marksman with ipstrugtd H?rﬁ?"&&'gﬂ?f ‘(*,‘E“‘g The cenfral gm}rrcgordcorésgol eis is
provided with a displ aYNE&ﬂ ﬁﬁmorﬁﬁsg 1 to reachl @ froh', Paﬁeﬁg{wm?ﬂmﬁé y tO
vi ew a represent at i ofimetakamyorahebullet todneadhoh @ad she tinfd @kentfor the shock wave to
1, 580, 253 reach C from A. Let these be t, and t2 re;mcwe esentation

t erc wa’
correspondi ng ploeCI Sﬁ'oXt ll@&hg%ﬁglg%ﬁ @% rv e e%rc g’ %he hlerlcl:ql?edlst rgl?él hgi spl aXO
of the appropriate t 3l dfonRIKR Mo H‘m I bidd, ammﬁeaﬁmbm hksQk
progress of each tratmﬁelusmcksman The printer 13 may nerely pri n

score and grouping obt aM?e'd Pessible fdeﬁne aVCQ‘PFeCQUF%RHn@E‘“nhF%%MC%RIM ng a

shoot i ng sessi opy rp‘f’ﬁ? Ogﬁl“g@”qﬁa. 38 R1EERE Gime o PRV U sRodRlWaDl - OU 4
representation of anyt ao;en sitich (f SheSsehddE mthsgoadlhawa&wsmet mn of

t he points at which pesgtengf tltehergb'aplgsts has been hit by bullets. Such a
print-out nmay constitut# sipilg E?"r‘h?ﬁ‘f?@d‘t‘" q éené%ﬁ'tth r%fa"&ﬁ‘gfﬁcem
sepigprs w1| low equs t
1 lllLt% &é%

riou
part icular mar kﬁfmn n practice 1terau g#&‘i atan?Se”t
i nvention may be stati cwhed g@ldSs taaadmtotacc&ﬁt vuelr ar ama@nikaswxataad thusadorsi nce
the targets only funiemnoof inmit éma haveito\be gvaildbleito endble thepasition of e progestile ta o
repl ace any target ubg F’re‘ﬂ’ﬂ%"‘t’ R g’re_’fgm%;}"l?;}’gqg% ?%‘P&"'I ﬂ?erd‘q%r‘{dyﬁqgi AR I
al so be appreci & ed kiValto bEGchibV&l it hotHrabes &%& oV
connection with target slntalnattemambﬂormhedhépmmemspo:sad:aahedn ¢ ofiwdmd the an

15 exposed or fépegdh eetignod theawidd wriay be mepsyged and f Ontpltlleso pe

are illustrated in {e !ﬁ?ﬁ ‘flﬁ'lfgj“""f’ l‘fBeegdB?i'n'ffaﬁg‘f"n'gwd?c&%e‘pd% per‘f‘ﬁg'"ig ntion

may al so be usegh i n CONORECEINVENiM Why borh&iSirng TR A& Sheed) of hiOledst MSashifg the 60

novenent al ong a pr edi#écerafittirednd spaakis té hnevrﬁe ams«dmasuadmrcbels asrpund ed

directly or indirect Py't tf%@"gﬂél'?%ﬁmgf lmtm iMeto the ganzdgmn

course, the inventi ogbh oficH. that theh (0 bl BOtblbh 0y o abiiYeors. The
T

facilities, sucks as idersiaad Iu 4t 13ds Gnchgaee tha EGS bf ddtectioh Bl the soald waves 65



shooting to be conducted after dark, and neans on or adjacent the target to
S|nul ate retaI|atory f|re Such neans may be controlled by the corrputer to

m ss. I\/any further possibili t [ es wil | suggest themsel ves to those sk| 'l ed
in the art. 25 The mat hematical analysis given above presunmes that
e air in which the 25 projectile is fired is still, but if the range is
open air range the possibility always exists that the wind nay -he
‘, ng. The foI | ow ng rrat hemallt anal ysi s takes account of t hexsf f ect of
| FeE—Ref-e g aj-e®tory PAB,
event ual kene@€d by thsttnandducags adrdethbmrtgm aat ccfmpawtdomh theoints mat es are to be
f ou vw(/) ich-the transdl::cerlsdare actgg H:ff tv“m | y triggers the
sensor alp TR ztttdtth R RN b 1o
posstlonc@tmtohe bul en atimng period Is started e. Psrepresents
an arbit rar?/ltblthegransctyters amangeyl in 8 Straight line or if)a staggpmd ﬁatshwmfouhe target plane,

d f
is the otrf"?]fzc :Ei;fr:",tgslle ‘t?%?gml%%ﬂ'eo 8 ined i AR é‘!a‘t_FFe total time for

d h :
the si gng}imsﬁ&hel:see@lg AU Tebuit3 o be obtaihad i erreécl:sttig]ﬁ:vgl'k’ﬂgwﬁ aken for the
buld et t obqueamlmdé\ndamdd thle i noweind, akefansfdocerst dmabls hombkatemsidist reddh C from A

