- 1 - DESCRI PTI ON Apparatus and net hod for neasurenent of the muzzle
velocity of a projectile or the like 5 DE 697 09 291 T2 (EP O 840 087
Bl) discloses neans for controlling the initial velocity of a
projectile. A sensor neans is therefore provided which can neasure a
paraneter related to the nuzzle vel oci‘t%/" This is done 10 with the

aid of the sensors which are fitte in or to the weapon
barrel and can record a hi gher pregs%{"‘%&fﬁcﬁ%e weapon barrel which
occurs as a result of the heating of the propellant gases adjacent to

the weapon barr abpaShtakNaf@Usdhed T RRASANeASHECHE W wlARd are
adapted such that they ke, contact with the weapon barrel. In this

case, the strain on t hESIREHEH Hark ar°i3§cﬁéé§u9€dth°(h3eﬂ$ﬂ)verrent and

thereforesthe velocity of the projectile are determ ned fromthe time

difference bajean bBebedhst [@H BNaph 4O2 RI0JEELL & 20 pas5208, DY

t he two individual sensors Spénses entlrely
with direct meadFcdrdne ofhe hénéEF@bntveﬁf@Ethé' vef oei tgroidatdd et-hed

actual nuzzl earloeci Inie)énlss l@ett@lrelﬂeli@@ebbrbﬂﬁ_géﬂa%hﬂah 28ahehahinget @

the current eed fli f th rojectile, _that is_1p sa
cal cul at ed bipak A or%rtﬁ E'f’ﬁ Epgeﬁ{" ﬁ%‘fzf"sl?gf%lt@hf% ’f%eﬂmﬁ%ed
to correéf thwthr ddest alniwfittl@%n sémeofprwhheh i arei &itoad taeledst he

pr ojectile, wihotheeai tEjn@f w@a?@fi’-n%ﬁrge§o e{ﬂgzl:gnv‘%]e%%kﬁy’a aﬂg?ﬁgfs
is used as the current, fuze setting.tinme, A mcrowave transmt

preferably i RHEFEYERz 1Pal§e, WeépﬁgeHaFﬁe%r WHiGRt OFRVES | AF oR NEEFBRC L 0
the projectilod, tded Heeansg tof tthe guopedfahtzeasetst afigacaht ctoi She

defined for %%égghekg%f%fjr§%f§¥$'§§ugé§)§ggaproposed as sensors,
15 and are adapted such that they make contact with the

weapon barrel. In this case, the strain on the weapon

barrel is measured. The movement and therefore the

velocity of the projectile are determined from the time

difference between the registration of the projectile

20 passage by the two individual sensors.

DE 10 2005 024 179 Al dispenses entirely with direct
measurement of the current muzzle wvelocity, since the
actual muzzle velocity is determined by information
25 relating to the current speed of flight of the
projectile, that is to say it i1s calculated back from
this. This current muzzle velocity is then used to
correct the preset initiation time for the initiation
time of the projectile, with the aid of a standard
30 muzzle velocity, and this is used as the current fuze
setting time. A microwave transmitter, preferably in
the GHz range, is used to transmit this information to
the projectile, and transmits the current fuze setting,
which is defined for example by a fire control, to the

35 munition or a projectile.



35 nunition or a projectile. - 2 - Afurther nmethod is to operate
the barrel as a round wavegui de and to neasure the Doppler velocity
of the projectile in the barrel, as disclosed in EP 0 023 365 A2. In
this case, the frequency of the 5 sign is higher than the cut-off
frequency for the relevant wavegui de node. The el ectromagneti C wave

whi ch bui | ds AP ﬁﬁtﬁél_l Sm&?ﬁ@d pigp%gangj%ratet h:%ebab [ erlielanéjs a roufxer

refl ected by the projecti Furt her hi's Tesu a Dopp
frequency shifavedmtideh angd depergaruren thige DAPHLest anekowidys Bl bbet y.

