Eutopean Patent SpeC|f|cat|on ‘0, 016, 491 Apparatus for naklng nDV|ng partsﬁ'
Visitle 5 ~ _The invention rel ates 40 4an-apparatus: for meking :
fast-nmoving parts in a hou5|ng Vi sibl e, especially pro- jectiles in a-
firearm wth an accel erator which generates invisible radiation at at _
‘I east 300 pulses per second, mnth a recordlng unit containing | ead’ pIates
“ag~r adi ati on"protec-.-10. tion, an image converter f.or ‘converting the
radi ation of the accelerator.into visible radiation, a deflecting device
for deflecting the i mage out of the regi-on of the acceler- ator radi.ation
‘and .a canera for at | east 500 |nages per second. 15 . An apparatus R
. of this type for naking fast-noving parts. VISIb|e in-a. housing is known:
fromU.S. Patent Spec- ification.-No. 4,092,537. Thi's apparatus consists of:
an accel erator generating invisible: radlatlon at- at least 300 pul ses per
second and of a recording unit containing |ead 20 pIates as.radi-ation
protection, an i'mage intensifier for converting the radiation of the
accel er at or- |nEorupeahIEamadwasm@mtfacdehhecﬂ,mgayﬂﬂkxato deflect the
image out of the region of the accelerator radiation and a filmcanera for
at | east 500 images per second.. 25 ~ However, this known apparat.us
is highly sensﬂppaeatgsSHsek@aanog|yown@mem@we5uwgunwam|e for making-
projectiles in a firearmvisible. The obj ect to be achieved by neans of the
‘present invention is to prqvide an apparatus in which shocks 30 occurring
when' the apparatus is |Heopéﬂaﬂﬁdﬁ“aféLﬁF@ﬁeﬁPeG“fﬁ&ﬂQ&ﬁﬁﬂjtﬁQﬁmﬂﬁﬂtﬁﬁito
the accel erat OFast-mbliingopjaeals iin actmoe\sad:,g AG@Gbdieng espetchian U UW @ro=t | ON,
when a protectLve ng for abge%V|n§ the hock- sensitive accelerator has a

m ¢

doubl e trough, 18R a%8pd8e £RE 5RO Pest FL AT MNIED FENSHETes

front, on bothinvisible radiation at at Least 300 pulses per second, with

a record1ng unit containing lead plates as radiation protec-
10 tion, an image eonverter for converting the radiation of
' the accelerator into~visible-radiatipn;'a deflecting device
for deflecting the image out . of the region_oftthe-acceLerP
ator radiation and a camera-for'at Least 500 images per
second. _ _ .

15 _ ~An apparatus of this -type for maktngffast-poving
parts visible 1n a hou51ng is known from U.S. Patent Spec—
ification No. 4,092,537. This apparatus consists of an
accelerator generating 1nv1s1bLe rad1at1on at at Least 300

" pulses per second and of a recording unit containing Lead -
20 plates as radiation pratection,'an image intensifier for-.
converting the radiation of the accelerator.ihto'visible
radiation, a deftecting_device to deflect the image out of
the region of the accelerator radiation and a film camera
for at least 500 images per second.
25 _ : chever, this knoun apparatus is h1ghLy sens1t1ve
to shocks and is therefore unsuitable for making prejectiles
1n a firearm visible.- - | '
The object to be- achteved by means. of the present
'1nvent1on is. to-provide an apparatus in which shocks
30 occurr1ng when the apparatus 4is in operat1on are prevented
from being transm1tted to the acceLerator.' '



5 Sidés, at the rear and on. the bottomwith severa: Iayers of felt- covered o
elastic balls. It has, adn1tted|y been knowmfcu .a | ong tlﬁE"Ln the art tof 7|
‘make shock-sensitive e ui prent danped in respect of vi brat.ion,  whenever -\
this has been necessara' hig tade con 150 4 ah irvasy {2 99 S Mht et t speta¥eration -

Ne. -1, 870, 310. t ildawy lmeer a 10T S St KO Wb H e N dEW Ty - £ R @khal -
fﬁ-’ctlonls much tqQ owtorLeducet Vi br tlotgs W t hi,n aq\léjseful erlod_o_f
time. It i's al $§RidowY & &fse ed'eaatrﬂ"dllhﬁjsn dﬁ%bo e A R RETRRTT
and. the parts ttovelem rtmdse twcsitieughsAtienti bied sadreven frorihe uibécati on