Let thesbe b}altleﬂ lféh%{ggfp@ctﬂeebqgeﬁt%w}n hm&@?mm mé@fetﬂﬁ@c; "SOCk wave notion
as being? ‘K g air. In tine

i nt erval agd for ML be&ggﬂ%&?i‘?@ i ?jowéi' wihdl" l&entn hi 40 moved from A
t oIR duetrapdidees esaﬁlﬁleaecu(me wsuid to hhnbtemem@r duMw:t}ammkhm expdaded to

radi us R?“ZA%‘a]i q?ntppnqnsofpoe@qnm andackneney yesiicabcompenas oldagidsnron rel at i ng

vari ous UelFog Y &rc@rgre;r@rﬁg ARl SRR db. st 45 For
exanpl e tednsdicend) enablat acourate -késults €lorlle lob@inéd NP tﬁ gokdtied| ha®f t he shock wave
452t a %én@m h@jzonta) ¢dmpoprns iof jinpidende, tahem!smovertazaidcqnmn@oordlzﬂat es of the

bul | et rﬁo eﬂéggg i dt‘ﬁl} 'ﬁ‘F t%égtﬁ“aﬁ;’ge*f"ebuln ow;'ce mgenﬁctq %ﬁ‘“’é‘ﬁeuréf‘ﬁ“on will hold for

each of tvhe & sdudels dnklsie alchrale redald %%Ethﬁedltme AWifenék | | al | ow equati on
to be sohkedv lm’rlzbrhﬂ c\tﬁpMﬁUﬂSofliﬁdﬂ%ﬂW’lSn urkdown honzontall q@npbmt ice iterative
nmethods Ak Berca 1) fheorgqlf RinpH snsducerses lesven A nd is taken
into acc %\f ; é‘&%@ §°'?i a5 pakneRh dncidenceands i nput data have
to be aval rﬁmtbersew& s@ude enseoswvbm.o@te thd WunjbeOpfataniducers O be det er m ned.
When sol inithggroipselected bp ths cemputer, m@lmlmglaha\wetbp wedby thany uatlons as
(e S s ﬁea{%t M ﬁ?’ P oncd nave
to be meds #e Bt g HEwlioRe hipPech ] th ns it is

55 In anp&rdrﬂi'ld"l&)tmmﬁlt aadite on &gm@lbcbremal meda mefite exi st ence. of

wi nd theos ee&rradmed\ode&mpmnofhcmesqunﬂnrﬂa meétg-tttﬂ@d imnd fed to the

cotbut or LHEEIGE, AUV, L N BTG R nt o dccount 1
perform ch d vith ¥hee uﬂ§ hK0 ﬂ)m tenal 113. The @MesHIRY ENI ent way of
measur i ngmetthesd\upendprs aidromthe Ewntlfmstthmsljrll ardtbusexp@Bedf f ect s of the

WI petythe jsko V Fags Wnﬂpfgﬂg;?dc as sQund enitting
R TR st

array The dﬁmugldheeﬁﬁe'rrtwe@gvlﬂhrﬁn pepeing Rl @ thespidd &y theie conputer and
emt sounmtum% tadete varyfwitigaoing emmtumhe resll Ofbhermelteenatneldn by the

L gpsductisn I e e R P A TR R o he i o

detecti o ers requlred
1, 580, 253 The transducers may detect secondary shock waves gch8ragdneiteatthel by t he

transducemCQMMPlh@s @|rmeistamp'é°@’§j¥ nt’ fStT'ilmtsmE whi ch t he
e

tr@tnsducgec" n‘:a;‘lé;gg b, @‘ﬂi " ectgyof wipd to
be nmeasu ﬁﬁv Mefeﬁ teQ §Iﬂ uMJoFl g@li%rlr He rmnl t or ed
I nst ant adensd blntk ofandmdmbscslangmaﬂenﬂa;r pthenfoutdigbsorhimgenedilim, s i s of

par t i cul mcatgg pet W“ﬁh%@%’é‘i"g 15 and thet g n in Figure 1. A shock
R

t b
5 Wth t HECHERES ﬁf&%‘é‘&@i Q‘L‘léd 4 e %%%B‘ﬁ st agger ed
fashi on r@wnm iethe dtiteQion of BAH 6!81Gmeo&b£dé’taﬁ BySthé €ra ained if one
assumes trlmtthe krensd u@m’cnd &netshmwqut merebrdiltll arly to the target and there
s no w ndo&gztea gﬁ% o, ng% SUSI SRRy obtai ned if the
prgg ecti ?r:éf |cﬁt ets 121. B‘G%o@d@ e he iSei0 Wi nd, six
transduceds;ﬁpteaabfyalaﬁmué 26as desst eIdSabbﬁ thdadinen ﬂhhastﬁm:ddngitst he projectile
has an urh?drtbvm lﬂrmradz)cmtltm"eémnmmaﬁelflpmnctﬂfe*rw@e dwn verti cal

commonen A I L TrR b CeyeNot | i L

65 SIgnals are set from the transducers 124’ to the computer 7 via a radio link 125. A 65




and for known oblique incidence and an unknown wi nd factor; and

e results to be obtained for normal incidence and an unknown w nd C
‘ 24
transducer s enabl e accurate results to_ be_ obt ai ned f or