DE 2% 1; 949lp%3¢%&qmebes ian aptDAé ancgafas1 ) mﬁﬁasaéerrteﬁaseioygéogl thes
in the barre troma waves, er ei e wave e
wavel engt h of éjﬁjle%%gr bg% ‘%g ng tglﬁs FSfeastie eﬁﬁgnﬁi‘ﬂv nFhe
change of 5a prigiredtii® ihnghhe pbdvarel thé\ toanelitt tereqaredcy rieoei vhag
detector are fdlevhics wRAYERASEe aﬁ&&é‘geﬂh@teié&ﬁﬁ%n@tﬂca%ggef {«8%{%“6

barr el In this _case, the projectile is used as a reflector for
el ect rorragnettiucll\ﬁa"’v iR 2"61 ot RAIOPG I8y Rt i AP PBFEPbnaBR &S
horn enmitter nenilfeicﬂ:teddktyottrfeeﬂmjreeitlrmzzlmmﬁem‘mbter iRiar rapgeds

obl i quel y I nLhe, Rplact kﬁegfswﬁl@@d ARRAORY A Behadal! g5t splhe

waves comni ng rectangu hof'n™ €m arr et
wavegui dé0 Wa\}é’lséﬁ@ttF’}HSPUQSV? Bafrel is defined such that, in a
special trial, a mrror for the el ectromagnetic waves is shifted

slowy in a e npe the.barrel, instead of the ecti
t hus recordi g\%f tzﬁeqarg'tggn%‘le QSF\A&%‘E?\A%%&QP ang§ Eﬁﬁsﬂﬁeg‘ ]ﬁ?me%ﬁ EP
0 331 670 Al ofi soledsoedtacaet hod bnd abatendlce Yimaetedremitmonggnat ee nal

bal I'i stic chypeler ldreivardabl s ddhilddb e, NRAaRaRsEn Wier ehd Blyrel

el ectro net.i c vaye is inj ected via way egui de junction which is
provi ded g is measure o e movement change of a

projectile in the barrel. A transmitter and a receiving
detector are for this purpose arranged at the same
distance from the barrel. In this case, the projectile
is used as a reflector for the electromagnetic waves. A
20 rotationally symmetrical version of a horn emitter is
fitted to the barrel muzzle. A mirror is arranged
obliquely in the projectile direction and appropriately
deflects the waves coming from the rectangular horn
emitter into the barrel. The waveguide wavelength of
25 the barrel is defined such that, in a special trial, a
mirror for the electromagnetic waves is shifted slowly
in a defined manner in the barrel, instead of the
projectile, thus recording the distance between two
maxima, by measurement.
30
EP 0 331 670 Al discloses a method and a device for
determining internal ballistic characteristic variables
in tube weapons, wherein an electromagnetic wave is
injected via a waveguide junction which is provided at
35 the side on the weapon barrel, and is output again
after reflection on the projectile in the weapon
barrel, thus allowing significant measurements even

with a live round. This is based on the fundamental



35 the side on the weapon barrel, and is output again after
reflection on the projectile in the weapon barrel, thus allow ng
significant neasurenents even with a live round. This is based on the
fundanmental - 3 - idea of emtting at |least half of the energy of

t he el ectromagneti c waves out of the nmuzzle of the weapon barrel,

instead of injecti LS.kpt i recti f _th rojectile._In
order to inj erucfecat h‘ggwtg\t/yelgfh{}ﬂegg girereasg s%&lf 3%d%§1%e J§IELJ(:"p)p(':fyi e%lft Bhfahe
weapon bar r elelgictgorpgast iewyayesntost i cihareusebar af edher orrons

