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ELECTROVAGNETI C SHUTTER FOR | MAG NG SENSORS FI ELD OF

THE | NVENTI ON [ 0001] The present invention relates to
wOmegingesMore particularly it relates to an PCT/IL2008/000421

el ectromagneti c shutter for inmaging sensors.

BACKGROUND OF THE | NVENTI ON [ 0002] In optical systens,

and in particular in imging systems, such as thermal

canmeras, it is needed to provide a shutter that can be

pl acEgECTROMAGNHTICIBHUTEERIRDR EMHOGING SEDISUHS i t s
vi ew when desired, hi an Infra-Red (IR) canera a
shutter is provided for occasional calibration of the
i mgi ng sensor, or for preventing undesired

irradi ation fromreaching the i magi ng sensor. [0003]

Calibration is sensors in order
HEERIH T

to ensure accur at ement’s and to obtain correct
s i | [ | i . i:
o001 TREResELMBEAHL 0L F3REAL oldTRAEE By s o an
electr@ngdredc shutken farimagingtsemyoes. at ur es. [ 0004] Every once in
a while a uniformsurface of a black body is placed in
front of the sensor and the sensor matrix is
calibrated to neasure a surface of uniform
tenperature. [0005] There are known IR caneras, which

i ncl ude suchpaTKEROTAND SIRTHEINVBNITION |y the shutter
conprises a black painted plate, which is displaced
[0002p &1 weebalt vytqnes i dnidoits particiilaorin phagine sygawer such as thermal

bl ocki i ti ' h .V .
camerp f it PelepoRimry O Al ot e ERER dn ikl o 3% Pangive
senso%e Qigd HSOkts Svi%\jv el knOfesie@WIn [28006]a- ek (RWNcEhdth t22 shutter is

_ hani smincludes a shutter plate turning abouyt a i
providedtfor oasasionabealibtationt ofthe iMagibE GERIOROTHIS PFFEALng undesired

radigHRRURER 5 B DTG T hear t T anem S8 on 56 a5 Lo
[00035 \;\%11{6%1&1?{1 ieiosln ?@&%Ez&"fd el tRBsRHULL RFddetorepBurt hecurate
measurements and to obtain correct images. Calibration is especially important in IR
cameras, which have a thermal sensor that is not cooled to supercool temperatures.
[0004] Every once in a while a uniform surface of a black body is placed in front of the

sensor and the sensor matrix is calibrated to measure a surface of uniform temperature.

[0005] There are known IR cameras, which include such an optical shutter. Typically
the shutter comprises a black painted plate, which is displaced between two positions in
front of the sensor — a blocking position in front of the sensor view and a retracted
position, where the shutter is removed from the sensor’s field of view.

[0006] A known shutter mechanism includes a shutter plate turning about a motor axis
to and out of the blocking position. Another shutter mechanism includes a shutter plate
coupled to a motor with linear transmission so as to facilitate linear motion of the
shutter between the two positions.

[0007] In some cases it is desired to have a shutter mechanism that is silent in order to

prevent exposing the existence and location of the imaging system.
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[0007] In sonme cases it is desired to have a shutter
mechanismthat is silent in order to prevent exposing
- WO b@saxi1si ence and | ocation of the imaging PCT/IL2008/000421
system [0008] It is an object of the:present invention
to provide a shutter mechani smfor imagi ng systens,
whi ch el ectromechanically activated. [0009] Anot her
object of the present invention is to provide a_
[0008] 3P BEToWFERSE hemibs mrbent inweyiing teymveds,a whitish pechanism for
silent. [0010] Yet another object of the present
imagingsyssemb,omhick e étrﬁem%qhaa@ %ﬁb‘{a? mechani sm f or

i magi ng _systens, which is reliable, .holdi o £
(0003 ithe otpa R s g s 3 ofoyiloachffler Aechaniom for
imagin gggg%w.@ﬂ@ﬁ4ggg%ger advant ages and obj ects of the

