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PARTI CULARLY FOR REMOTE VI EW NG APPLI CATIONS Field
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optical devices, and in particular to devices whereby

an object is viewed renotely, with a large

field-of-view (FOV) and in \Mgi ch the system aperture

is limted by various constrains. The invention can

advant ageously be inplenented in a | arge nunber of

i magi ng appl i(gB'tﬂI DEVECES BAR'EIQHgéRb¥ wel | as

head- nount eBFORREMOTELVIEWIN GYSPPBACKIITONS of t he
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viewm ng i S necessary, as the object to be viewed is
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disptléﬁ."pti cal conbiner is located in front of the eye
of” the viewer, while the display source is |ocated

Backewohsl bf $he avémtiawvoi d the bl ocki ng of the external

view. For each of these applications, instrunmentation

i s Theeelede tmangolapplicatianghin #hdeh whmothjvéaswingt i necessary, as the

.transport, the  ljght to a location m)ﬁe favora}bl e, for .
objegt digi by, viawadtis gcatsdnie apnenyirgunentoheside itethengiewer, or it is
. instruments or to t.he eye of the vi r..There, ar .
inacggiib R Ran D P iuE ShuSpaofifietot i dabfirois i€ gnvironment
Perb % EGIRAS ANl D30 980 ! 0 OB kol R SRdoscopes
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applications, instrumentation is needed to collect light from the object, to transport the
light to a location more favorable for viewing, and to dispense the light to the viewing
instruments or to the eye of the viewer. There are some image transportation
techniques in common use today. One possible transport'ation method is to sense the
image with a camera and transport the data electronically into a display source that
projects the image. Unfortunately, in addition to the relatively high cost of the
electronic system, the resolution of both the camera and the display source is usually
inferior compared to the resolution of the eye. Another method is to transport the
light pattern with a coherent fiber optics bundle. This method is, however, adequate
for systems with very small apertures only. Furthermore, the resolution of a fiber

optics bundle is even more inferior than that of the electronic imaging system



for systenms with very small| apertures only.
Furthernore, the resolution of a fiber optics bundle
wo g008wenssrore inferior than that of the el ectrpai/aL2004/000812
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menti oned above. An alternative nethod is to transport
the light pattern with a relfy lens or a train of
relay |l enses. Wiile the Iast nentioned nethod is the
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complitated! anddetpensiver , espotiafigt fart bpticalpglitems) omsich require high
eri scopes. The-invention allows systens to achieve a
peripghandevel y hi gh FOV. while maintaining a conpact and
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several significant drawbacks. Since the system stop, .
partighlasly edvafageaus Densasedt gen theereadilyr ingprpasicdagverofnto optical
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navightibe anl\driing &Rds.| Stage-of-tiesuitHUDsc aevdrtieles] suffer from several
Installation space which is inconvenient, and at

signi ficens drawbacksnsSihes ther systei etopf mdnich isviituadly located at the external
erformance. An inportant application of the present
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smaller IFOV will be obtained. As a result, the present HUD systems are either bulky
and large, requiring considerable installation space which is inconvenient, and at
times, even unsafe, or suffer from limited performance. |
An important application of the present invention relates to its implementation
in a compact HUD, which alleviates the aforementioned drawbacks. In the HUD
design of the current invention, the total volume of the system is significantly reduced
while retaining the achievable IFOV. Hence, the overall system is very compact and

can readily be installed in a variety of configurations for a wide range of applications.