-~ Soldat und Feghyek', A 9\' d'reera ’Lf%TE‘o‘}P’%CHeOQQ’ o9t - w Pen lsgeQﬁerfl gwreﬁs
page .71. An éxenpl ary e 0] he apparatus according to
i nvention is d@§cﬁfbédquﬁﬁﬁinqliﬁﬂkﬂwhﬁ&Wﬁ*efer- 20 ence to the drawnngs

in which: Figure 1 shows ths CORSfFAGddIGn, Hedre RARRT S S a0y WHhE i @
pI an view, Fi gure 2 shows a dia ranmatlc representation of the accel erator

in.a plan viewthgsart to maks KT STl Y it RRRNT d3RALsEhiRRIRAE bf -
the i nage intews fvl1®rratﬁlogurewh‘bml5 ﬁn‘pd Hasd/ien swlﬂes/saaw.anmte&avaimon

of .t he doub Lrou hof th otectiv cor.dln

obj ect -to bgﬁtrgns PM0m® 3% :%rrfatpe peexcefrﬁcca“ %" s‘t%}nﬁdgsﬂq oggﬁ’n“e-
Wit h-.a beam di @pleragrin?, thiest Wemvrardaameiger@wrce% an'ub amuermgel ifrteatsion -
fier 4. Localqd RGN dTAYE TEYRNSIHE Y 1h sk ford wtrﬂﬁi'afe%gmltube |

5 which defl ects the Ilgh beamto a canera which.1s$ protected from
short-wave radiPgriied &fd timeoch is 35 | ocat ed in a | ead housi ng. To.protect

Lh_' s carmera, |ead wallg¢? 1%n¢l%oark%o€ﬂr§Qoaszaean‘eanerité/%rSdﬁ?§ tPJtJe'Lf‘n Hapd
ousi ng. _

15 accelerator and the parts to be made visible. Attention is
‘drawn to the pubLicétion "soldat-und'Teehnik“, ("Soldier
and Technology") No. 2, 1968, Figure 5, page 7.

An exemplary embodiment of the apparatus accord1ng
to the invention is described in detail below with refer-
205enoe to the drawings in which:.
_ Figure'1 shoﬁs fhe-construction'of the abparaids‘ae
a whole in. a plan view, ' :
.Figure 2 shows a d1agrammat1c representat1on of the
accelerator in a plan view,

25 ' Figure 3 shows a d1agrammat1c representat1on of the

1mage 1ntens1f1er, .
Figure & shows a plan v1ew, side view and elevat1on;'“'
of the-doubLe trough of the protect1ve boxe
_ Accord1ng to Figure 1, the object to be trans1LLum-
30'1nated, for exampLe a_‘gun- 1,'stands, together with a beam:
diaphragm 2, between an acoeLerator 3 and an 1mage 1ntens1-
fier 4, Located behind the image infensifier 4 is a light
deflection tube 5 which deftecfs-the Light beam to a. camera
which is protected from.short-wave radiation and which is

35 Located in a lead housing. To protect this canera,'lead

' walls 7 and 8 are aLso arranged on two s1des of the Lead
hous1ng. '



-3 The 'protective box 28 of the accelerator 3. The accelerator 3 is L
shock-sensitive, and the gun 1 to be transilluninated causes strong = - Zg
vibrations during firing. It is t her ef.ore necessary to protect the .

accel er- 5 ator 3 from shoek in-a protectiVve Fox 28. This protective box _
ZBéuéhICh i-s al so used-for transportlng t he accel erat - or 3, has a. doubl e

tr h. . Accordi to Fi yr.e 4 betmee troughs is-fillLed "
at.the front, *ﬂgoPﬁ°§F SR _ he r@%r%and qﬁi%&nt M wi th three

I'ayers each 10 of tennis baIIs for exanplLe 4, 000 tennis balls altogether

Furthermore, but not sheym, atch,%rla,.art%,.org e s‘?\ro‘?:tke“ste'n‘é‘%tbi% 2&dPUWhe gun

i .ndividual |y pi votabl e wheel's and three indiv- idually adj ust-abl e i fthing -
devi ces whi ch- mdké % Pepdsinrid Lud imeiteg ﬁﬁ@séﬁcéﬁepéﬁbﬂf?ﬁﬁﬁﬂqﬁftQY&WﬂQ

desired | ocati o#it5nand irrt gst e eteFiored rm.ssstslm tony&chLetc&r tHeOUdtdiSer-.
al-so nount ed gn %onv ntlonal ation dant‘p e powder Jgases
fre ¥9s-

r er Becau :
gener at ed .whe firgm fls‘rh(?cfl?< t'fe pPJt°ecet°|R7é’eb o%%t Ttzi'c‘c,selpé'r %
closed iin a gasbbngB,numnem iirs alwayuwhhcﬁdnsunﬁnaddnﬁmnguﬁht axellerat-

protective bOX Sgu]}be h3S2GLE AR o Q?o%?érhposeﬁc@;o rtJ1%%[s toDcl‘-'r'l;[edJ}% U8 the s(face |