- %r sent’ invention will becone apparent after reading

[0010]t V& ROARE Bﬁje&PﬁQhé presdrit Gaveation isswipeawidga slhgter mechanism for
acconpanyi ng figures. SUMVARY OF THE | NVENT] :
imaging ssistemmse Whiskc iaishahle s }éﬁg%lﬁ giﬁég}f% FEVS {8 r%ll\g\e/\%%\{[:ﬁ%éﬁhom

el ectromagnetically operated, and which is silent and
ﬁnﬂy@g&?@%ﬁ%. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] In

(0011 0088E ad S B8 1688 51 @agrisher invasientillibeents oppasent dfter
ppreciate 1ts practical applications, the follow ng
readinEitlgresena specifiaatipel el weteWiBE BICAEUBPH I FETS | t
shoul d be noted that the Figures are given as exanpl es
only and in no way limt the scope of the invention.
Li ke conponents are denoted by |ike reference
nunmerals. [0014] Fig. 1 illustrates an el ectronmagnetic

shut ter mecharjisumasredF THROINYBENGPONcal system in

accordance with a preferred enbodi ment of the present
[0012] A ERktiemeddRkE] f6i gn indgidgisystanesihieh éx slestremagndisally

of the el ectromagnet) ¢ shutter mechani sm shown in Fig.
operated, gngoAlgFh i glen pidY5-at es one |ayer of a

mul ti-1layer electromagnetic coil chip, suitable for

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to better understand the present invention, and appreciate its practical
applications, the following Figures ‘are provided and referenced hereafter. It should be
noted that the Figures are given as examplés only and in no way limit the scope of the
invention. Like components are denoted by like reference numerals.

[0614] Fig. 1 illustrates an electromagnetic shutter mechanism assembly for an optical
system, in accordance with a preferred embodiment of the present invention.

[0015] Fig. 2 illustrates an exploded view of the electromagnetic shutter mechanism
shown in Fig. 1.

[0016] Fig. 3 illustrates one layer of a multi-layer electromagnetic coil chip, suitable for
incorporation in an electromagnetic shutter mechanism according to a preferred

embodiment of the present invention.
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incorporation in an el ectromagnetic shutter nechani sm
according to a preferred enbodi nent of the present
- - WO popenedaioh. [ 0017] Fig. 4 illustrates an | R caneCHIM0EEN00421
an el ectromagnetic shutter nechanism in accordance
with a preferred enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0018]
The present invention introduces a shutter mechanism
(0017} 3! 4NfiSsifktdsOi TR ehibbsa ¢itvahlclelimangnolis yhutishioeighgrgsm, in
el éctromagnetically actuated, and.is silent (or at
accordaneeswithl e eselpmed grbefiment of thepiesed Ib‘i“@nﬁ?f?'s e when
operated) and highly reliable. The shutter travels
linearly along a straight track. [0019] In principle a
shutter nmechani smaccording to the present invention
conprises a shutter plate, which is coupled to an
el ectromagnetic coil chip that can travel linearly

bet ween to positions acraqss '

ei t REFTARED BESORPTIQN @Fapﬁgﬁmgw@ﬁ%@@éaced,

I n_opposi ng magnetic polarities. .an (o
(0015} b GEFRCHMPRAE R opHCs SIS B s, G B8 fow profile
(small AAUESOnTBINRN IS clbbiBhfladdbetitd)y ladtedlahd Bissilent (or ahleast does

magnetic “assenbl y and opposes the.nagqﬁégc f lﬂé{tY of1
not protiecestaheticerimaoise wass ontreied) sd highly Teheblen; ge plyitter trave!s
) ither attr aﬁt eﬁl by one nagnetic assenbly and repelled
linearly along:a FHHEH U6t epel | ed by the first magnet i c 3
[0019ii1§ S%{;%lgaafnﬁmﬁ&t ﬁ@&#}a@%rﬂ? chto%n%’ th@le, préRiCinRentidhecogdiirises a

