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WO 2008/120195 PCT/IL2008/000421 ELECTROMAGNETIC SHUTTER
FOR IMAGING SENSORS FIELD OF THE INVENTION 5 [0001] The
WOpE8aatiAvention relates to imaging. More particularly it relate€RGIz008/000421
electromagnetic shutter for imaging sensors. BACKGROUND OF THE
INVENTION 10 [0002] In optical systems, and in particular in imaging

systems, such as thermal cameras, it is needed to provide a shutter that

o BN e 1r AP SR R SR Yo Scasional

calibration of the imaging sensor, or for preventing undesired irradiation
from reaching the imaging sensor. 15 [0003] Calibration is necessary in
thermal sensors in order to ensure accurate measurements and to obtain

correct images. Cali (iﬁ%lg)% nt in IR cameras, which
have a thermal sensor at S not cooled to supercool temperatures.
[0001] [0RO4-Evary:RRGeailh awhile adinifaphsuniase ofathiarkbodyrisptaced i

front of the sensor and the sensor matrix is calibrated to measure a
electroafuRtie SRBorTh TORRIREATES0 [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, wheregfhe-pfuker isrempvagany therBROROr'S field of view.

[0006] A known shutter mechanism includes a shutter plate turning about
[0062] énnmpdbaxigrsﬂﬁm amnd ot gﬁtﬁeuﬁﬁoddngqmgﬁfg)myﬁmmes@huuerthemai

mechanls ludes a,shut oupl a motor, o
Camerafranslrsn%s%%&s% sqw?acah Lqe t?nettglfa{;\no % e%s#utteggégv%e%rnmha ing
sensor tawd pdsifiofis. {068 7viresodeeitesds ikis Eiéswé&ﬁo {ABVecarstrattershutter is

prowde@%gp %glcsérsqotnaﬁt 5 snlrea%to%:? & %ﬁ‘é E%aging sensor, or for preventing undesired
irradiation from reaching the imaging sensor.

[0603] Calibration is necessary in thermal semsors in order to ensure accurate
measurements and to obtain correct jimages. Calibration is especially important . IR
cameras, which have a thermal sensor that is not cooled to supercool temperatures.
[0064] Every once in a while 2 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.
[60¢5] 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 shutier plate turning about & motor axis
to and out of the blocking position. Another shutter mechanism includes a shutter plate
coupled to & motor with linear transmission so as to facilitate linear motion of the
shutter between the two positions.

[6007] 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.



prevent exposing the existence and location of the imaging system. 1
[0008; It is an object of the present invention to provide a shutter
mechanism for imaging systems, which electromechanically activated.
[0009] Another object of the present invention is to provide a shutter
mechanism for imaging systems, which is silent. 100101 Yet another
iect of the present invention is to provide a shutter.mechanism for .

B S etbrag donith [ GTEETE RO i AU S i Err o for
posifionsyiitmiy, ard Stably:-::00%kQtieradvantages and objects of the

IGRgNG invention will become a arent ?afzterzreadin%We present e e
gpeci icHtion and reviswing the dEcompanying Holre¥ SRmimR v espagen for
INMEN-HEN{O0IREIOneiaspect of the present invention provides a
shutter mechanism for an. optical system, the shutter mechanism
Biprisieigraiineatirack having asdirstrendiand ia isgeondiendsafdistiechanism
magpetic_as  located adjacent the first end of the track anda .~ . .
e e s o Tol SR S SC G € St oot htyef i
rhieitwos fragnetic aiséémblies arranged in opposite polarities; a shutter

" Ripte coppled fo.a coil mounted on and movable across the track, N
e hee: e ST S B, IR R e eomerem

diwcketithé shuterisforcdd4oanevé tovihe firstiend-ofnthentragk{igures.
whereas when a direct electric current is passed through the coil in an
opposite direction the shutter . ?:arced to move to the second. end of the
track. [0012.x} An. altefiabdldggectof thaé presehtiiravides a. method for

peufiogagaitate @0d,uehrenised, optoalshulier e metod., - . oprica
comprising: providing a shutter mechanism, foran opflrcaﬂ. SySI}em, the™”

Bhiter vecharismisohiprisingraitineagtracknhavingra ficstiend: dng and and a
[ReARd AN R AtmAgnelG assaMBy 0raled AR M G ISr the track and
second magnetic assembly located adjacent the second end of the track, the two
magnetic assemblies arranged in opposite polarities; a shutter plate coupled to a coil
mountied on and movable across the track, whereby when a direct electric current is
- passed through the coil in one direction the shutter is forced to move to ‘E%zé first end of
the track, whereas when a direct electric current is passed through the coil in an

opposite direction the shutter is forced to move to the second end of the track.