accel erat or ficiently large or enance€ are gdrovid
To estinmate theb9FUPaﬂléﬁedéHﬁ|ﬁg°PQ@G|ﬂédf1ﬂﬂewa§taééuﬁnﬁfQWkﬂ ameoth’

accel erator. is a%eqanagedh\ehe@atrhen%h%k tA% %qelo%.r a.tﬂt@lnsthwm%gmegﬂ dha -
gun 1 is flr?ﬁ are Less t han 't he acceleratloz %@@ ravity g =
4

m sec2, and tHaPfop&raisngaldsacifoy iexamgils: ’ﬁh@ﬁél§héﬁﬁ§ﬁﬁiﬂﬁ"'

erations are | esarthermone-t burd not shewagcaherat iaore due the gfn’i:\ltletcyc igre 30

However, it was,sho n f|r| that ut er. tr,ough f t
protectlve box Hﬁun edf8Hrcon@gHt%oﬁ L, vifor’ °Q3qun 3§§ﬁer% ﬁg S ﬁﬁ i fﬁ&%ed

to shock accel efduaditg. efdjuBtgp land itfhdingby evdzres ah1mmemEWWeetlapasghﬁe
tenni's balls the, 'B'?%gt LQUIR Qe LIS +ROBEGLs :jﬁtgb% leh 2 HRATGL 3 VY 8% I

shock accel erations o pr oxi natel one-t hi
15 and into the des1red pos1t1on. The outer trough is also

‘mounted on conventional v1brat1on dampers.
Because of the powder gases generated when the gun-
~is fired, the_protect1ve box of the accelerator 3 is closed
in a gas?tight manner in a.way which'?s not.iLLustrated; o
20 The.protective'box”can'beuheated for the purpose of trans- 
portihg the'aCceleratOr'3' Sufficiently Large or1f1ces
for maintenance are provided.
' ‘To. estimate the v1brat1on damping requ1red, it was
'assumed that the acceLerator is not damaged when the shock"
ZShacceLerat1ons caused when the gun 1 is fired are less than
the acceleration due to gravity g = 9.81 m/secz, and that.
operat1ng capac1ty is ma1nta1ned when these shocks acceL-
‘erations are less than- one-th1rd of the acceLerat1on due " to-
gravity g. _
30 " However, it was shown in firing tests that the outer
' trough of the photective'box mounted on conventional vibra-
tion dampers fs sti[L-exposed-totshock accelerations
of 10 g, and that by means of the three Layers of tennis
balls the inner trough of the phetectiVe box isiexposed'
35 onLy to shock accelerat1ons of approx1mateLy one-third of
‘the acceleration due to.gravity g. A damp1ng from:-10 g to.
0.3 g is thus obtained by means of the tennis balls, and



obt aisfed by neans of the tennis balls, and- - -4 - this-cannot be achi eved
wi th conventional vibration danmpers.. Wth this vibration “danpi'ng ‘wi th hi gh
frictional effect caused by the felt- covered Surfaces of ‘the balls, the. -

decay ti me to 1Q¥sqf ta}?'ﬁ-noocr't&' nAdh IR 4 Lbde, |c°d’rﬁ)erpﬁ(1o51aLt hﬁll‘)’r‘ﬂﬁ;d Oc!‘ampers_. :

cau-sed by a shot ~anmounts to |ess than 50 ml| |seconds Measur enpnt s have
al so- shown that the vibr-thOn ©alRie bie s AN Vheht the Te STt tenet
detcaxésf;so q]tcu Ck|eyff&5ctg daeewe!d b the fengd duy & hed suapeacets onf fihré ngadoes -
no i1 ffer from IVI shot V. br tio T a r a or
3 A conventlonalt%tfnl Sb1% 1do7erﬂl q[%he }cce'ln"eier{ _ aLs1 %J]‘geeng%\g%grﬁ -
radiati on inSthehk -v1b0'a‘teg:ae|®0xsrecm byla shatge, amqam;m dtngless Rhan S,
this unit has any, 4968 ¢ c H{ A0 M) e U € (AN 3 Do s HEANdENG the vibra=-

el ectromagnetic 15 wave for accelerating the electrons, Located outside

the accel erator tigfe cFused Madgra ks MIET drh ettt ats gl 19 desAYantPan

el Ielct ro? SOlllrzce qbli dkary gaesner atdma;rce? ﬂ{hecdarﬂ:ﬂﬁng Tohd t i épé tiet beant | .amg |
collimator is ocate t nd of the acc erator t ube ener

the necessary v daffoﬁ orf 'S0 3 YD s IV cf‘ed"19b %r%nl so--
a-ci Lcu-- lator 14 for deflectl ng the reflecting wave which is to be