orcrng the shutter To nmove fromone end of
shutter até,r@Biksh tio coupdedtchan clentrampgretietcorlmbip thafgam ggvel linearly

governed by the directi 0 he .i.n
 betwash det RASHIRGH SCTASS %qlﬁitnsg nt{eﬁ% @8] g{the\?ml“éi%gg olf éche track a magnet

assem%‘i)fk;éﬁéeﬁfjin p%gggk niehefiepslariiics. Wik dncelédtge (direct) current is
I'T1ustrating an electromagnetic Shuttelr rrechaﬁ‘l:sm ;
passedsisengh the doridhe indudedynagatisrzald pb ther eonl 2ligng pY{ocge magnelic
system in accordange . 1. SIbadi ARt sofhat the
assemp ik At QRRASES %ﬁ%ﬂ’%%%?%g' (gfﬁg% t% gf?? %%Rani sm asgerrbl y
chip SUTRE! HB8ctdd B whb @iagadtic wisemblyi m@rep_b]dﬁdebmﬁ@sﬁéh@cﬂrdppeﬂed
I's black for absorbing |ight a[&d at%t ing as a bl ack d hence
by the first magnetic assembly and ‘attrac ed by the other, forcing the chip and hence
forcing the shutter to move from one end of the track to the other in a predetermined
manner, governed by the direction of the induced electromagnetic field of the coil,

which is controlled.

[0020] Reference is made to Fig. 1, illustrating an electromagnetic shutter mechanism
assembly, indicated by numeral 10, for an optical system, in accordance with a preferred
embodiment of the present invention. The shutter mechanism assembly comprises a
shutter 24, which is a plate whose color is black for absorbing light and acting as a black
body. The shutter plate 24 is coupled to bar 25 (which may form an integral part, or
assembled together), which can ride across rod 28 forming a track (a substantially
parallel rod 28 is provided opposite this rod). The track is placed between two opposite
cover plates 12 and is confined between two opposing end walls 18. A pair of opposite

facing magnets is provided on either side of the track (shown are only the top magnets

3
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body. The shutter plate 24 is coupled to bar 2 [
may forman integral part, or assgnbled togeth2r§Mh|Ch
~ - -Wowiosh2waah ride across rod 28 formng a track f@ﬂﬂﬁﬂmwmm4n
substantially parallel rod 28 is provided opposite
this rod). The track is placed between two opposite
cover plates 12 and is confined between two opposing
end walls 18. A pair of opposite facing nmagnets is
of eacl? Eg&f,'t dlagnend @onhaid soBlethefopbbsng negkets RAwANhZEB shpyn in

o L B L e P
(both spH IFT 8@2 i rln‘ggﬂi(% bbb anedomickingr eageet dotartieei An

_ _ sane direction), the nagne
elecﬁog%g%i&ioaédila(@&te dlsd FigE)okirmgd oBgnatp 26 38 Peridade sounig to bar
ect ronagnetic oiil (see al so,Fig. ] -
25 of hlpitze F SigheereR ™GB But g p s R st o
groovez_*?xto( évglcgtak?e @%@%@'cﬁ%r% SheWRgiyfifs)iWasheg 80 & priveidedipn eigher
_ provided w tiT a groove into which the edge of. chig 26
sides dg&g.@ei?rmgi rgd QEI Iﬂﬁfer‘c\kME hade Som a1 pladia laéf&n%lﬁea% as 4 damper
of. .each track r .
o sosgbeee O ot et urdf LSRR O, i
or totaitﬂ? %1'{;1%&% {repROALIGY, AferbdiBreBhlot treadditien) anteldstimbynipat epn be

. as to reduce or totally. elimpatge i [
s ety vt e B Ly A
serve -tﬁ cﬁ%’cﬁ%ﬁ? O%%e{htehgx{d %F e Qfack NEnd! BREK pAideREiB@d dimensions