(0012a} An alternate aspect of thee present provides a method for providing accurate
and synchronized optical shutter the method comprising: providing a shutter
mechapism for an optical system. the shutter mechanism comprising: a linear track
having a first end and a second end: a first magnetic assembly located adjacent the first
end of the track and a second magnetic assembly located adjacent the second end of the
track, the two magnetic assemblies arranged in opposite polarities: a shutter plate
coupled 10 a coil mounted on and movable across the track; passing z 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 shuiter to move 1o the second end of the track

2



end 0" the le track and a second magnetic as4..;:;n ., located ad.laCCnl
the second eri.”'l"" oi~the track, the two magnetic assemblies arrangee in
opposite. polarities; a shutter plate coupled to a coil mounted on and
movable across the track; passing a direct electric current throuarh the
coil in one direction thus forcin the shutter to move to the first end of the
. ing.a. dir lectric.current through the coil in an.

%g%%ﬁggﬁﬁg‘gﬁﬁ? %%u@%%ﬁg%%ﬂﬁmﬁé to move to the second end of
theifhok BRIEEF RESCRIRTIGON OF Frh4EnDRAMWING S04 3t incoderactical
to hetter understand the present inventian, and appreciate its practical
R e B a0 S R G o
tpshotla be Aoted that thedsiguresaregively as@xamplesyonlyi atid @@ of ths
ey limit the scope o in, Invention, ke.components are denoted by like
reference numera S.TO?)“E FIg. Piffistratss 3nelac rGmagnetic shutter
iécHanisn ddsembly forcbnopticahsystemidn raedendancesyeithbéy for an optical
frefered embodiment of the present inventon, [00151 Elg, 2 llustrates an
exploded View of the eTe&deég’netlc ShUHEF Thecharistm- Shown in Fig. I:.
[06018] Fig. 3 illustratesaonedayerofieemulti-layetelectnomagneficicail whipanism
ay(}i%a@% gf?! ipcorporation in an electromagnetic shutter mechanism
“accordlng t 4 preferred embodiment of the present invention. 2a - - WO
- PB08]12@195IRCTAL2008/000421 {GodTtidsigr didiustnadescain HRicahiprauitable

with_an_electromagnetic shutter mechani in _accordance with a
R e an, A Shanety ST BRI AL o o prefered
DESARIPT D MOFRREPERRED EMBODIMENTS [00181 The present

invention introduces a shutter mechanism that has a low profile
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(small dimensions), which is electromagnetically actuated, and is silent (or
at least does not produces a noticeable noise when operated) and highly
- - WOrgHialetPhe shutter travels 10 linearly along a straight track PODI9%046/000421
principle a shutter mechanism according to the present invention
comprises a shutter plate, which is coupled to an electromagnetic coil
chip that can travel linearly between to positions across a confined track.

On either ends of the track a magnet assembly is placed..i I :
10017 g e HLBBRHIER. WIREFISH Rt (Hresy B 18 pated hragh
accordiheecRitihepirdieed smbgdetierfieifitné theseall @ligngevith one magnetic

assembly and opposes the magnetic polarity of the other magnetic

assembly, so that the chip is either attracted by one magnetic assembly
and repelled by the other or repelled by the first magnetic assembly and
attracted 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 20

gt S e

Hmig]iltqgrﬁ%mlo ?ﬁ%ﬂ&f“ﬁﬁ%ﬁﬁl i @Ht@rumcngMﬁ%mmys indicateuddayje
numeral 10, for an optjcal system,.in accordance with a preferre

(sl RSO BH e Y HSORT SR e S T A e R 2 s
not pr&RRRYisasR-ShRHHRE Hthanlipbrised phaid Miljeiserebibids Blacikftter travels
_ absorbing light and acting as a black body. The shutter plate 24 is

linearly gipE A {5 B84k hich may form an integral part, or assembled

(0019189 Eﬁéﬁgﬂé’@i ch6R0 fidenanrass.rod 2 oring ariseakita suhsiomiayises a
parallel rod 28 is provided opposite this rod). The track is placed betyween
shuttertyliieopposik 1ecvEPIIAs A AT RRARRHE LA e B 6@?@;\1\/&%}:}5’

| betwee%%a%s gs&gg%bﬂéiaafogpepégﬁﬁ&éaﬁm.rr@ﬁ ngtBds pravidedienieither side ok

e track (shown are only the top magnets 3 WO 20({8/120&?5 .
assemlPriE plargdsinopRoYing magnetic polarities. When an electric wrect) current is

passed through the coil the induced magnetic field of the coil aligns with one magnetic
assembly and opposes the magnetic polarity of the other magnetic assembly, so that the
chip is either attracted by one magnetic assembly and repelled by the other or repelled
by the first magnetic assembly and attracted 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 s controlied.