5 wi t h 9
Al conmponent ?ecfond mazindlarkcl% ISfprtWMEg @o ermbhccom'cﬂ d:gndlf totbla@etttp dmstchhlcxer S are
[ e
staggered, t Wb sta??ﬂgétr %srt%g f{ b targets tl§at an ;a{l ahﬁmatlcaﬁ¥
ﬁysau%z

to be Obt aig hh a ri'ﬁ' atd FHa@ inated forcnighi QHhk
nt O(f ISnci denceFiguads 28 AKNDATe VIOW'E:he&& of ¢RNWO B@fputing procesiés d&ﬁcribﬂd:l dence

and re is no w ratoveseven transducers enable accurate results - to be
obt a dif the projectile has an unknown I nci dence and there IS no w nd,
ei gh#’} ransducers ena *é‘\"é(‘,"fﬁ,u be ob g gcti le
has -

lnown hori zon p% ag rwtmoami aug@fo{.ﬁmgwe t{ﬂec?org 0

corrpon nt 2510 Q mbd’hﬁi mﬁa ;! ﬁneerse‘olﬁmlom Patedvddiud eritamummorand

ni ne .tyanhsducers enrdds| ef Sazﬁpaé@mm #re%u#aclso <béfa0 girn agingiadepted to
projectile has unkit goa 9‘711 J&’o‘t E’g V&mg,f e The
nunber.s of transduciaraﬁs iét@ &8t §i h@ra QF thef trirrs&rts ue.ers inis
t he group sel Bct ed nbynstdaleptemmﬂcara;e annl shudm c!aly arad fsomtietlogrtionscafdhesed by

t he” 30 conput érangduenss txage g esaidt F@ﬂmﬂmrﬂsls?- tnfoamwbér’g“mm& te
posi tion of a proj é’@iec'l° ‘f‘%p'if’éecff I ‘E‘ ur at e

specified set of cogdil] mglpargl‘:gﬁc g‘gfgg tfanﬁ‘h‘yérﬁﬁfeegf’%f‘gd th
on 11

occasions it 13sAphsasitallc &rEﬁg re0didl Qlaﬁrﬁ am mehSramddacesstaagger e
| i near arr ardamehto b©rmoystedf s that swétillgd( whvembopitgen litebidy on aheducer s

inTe fashion is ‘T"I“f%‘ }’F E0ud Reordee ¢ Ei %B Labsdusers are
e

mounted wi t hin appregaiiaaig fﬁf&"s £60 2 2Be T shAYels g oblhe e pigfmfg.éne Pagrimanel | o

corrprl sing a Zentral 1si gh dp]&iﬂaei aaabrdhgttalclailxﬂz whaeeirf ea:&shsofhay\,hldtakne&r ef

provi ded with sheetagp m@tﬂynijmabglb terl aI %eé (dores 65 of the
transducers protr uq ok n t&m’ W&% & Yuhrasin I“Pel P é’f‘Fd° &h d5%is
exposed to the shoc waxea ppa @urceaﬂl a.g oneametpmaﬁdyaﬂhswe@rnoemded 30

with a radial3y 40 transducemomndsen mém ef fidid nvdmrmhfqrsraadla Edalﬂ?lrlwnt act
the rear. surface ofhhe* % Ppgi‘IeltF" 7, e %} eTotc Wy e R wil: ‘t:ts;:
transducers. The aggﬁ;ﬂk 'ff(T &af 1 gg(?ﬂ?aav'lnglalcgca cfao R fq i'ng theé
apertures with an appmBofi aﬁa&tqslagcordlﬁgﬁohanﬁpamrangsdiemaﬂofhgdapeaﬁhm es 35
tends to vary35vv|thh¢alr- hg erature as, a result of thermal ex relasgés;on
reans may be’provi g Eﬁg RS et T

mo MRest

conpensating 45 eleclrﬂ: ot R mmg duBvec
| ong as desired, antammalsaccdmnadatigeo &veaareswmeétecamsaidcemmgsa&erbmwfr ed 40

The transducet® rra;ﬁa'dg@’gfphswbﬁ'dﬁ!b

proj ecti | e i npi ngesyg ,a@.stigﬁﬁ%&q?y gﬁé’&%@ﬁ %ﬁ?n%?&.@ﬁctﬂ tcrrgﬁgﬁgaé The

ti m ng devices, conputer, una | st1 ngui sh et ween
such 50 secondar lshompamaweecorcamommeommc mmémgtlhms vwheesingeagkr at eds

ly by #h fropated o g igidstau QFéF%" H%%
1 Shpperng e iy L R L

or -ajeker, sound absorblmgAma didtus ha@omlingCto uiimele ivhiefeen saﬁaledﬁueed&omdgthe

target' 116 as shomﬂnatrrlqtlc PreSCSlclosqurh eﬂym@etfpmel ling in th di rection30
of arrow 117 ha epel A8 AN IS e fgg ¢§°bv the
transducers, but asg zM@lViheQFﬁi Bei bgesn@glyf n said
travelling in the chpleem:s Ore pn’nelamrmvpr&ﬁ&dvmtﬁ mm’s fdueabdna'bmgb veshe
transducers. 'élj'gus tg e@&sgcw@nstﬁ '%Hhﬂ sy pans °r‘i?ﬂﬂ§