Fnter yOR end wal Ts 18. The washers al so serve to
facilithte SbdRgt pysifigike bhtheahdttafonteibet endek and their

pr e_de_t‘er_m ned dinensions facilitate accurate .
[0021pBsichiion| afgernif wah el & matht boreoh TR ?3[55‘6%] the shutter

Ext ensi on, of end. wall .18 w 9. 1S '
mecharagR aHFHGI RS %ﬁﬁ%@?ﬁtﬁ%nc a%CP%‘%ogr?sngsﬁb ly P |r (r)]v Lad 3 g s}c ?red

Sity i : . )
o e 0 S BB s e
show B F@i 1S MovBO phatdsnl Firg. provid@bweth gcprgﬁ dd through gvhich pins (or

provided with bores 17 thr Whi ' s
sorewiB T e G BHOBRSEOTP TS hePae s B ahgielR he o
housi{tlé1 Y3r {hlei d%lgyv%fa? rh2'§1bi@ Ghravided shiftgbder32 heroby ank wielr @628 is

' IS "provi de ore 32 across into; whi rad 28 i.S
insertbdasd bedhivhbaodS wiyotienand 1§ endy of §agh ,IO%ﬁg 2feHBsBirddn gpres

each rod 28 7 [ '
31 of end wal?s 1§. S bt Slgrrtife(g e{cposg%gsbf the rods 28, chip 26, which is
coupled to bar 25, sits and rides over both rods.

[0023] A ferroelectric element 40 is provided on chip 26, so that when the chip resides

" between either of the magnet pairs it is held firmly due to the magnetic forces, which act

on the ferromagnetic element. This facilitates holding the shutter on either sides of the
track firmly and stably, while maintaining the electromagnetic coil idle (no current is
passed through the coil). ‘

[0024] When current is passed through the coil it is repelled by one magnet assembly
and repelled by the other, forcing the shutter to move to the one end of the track
whereas when the current through the coil is reversed the shutter is forced to move to

the opposite end of the track.
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3 1 of end walls 18. Wiile bar 25 rides across one of
the rods 28, chip 26, which is coupled to bar 25, sits
wapewsn2des over both rods. [0023] A ferroel ectPCTIL2008/000421
el enent 40 is provided on chip 26, so that when the
chip resides between either of the magnet pairs it is
held firmy due to the magnetic forces, which act on
the ferromagnetic elenment. This facilitates hol din

[0025] F%b? HiMidtekes @ne diythof a siultbdayst elehmomagnekicicpi ehip 2 guitable
stably

. ., whil e maintai ni. t | ect i '
R
embodifedt 6F rtﬂeeﬁrfesén% iRRsEss AhheudRydrh@ilci formed is ordeped Igeth a

y one nagnhet assenbly and repelled by the other

electréran@ieri i theh i suficient teoindluercet the Bk teRgve RCTORS the track.
track whereas when th h 20 b i

Each ipEr SORPToRD TR GPaR i g, et foilibiley i at Byer and

insulag%ﬂj g%%rnults?_ﬁalt Eleeti R0 knehisgof 3djactntstayetse Conteets 3y eand 29

_of I -1 a3"er electromagnetic coi,l  chi 6, .

facilitstei intdstlaydroriedtriend rqpapeatioBnbatesh th SRifal oﬁl?r%fgﬂﬁf i3 Electrical
. utt er. mechani. s i '

wires R EF g LB B L R R e e

alternkfived e8®bdingen@ aifna ansltidayeroeiagnenagnefic edodl elhipt apeprding to a

sufficient to jinfl .the chi .
st iognc b Benet SR E B PR RRCI o 1) e
desigxgelbdle ﬁ f}xtdugé' 313 ndpedded hdict Hal ihayesame diitedson, adnddthe rsbntter is