anot her, on tlc_taﬁﬁ\fe@/,e@litﬂgi,%ajcvn&ﬂt Ihp:mjde@_smt@ rtﬁ'ﬁl»%tixﬁf cuhi _@Hr{a!ﬂl@i&@y@f
conmponent s 1.C ropagate | e_direction o e projec e are
Sa0Bd and compEn TR eE LEne ThaOENhi £R 0 9 ot B tHESEAPES t o
di rectionb Thasulss eqdertrey pubbilshédbE 1lfe 20806 Db3Z7%12 apr epodessthat
the weapon barfelpQinthe LRUACH DR 1&l,-300Lar MRt Sopd 5&8%15%15,2' En

brake be used_as a wavequi de 15 (a waveguide iS a tube wt
char act eri st i ¢ e ONHIC S Epe Athit e dist a Ykr yhhfiyhile wave
el ectrical | y wonduehicge maldh |propaghceul i, thect angatalomnd s ound

wavegui des ar. . heal i Mol r ich, . however,.is
opergt ed bel g%o{j%%tagg% Sﬁé farﬁéi\gﬁe%%@ %?%Eé%ﬁe\rﬂgf’%véﬁ? %Vgg‘a’.ha%h
nmode. Thé%di frapegabesweenthfeoRperisie tiirsgtéenpl er and recei ving

coupler is in this case fixed. Follow ng the sane idea, the object of

the invention,is 25_tp specify a further asur t t h LC
all ows the mr}zl'l?l e v%\lg%le&f/e%?y% pr Siu%’@tllspggor tIﬁEgElIrbl l&reé%t%%gg 45k
det er mi ned exgePlers| \chatd Heocurasedy. barrghe cgbjBot Lauachi baedeby

the features 9fi/Bat gatc& 8EMBO duz ALY AN AGE YL LROGNBNLSVBEE de

ified_in the dependent . cl ains. , ..
spec 95 {a wavégulé% 1s a tube with a characteristic cross-

sectional shape which has a very highly electrically
conductive wall. In particular, rectangular and round
waveguides are technically in widespread use), which,
however, is operated below the cut-off freguency of the
20 relevant waveguide mode. The distance between the
transmitting coupler and receiving coupler is in this

case fixed.

Following the same idea, the object of the invention is
25 to specify a further measurement method, which allows
the muzzle velocity of a projectile or the like to be

determined excellently and accurately.

The object is achieved by the features of Patent Claim
30 1. Advantageous embodiments are specified in the

dependent claims.

The invention is based on the idea of measuring or
determining the muzzle velocity itself, preferably
35 before or after the projectile, in which case a
combination considerably increases the measurement
accuracy. For measurement |before the projectile,

consideration is then given to the fact that the nose



The invention is based on the idea of measuring or determ ning the
muzzl e velocity itself, preferably 35 before or after the projectile,
in which case a conbination considerably increases the neasurenent
accuracy. For neasurenent before the prgjectile, consideration is
then given to the fact that the nose ™~ - of the projectile

i nfluences the. el.ectromagnetic figeld as it .passes .through. the _,
AL HEERIEE (51 oyl S PabtoERE: SRl

wavegui de. 1Tﬁ% ??ﬁl%@%%e 'S conpenséF@ﬁ f
muni tion types sif npgeses akhkoown, ths wavegulde of Thhs chnfaherse Whisch

5 define the JyieGhitke &R UsedshdWELh: MBke: i tnPORIHRE €od Otype i
conpensate for the |nfiu§nce of the nose on the nmeasurenent.”1n tﬁe
e

case of neasurenBnteEtt efPHB pAS| et FFELLEnS fo Wi ifdY | ¥atushapbish

t he base bs usddneashe nesulectdfl ewhireh uske , Tealehemake iis ippdependent
of 10 the sh e t Pt Qj ile. In i S e, _th ase
i nfl uences tﬁ%ﬁe?éﬁégﬁﬁggieE?% H?%Td?ﬂﬁﬁgé%%gsﬁéeﬁgg ﬁ%?%odx%fggg
the projecti T8 Sed Thr othfh C@FDe Ofiseticduerrpn o tegpeshef
projectiles wethauecyhhadtmahdbga@gsﬁaﬂ)i@‘ wsaﬁgtbageclmang@ea,s 15
detected by ecei Vi coupl.er i.S Su ied to an .eval yatjon
device. A srr%cf{ ¥ braersru% oofua"ﬁlilld&iegﬁq}eed“ ecarsépgsém?@ ti'8n i 9%?858? bP§
used as alwavéguisders picdhme avse oft HbQL@rsijegatiien Ln thés case,