anni:hi’l at ed., 45 this unit is obtainable com nercially
from Vari an 1L?§d§ﬁ‘ the neraien%ldof&f%natron 1500, 25 theré is no need for a

det ai |l ed description here. Electrons, on which the standi ng wave of the

accel erator tube acts, esGafy, ddOBde &l PCL{PNs P e a%oﬁnﬂa@nslc@éwh@tér-
accel erator tube 9. The field strength of thigs standi wve accel er at es
mat

the el ectrons. PheSele@en®yatqions af‘c%ﬁe?‘a&’bd"hp"df%x y'“?%a?h%ctm“
Ve|OC|ty Of ||9mblt range. Accord1ng to Figure 2, this unit has an "accel-

the accel eration due to- grav'i'ty g A darrpl ng from10 g to 0.3 g is thus C

_ erator tube 9 which contains a. stand1ng electromagnetic _
15 wave for accelerating the electrons. Located outside ‘the
" accelerator tube 9 is a magnetron 10 for generating the wave
and an electron source 11 for generafing free eLectrons.'.
To Lim%t the”beam, a~coLlimator 12 isrLecated at one end of
the accelerator tube 9. To generate the necessary. vacuum,
20 an ion getter pump 13 is prov1ded. There is also a circu- :
Lator 14 for defLect1ng the reflect1ng wave which is to be
ann1h1Lated _ _
~ Since, as ment1oned, this - un1t is obta1nabLe com=
.mercially from Varian under the-name of-LTnatron 1500,
25 there is no need for a detailed description here.

Electrons, on which the standing wave of the
acpeLerator tube acts, escape from the eltectron source at
one end of the accelerator tube 9. The field strength df,
-this standing wave'accelerates the electrons. The elec—

30 trons accelerated approximately to the velocity of Light
| then strike a tungsten plate and generate collision.
radiation which for the most part escapes in a beam cone
with a cone angle of appreximately 30°.
_ _ The exemplary embod1ment descr1bed here ‘makes use' : .
35 of a machine which ‘can work 4n three ‘energy .ranges at 5,
7.5 and 10 .MeV (megaelectron_voLt_energy),.that is to say

an energy'correSponding to a transit voltage difference



theri strike a tungsteh pl. ate and generate. collision radiation which for the

mpst .part escapes in a beamcone with a cone.angle of —approxi mtely 300.
The exenpl ary enbodi nent ‘descri bed here- makes use 35. of a machi ne which-
can work in threé¢ ener@yercanges atf 5,,74.55 cand 01@|1|\¥H.\ﬂo(rrrag:d.eisa.ct rTdve \ﬁdlac--

h
Loy ance " 5tep% ADReRRr BESbF T 7D Wl RO e

tron current -of adpfPoNieNat @liyer0 ammramfera@@f‘oﬂﬂmtr%})'aﬂoib WahES Atves a -

powver “ of “ appr oxqﬁahellx,gqov\eqtttss at 10 mllion volts. 5 The
radi-ati.on. cagamty of the acclerator anounts to 10,000 r ds m nute at
300 puLses pér second. - The Fesdhadiimhreapcs & e thfe ¥95° °t" %’b"”"ts |

i nvesti gat ed hagodhdf,enentr awal Ip etrhingleass e 30C e Ursalsepant §eeg:rmh. it
inecessary 10 to arrange a beam di aphragm 2 between the firearm1 and.
accelerator 3, to prevent the beamfromstriking the inmge- |nten5|f|er 4
unat t enuat ed at Thedibwiatuali apdiratgm Bhen it passes through the firearm1. An
unatt enuat ed beamis capabl e of destroying the i mage intensifier 4. The
hard- 15 ness of the radiation.used means that a |arge. nunber of Le

plates are necessary fofinge gdgmf idieamy fpmb2 iny ertd@ated dract e‘i:"t““tae’n"e"”’t

i mage intensifigai4 ehfikkhiewales ihetthe haue v ddiain A bt aradaﬁsamge_

|nprovenent an bhe achi eved cha the _a erture dt h, of the bea
di oot agm PTG $TIANGE SR GPRAIE AR AP H° Sher el S4MMortar 41 %
recei ves too nuaf ceadirattioon 3 tfte: $e'l‘031lentt ithe 3beca‘m tfrreom raagerkntgar&e‘ i ‘Brage

becones so | ow th t th e se S f.ec r
t he recording urdi™ efé %g L una eaucredcoaftdl ng unc{ &81 Ptl o) arra'ihged
in a pr o- passes through the firearm 1. An unattenuated beam is

~capable of destroy1ng the 1mage intensifier 4. The hard- 
15 ness of the rad1at1on_used means that a lLarge number of
'Lead;pLates are necessary for the'beam«diaphrangZ, in
order to.proteet the imageﬂintensifier-A effectively.
. Tests ‘have shown that a'substanfiat'image improvement'can
. be achieved by changing fhe aperture width of the'beam
20 d1aahragm.f If only 1% of the record1ng surface of the-
' image intensifier receives too much rad1at1on, the sens1-
tivity of the image intensifier becomes so Llow that the

image becomes useless.
" The protective box 27 for the recording unit 26.