conductive elenents of adjacent |ayers. | .
dﬁveﬁﬁﬂhﬁ@’:@erﬂ?oé&]mﬁraﬂk ih et dircatteRhbe pwitelyng thejedretriq pelprity of
connection_between the spirk.al_ el ot £ d :
the coyl raégen.itéy.( Inegn \é{ﬁ@ma‘rivea ﬁ]alg 1&%%38%? ;Hfias g%:otng' és%)gl:)&péls?/rﬁbly is
provig%%&tl Ftﬁecéﬁip,cdfv'ﬁdsﬁ nbddced tleemreaidld id opmsize &l therfivat ongein which

odiment of a nulti-Ilayer electro eti.c coil.. chip,..
case momderd ehangs the fndepest eaitosrassaner Rl Qfng Fiup &%%Oé%?ssefgbhes
i nventj on Il of the coils (of all layers) are
meoﬂ%@?gggﬂmF%g?nduce an el ectromagnetic field hi the
o02&8ae Jirect | 00 ahd {Remshubin®FisdsS ghnereng f eratriznepuised of
L ﬁgf tl‘?epirack ft;bo tt?tﬁle opposite gnd by sw tC%Ii n theep
prededdredhed durptdrain & predftetrhimed clinectiers €yn? 9qnt{ql,leagz, see Fig. 1) so
al ter [ [ i
as tojfgroe hative embodl Nt S0P aRletRn 388 IALR'  citRes ehd Bf the
track, and then a substantially shorter pulse of reversed electrical polarity to induce
counter forces and reduce the kinetic energy of the shutter and chip and cause an
inhibited impact on the end wall 18, thus eliminating, or greatly reducing impact noises.

Same sequence, but with reversed polarity is applied when it is desired to move the

shutter to the other end of the track.

[0027] Fig. 4 illustrates an IR camera 60 with an electromagnetic shutter mechanism 10,
in accordance with a preferred embodiment of the present invention. The shutter 24 is
placed in front of the imaging sensor and in a first position covers the field of view of
the sensor and in a second position is retracted so that it does not obstruct the field of
view of the sensor. Magnet element 62 is optionally provided, aimed at cooperate with a

hall-effect sensor, which is capable of identifying the presence of the magnetic element
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provi ded on the chip, whose induced electric field is
opposite to the first one, in which case in order to
webasgzivhe i nduced el ectromagnetic field of tPer/ol2ogs/000421
the coil assenblies are operated alternately. [0026] A
proposed operation schene conprises generating
el ectric pulse of predeterm ned duration in a
predeterm ned direction (by a controller 42, see Fig.
in posifiors andsf it mdves (e it shakhsibt jits} elestio suirentas pessed Bgough the
. directio ang quelto a chosen end of the track, and
coil tq fraee the SHHEE 3ATS B0'SF°shorter pul se of reversed

lL.ectrical larityto i . : n a low-
oursf 15545 BEL BELBGL g SO pgURL T, haneas ifin o
profilé @48 eal@B ub RtbirhAlspaopaelatioely tthethen dhuteer ksstBibliehUbis a very
elimnating, or greatly reducing inpact noises. Sane
accurgfe §ne relibleynechaBR. r ever sed pol arity is applied when

it is ired to ve the. sh er : 0 f
0029 Sl e CtiomRy el dpsrpion Yl bf EpbBalfi bl Haures
set fopnl 1 s 8)RR1LONREAOL] 6ni et ebetP ahdutitandidd of ithe invention,