Figure 22 illestrat @eéﬂ@'ﬁgr s°’ gﬁcﬂﬁ,,{? lgﬁ“%f.g. %{F%Bus in
accordance with thqpred%\/@mtnle@rhre ea& etO re rsmas ShiL @if6rmbtibn abRcermin@iseid bel ow
and 60 i n frontajegforpissthe p@sﬁtlcmtdtthe:trajemgetrsldti\zlto sil‘ldeaeettarramsducers 120

are connected fo the ‘tB ) ?ﬂ?ﬂb‘f‘ér“@'ﬁ'yg&"F'%iﬁ‘d”l"Yhﬁ@"?LQE“'%’r‘é 'Sdegeﬁﬁddéda'above 60
I'n addition t8 the %t i

tar ets 12 there| a ra i 0. contr ar get
Che Fying 2011 of opeplal KLAREN s {”ﬁ‘j’g bipr f? %L“ﬁ track
124. The trolley 122 ne(a.rcsﬁses a target s ar present t|on
A set of transducers 124' are nounted on the trolley and 65 SI gnal s
are set fromthe transducers 124' to the conputer 7 via a radio link 125. A
65 19 1, 580, 253

19 second radio link 126 is provided to enable control signals to be set to
the trphl ey, 123. Many ot her ranges may be designed which utilise the

. {i nviention, such ranges having static or trolley nounted targets,
targeﬁs that can fall automatically when hit and targets that are
espechally | lumi nated for night time shooting.

L




5 Figures 23 and 24 are flow charts of the two conputing processes
descrl bed 5 above WHAT WE CLAI MIS:- 1. An apparatus for determ ning

thr ough a pr edet erm ned ar ea, sal d appar at us 10 10 conpri sing at

| east three transducers to be |ocated spaced adjacent a commpn edge of -said
predeterm ned area, each of. said transducers being adapted to provi @
output signal in response to an airborne shock wave inpinging on th

transdu&er and generat ed by the supgaqroszgpl C proj ect| | e, means to npasure the

tinme d

o - ra(il i.lTIC Ottt PAES d ST gllal %gcnél aL%U E\jidgirllg(ﬂ Ejy q
transducers 10 rovi vy om said tine
del ays and f?ﬁﬁ'ﬁﬁ%ﬁéﬁﬁisﬁﬁé ah ,ﬁneta‘f 1&1:;2% r% : PaiRbHhat ﬂyd conmmon edge,

the i nfor matwkea mtomaﬁrgumg,at A eepea;a&pnmmmamﬂ fbx’rmglpam;lstt tipgoj ectile. 2. An
appar atls accorlaslngi B@nd Phareflpw whastseof ﬁwttwecwmwgaa@e?sgesg;%"?%‘cat ed Aadj acent
the Mower si¥®edge of said predeterni ned area. 20 20
3.. An appar at us claiml or claim2 wherein the transducers are
adapted to be ’%%qu&raﬁgj%oﬁnﬁﬁin intbYRatfon\@¥erhiiPine @R cidtiésutal y on the
transducers.g, frrso ediled {pdSing@ Chfvugh Ny prale@myinedn ereaf sztmeappirretesedl nglel ai ns
wher ei n0 eacirosariging ztamdthmrtrammpw t;ebe ’acgmttpaeqd d‘:g
pi'ezo- el ect radge, éqﬁgg iP. determlggi a, each of sai %1 gao@.g,gordl ng to

ran
cl ai m 4 \Ahef"éfﬁdu%?r'é’é‘é"é'én%éﬁa‘“ oo a';:"*::;zz?lr:aww papgoneo 02

S

m

An appar at usdefuy€ BEtoEdi0the ougd uaslgiaells guneﬁted/rhereapmo namleef&fa"éach ditxsc
shaped lﬁrenbemeansa@myslttfamlwéﬂ delays andfi ?“fggg rd| ng to any
the f
one of the p‘F g" ®h 35'% ransducer conprises a
aje or o he
menber of ri gt Jfor ..cga{asml&.tﬂ wﬂera@m @ngafesreewsb@&éa wave to a

pi ezo- el ectr jGaciR %l%w‘eﬂm dédﬁb%ﬂﬁ&i&gkdw: fnfinddheeadbase of the sai d neober,
sai d mefber of 3.iAniagparstieaccarding s claig lborotaing @ wherginfthe ansdysess @t t o t he shock

wave. 8. An agggﬁépu@ meswed)sy ghat said| shopk ways dpeinges direely @0 il% of rigid

material is DEIThidaRNE bhyCéte-of the pPiteARPAkIRL WhersiaGaddi Ng to claim
S wherein eagh trmmﬁgﬁgé’ﬁprm%smsfa ;%meepﬁ? Sbgé)mlemwinazrmg mat e2$ al

havi ng 24 r ecesss.tAn ﬁm@@mwt@natoml%m dosheprim gash disc g a diamsisf 85 | al  havi ng
conducti ve ngﬁ%e d ngPJ’%S.% gﬁf@ﬁer&ngﬁee@hmaahawel S

acconmodat i ng,, Hmparaus accor fRalif 0 sal atings, the base of 40
40 sai d hemAnsdppgatus commmeuan ene tleqmnedadg tlamtslwe ineceach el ecﬁ@u c

O 0, Rt ey e By fﬁ?ﬁ%}
i nsul at i ng mguz Lo embfs fgﬁ@a "ﬁgl'ﬁaﬂ G Rvelsurdibe Glithld foGRE | V. conduct i ng
material to abved Far acﬁay r% apparatus according to any one of
t he precedi ng cs. a&nrwpmsmordsamlama ‘whErein said meaberhi cigid maéF"ﬁb’Unt ed3dn a