[0026] Reference is made to Fig. 1, illustrating an electromagnetic shutter mechanism
zssembly, indicated by numeral 10, for an optical system, in accordance with a preferred
embodiment of the present invention. The shufter 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
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of each pair_, designated 20A and 20B, the opposing magnets 22A and
22B shown in I_:ig. 2), the two magnets of each pair aligned with respect
- - 'WOtéOWé‘iF%ﬂfgnetlc polarity (both same direction), the magnet B&IFSL2008/000421
arrang_ed in opposing magnetic polarities. An electromagnetic coil (see
also Fig. 3), formed on a chip 26 is provided, coupled to bar 5 25 of the
shutter 24 (in the embodiment shown in this Figure the bar is provided

with a _groove |n hic edge of chip 2 [ its).
o o oo e TR R e o pspendoe
Fig. 2),3&1;41&;]%%?@?&@1@@@%@@@@@ teitbsopesomelfitaaaneic BHeFy
_shutter when it bumps into_it st rpall
(oot ST RORE ATCrRAE0 S O AR ) CAeIE Dbt o R Ao
e1ectrmﬁkag@@ah @eolglt@ee em}:sRig.tBe, tawkegttaiechintémidiproniesd friRestoTHE
washers also serve to djstinctly, mark. . TEI
25 oty SHE O O S s e gL ek gt i o

groove SittiewBiot (HR0RHE EXtesian ofxtringt 8wiiedred is provided 9Beither

. astening.the shutter .mechani e in. : "
T ot T
1o absofiegttemdghelinstuteenmechdmsinsoneimn Hrmpapireltpiafsie sednse

proyided with bores 17 thr i ' . -
o S bt 1 AL Bl s e st o

piaced tieditek B @tis proidedabith horaat; A RS also

inserted and on.which | : S8ach
serve ORI DBSL 030 Qo kel lo 18, Ml Ear 28 nes anfoss ohe of
facilitatlggm%%tg%pi‘h;p@@lmmSibu@@l@eﬁ%b“eﬁd%, sits and rides over both -
s. [0 erroelectric el nt 40 is provided, on chi
10021] Fisdenein Al s @g éét\?@’é%‘nmgecl’fﬁer of &Jéor‘ﬁl%%ﬁeftéég%%%%%%%ﬁga
mechafidt R:ibe pannetsdestensitichastronsthe ferromagnetic element. This
fag:llltate;s holding the shutter on either sides of the 25 track firmly angal .
[0022]SFably, WhikswiesireirtRicl s olsch oh S SIRCESTRIE T %ﬂ‘PFgﬁt%m s

shown in Fig. 1. Cover plates 12 are provided with bores 17 through which pins (or

screws) 13 are inserted passing imato bores 15 of end walls 18, thus rigidly forming &
housing for the track. Bar 25 is provided with bore 32 across into which rod 28 is
inserted and on which bar 25 may ride, and the ends of c:ach rod 28 are insertcd_in bares
31 of end walls 18. While bar 25 rides across one of the rods 28, chip 26, which is

coupled to bar 25, sits and rides over both rods.

[0823] 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 18
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 1o the one end of the ftrack
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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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
WOsHttéR4ove to the one end of the track whereas when tHECaURIe#S/600421
through the coil is reversed the shutter is forced to move to 30 the
opposite end of the track. 4 WO 2008/120195 PCT/IL2008/000421 [0025]
Fig. 3 illustrates one layer of a multi-layer electromagnetic coil chip 26,

igal for incorporation ip an ele i C [ :
10025) e A PR e ShinaC e U SRR DIREIBRO suitebie
for mdmﬁﬁrmmr im)iﬁjs érnechaymade rﬁm@ejnraetéi@nﬁméfﬁégiém gharqterred
ufficient to influence the chip to e t a g
cxnbodZi ol SiEnt SVISAD 10 MANEBSLO R FBted BAGHAYE! goin =
electroinsutaitd frelh thpirad coffthictiver alefitents shadiveitt BYEP2TATtAsTARL.