accordance wth a preferred enbodi nent of the present

withoubliemtingits scPh® shutter 24 is placed in front of the
I magi ng_sensor and in a first sition cgvers.th
(0030 Toepieh alsp oy ar (s Asarssst Ser s e b “’6%%‘;‘%3}‘% Rresent
specifidatloh! cgoﬁfc%ﬁgkesé’cgﬁﬁﬁl@nﬂs tor dRR ARt P lerauathedTghree bl afove
VI €W 0 e sensor. Magnet elenent 62 is optionally
descrived \ehibedimaitantadt wouldctdeabecrad bh the nratent @yerian.
sensor, which is capable of identifying the presence
of the magnetic elenentin position, and if it noves
(due to shakes or jolts) electric current is passed
through the coil to force the shutter back in place.
[0028] The shutter nechani sm of the present invention
is made to naintain a |owrofile and takes up very
smal | space, relatively to other shutter assenblies.
It is a very accurate and reliable nechanism [0029]
It should be clear that the description of the
enbodi ments and attached Figures set forth in this

specification serves only for a better understandi ng
of the invention,
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without Iimting its scope. [0030] It should al so be
clear that a person skilled in the art, after reading
wao b@spemEsent specification coul d make adj ust meEPCEIIEN08/000421
anmendnents to the attached Figures and above descri bed
enbodi nents that would still be covered by the present
i nvention. CLAIMS 1. A shutter nechanismfor an optical
system the shutter mechani sm conprising:-a |linear
track having a first er@LAaMSa second end; a first
magneti c assenbly | ocated adjacent the first end of
1. t Ashufterakechadism foremnpticrhsystant, chagudsnmpchagisa equprising:
adj acent the second _end of the track, the two magnetic
a lincaagrackrbiving a dirstend and ?ﬁe@ﬁS%ﬁLt e polarities; a shutter

i

pﬁﬁ &%Hﬁg%%at&p altjabdht O SHbERE eh@oft e skt fh"e two
orce ve to the first end of the track,

V\kmgﬂam askernblies dimpgad isloppesife@otatitiegnt i s passed
through the coil in an opposjte ag%lectl o) shutter
a shutfes platy cagpladdo el TIPS ERIREN A BP St % ? ck. 2.

wherebHGr e £EPet et Eampn s sesal piaieh Sl i fhtdn e
TE&&E@ &Eed"@c? RARE SB RS fedtaindest the tekRl Whéreaé%éﬁlanduect

utter plate is coupled to a bar, which is
adkptriedcunent isdmssedrtbesigh thoaoit By # ﬂ]@POcSH% dirpgtiqn thg shyffier is

S t mechanj sm as claim1, wherein the

t %EQCFYOSYHBY%V%%ESCOW gncﬁggt?lg#a& 5. The shutter

mechani smas clainmed in claim1, wherein the housing
conprises two substantially opposite cover plates, the

. ¢ r'[[%]%kskﬁﬁ’tgf I P& RMm We Sabelant ichlihy 1 0Op@esdingthenshutter plate
wal |I-S.

comprises a black-colored plate.

3. The shutter mechanism as claimed in claim 1, wherein the shutter plate is

coupled to a bar, which is adapted to ride across a rod forming the track.

4. The shutter mechanism as claimed in claim 1, wherein the track is provided in a
housing.
5. The shutter mechanism as claimed in claim 1, wherein the housing comprises

two substantially opposite cover plates, the track confined by two substantially

opposing end walls.

6. The shutter mechanism as claimed in claim 1, wherein the magnetic assemblies
comprise, each, a pair of substantially opposite magnets whose magnetic polarity is

aligned substantially in the same direction.
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6. The shutter mechanismas clained in claim1,
wherein the magnetic assenblies conprise, each, a pair
wo@RoosaEvENnti al | y opposite magnets whose nmagnePCTIL2008/000421

polarity is aligned substantially in the sane
direction.7. The shutter nechanismas clainmed in claim
I 5 wherein the coil conprises a coil fornmed on a
chip. 8. The shutter nechanismas claimed in claiml 5