25. .+ The recording unit’ 26 is also arranged .in a pro="
tective box 27.. This . protect1ve box 27 can be prov1ded
with vibration dampers and_can be Lifted and Lowered hy- -
draulically (not shown). The image intensifier &4 is

_ arranged d1rectLy on a v1brat1on damped plate. The'Lighf

30 deflection tube S and the ‘camera 6 .are fcstened to an op-

tical bench located on the ‘said v1brat1on-damped pLate.
The-nmage.1ntens1f1er.4 is pos1t1oned in the beam

.cone 29 emitted by the accelerator 3 and is protected

against powder gases and airborne sound by a th1n aLum1n-

35 . jum . pLate.- The camera 6 is located. outs1de the beam cone



tective box 27. Thi's protective box 27 can be provided-wi th vibration"
danmpers and can be lifted and | owered. hy- draullcally (not shown). . The .|
i.mage intensifier 4 is arranged.direéctly off a&ibration- danped plate .The
light 30 defleghdonst yhatcard tfhemcaerseﬁataoanrcyf dSeTaQﬂQiiatthaW,OF& htdfg’:ﬂ-

bench located. on thefsald vi brat i on- danmp l,at e. | |nte sifi L-"'.
i s\posi ti oned i ni"Bhe FBEaH*@BRE S0 ABROXS 1(Tad‘€7ttyh@"§cc<ﬂn€r at'c cﬂ et

pr ot ected agalnShgpaudes g&se&aamdoammhowmeb&auﬁ@rbyhatdadomdungrunﬁ§5aneun,3

plate  The camged L hOGUel (S 98 4 S ARG S0aindt AMdGred ravs.

protectedfromra ion by
appr oxi mat el ySone ton. Whe Ps'IOGGCZSﬂ(YeC@Ile- 2|7ng"\néle|°§sofﬂtehé‘wdé'd’tq W ox

for.the recordi @QoH“'pBu%re‘?- %g'a@%@ Wiigh Ha%a%r%\*ﬂc%sf o PTee Gd 3h 0 & 1St
scattered rays. -5 h rotective box 27 protects the recording

uni t fron1pomdeFaBé§ésféﬁdtW§s’8PﬂF|d€§epéﬂ e éa§§ﬁb ¢ CM'& for the

i mage intensifier 4 and the camera. The image intensifier 4. According to
Figure 3, the i ge I ntensi fier has ,10 a first layer 16 of caesiumi odide -
whi ch generatesqﬁlgHPaPFa§H§§"ﬁH§He§aéﬂa rays strike against it. - Behind"
this first layer 16 is |located a second |l ayer 17, a so-called photocat hode,

into which the |ight f'ﬂ%Q%§dﬁ%@ Q%nqg %y% 3th§mlnsmgﬁﬂﬁnﬁQfgngjgfg} 4 Kas

el ectrons. .- These free el ectrons are ocat’e f.ocussi ng
el ectrode 2110 Pefd rsi é?ﬁ@r’n‘g"ﬁopéntclazfls"a'@t g gk deh ol h|cdic tgeRr ates d fahdy) ¢

of ‘which the el 9ghkaRs, wa%elgewaeda%d stequssaga 1$1tsrt| ke ag@emsitnd 58 |
surface 18 of a_phosphorus | odes 19 r | ocated ,i,n

ye a
front of - this suF1"z§<’fel.‘L’?!""'Z(‘y’g is l°"a't1"%e séﬁﬁ%ﬁ%rltvedi‘ t'He 3 2851 i de
| ayer is dependphbtupemhbtde,enartgy wharede tdfe tm@htacﬁlatsm damatperee tra tegy