subsequent |y gpubl babed appli&atdOn thgee «abeveImadi Wi Clriailr of i gd
wavegui de is used as the waveg ide, Furthernore, the el ectronmagnetic
field is det SEPSHFRIERGUL™E HE %r EdhfFe St nREBHEF et | &7 t RABAedai d
of at | east dapeoughnsart tharguenlipbecaad woet 2bypeceb¥eprodupkeéles
that is to saw./hefane thae pEeieghi ‘b%s@é$5%ﬁ'EhEQHEQcheV‘@?{%Q%é dee
The | ast _sanpl e val ues before each prolectlﬁe passes throug re used
to cal i btat e dEHECHELs B e feFECSTRENEarPBPART on®PRet 8f BHEPLLYRr 8O aflt

t enper at ur e- depaendethbni aéviuences, and ot her 30 influences. \Wen the
projectile passes through, the rate of change of the el ectronagnetic
field is detected, and is normalized using the calibration. The
muzzl e vel oc#t ySPecther BpB¥F el neaSurawy | rtkpersdencrpssf seapeeat uie

changes or otphefekrBblUencR® as a waveguide, in contrast to the
20 situation in the subsequently published application
(see above), in which a profiled waveguide is used as
the waveguide. Furthermore, the electromagnetic field
is detected without the presence of the projectile with
the aid of at least one transmitting coupler and one
25 receiver coupler, that is to say before the projectile
passes through the waveguide. The last sample wvalues
before each projectile passes through are used to
calibrate the measurement. The calibration therefore
covers all temperature-dependent influences, and other
30 influences. When the projectile passes through, the
rate of change o¢f the electromagnetic field is
detected, and is normalized using the calibration. The
muzzle velocity is therefore measured independently of
temperature changes or other influences.
35
The signal generator (for example oscillator) produces
a signal with a constant mid-freguency, which is

operated below the lowest cut-off frequency of the



35 The signal generator (for exanple oscillator) produces a signal
with a constant md-frequency, which is operated bel ow the | owest

cut-off frequency of the - 5 - waveguide. As a result of the
geonetry and the nature of the transmtting coupler (coil, dipole
etc.), a plurality of wavegui de nodes (TE. where m=0, 1, 2 ... and

n=1 23 "m{ah\)eg%ri%ie?x%st E‘ad-rJél?léiQﬁaggﬁggé@%é’%¥5%19%8%%‘8:?;3%&&@”

a carrier in e conti nuous-wave node é ) _
signal . The diist &R€e PEARWEI E S aRSHPLET ng' CVdpl eflirdhe cietia-del f 2

recei ves t he sigralisyf bamitbegesed |rh@i@s{j, (Tang vﬁ%ﬁeliﬂ% rzgcge;i \12'_“9 ..
coupler is variable, and c be sel ected .in 'vi&%uﬁa Y pendi ng, on
t he mode sel eaﬁcfléln _off’t ﬂze’ \;\agvég' i e b%)fcjitse%de désﬁlgngﬁ tgﬁéleEgFPBre,
t he interhal micduces tdichgayvegurderiendinhsher egoeioyousswine mode

invention w l{cypecexpl abped hbaiPiCdediidaiW th reference to one
exenpl ary enbodi rent and the drawing, in which: Figure 1
showsaneasur enent arr angenent f or 20nmeasurenent of the nuzzle velocity
of a projectilbe befietenthe Iprioyent i lee, tFagameétling coupler, which

showsameasur engRh g ranoenen f oL, signals from the oscillator, and
10 the receiving coupler is wvariable, and can be selected
individually depending on the mode selection of the

waveguide, but is dependent on the calibre, the

internal size of the waveguide, and the freguency.