whil e retaining the achi evable | FOV. Hence, the
overall systemis very conpact and can readily be
WO n®sab4468l in a variety of configurations for BCWIe04/000812
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For all of the possible applications, the present invention is particularly
advantageous for substrate-mode configurations, i.e., for a configuration comprising a
light-transmitting substrate having at least two major surfaces and edges, optical
means for coupling light from the imaging module into the substrate by total internal
reflection, and at least one partially reflecting surface located in the substrate for

coupling the light onto the viewer’s eye. The combination of the present invention



reflection, and at |east one partially reflecting
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With specific reference to the figures in detail, it is stressed that the particulars
shown are by way of example and for purposes of illustrative discussion of the
preferred embodiments of the present invention oniy, and are presented in the cause
of providing what is believed to be the most useful and readily understood description
of the principles and conceptual aspects of the invention. In this regard, no attempt is
made to show structural details of the invention in more detail than is necessary for a
fundamental understanding of the invention. The descriptions taken with the
drawings are to serve as direction to those skilled in the art as to how the several

forms of the invention may be embodied in practice.



fundanent al under standi ng of the invention. The

descriptions taken with the drawings are to serve as
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practice. WO 2005/024485 PCT/1L2004/000812 In the

drawi ngs: Fig. 1 is a side VEGMIOf the sinplest form

of a prior art periscope structure; Fig. 2 is a

schematic diagramillustrating an unfol ded optica

| aywtie dfavangs:i or art periscope structure; Fig. 3 is

a side view of -a . prior art substrate node foldin
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with the present invention, show ng the |ight waves
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a qmra@é’érdh%ﬁiﬂl@ﬁbr@ienﬁﬁhwbﬁmﬁﬂ whil e the observer
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FigheA asdpB illsstrdte sideparnbiopesemmuifen optical deige it smeordance with the
applications, both mlitary and non-mlitary, are
enyireseohdaveritiog, showingghe gngbts Vitaes @Brﬁﬂt@&fv 1 g §pbsirate-mode
prior art periscope 2, having a pair of optical
el a¥tAe’- 4 and 6, e.g., a pair of folding mrrors,

Dt ReF T ok BB Brp R 0 205,97 o

'.I_Eﬁgélfléteggg@é%@gi ?Eﬁga&iﬂg@%@,%ﬁ@%@ﬁ%@p&f it rt?arﬁb!&l‘a{%”hrg optical
systems designed to displace the object space reference point away from the eye space
reference point. - This allows the observer to look over or around an intervening
obstacle, or to view objects in a dangerous location or environment while the observer
is in a safer location or environmeﬁt. A submarine periscope is the typical example,
but many other applications, both military and non-military, are envisioned.

Fig. 1 illustrates the simplest form of a prior art periscope 2, having a pair of
optical elements 4 and 6, e.g., a pair of folding mirrors, which are used to allow a
viewer to see over a nearby obstacle. The basic geometry of this embodiment
imposes limitations on the performance of the system. This is especially true for
systems with a very wide FOV and a constraint on the distance, /, between the

folding-in optical element 4 and the folding-out element 6.

Fig. 2 illustrates an unfolded optical syétem with the following parameters:



systems with a very wide FOV and a constraint on the
di stance, 1, between the folding-in optical elenent 4
wanesohass ol di ng-out el enent 6. Fig. 2 ill ustrBCERE2204/000812
unf ol ded optical systemw th the follow ng paraneters:
WD 2005/ 024485 6 PCT/1L2004/000812 1 = 400 mm Reye,
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internal images well clear of optical surfaces, wher )
fieldusirvamae casedbyHbs lorge mbsber el pesitivolenses. tsﬁéoﬁlfﬂfﬁggl,e outside
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i5 e,
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rel.ay stages nus e.either . . . .
restrictions ‘on the optlcatl cpemgn oP e system. Thirdly, economic considerations

make it desirable to minimize the total number of optical elements. Fourthly, it is
desirable to keep internalv images well clear of optical surfaces, where dust and
scratches can obscure portions of the image, which complicates the mechanical design
and the fabrication of the device. Fifthly, the number of relay stages must be either
odd or even to insure the desired output image orientation, which adds to the
complexity of the optical design. All in all, the existing systems are either heavy,
cumbersome and expensive, or they have poor performance. Hence, a compromise
between good performance on one hand, and compactness and cost, on the other,

must usually be found when designing a remote sensing system.