the nunber of 'ﬁh;églazgﬁirgeq%ragg%ei%L 'tFons. These free eLectronse
' ' 15 are Located ‘inside a focuss1ng electrode 21.  Here, a
.strong potent1aL acts on the eLectrons, as a result of
:wh1ch the_electrons, acceLerated and focussed, strike
against'a smalL surface 18 of a phosphorus Llayer. Two _
anodes 19 and 20 are Located in front of this. surface 18.
20 - The sens1t1v1ty of the caesium 1od1de Layer is
- dependent upon the energy range of the. rad1at1on, that is
to say the number of Light flashes. generated in this
caesium iodide Layer by the acceLerator radiation depends
on the radiation energy. However, the. efficiency of the
25 caesium iodide layer depends not only on the radiation
energy, but also on the layer thickness., The greater the
' Layer thickness, the nore gamma quanta are retained in the
caesium- fodide Llayer., If ‘the Layer is too thick, however,
the Light fLashes generated 1n "the front are no. longer '
30 present at the rear, because they have been absorbed or.
reflected. o | _
The eLectrons make the phosphorus Layer of the
surface 18 Luminous. .
‘The. pers1stence time of the phosphor Layer of
35 the reLat1veLy small surface 18 determines the number of
| images which can be recorded per second The t1me taken
for the Luminous layer to fade. to one~tenth of its 1n1t1aL-



cae5| um i od| de | ayer by t he accel erat or rad| ation depends on the radiation
emergy:» However, the efficiency of the 25. cagsidm i odi de Iayer depends not -~
only on:the radlatlon energy, but also on the |ayer thickpess. - The reater
the layer thi ckPdsi9htNes siotme et Quiirt bl et ee ¢ 4 neﬁtlhstﬂé“%afé%%h? e

i odi de | ayer. Itfo trhedray 00 Sn:talj?eé h:bé::k sdeywyer, the light flashes

gengrated in the front £-no lon r es t the rear,  becaus they
have been absorbed or rg1|rbcce[ épPPr teégtyr oﬁpg n‘g}k"et‘t'hse ?)'Fﬁ)sfﬁt % Fa

-

the surface 18 lamd ryawna leearpmma;tcbnt:leetam ofat e qnﬁo’slpétoentraymceoécséen"

th | at ls |4l
e’ oo ded for TEne S e el WAL HIR VD06 | TBecR Hh£hefod-

one-tenth of itd¢iiofi thagtor of7A1br4Ghtiesebtmingds to 1 nmillisecond. It is

t hus possible to.record 500 i mages per.second. Since approxi mately 176.

photons are forned from one gama quantum nd the area ratio of the
entrance screen @S SIAD S&ac i GeePis Gbproxi mately 100: 1, an’

intensifica- tion.factor of 17,600 is obtained Conversion electron foil 25.

Located in front of the |rra e‘{)n.ten r1(}‘|er és ‘a, conver5|é)n 1:e%ectr f0| __
25 whi ch Li kewi se ensur &8 3 T VErh T 1TR0Y RN 1RS¢ S b o
foil 0.5 to 1.0 cemveriscilon selrﬁroeh‘rmrabﬂqn LS. wh ildh st Tlod v i seremesufos amnvert-_'

ing the "hand’ riaws&ddad By dhe ﬁfa%fé%# £ NLOy é&ic? £&L daygﬁtmteo

sui-tabl e for t he I'mage 1 ntensifier. consi st’s a materi
exanpl e gol d, wWifcih Wikerd sLpr e farah bt étFe‘b-ene'F'h’t%sf‘-h“re?%t't‘f%IW'T afYpvert=

number of converingsithe eleaid'oncaysTham {4y BlefdRCtddde taptdr into "soft-
er" rays more suitable for the image intensifier. The |

foil consists of a matertal, fér example.gold, which, when

15 irradiated, generates a relatively Large number of conver-

sion electrons.
The Light,defLectipn tube 5 -

Located behind" the 1mage 1ntens1f1er is the L1ght

defLect1on tube 5 which has an angted, teLescop1caLLy ex—

20 tendable tube and a deflecting mirror of the h1ghest pos-

sible optical quality. This'Light deflection tube Sten-

'taits.an undesirable Llight loss, but is necessary becéuse_
90%-oftthe radiation from the accelerator 3 passes through.'

the imégesihtensifier 4, .However, this radiation passing
25 through the image intensifier &4 wouLd_btacken the film com=-
pletely if the camera 6 were arranged directLy-behind.the .

image intensifier 4. The_light defLection tube.S'makes'it
-poésible to arrange_the camera 6 outside the beam cone. It'
is therefore ihpossible to avoid a long light path from the

30 exit screen of the image'intensifer 4 to the lens of the

gamera_6;
The camera 6.