15 The invention will be explained in more detail with

reference to one exemplary embodiment and the drawing,

in which:
Figure 1 shows a measurement arrangement for
20 measurement of the nmuzzle wvelocity of a
projectile before the projectile,
Figure 2 shows a measurement arrangement for
measurement of the muzzle velocity of the
25 projectile after the projectile.

1 denotes a smooth waveguide (barrel) in which (at
least) one transmitting coupler 2 and (at least) one
receiving coupler 3 are included. 2An oscillateor 4 is
30 connected to the transmitting coupler 2, and an
evaluation device 5 1is connected to the receiving
couplexr 3. The muzzle velocity of a projectile 6 can be
determined using the abovementioned elements. 7 denotes
the muzzle of the weapon or launch barrel 1.
35
The oscillator 4 excites a waveguide mode wvia the
transmitting coupler 2 (transversal electrical mode

= TE and transversal magnetic mode = TM. The desired



measur enent of the nuzzle velocity of the 25projectile after the
projectile. 1 denotes a snooth wavegui de (barrel) in which (at |east)
one transmtting coupler 2 and (at |east) one receiving coupler 3 are
i ncluded. An oscillator 4 is 30 connectgd to the transmtting coupler
2, and an eval uation device 5 is connected to the receiving coupler

3. The muzzle, \G%dﬁQGEy Egggprohgctl £.6.Lan b%¥deﬁﬁééﬂaﬁ?%aﬁs'”%athe

abovenentlonedae enents. enotes t muzzl e t he weapon or fadnch
barrel 1. 35 SHREtESERENetoFE 41°§?C|%eé§célmvéglﬁndea nﬁﬁé‘sﬁn atepe the

transmtting é:lcau@x@ma%n(gttﬁanﬂ@naallselr@atsw@al WiREBuE EEp%ngctéle
transver sal gnetic pode 7, esire veguide npde is
excited by ng%haﬁﬁcalgp e@?ﬁg tﬁgaﬁ%%EEQ%lé!a WLESy 4 £ fr st
st ep, the5elé@&ﬁ@ﬁagﬁétﬁ@g¢heﬂthQ§ néhsurm&tamvum@utcauplayeétlIéoﬁ
The "barrel” Systam & @&@keggl ané%rreéélééfvéé‘ ara SirdRal 18t HengL

whi ch the receivi cou for  exanmp pi ck-up sensor,
recei ves, and“hhlg% i sV P oURhHE é@alﬂgFioﬁeﬁﬁP¥e%?nqhéﬁ then

measur enent iartrtied cart isefowdt tief opeot ket proj ectiFligudbe( F) guna/dy
and/ or afteriggy%rpggbeggbggcﬁ s {&1 QU Lo 19 The distance between the

transmtting coupler e receiving coupler 3 is variable, and
can be séfected i ndi vidual l'y depending on the npde sel ection of the
wavegui de 1, T distdapendeticon the €adhdiiestitie cbophetepnghastge of

the mavegu'd%e%@i%@%th%ﬁ%ﬁe%u%pCYS variable, and can be selected
individually depending on the mode selection of the
waveguide 1, but is dependent on the calibre, the

15 internal size of the waveguide 1, and the frequency.

When waveguide modes are excited by the transmitting
coupler 2, then the received signal (for example
induced voltage) at the receiving coupler 3 may have

20 the following form:

!nd
n=l

where a is the internal radius of the waveguide 1 and

25 A, as well as p, are dependent on n. In this case,

P1<pz<ps<...

zZx 1s itself chosen such that the received signal is
dominated, for example, only by the term n=1 (single

30 mode operation}.