odd or even to insure the desired output inmage

orientation, which adds to the conplexity of the
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ei t her heavy, cunbersone and expensive, or they have

poor performance. Hence, a conprom se between good
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optiedlealentené G dollls theelibhplbut dnib thet EMBed EMBa8viefvea. Despite the
viewer. Despite the conpactness of this i
compentiessupitthsnconfigenatipar 8 sufiers fsignificant dupslacks, specifically, a
. specifically, a limted FOV. As seen i Qtige Figure, . .
limigabF Q¥ A aeen Inghed 1gwre, e maxayin aflopiediqff axfeangle o inside the
ssltul%str.ate Is: amax = arctan IT - deye 21 (1) wherein
sub§irfig 1S he substrate thi ckness: deye, is the desired
exit-pupil dianeter, and —JZS t he di stance between
reflecting el enept s=4raail—6—2hj s schematic )
configuration is true fof bdth HUDs and HVDs and only
the scale is different, i.e., distances for HUDs are

in the.qrder, of few hundreds of mllineters, whereas
Wh@ﬁ@ﬁi@%ﬁ@é@ﬁ?%?%ﬂ@es&e in the order of a few tens

of ; mili -h i hat the conbi ner

shgﬁﬂe’ Sé%@%%é@eﬁapﬁuﬁggﬁrﬁ%w?ﬁg viewer's. eyes

whijl e e ditRhAYbEREEE eefvttinkhgerBohtsid@id 69 | ens

shoul d be |ocated further away to avoid bl ocki ng of

t helhix keliemadtics cemguratior\ie trueetor Stoth iIHUDstandcBMPs and only the

Fig. 4 illustrates a solution to this problem
scalgc sodiffergnt; d.a.hdigiarassnfori AU g in thesewsien off fewi hgndreds of

i npl I hor i
milgmsélgqqng \?vhgfe%ts atrfl%udfas[[an%gé( ’fo} %s tapg 13 “the” Kt e?l of ggfse%v tens of
millimeters. The constraint that the combiner should be located in front of the
viewer’s eyes while the display source and the collimating lens should be located
further away to avoid blocking of the external scene, however, exists in both cases.
Fig. 4 illustrates a solution to this problem according to the present invention.

Instead of using a simple rectangular box, two of the horizontal edges of the
mechanical body of a common periscope are replaced with two pairs of parallel
reflecting surfaces, 28a, 28b and 30a, 3(5b, respectively. The reflecting surfaces 28a
and 30a converge with respect to each other, while the reflecting services 28b and 30b
diverge with respect to each other, in the direction of the output aperture 20. The two
pairs form a continuous surface, namely, the edges of the surfaces 30a and 28b, and
respectively, 28a and 30b contact each other, forming two contiguous surfaces in

cross-section in the configuration of a bow-tie.
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dlrercﬁf)ﬁ %fte‘r?@h gé% fgemgfn?é‘ih?d i éihthefor&%aﬁ' i ﬁe%‘ 'hB?‘a‘ﬁ%eteH h %s can be

ctron o ray 1s mal it al ned,

sho@/h' @Hené\ht hﬂﬁﬁﬁ%é gt {1 ERMH 8Cik @dmpised o thice ﬁdm\fma ctaﬂil@al part of
output ifmage at the EMB 8 is conposed of three parts:

the aptiealt wavespavhichfis nbheefiqui¢d by citheesf thaipairsicf parellel reflecting
reflected by either of the pairs_of parallel

surfaess, @oditwg sideprets xhich mge f‘vﬂﬁcé¢chN}§§rh}‘sthﬂrﬁ1€FﬁC§$ a8a, 28b; 30a,
flected t by.th f 8a, .28b; 30
30b ftsae {iee s PRt b SRS EROPRAY L EOR ISP fBRgS Ip the eyes