'The camera 6 Llocated behind the light deflection



.Loeat ed behi nd the imge |nten5|f| er is the |i ght deflectl on tube 5 which

kas am angl ed, - tel escopi cal | y ex- 20 tendabl é tUbe and a deflecting: mrror Y
of the highest pase Si hk@ LOaivealasqllahi tay. Thities nlailghti oetf | lectsi Grs trses ¥ len-

L e ek W ahohy ol S rRe A0 RSO PO o

radi ation from. Itne LIRS Ses th h 't he ge intensifier 4.
Holgver, ‘this radisat 560 pasgiersgp2F seteoodgito the mmgé‘qerﬁ-ensﬁqq*bra £33Ny o
bl acken the filg gom, 19|hqtyels5én'sf1 40 GRTRLEA 1Q3Vﬁr)/3 a%rcfa"w r‘i'sr elideh PR nd B
.thelrragelnten5|f|e ht deflection tube 5 ma‘& ossible to -« -
arrange the Eanseaiscondsicden Wéetﬁéd‘m"ddr?e 1Boths: tt"r?erfé

CACTCTS

avoid a |ang |'Q*ﬂbn%fshmhrs(imtwéee%reeblet cHiHegas 19f ptrhﬂecrwe f mire N f aramF .

to-the lens of the. canera e canera The caner ehi _he o
light deflectioffd auagta L?B‘e ;G\M"—ﬁa%é\f’é‘ sbyl S 9 ?lfth CLH%) 1 ogg) as

possible. It woklguenthyi, ntte.remctatm@rrta f6i s tsnarrsapurdedarbd/,alﬂajwsemmnw 500 -

1 mages .per. second ‘tao he r GRyrera 6 is highly sensitive
mechani cal | y and Pé&fl’t’"& eo%gl'l \fe hfsg'rﬁ conductor el ectronics. . Both the

filmand these el ec- troni cs nmust therefore be carefully protected fromthe -

gam na _quanta of the beam cone by nmeans of |ead plates. Con- sequently,
the canera 6 is surrounded by; for exanple, approximtely one ton-of |ead.
-9- Patent clains.1. =~ Apparatus for nmaking fast-noving parts in.a -
housi ng vi si bl e, es_p_eci ally projectiles in a firearm with an -



aceel erator (3) which generates invisible radiati on at at |east 300 pul ses
per second, with-a recordi ng unit (27) contaigninglead plates (7,.8) as- L
radi ati-on prot e%tl on, rl\? .mage. convertor (4) for converting the radiation -\
of the accel eral @&k § A ®%i e radiation, -a deflecting device (5). for

def.l.ecting the image out of the regi on of the ac-. celerator radiation and a. -

cawsia (6) for gt least 509 I iaes; ety S8G0N% o SIAARE] Cpsﬁemwhfgg&%emga

protective box (28) for eiving t sensitlve erat or
doubl e trough -(23isi23e, aspecia Lst'am@da@tWehﬁ hign tanof kreArfhs (ith a18). i s

filled at the frQRlet edutRat N33 4asic Bty diie 416 Wmﬁ&&éﬂémw&@ at
several |ayers of felt-covered elastic ball s ar at u&if

making fast - movit®g sFarld Piudissise, ped'céc?r‘cﬂ'ﬁ’g t"b"‘dﬂ A rﬁelc°"(ﬂ1’eﬂ d‘l’b’r? s
t hat - t he. pr ot eclciowa: aliend n(g28.)eafdorp Usaeai MiMg 8)hea s haaddSeisn tp e ecerd ref adror

3 t heat t Ki fAast
barts vioible. ABPSEORANE TE U m Er ALY T ATRs (i TR 20y
are gas-filled. a@lcwlres‘ato(rasnrwnl ntied)b lle nard aplarmat wes deoff L eccticheg i dey i &si bl e
moved obj ects W'(%*i' ?84 RRYLNT i npSRGY Al dp P RUE T e Ml dd rdpgtﬁ/geagapn

conpri si ng:
accel erator (3) Cm‘-@d‘@é‘m‘g rad iahjiogy RAnd a Ca'"eﬂ?e\/é'?dlfc%t i st e ash ascq[bn

haVIng at |eaSt1%QQeBUb%$SsQ%%n%eCQmQracter1sed in that the protect1ve
1. Installation pour vi.sual i ser des pieces se - a recording equi pnent

cont ai ni ng | ead P@Xef883Antt ArapieFEiditn & G ARSTREN St R SRR AR 8)
serving as radi aBhOMmapr t @oubde trough NPE, d39 oObirsl dees spur @bt e dreu

avec un’ neans; ac, at eur ﬁ]
qU| genere un r§398nn r‘?er'lctmughs (lz%dgezsa)rrﬂls’l ff1"le(4) tfotrheco#r:lvge"f{s’ o°ﬁn °(

i nvi sible d' au soides,3@8 itieulrsiagns neaons dden do.t trodiwdtibors eofe nae layer‘s of -
accelerator 'nthY%SQQN%red e La348G Wy @aRPakgly de reception (27) conport ant
' 2. Apparatus for mak1ng fast-mov1ng parts v1s1ble,'
accoﬁd1ng to ClLaim 1, character1sed,1n ‘that the protective
box (285'for réceiVing the'shock-sensifive acceleratbr
(3) contains a heating system. ' '
3. Apparatus for makihg'fast-moving parts visibLe,'ac-'
cording to Claim 1, characterised in that the balls (24)
are gas-filled. |