A pl

= U, = l'e:'zk

This is possible because the terms for n = 2, 3, 4 for
35 zxy are much smaller than the term n=l. This is

important, in particular because the term with n=1



When wavegui de nodes are excited by the transmtting coupler 2, then
t he received signal (for exanple induced voltage) at the receiving
coupler 3 may have 20 the followi ng form Und=EA".e.1l2=. n=la

where a is the internal radius of the M@veguide 1 and 25 An as well
as pn are dependent on n. In this case, P1<P2<P3<... zk is itself

chosen such that .t recei pgnal,, d I N xanpt e, .only
by the termn=1 (é?ﬁ Ig 36¥ﬁg8§hope9§?%gh%?ljﬁéé%Wéé%ﬁﬁé-gBék %ﬁ?s
i s possi bl e BECHRSE tFe aPethsPRBFeH Ehxpudh. 4 for 35 zk are much
smaller than the termn=1. This is inportant, in particul ar because

the termwith n=1 p
The term e~1l-z, is primarily dependent on a, which
a
5 itself is governed by the calibre. Since the frequency
of the transmitted signal is lower than the cut-off
frequency, this results in the received signal having

an exponential profile.

10 If the measurement is carried out after the projectile
6 has passed through, the receiving coupler 3 must be
placed between the projectile base and the transmitting
coupler 2. If the measurement of the wvelocity Vv, is
carried out before the projectile 6 passes through, the

15 receiving coupler 3 should be located between the
projectile nose and the transmitting coupler 2. If both
measurement methods are combined, two recelving
couplers 3 must be included in a corresponding manner.
The transmitting coupler 2 would then need to be

20 positioned between the two receiving couplers 3.
The sgignal processing should be carried out as follows:

As 1s known, as the projectile 6 flies past the
25 receiving coupler 3, it produces a characteristic
signal. The time profile of the received signal

provides information about Vj.

In order now to cobtain Vy from the received signal, the
30 signal is sampled continucusly in time in the
evaluation device 5, and the sample values are stored.
This is done even when no projectile 6 is present. When
a projectile 6 passes through the waveguide 1, the
evaluation unit 5 is aware of the presence on the basis
35 of the characteristic profile of the received signal.

These values are evaluated in order to determine V,.



- 7 - ensures a reliable velocity neasurenment of the projectile as it
passes through. PI The terme- Zk is primarily dependent on a, which
a 5itself is governed by the calibre. Since the frequency of the
transmtted signal is |lower than the Qyélpff frequency, this results
in the received signal having an exponential profile. 10 If the
measurenent i car rid Qb uaktish hRgoPIOheClid e %@aﬁ&aﬁ%ﬁd LG quah,
the receiving coupler 3 nust be placed between the projectile base
and the transhi®tiHe cBapereride f'f E PP S sREngeEhehaepegi &) Vo
is carried outhdefiaterhhe prajiacti be fapasses:itthr odgha theslement
receiving cou ould b at between the_ projectil e nose_and
t he transnit#ﬁ%ﬁﬁ%%ﬁgpérzg? ??h%%th%§5a§ﬁ%§ﬁgﬁ? e hgégp%?%a%% Phed,
two recei vi ng-1esEpl é$13eraSe . bethac| ekeldy | rvavaoridespdisdi mgasanadr .
ghte tran;shm'tiﬂémuféouela_@n %nvatélcc\titmgnp&@@éisTh _tthgléuéﬁ.pO%ifé. Oﬁﬁ%refné o
et ween e recei vi ng coupl ers 3. e .signal processing shou e
carried out 3%5#%ﬁI%ﬁM¥S ﬁ%;ﬁﬁﬁ%ﬁmthﬁéIFH€V%P6jé@ﬁ?ﬁs gaﬂgﬁﬁs past
the 25 recei vingtoogd emd3, calilegr ogudes theclrardoteibst uoisi goal thdhe
time profil e pf;dhemkacebvat.st o0l (pray.des ohnf ormati on about Vo. In
order now to obtain Vo fromthe received signal, the 30 signal is
sanpl ed continuously in tine in the evaluation device 5 and the
sanpl e values are stored. This is done even when no projectile 6 is
present. When a projectile 6 passes through the waveguide 1, the
evaluation unit 5 is aware of the presence on the basis