nd 29 facilitate inter-layer ic i efpir
ma B S S R et DR B siae,
insulztelediocal quirsbricudtiieviklmonts alferdiniaetapoiniertiary 27 and %
facﬂitaﬂs%“%%i%‘é’%eefe rgmagnelic coll chip.accarding o al O peieued miectrical
embodiment of the present invention, all of the coils (of all layers) are
wires ﬁﬁéiagnéﬂgolirmtddﬁ@rﬁbl@@tt@ﬁﬁa@m@%@ﬁﬁél@@ﬁ%%@ﬁﬁ@@i?@dﬁ@ﬁ%@%ﬁéﬂ
utter | lven f T t 0 ite.en -
L e
preferrerhizodimbntesomé Bia meeordiesrmiisgeniblyds BrovRitd 67 fHé &ps) are

designf1959.80Ue e Sleciic sl inoppesiie i Baliskongida WichLSGane:ih:
- order to change the induced electromagnetic field of the chip the coil
drivendssenbliendaré bparesetpdhe mmeme[egé@m‘ﬁ%%%%ﬁ%‘aﬂerpolm of
the coﬁCQS%ﬁfﬁ MAMISES,AENEANNG flReHcRUlssf predetepmingsidueatianinis
a predetermined direction (by a controller 42, see Fig[. 1) sq .
provided on the chip, whose induced electric field is opposite to the first one, which
cage in order to change the induced electromagnetic field of the chip the coil assemblies

are operated alternately.

[0026] A proposed operation scheme comprises generafing eiectric pulse of
predetermined duration in a predetermined direction (by a controller 42, see Fig. 1) so
as to force the shutter to move in a desired direction and move to a chosen end of 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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as to force the shutter to move in a desired direction and move to a
chosen end of the 20 track, and then a substantially shorter pulse of
WOrgafsisd %Slectrical polarity to induce counter forces and red e thekigretis: 21
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
in posiiG, SIRHI0 N olner end oL tRgk 20100271 FiGr 4 ISR BbiR e
camera 60 with an electromagnetiC shutter mechanism 10, in accordance
coil toiiticarheednrted Erbodidsent of the present invention. The shutter 24 is

placed in front of the imaging sensor and in a first posiélon covers[[aﬂl%le figlqﬁ_
[0028]01 b ARBHFh & SERRYF BN iR SECHHY POSHBRTs PelPAtte P B tHAFF b el
profildWHORREY ke felehal sdew oblheveBneobiaghetielementtfizdslt is a very

optionai!k)llylxé rovided, aimed at cooperate with a 30 hall-effect sensor, which
accursig enp ZEie F ilERERMTTthe presence of the magnetic element 5 WO

[9@29iﬁﬁoi?/&ﬁﬁ11;9350%%%{?@%9@&99:‘%3&0&%P%&“%b@ﬂﬂﬂéﬁ&%\ﬂ%@ﬁ%é%gms

akes or jolts) electric current is passed through the coil to force the

set fohunahisasenifaien (78] PR dhutePFHECRANRIABARE pfedenivention,

Withoﬁ@rﬁﬁt&ﬂg i&r&g}%‘to maintain a onv- profile and takes up very small space,

relatively to other shutter assemblies. It is a very 5 accurate and reliable

[0630Mechauiiénlsf0B2 $lett shautdrbescteskillet thelttesdyipfienrohdieg the present

.£mbodiments and attached Figures set f in.thi ifigation

Spgcﬁ%ﬁﬁp%?%%ge &ron ‘%Ssg?é‘ﬁ%ﬁ%gf o%r?ﬁzel%egﬁt%%r?ﬁ\?vﬁﬁ%gtglgmitmg iiﬁs%g%gve

descril@0 30} b éhnetdsatss Bowtbsiliis aopersbhystileddsetihenaientdter reading
the present 10 specification could make adjustments or amendments to
the attached Figures and above described embodiments that would still

be covered by the present invention.
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6 WO 2008/120195 PCT/IL2008/000421 CLAIMS 1. A shutter
mechanism for an optical system, the shutter mechanism comprising: a
WOinwanaEek having a first end and a second end; a first magneta/assmanlys21

located adjacent the first end of the track and a second 5 magnetic
assembly located adjacent the second end of the track, the two magnetic
assemblies arranged in opposite polarities; a shutter plate coupled to a
coil mounted on and movable a&:@&@e track, whereby when a direct
electric current is passed throughi the coil in one direction the shutter is