Claims (as printed)

1. An apparatus for randenng visible moved
objects within a housing, especxallv pto;oct:les in
a firing weapon, comprising:

. * c L M S *



radlatlon ' ' des plaques de plonb (7. 8)
conmme «wnmoyens de - a |ight deflectlon tube (ﬁg for deflecting the 10 teé(
protection contre | e rayonnement. un convertis- -image out of “the reglon_of

the radiation of = - _seur d'image (4) pour convertir I'irradiation-the
aceel erat or (3) and . - .+ ‘acceleree en un rayonnerrent
vHs.l,bI ‘e. une -~ a filmcamera (6) for at | east 500'i mages per

install at i'on- ‘d caefetas&n@hp écr%un invisiblei re | Rmdlcssomnd characteri sed i n-
that . . fadiation having gt lep nR¥ISEE ‘?‘éyonnerrent de | accs!er at eur et -

protective_ qu.,_.fog&),g bﬁlﬂ%w'(ﬁ?gonﬁé?ﬁ RYSI Ng - fi.‘ vqtlpéno o é;s ’e’pb éqes se
mai ns' 500 i npgess P.28) skRg aiG&ﬁJtBﬁ% ctlg ) whi ¢ Z?-:coa%s Vel % @Tﬁ:t&e arme ao;;:ra::::af:n S
seconde. car areaes;i see en ce qu' un- bol ti er. de sgo@brateve (3) qui génére. un .rayonnement - -
mags amplitierd4idpr conversioredfring eur . ( 3visible & adl idiaks Q00KiAPAILIGHS par seconde;

protecti on (28)
arr angement "°237f the: accelerator Ms’ﬁ'ﬁ!ﬂ'e aux s'ee@u'sswfe'bmp@temenum cdopbitant

form ng ther gﬂ,'ﬁt"%@g R e, y\@uﬂgp‘ ggb (72 cogyme moyens de
it erval e s che i ol e t?éﬁ'ﬁ?émfﬁsf ‘f'*"i? ?? *’i‘.ré‘ '.’I.fr@ *,Zﬁlfn
20. . cuvenes tek2celatdtpor @pindr enpi i -a " avant s%c, >§, une |
Wi t h-a nurbep filsh caressp (6t fdr weleast S00dHeges pea | ' ar ﬁﬁs@dll@t:&idesdébuai:&:( aaqra.rerim.ge

plusteurs |a dﬂ?"?‘% °4:'GV@F ed el asti c bal | dell®matdy rayonsauminee ldqmehadthe&t

(24) el astT q éecf ?I f°' housing 15 une camera (6) pour au.moins 500 images par
feutre. 2. our 'ssu‘é{ PUL des % mzfrfapp P e '2 oftier ;’5
renderi ng Vi sl b&-mlemeabh a%ngemdﬁipmcqg)s r a0i QEAERid a qu@s @%ﬁﬁ?ﬁi oo il

1. objects atruiegithed bewwédnas spack, whikteisci N SaicGverte (22, 23F @k A& S8 Cerfefd ﬁg! deux
aue 1 boat i efillegent Mb‘!@t‘,tqféﬂfhmm»e%mmarcabmnetcm(eﬁSQ (20.28) dsorasipn g I'§Vaae, sur les deux

vi bration 1 fer pf raspestiver at eur cpt8y. & Eprsictel @ sunje Semispari plesieurs '
accel er at or @%81 cggmwge?mtfc ttf"rfi%éfé“s sec@ﬂ‘é‘@&% de Sayrsr 28 ﬁ#"emuﬁ%{g@ de

3. An -apparatus for rendering visible noved 2 Instal “OJ, goug vidkliQr
vi suadaser 2d@s spparems tahjeaderiag agibtembiead I8 Clalisdsbs a ?PéUei au
depl acees cpiagsk chsndefined an G al. rveheesidisadt | on 1caréaéf)searee .;gaﬁ,e lé l, 06k tw,o,‘. :
el efrent s, Protection cabinet (28) for hquging theeptiratse en  cc {2Urour oot Haemlgrdyr .'sycsﬁﬁs-bne aux.
rerrpl i es &eés'gﬁ accelerator (3} contains heating means. ‘secousses comporte un chauffage.
pparatus for rendering visible moved s 3. instaliation pour visuahiser des --pleces
objects as defined in Claim 1 wherein said balls = 30 - deplacees rapidement seion la revendication 1,

(24) are gas filled bail elements. ' caractérisée en ce que les. bailes (24) sont_"
. ) : - remphes de gaz. '
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