viewer, wthout any

oftﬁ??fe&geri)&%gﬁgé?ny elag‘\é?%%glg}a i ci t y, the direction
Pld?%lrﬁﬁqgn}r Ehé Hﬁ%{:ﬁ@ﬂj V\:ﬁlf Elﬁrpag? fsefrvgrt% gx‘bgﬁ B Elfgm'% to the input

apert ure I ecte Yy Surraces

aperfe PNAEIOR ray ﬁ/lﬁ’é}ﬂ% feglbbied by tubfaces 084 age 328Dis @bdl reflected by
respectively,” 30a before it inpinges on input aperture

surf20e Z8b, amehtespectinély, 30t beforuftf impimges tan dmpatkapdraare 20. To
pat h of two rays: the marginal of the extrene

confimgy higdt of sefficiendvo ¢heskdbatpadh 0¥ vPa@Eys 2 ghe gnagginal ray of the
oi n surf ond
extr%mee@@%?ﬁs e t@ugwﬁf@t o8 aurlf H@tﬁda\(od %\4 1§t impinge on

sur{gaﬁf: g?ﬁ i)' den (ilt% énr}\?fst% {1§§ ?géb&r%%%%ns?& ﬁlﬁép éﬁ%rg%m%lnray 36, 1@01dent
on iﬁsﬂff%@ecES s na?rtrsalit/gs 1%%%%@% BRewithPKirfARE B! 8P impinge on
surface 28b before it crosses the input aperture 20. As both marginal rays meet the
requirement, all rays from the FOV that are incident on surface 28a will necessarily
also impinge on surface 28b. Thus, if the direction of the réys is again inverted, a ray
located in the FOV that impinges on the EMB at an angle located in the FOV
necessarily enters the input aperture at the same angle. The present example provides

for an FOV of 42° with a significantly reduced input aperture 20 of 180 mm.

Naturally, in cases where / is extremely large, a cascade of two or more pairs of



requirenent, all rays fromthe FOV that are incident

on surface 28a wll necessarily also inpinge on
wamosaeas28b. Thus, if the direction of the rapsI/iIR004/000812

again inverted, aray |located in the FOV that

I mpi nges on the EMB at an angle located in the FOV

necessarily enters the inputgjaperture at the sane

angl e. The present exanple provides for an FOV of 42

with a significantly reduced input ape I 0..of 180. .
roflonting xfasealdo, b rised dosaumice e Aed FLREYhiLS rpintajning an

cascade of two or nore pairs of WD 2005/024485 9
acceptable s ®4AD00BYLARE et i ng surfaces can be used to

i t he. [ i i i Ni . .
S8 Bl S0P AN E P B st o s 4
idexlﬁ_fcéﬁblgc?%yrrféﬁfe:ug&aﬂlmu ng; ] hatofane devldes howeeet, e two pairs

entl ca symetri cal about the
of paRdlict abfleoting Qirfides, Head a6t ndwesearily betidentival tpadach otbér and an
paral l el reflecting surfaces, need not necessarily be
asymetetical afystem eeitth dofiférent paids san besytitigedr acsardiagstoedgsired. upper
w th different 1gairs can be tiIizedacordiE]gto Vs i
anddewer euglesppéhe FeNG Mowsever §orsysizms Rhcronbiveresh e FOVs is

to 1{5{;@%@%@ I{Ei@h@rﬁé}% flml ru%B&ﬁo%ﬁqq eoﬁ}(?g/\?%’iﬁ? Pa‘i%gquﬁagﬁléel reflecting
i r.of . .ef | ¥ Q.- ' .