\g

rigid s¥ruct f@'spl"ﬁe‘a‘tr nsduc(e ecllnlg;l5 unt ed h'?ra wERRER sg@,(;ely shaped

em

bl ock of ac OH‘I%Fn g‘p& { Emte%ﬁﬁ{}i L rec d?ﬁko Rlakcof megaed o
ot her wi se segMétge maRriaimavihg @nductivé Uﬁ hps On th]: Ewo dpposep fezesthersofasd or dl ng to
cl ai m 11 wheckinnelszicommodatiog vqndutéwewemc glcmé &*EEOQSWESQF‘F?@% of| osedVcel |

S i-spherical member bemg sec the piezo-e
pol yet H‘?l ene #'Q)éi—ﬂ'l aratus accordmi %laxm 9 wherein the 13. An

of msulatmg
appar at US ac gfaferhl isubiau el bpltectd ofch elithcd Iy CondiQtingealetianob&@s s r ansducer s
are nount ed iFaradgeCdgar es f or rred at redet erm ned Iocatlons in a sup?ort

panel . the tranéHﬂ@éPBafﬁéﬁf%O'dmagh g:dg'ﬁgr‘ %”g@g%ﬁﬁg in s&
sperturks, L HEREMTES TS, e T shadhock veves.
]

14. An appar Hn%ecﬁst&h lséc@r taltliB heen sai d panel conprises a sheet
55 55 of mi2.aAn gppahatiseeirdinpto slaumil ubgenbalﬁgcmtl‘eﬁ‘?caw‘@écur eg to the

faces thereofmlt i compr e crdl pobyethwlens, fpa one ecedPh
oo pncor e TSI T PO Tooay o0 6l pece

i nformation @Wﬂrﬁahﬂgthsaiaﬁkdtndfe@q m:tgodl ensibnéchm qsnmugly @ngaeid inls@dtraj ectory
relative to smruftsat elandrbe'ag p&ﬂ@lde Wlt nusa?gair 0 W%‘;G:heeltal m ig
wher ei nﬁﬁa tar QEtl EFP@;} te secured fo ﬁggceét'h 17.

appar at s accof u@ &b camag\aalh@r’whabmmbl ng shock

waves or sourwedle&rdu@aatamd bed mgn mal; iagd daltlan ation emcemingrsgidt area and
sai d tr ansdudrajestory is the position of the trajectory relative to sald target area.
16. An apparatus according to claim 15 wherein a target is provided in said 60

60 target area.

17. An apparatus according to claim 15 or 16 wherein means for absorbing
shock waves or sound is located between a rigid target in sald target area and sald

transducers. g
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19 second radio link 126 is provrded to enable contr ol srgnals to be set to
t he ; _ -

pr esent invention, such ranges havrng statrc or troIIey nounted targets,

targets t can fall automatically when hit and targets that are

especi | lum nated for night time shooting. 5 . " Figures 23 and
24 are charts of the two conputing processes described 5 above. WHAT
VE CLAI 5 1. An apparatus for det qrsrgbﬁg3ng i nf or rratlon conoler ni ng %hev
trajectorleSm a-s TSUnTCproecttte aaann LIIIUu H—a—predeter

area, said apparat u!sém

| ateansa prov1 lo:.::ltufsora:im i mg‘g} ?%w ﬁ?égfﬂ ﬁ ¢ Eﬂ}ters to be
ocat ed spaced a € ,l@P 3 éﬁ él@mé:é . each of

sai d transducer Scdi)ﬁ[hrfsglnﬁl phﬂdylﬁg)mwnoumdiﬁthadahmmt:cpnﬁarm h dnly ﬂaessponse to
an ai rborne5shocklg \}TeVl!‘ mohmtn m yaissducer and generated by thé
super soni ¢ pr o] e ato ji @ﬁr‘fc r'ﬂ? lf‘l‘tgleﬁ"é“ ﬂ‘él°&‘}’§‘ Hehsgbesshaldhe out put
si gnal s gener at e rat @c [n¥ l9a&d20 WBert® the thFE'.;'r'l{’bndS adapt ed
to cal cul ate frommmtokmradjastdﬁda s and fromthe | ocations of the
transducer 4%ad; ace%p %auaag%%ﬂ ifé@g@ anytpae pihe preegdingrlaimsetereid foyr t he 10
trajectory of th& claiml
wherein the t ran&d.uawess e gr vrse@,t egﬁg(ﬁgaaggrbnggﬁ% Osus tg?ﬁ‘gﬂk‘%gg%of sai d '
predet er m qu area.24. An apparatus accordmg to2€nhy2¢he of claims 13to 2h whpmear 9t us

accordi ng to cl at’?rﬁ‘sfu‘iffs e gl[a us acco T ei, N thentrtar]sduﬁetr? ar.e adg%t ed tddbe
mounted so that §aidiahol rrg FELaMPe 19ME A P WL & Rrs. 4. An
appar at us accor di ng2é. O\nampaﬁne araéoranhg tPBAC 6 BYclaim3i INB Nhahaein egdch sai d

t ransducer gorrprtrseduwsohrsomsh eolr rrertrbear of % cr ezo- el ezctrrrc material . 25
25 trg&ﬁgr’e}{s’[ﬁ? Bt dicer Aige 9, apY Qrenof climsy bitt 2b Abpreis wipe has A