7. Wikeehuitex mieohpesmizs qlaioed de dlabn lewhhesin teged! esmprises a coil
track. .9. The shutter nmechanismas clainmed in claimS8,

formegiom 3P+t he danper conprises a washer. 10. The shutter

mechanismas claimed in claiml 5 wherein a

ferromagnetic elenent is coupled to the coil. 11. The
S mtsﬁﬁtt&%ﬁ%%ﬁﬁ‘ e%sclﬁhéﬂrﬁ dlaif 16 hHefBid a dAhpeLisHrbtiged on
coil conprises a multi-layered coil. 12. The shutter

eithermidzhafitteriragk. cl aimed in claim 11, wherein all coi
| ayers are designed to induce an el ectronagnetic field
in substantially sanme direction. 13. The shutter
mechani sm as cl ai med .in clagg%@#g erel e cojl
9. pribgishEdenipethagis asstlaimsd n % %188%‘30612394565 2
ssenbly, the electromagnetic field |nduced by the
irst coil assenbly being substantially opposite to
the el ectromagnetic field induced by the second coi
assenbly. 14. The shutter mechanismas clained in
10. ClThershitterf nedtaaismpasoslbiced inictaimal , odwtainlal ferromggnetic element
contrﬁ$lln timng, duration and direction of the
is coupleddptheclyrrent through the coil. 15. The shutter
mechanismas claimed in claiml 5 incorporated with
and placed in front of an imgi ng sensor.16. A nethod
l}epgh%\ftaﬁ &rﬂe@hﬁgﬁg rRAtGaand AYAash QNivaRekiRRhé @8l comprises a
ter the nethod conpri sing:
multi- 1ayered coil.

wash

12.  The shutter mechanism as claimed in claim 11, wherein all coil layers are

designed to induce an electromagnetic field in substantially same direction.

13.  The shutter mechanism as claimed in claim 11, wherein the coil is provided with
a first coil assembly and a second coil assembly, the electromagnetic field induced by
the first coil assembly being substantially opposite to the electromagnetic field induced

by the second coil assembly.

14.  The shutter mechanism as claimed in claim 1, further provided with a controller

for controlling timing, duration and direction of the electric current through the coil.

15.  The shutter mechanism as claimed in claim 1, incorporated with and placed in

front of an imaging sensor.
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providing a shutter mechanismfor an optical system
the shutter mechani smconprising: a |inear track
whaoosnep1as first end and a second end; a first PEOO208000421
assenbly | ocated adjacent the first end of the track
and a second magnetic assenbly | ocated adjacent the
second end of the track, the two magnetic assenblies
arranged in opposite polarities; a shutter plate
16. CRWRIRSH & Froowilg aRunitednd symheonimadabteahsingtes thehmethod
track; passing a direct electric current through the
Compﬂt@mgthl nfone direction thus forcing the shutter to nove
.tothe first end.of the track: .and, passi ' .
providgige @ SPEHSE u ATy %}Hgﬁnt REHca); FYSF%%a?@og%‘g%% ;n? Schanism

dd'orﬂgﬁ_%h%r_l thus forcing the shutter to nove to the
second end of the track. 17. The nethod as clainmed in

cd Bhdt &Bck havitihefirs enpaidsd segopdiesd;ng the el ectric
current in the formof an electric pul se of

e §ﬂ$ﬁ§gg§cﬁmsmtlag?a§m& a(;ﬂj a_a;emtllael Srsrenil wé ghedrackent griecond

GPAEIET et B CB PSR TRt Ao Eeade the o

eh8 Stk Gsfe el hitardd 1S bedsRE pblagidegar | i er pul ses.

a shutter plate coupled to a coil mounted on and movable across the track;
passing a direct electric current through the coil in one direction thus forcing the shutter

to move to the first end of the track; and

passing a direct electric current through the coil in an opposite direction thus forcing the

shutter to move to the second end of the track.

17.  The method as claimed in claim 16, further comprising passing the electric
current in the form of an electric pulse of predetermined duration in a predetermined

directiomn.

18.  The method as claimed in claim 17, wherein the electric current comprises a

pulse of reversed electric polarity and shorter than earlier pulses.