T R W R

can;ﬁﬁg%%%cfrs & thﬁalﬁeﬂ’l%ld:. NER 28288 sy¥erh 8l sspoeiall9 dor hbeigating and/or

especially for navigating and/or )
dridhi WRGeinIRS IRorizdrisl TOW Zand! inkgdvtans, amt thusjs @andietincreased.

and thus, it can be increased. Furthernore, the FOV .
Furdastmoes, i the F€@Y echni be mirbasedanthnth theharizental erd the vertical axes,
vertical axes, however, special care rqg%t be t?ql%j{] to | and
hovpevevespecinl eEe maisk b dakaacle RIR¥eH AT PSSHTRlls Detgen hgdorizontal an
vertical, pairs. The purpose of the optical device
theyg PA%Sto the present invention is to transfer

i ght. wthi ' £i -.af - i . f ..
e S 1 909 SRS B A ALY o oA Emention i 1o
tra@rﬁxlg%%%itﬂﬁt %) g?ﬂ}endﬁé’lhcﬁ-ﬁ@ﬁpﬁ@@v}? ofAngIREUbetdRen taufiéhimal angle

put aperture renotely located fromsaid input

o, 2PRId ¥ heaxisf Angleato, @ | Thblopyisaledevit®camesised amiimputiuperture, an
sald FOV, that enters the optical device through the

outpip dpertmer temistely iovated $ronhawidnippmb apectioos nguchndiab aalight wave,

such that Amn < a < amax, exits said optical ci]ev,i ce
locatedowighintthe seid POV, dhatranters the eatierd\daviceathrpeghs thegipgut aperture,

pair of parallel reflecting . . .
that is, having an incident angle o such that O, < ® < Opay, XIS said optical
device through the output aperture, and having at least one pair of parallel reflecting
surfaces. Part of the light waves located within the FOV that enters the input
aperture, passes directly in free space to the output aperture without being reflected,
while another part of the light waves entering the input aperture within the FOV,
arrives at the output aperture after being twice reflected by the pair of parallel
reflecting surfaces.

The reflecting surfaces 28a, 28b, 30a, 30b, which are illustrated in Fig. 4, are

simple mirrors that obey the first Snell law, that is, that the incident angle is equal to

the reflected angle at the surface. There are cases, however, where it is preferred to



surfaces. Part of the |light waves |ocated within the
FOV that enters the input aperture, passes directly

WO noosnesspace to the output aperture w thout BET/IR004/000812
reflected, while another part of the |ight waves
entering the input aperture within the FOV, arrives
at the output aperture aftenpbeing twice reflected by
the pair of parallel reflecting surfaces. The

o LB o e i W i e

rst aty t i.den e
is nB\h Q%ﬁél @ﬁ*g&?ﬂé‘ﬁ%@ lgn%‘ﬁ %t i x% @cﬁﬁéﬁ{g raélgle the
t . .
e Sy S -

of thi¢ fivoaghatings giratidegical nadwader, what ehd réfl@ct&&feh%il‘é @@ the second
angle at the surface is-not equal to the inc

refleshigg surfiace valltbeuequaldo the ocidengiongle atnibiedianst reftaptiagtsueface for
ref|l ected angl e depends on the wavel ength of the

alWﬂY@le@éﬂtS ray. |If the grating functions of the t wo

S HSALIENE i L PR P mnsion
of ﬂ'#lg) nfeﬂ?ti nfhéjﬁg:e ?gilrseo%arﬁﬁﬁlblfeg%éﬁxrlé S’Eu#fﬁ%s 18%1?1% {oacfe%rease the

wave

aperBX8raTtRe Idlewé%tfbatal gl9erd F@\W%Iealté?ﬂétﬁ@ﬁtt%t 1h@fbas@fthé ﬁée‘&ble FOV
met hod. The use of pairs of parallel teflecting

for ®giveaagsrture, s det lilnitedeo rpesiseogasendapeat beaitilizetiig other optical
device for a given FOV, or alternatively, to increase
deviceewhersabe éna\apetiore & lgcated fapipmuthe, outputrapertuireriinguding, but
riscopes and it can be utilized in other optical
not ﬁ@wg &3 Kﬁﬁf‘eﬂ@qewasteﬂﬁﬁuca@é 5 H&@@@tde@ef g from