35 of the characteristic profile of the received signal. These val ues
are evaluated in order to determne Vo. - 8 - Since the evaluation
algorithmuses the internal radius a of the wavegui de 1,

t enper at ur e- dependent changes in the internal radius a may result in
a nmeasurenent inaccuracy. |In order, for exanple, to conpensate for 5
t hese influences, the enpty wavegui de i s neasur ed bef ore each
projectile pa hrough. This current value is used to scale the
rel evant sanpfgﬁvﬁ%ues and is stored and called up by the eval uation
unit for the neasurenent evaluation (calibration). C ains: 1. An
apparatus neasuring muzzle velocity (VO) of a projectile, conprising:
a smoot h weapon lbAmragpacatuf idamgridg ezl el aciipfEguifdeproa si gnal

gener at or el egécﬁﬂgaédm Heingect ¢ ed to a transm ssion coupler by a

si gnal supply 'h%ﬁﬁcﬁﬁv@é& b8 vaiig m‘ﬁ apawa%)eoﬂf faring barrel;
and an eval uati onmg pg% gﬂ Q{{)%gl 1@:@“ ng coupl er
by a receiving Ili e vi ng coupl er
are passed to thec‘%@% y| Sﬁg@fé@? ]6‘1’15{%%:8 Bet ween t he
transm ssion coupP&ADhQAKRk0 mmébéﬂbbrﬁé( recei ving coupler is

vari abl e and i saseivabréioheldvicti odahestddyichaiskdsiomnarddenshg or a second
mode sel ection of chlidenmby agutateing ling fethat sighakudeasibet kecei vi ng
coupl er is arrangggrégdiveetoap Rfr@tcﬂ%bé@tohﬁé@w@ﬁ%dﬁ&ddeansm ssi on
coupl er when a HE‘HM c'eewqfesg&ﬁbgﬂn% i Shuplae Prol ectile

has pa ssed throu coupler is

]
arranged bet vvee:egﬁlr gggelgﬁl ?Héﬁg%ﬁgga %oupl er when
the velocity (70) I@' faa ‘%EWT‘@%&@@%S t hr ough.

2. The appar at us 0"Wllllﬂmékéém0ﬂ%1&r§@*éwl ng coupl ers

are provided, a fmgwm@aesmraqgeddmph’eena)pmu@iﬂebmdtb@t ween t he
projectile base amshsriesiona0oPled Silen LRPEEmeand baigesend recei vi ng

coupl er being arrgades 478 oé&m@méy;f%g&edtﬁncm%ﬁ,emﬁﬂﬁtﬁ@e

]Eransm Ssi on COU%G@BH&&&MJ@E‘ bet ween t he
Claim e whoroin ;{bﬁ@é“” Sk ﬁ:'aet "P‘ ﬁ%} %Fa‘é iaeﬁléacfﬁri' note
conti nuous- wave nFuRe Peipcasurgd b ﬁﬁ’&?’ﬁ:@l} BE€BT ding to

claim1, wherein ®raiEs gnal gener at or gener ates a nodul at ed si gnal,
2. The apparatus according to claim 1, wherein two receiv-

ing couplers are provided, a first receiving coupler being
arranged between the projectile base and the transmission
coupler, and a second receiving coupler being arranged
between the projectile nose and the transmission coupler so
that the transmission coupler is between the first and second
receiving couplers.

3. The apparatus according to claim 1, wherein the signal
generator generates a carmrier in a continuous-wave mode (CW
mode).

4. The apparatus according to claim 1, wherein the signal
generator generates a modulated signal,