di aneter of appr OXI JRkalaY £atm&5rdln§$§anﬁone%@tlﬁﬁi?&'&@ihé‘@laﬂﬁ%&@lnqgc to claim
4 or 5 vvherel n then iuan;earone vsc shaped nenber is substantially

verti cal msppa@éorm cS° any oanef ghimshd for 2o whiireig the ai rrs

wherei n eadh 3o ﬁﬁ&i’&%ﬁ%@ ﬁﬁ iR, 1630 AR RSl ALl eri df for
transmitting sai theated Mpidem onbe herrauaetbangorwaeﬁsao urce.@r @fdetn firm
contact with t hetltya&eetcn‘reas,hbe md @lmrbnbemparsamdg ndapbdrto odlect slgnadt frrart eri al

having a cagvex a\l;e € rateglg asugas(?)q :ﬁg‘l}&n g:?ﬁ eas 30
according to cl ai ig)ﬁh‘i ﬁ'rdylu%%(ddl {Mm wﬁ rafnageréfd ﬂa al ear?&)v 35

hem - spheri cal . Sftraﬁtsdta:p:par atus according to claimb5 erer n each
transducer conpri se¥. Anrppdsals ascordingite slaimi wiepreimsaid arady ihtia stageered ecess to

accomodat gga di §8° f l, oat i;ugs
accomodat gga df S mﬁ;% game SR GHL o thgé JeBfof ORSHCLNB £ 00t
W res connected sngnasa)ydemhatrarngsqertm xams 6ir subkeqdéntly trarsﬁenﬁhg sald

hem - spheri cal {n@ewﬁccg@@w ?nsgrtyn@g]@r:lqg 8 a5 ¢ di sc. . .
apparat us agcor digg i B pt‘ﬁ% E&t f&ﬁi&ét{’ﬁ&?&t er '4§' s
surrounded by a \ee\bgz déiérnfieqC transd el‘sy 6O NébURts | 1BredBInC kHedlcodrPeraiCt

Far aday Cage. I1subMuap§ya:rean’gutanswmdrtd|saﬁ|§cbmpra one of the precedl ng cl ai ns

wher ei n each . 45prov?dse£ ¥ dlgrpovr g{:‘(gggglvqg%? na senfa lve c]!qc srgnwe fnst OP the
transducer ggei nggHRUR ééi dr) prvided 14 YRRyt e % thé%l%ki@t IC 45
de- coupl i ng mat esigml geneheorht teknshat thgt b arghatcedies ﬁ)h m)ﬁanssomted to fhe
rigid structure. trimdducln mep tamrgsdqldeoromdn Slgrtjll mﬂlaatmebf caghlatchi meagaii d
acoustic decoupl 1 r%‘!?{éﬁﬁ l§ g

t e TE PRI IEChS {i‘ba
50 50 50 13fro Raid BB 4 lascoa aerﬁlthay a"s a"’ '°‘" SrPls abledb Beeopt the 10 s
wherei n the tranmthtmatich. are nounted in apertures forrred at predeterm ned

| ocations in a su tAnpapparatus fapgordingy d me 33, Hetr majpuralily o6 be
snugly engaged |§fp§& P‘Eeusraégpmf”ﬁé %ﬁ%egl’ éﬁeﬁér}%?%t}qq%%h% "’h‘gans for
absor bi ng ssock wa ardik a@&ﬁ&h@tdaa.aos%@temathogrsdpadftmaasauwfsarel n sgai d

panel conprises assodmetwntISBnéSEank of tapgetsret al wrth sheets of sound absorbr ng
mat eri al secured to33t He fnpamlustageqrdipg to amy 0‘}!&1&@ Eg%) to any
l

one of the preceffdf; fqghés'i“ em%i" "fﬁ:lﬁgﬂi{ ag émg ar get
area, and said lnerar turr@rth POMIRA bf APr&edtill frém etk (Qrs}{ldlg%ufphﬁf fgnalst | on ¢of
the trajectory rel ai% v appasaarsohct: getto ataea 381v61ereAnsaqbpalmaatum maoording to

cl ai m 15 wher ei nc%{“ﬁfé?sg;‘bt”e
0. A apparat S accor
computer is adapted to control the display of information on a visual display unit,

65  and wherein a television camera is provided to generate a display signal from a 65

ing to any one of ganms 33 to 39 wherein said



60 target area. 17. An apparatus according to claim15 or 16 wherein
means for absorbing shock waves or sound is |ocated between a rigid target
in s .

1, 580, 253 - 20 18. An apparatus
accordlng to any one of the precedlng cl ai ms wherein neans are provided for
anplifying the signal produced by each transducer. 19. An appar at us
according to claim 18 wherein said anplifying neans conprise initial
armpl i fytng geans and a threshol d conpafﬁmgggmhlch only passes 5

signal s ha or . w o

5 20. An appar at {f§; dr“f‘éga rﬁpﬁ i i!%% e,?zm'r. IR o
threshol d conpar @éphyed,and fvere e.ans I mé‘lﬂﬂlz alima@rs.gnarlatm appar.at us
accordi ng to cl anmmn.‘LQ or 20 wherein the threshold conparat or |s adJ ust abl e.