- B hSueB I bl bR TV R BRiies] st Gh8 1 isreased by
usmg%héf’ SdHet tﬁge b§' d§§091b tEI’wft}pf‘efgrgi{c?%o tﬁg 309%%@@1}9{; to it two pairs

can e I ncr ease ure

of p&%ll@?ﬁx%bx@@amﬂﬁ 4495 @r!idfﬂl%? a%%hEWﬂ in¥iBy4adding to it
two pairs of parall mrrors 42a, 44 44a and 42b,

asFigso\6 iand F6I3. 1llﬂlstrﬁleg$ sideAviemd ab® d képJS/ﬁéwtﬁ a subskeate-mode
view and a top view of a substrate-node optical

optiemddeviwe4® of themresand dmventionyermpusing edightttsansgitiing substrate 48

transmtting strate 48 _ having at | east two
havmgjaéﬁquh%@ A O%; nﬁn@il@&urﬁ@es 59, Sgnand &%@naéﬁds%ﬁg% ¥y an optical

cexgipy, 4P SBlbRk g€ VEIE Bl e BB R o o S bR tens 26
intogtps %p@?{éctéazfsg gg?tog%riﬁnli’%rﬁ%ﬂyféﬁe%ﬁﬂﬂ,l aRETIrChi Mbre MM Dartially
reflecting optical elements 6 located in the substrate, for coupling the light into the
EMB 8 of a viewer. Instead of using a simple rectangular substrate plate, however,
part of the two lateral edges 54, 56 of the substrate 48 are provided with two pairs of
péra‘llel reflecting surfaces 58a, 58b, 60a, 60b, similar to the two pairs of parallel
mirrors 28a, 28b and 30a, 30b of Fig. 4. Typically, the angles between the rays
trapped inside the substrate 48 and the reflecting surfaces 58a, 58b, 60a, 60b are
sufficiently large so as to affect total internal reflection. As such, no special
reflecting coating is required for these surfaces and they are merely polished surfaces.

The combination of the present invention with a substrate-mode configuration yields a



reflecting optical elenments 6 |ocated in the
substrate, for coupling the "light into the EMB 8 of

wa 2050385 | nstead of using a sinple rectangul BET/IL2004/000812
substrate plate, however, part of the two | ateral
edges 54, 56 of the substrate 48 are provided with two
pairs of parallel reflecting surfaces 58a, 58b, 60a,
60b, simlar to the two pairs of parallel mrrors

28a, b _and. Fi cally, ..t angl es .
compag s P gniRy obtissi Ay hikinda sHEl=G sy bpubal pd o with
: flecting surfaces 58a, 58b, 60a, 60b are
awﬁi@?ﬁ% ently large so as to affect total internal
r effhe GnhutimPat & Figs. A aREGRAls arf 8%4Bpld H0aGAShbATot Soupling
required for these surfaces and they are nerely
the jnplut sfawds tofthe sabstrafbe hoputbivanesi conldfhavnevepy alsebe coupled into

invention with a substrate-nopde configuration yields a
the wwbstiabs by 2othes OPQWII Re0s)/ ipo@ins, 1t cepiphwmitednie, folding prisms,

ﬁbeg‘éSﬁ%Evn G5B rting YRS AU IETR Y. The embod ment
e, 3 npg} 5 ShuBHRATBL SOk B 1RY dI97 e input waves

andWﬁiéeﬁ gb" %av@?"‘@r‘éerlocétééooﬁeth%‘)‘d%%d sidd @f ttl'i\:e substrate other

substrate by other optical neans, i1ncluding, but not
confipwiatieds bee ervibidned, iprwhith,the fm}im randfthe ¢mlagedvags are located on
diffracting gratings, and others. Furthernore, while
oppositet sidee obdlok sebstrase. Fhpse NGy even bS appheammsum whds the mput

and the imge . vvaq%; a{)e | ocat ed on the same side_ of
Wthehea% beserRice, inty thesubgle thyorah opp ot dhesipitaty’ é#&@ral edges.