1 freRado meveledhedrah epdal Wediachodisieas iR diehptling:
electric current is passed through the coil in an opposite direction the

a lineashutfehisifgredodioembamdite theoséenndd end of the track. 2. The shutter
mechanism as claimed in claim 1, wherejn the%s#:]u er plate .comprises a

a first yppgaelforstrmaty. lpaecr ndiariig ﬁ]éﬁﬁaﬁ Ogst%%fﬁ%& iﬁné?a?n?fond
whereindheShERr phateds sduplad = hannihiehliscddiptegtd ridee two
across a rod forming the track. 4. The shutter mechanism as claimed in

CRASTEIGATSREIR IS AT T8 B SBRHTPR B RSusing. 5. The shutter

2 shusl® %&%@&5‘#@8 glaimagd:inclaim & wheteindhe housing comuprises two

substantially opposite cover plates, the track confined by two substantially
wherclOpROsNG entwalsci?b Guihe: Shuttesathdoheighihasclhimeindetedtor, the
vgﬁg&%;néh%ggg Qg t}gwavséS%p ’géeﬁrst end of the frack, whereas when a direct
electric current is passed through the coil in an opposite direction the shutter is

forced to move o the second end of the track.

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

comprises a black-colored plate.

3. The shutter mechamism as claimed in claim 1, wherein the shuiter 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 &
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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comprise, each, a pair of substantially opposite magnets whose magnetic
polarity is aligned substantially in the same direction. 7 WO 2008/1201.95
WOR@B/IR2368/000421 7. The shutter mechanism as claimed iBCTAB2®S/000421

wherein the coil comprises a coil formed on a chip. 8. The shutter
mechanism as claimed in claim 1, wherein a damper is provided on 5
either sides of the track. 9. The shutter mechanism as claimed in claim 8,

7. Meeinie dmneleonniasa s Mashel A0 Ahe B UIPLAIRRIA0 S i
_as claimed in claim erein a ferromagnetic e ement Is coupled to the

formecton,aldhiﬁhe shutter mechanism as claimed in claim 1, wherein the coil
comprises a multi-layered coil. 15 12. The shutter mechanism as claimed
in claim 11, wherein all coil layers are designed to induce an

8, e‘i%%”é%[{@@&%%ﬂé%ﬂﬂ{' substapiislly same disaction; 13.TheShullBtided on
mechanism as claimed in claim 11, wherein the coil is provided with 20 a

either sidascwiltas&@atbly 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

0.  ShHHehMEshANEmas, claimaehiny Glaibmhily fUrtharRia vide dath-AceRttaliera
25 for controlling timing, duration and direction of the electric current

washefhrough the coil. 15. The shutter mechanism as claimed in claim 1,
incorporated with and placed in front of an imaging sensor.

10,  The shutter mechanism as claimed in claim 1, wherein a ferromagnetic element

is coupled to the coil,

11, The shutter mechanism as claimed in claim 1, wherein the coil comprises a

multi-layered coil.

12.  The shufter 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 agsembly and a second coil assembiy, 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 eleciric current through the coil.

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

front of an imaging sensor.



8 WO 20081120195 PCT/IL2008/000421 16. A method for providing

accurate and synchronized optical shutter the method comprising:
WORRAAY®A shutter mechanism for an optical system, the shuRE&F/IL2608/000421

mechanism comprising: 5 a linear track having a first end and a second

end; a first magnetic assembly located adjacent the first end of the track

and a second magnetic assembly located adjacent the second end of the

track, the two magnetic assemblies arranged.in te ities;
16 &P tE ORIt & So i S o u e SBiLf 1 tpo
comprisi@gassing 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 .
providiggest SREEIRE CORGRRIRTOUES 178 cBRHA%N %’ﬁﬁ%’rte%ﬁeﬁ%‘éﬁefh &E%%’?ﬁif“ :
thenshutier to move to the second end of the track. 15 17. The method as
claimed in claim 16, further comprising passing the electric current in the

5 folimeaf MIQ@WM&M%@W@@%$WM%MW in a predetermined
CLTaTRERTGSe b [ DH T ABSh oD S Shererioas
eatligfiulagsndhly located adjacent the second end of the track, the two
magnetic assemblies arranged in opposite polarities;

a shutter plate coupled to a coil mounted on and movabie across the track;
10 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
nassing a direct electric current through the coil in an opposite direction thus forcing the

shutter to move to the second end of the frack.

15 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

direction.

18.  The method as claimed in claim 17, wherein the electric current comprises 2

20  pulse of reversed electric polarity and shorter than earlier pulses.