10 322, An atu greagsiare Mg clarns
wher ein four 1@;, 'ﬁ"{dh@g” ?}f@:ﬁkﬁgm Xﬁ?{ ugfé?" be’ a{""e Ql’dl ng to

any ome of cl ai rraookdmaoes&ah oetdmafewahe positiod lbﬁthb$r@dcﬁlep§0al¢ by24. An

appar at us accor dfhn Omg\ltem one of clainms | to 21 wherein six 15 _
t Pg_n sducer® are g p%aratus according to any one of claims 33 to 41 wherem sand 10

15 25, An appar aﬁ k'ﬁpoﬁ lsaiprowded with vcans for &xmturg ou}ﬁgt ?at? péxfcw e[}a L ceven

transducers are prodi dedppa%us a&emdxp &y @iy wle atthe pricating deimnyhoeetief cl ai ns |
to 21 wher fg n ei tcijdlilcF ré@teéréf £Rjva &E:g_;‘ edge of abtafget arggy and\@reg ppar at us
according to anyg ing Dot 5Y meaRs Wich fanpgy be penetratedby said, L jeer s

are provided. 28 &Iﬂ%b&hﬂd& a@QfdHigdionNdain01636tYang Nfif fdepdiedttRzesh Ng claims
wherei n the tranwbercesad &arget isrprevided iwdthrmeags/o nte tmrtaraprfmt cancedeior ding to =

0sigion o, a yisi a ceyvprsa.
any one of CF | ai n8 22% t}&l %Bpam,gfoﬁdlg‘gh o ?«?; one; of tLe %pe%e ggeglgzglé rleﬂn t WO 20
0

staggered Tows. means are provided for illuminating a target rovndeid at said target ar
appar at us accor dshagtidglto be dbofidutfed \after ®rkl @ pl ura target ar eas are

| ocat.ed adj acent omMé. Aneprreatys alctmdleg blsm noofehapne mefclaimsafftschmmds | ocat ed

under the jarget !raleere 53 wa ato sgLect
signal s f r%m i heprede%erm’ gnecmrac sQE&"m tt'ae g):sxtron Ee ;r et% bﬁ%ﬁ?ﬁ%%ﬂ & SRqns %k
detection of a sheodonﬁs@ed to said\eal@laneg) eveaiseda B\radio aulpemsmmrpam;rebt [ I e

fired at one of el ararquersed wasaid tmneyﬁ%@fﬁ:}% nkappar at us .accar.dj ng to

clai m 30 wher ei ng g e d#é‘c mgf‘?“ %nggég%g d&gr:gogwg&ﬁ dsprovid

appar at us accor dl onclzﬁﬂh(ﬂ vilefeR) a Ipﬁ:rilw)ofsthfggﬁafded r ows of
t ransducers. 35 provrded and s 3computarisnmvduedsnthmemrsdcnrrdgphymganhyccmdeloo'bf the

precetjl ng cl ai s €358 35 rrean st orin '

| nf or mat i oy conc 01{? 5“@@?"@: Wllffe"b @f"gﬁ"%"t?%‘é@ﬁe #135
transducer, and in Mbﬁ&q Yoh aftlhe ekcedlhgclhiftk G/hRid On to a
conput er const i tumnagremmﬂedédrcdbtattmagle et of wnadspemasglfnnmomﬂa@ordr ng to
Cl al m 33 \Nher el g'ans ucers t(teo e&%‘g?f gf ?WIE?S CCP[J;'O ?%?la'pl;legalced st arted
and stoppeg i n rHeBaSeh &é?‘ﬁ%ona@ﬁ% Al e R T ©
predet er mi ned transsha@arapparitbesubstaiitiaBy Sstlﬂdi'ﬂﬁi desanlieldevxmcrumieﬂeﬂoaubsequent |y
bei ng transf erredluittﬁt@amd’l utoek: 6, 'B@d Nto Bogf dhaacggmpanyineg dravdn 8§o claim 33

wherein a cl ock pe\ ﬂ‘f’s‘f ?‘E@dfsglyfmlddg gg%; g signals
repr esent afsi ve o ccghr,gg,@ g,,,ﬁ sta 'd o es are pr ousded
adapted to store th#t. aingamh rsﬂfsahﬁmrylayhérbm dedcribdd with rc%ﬁense:grvaﬂ agiener at or
at the instant t Hgﬁtf#?ﬁ’eml r‘EPF ré‘térﬁlésané StoglRats medifiadcy Eigwe S oftthel
transducer, meanS*aBEURTBIHEN o, aflafly L ﬁé?ﬁ@éd LA b spaCh

| atchy neass ar eilpsteitd 1§lﬁcstlrﬂﬂ ab 18|ogtha c Rodawingd. ch and neans
provi di ng a signal Mndncpparetes abstaitally kebear¢in riqscab Withaelereapitorapdas ar e
provi ded for traggft@r“‘rq i djigareg hands! 349 18 as modified by Kigyrg 19 pfftheaccompagyipg nput er
membry when the a@dugesrbaaaﬁﬁgeeé hérblf describedWth rfeRnBPLol 3B as 36. AN
appar at us ssccor dilmgrattai if @umr @ 1334 19ds neodifisll By Eigiire 20 pff the dtkorhpangihg gr odps of
transducers are graingged, each group ber ng associ ated with one of said

* c L L] S *



storing neans. 55 37. An apparatus according to claim36 wherein
each group of transducers is 55 associated with one bank of targets. 38.
An apparatus according to any one of clainms 33 to 37 wherein said conputer
conprises neans for storing information signals fed to the conputer to

sel ect__groups of signals likely to be derived froma single shock wave, and

neang” 68 for calculating the position of a projectile fromeach of
sai d gpups of signals. 60 39. An apparatus according to claim38 wherein
sai A\ca/ cul ati ng nmeans conpri ses afﬁre-progranned devi ce. 40. An appawt us
accor didgto any one of clainms 33 b80&Y wherein said computer s Bdapted to
control the di sl Ay apfardtif sabstmitiaifyas Marein describall wilh S¢Ttrayceltd aid as65 and
wherein a teglgst/{iasﬁanFlngnselr@dilétoriB@vmd@ﬁedby Rigynellaf theacaimppiying si gnal from a
rawings. i i
65 21 59.g n apparatus subséant'aly asﬁile einﬁ?escr'b%d aﬁg ’re%?r%nc\élé gle s Mege of a
target and npaaic el Figorby OMETSEh 189s ASAIRE by Ve 2 db tHclabmpRtyidgh€ { % et

i mage corresqrawidgng to the cal cul ated position of a projectile is be™hg

di spl ayed, and for inverti rf'% I e f; g'éfyi ng the display signal at
that instant. 5 41. %ﬁgﬁ @Eﬁdﬁt%g‘z rding to claim40 wherein
means are provided for 5 eﬁ:g{rg;té}lmsffhe’ coordi nates of the point of
the visual imge bei ng scannedB{mnds GeeehRoadi si on canera at any instant,
means are provi ded for conparinfotdeede12E¥r di nates with the coordinates of
the position of the projectile agGAksdLated by the conputer. 10

42. An apparatus according to aag/EénendStreed,ai N6 33 to 41 wherein said 10
conputer is also provided w t hBimighani 88 2pPi nti ng out put data or punching
paper with output data. 43. An cording to any one of the
precedi ng cl ai n8 wherein theé%ggagga&}g%%@ﬁ%@gal | | ocated adjacent a | ower
edge of a target area and are 1Glasgow GeaDteal ed fromthe firing point by
means whi ch cannot be penet r &gewis foy theaApplicaBs. pr oj ecti | es. 44. An appar at us
according to clmikd fdGieDrajaipy sidtibrddy BICECRARABNHE: FrdClaRkonbial g Sai d target is
provided with nidftaed oThaaat Qe 2t Seutbampion Buldiies Lastop it dAY-fosi tion to a
visible position and vice versa. 0 "45. An apparatus according to
any one, of the preceding clainms wherein 20 means are provided for
illumnating a target provided at said target area to permt shooting to be
conducted after dark. 46. An apparatus according to any one of the *
precedi ng clains wherein said transducers and a target are nounted on a
trol'l ey which can nove along a 25 predeterm ned track to permt the
position of the target to be adjusted. 25 47. An apparatus according<to
claim 46 wherein signals fromsaid transducers are conveyed to said

cal culating nmeans via a radio link, and wherein control signals are
converged to said trolley via a radio |link. 48. An apparatus according to
cl ai m 44 wherein a conputer is provided 30 adjusted to control and
nonitor nmovenents of said targets. 30 49. An apparatus
according to claim48 wherein-a plurality of targets are provided and said
conputer is provided with neans for displaying the condition of each said
target. 50. An apparatus according to claim44 wherein radio control neans
are 35 provided to control novenent of said target.. '

35 51. An apparatus according to any one of the preceding clains wherein
means are provided for calculating the effect of wind speed said neans
conprising a controllable source of sound waves of a frequency detectable
by the transducers, and nmeans to calculate the effect of wind speed from

signals received 40 by said transducers from said source of sound
waves. 40 52. An apparatus substantially as herein
described with reference to and as illustrated in Figures | to 4, 6, 7 and
9 to 12 of the acconpanying draw ngs. 53. An apparatus substantially as °
herein described with reference to and as illustrated in Figures | to 4, 6,
7, and 9 to 12 as nodified by Figure 5 of the 45 acconpanyi ng

dr awi ngs. 45
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54. An apparatus substantially as herein described with reference to and as
illustrated in Figures | to 4, 6, 7 and 9 to 12 as nodified by Figure 8 of
t he acconpanyi ng draw ngs. 55. An apparatus substantially as herein

described with reference to and as 50 illustrated in Figures | and 13
to 18 of the acconpanying draw ngs. 50 56. An apparat us
substantially as herein described with reference to and as illustrated in

Figures | and 13 to 18 as nodified by Figure 19 of the acconpanying

drawi ngs. 57. An apparatus substantially as herein described with reference

to and as 55 illustrated in Figures 1 and 13 to 18 as nodified by
Figure 20 of the acconpanying 55 drawings. 11111111 111111 111111111111111
22 1, 580, 253

22 58. An apparatus substantially as herein described with reference to and
as illustrated in Figures | and 13 to 18 as nodified by Figure 21 of the
acconpanyi ng drawi ngs. 59. An apparatus substantially as herein described
with reference to and as 5 illustrated in Figures | and 13 to 18 as
nmodi fi ed by Figure 22 of the acconpanying 5 draw ngs. FORRESTER,
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