mﬁ Be b tetap e il IRt REIRGv i Bonctlimited to
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may B &nBbdied 38 Bthdrispétific Pems Wittt dbﬁaﬁtﬁh(gsf?oﬁkthé |s§ﬂ1t'd? essential
the art that the |nvent|on isnot liTmtéed to

attrithateai thereof. t The fpresaoi engbadimentsr afeetheesfoos |tm§m sommdiered in all
that the present invention may be enbodied in other =
respeplsoist illystrativie andl mieb uestietpes; tthegecopoaf theeinysntipn being indicated

o B o ST s b B0AS AT e
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1ntef1ﬁé&‘ﬁfbé &ﬁﬂr&)édttﬂé‘refrpr egoi ng descri pt| on, and all

anges cone within the neaning and range of
eqU|vaIency of the clains are therefore intended to
be enbraced therein.




WD 2005/ 024485 PCT/ |1 L2004/ 000812 12 WHAT | S CLAI MED
IS: 1. An optical device for transferring light within
wa2@iswenss i el d-of -view, conprising: an input BEEIL2004000812
reflecting surfaces, and an output aperture located in
spaced- apart relationship fromsaid input aperture
such that light waves, |ocatigd within the said
field-of-view, that enter the optical device through
exit the optical device through
W@tgsﬁﬁ&ﬂ%ture and characterized in that said
ki I
: A%T(} % 8&12%?&2@@%@%@@%}#% {l%zgiv&ff‘!ﬁ 1chf K’zfefvé‘ Jo%‘lspnsmg
Igﬁﬁ;ﬁga}%ﬁﬁf@ said field-of-view that enter the
i nput apertureée, pass directly in free space to the
oudfiaetingparfaves; andt hout being refl ected, while
anot her part of the |ight waves within said
f pelowtmrt apeéwr@ mateém medﬁeaﬂﬁpmuoap@pt frow, said inwesaperture

sucl gt Bl BRYES-cifgatsii Wil fi aHlohelcep iw%ﬁf%xif eher the optical

i T T, 1 SRS S5, 0 s o

apefifitel Ryt PUt aperture at the sarre direction that it
arrives at said input aperture. 3. The optical device
agh@tdieriged dncihat Buill refleetiap sushices afre | Adshstomge Pali of parallel
of reflecting surfaces changes the direction of
reflpatoqgagyatdces aofl thet pahef smdrlungwmsdobatgﬂtwnhmmsd fiettl-of-view
then reflects it back to its. original direction.

thatieréerdpe ilvpyt aReiUED RA6E diasthyin Hee SRReA to thm%mnaneﬁ@re without

beiepFqtlserich i PHLST BAG O thga}ﬂ%*tgw?t%wi% StifeheldlofView that
ent%g ?ﬁgﬁﬁﬁmtt Iﬁ?ert feg lafiPds HHRY Eilﬂfut aft@xpﬂél\g\lgWiééJf&lected by

evi ce .accor |ng
saldétqeés%ﬁ& paﬁ @]ﬁrﬂnélﬁeﬂeétirfgrburm‘ce§al d at |east one
pair of reflecting surfaces and of said output
2. dpherdpticel {evideaecading ta cipinh 1apdrereineardfotiierapayt wthe light waves
field of view 6. The optical device according to L
arrig¢saiainsaid whgpuéi apestirel aatthe espne 'dinestipai thabfit arrives at said input
reflecting surfaces reflects said |light waves into a
apePfact i on cal cul ated to reach one

3. The optical device according to claim 1, wherein said at least one pair of
reflecting surfaces changes the direction of propagation of at least part of said light
waves and thén reflects it back to its original direction.

4. The optical device according to claim 1, wherein the location and orientation of
said at least one pair of reflecting surfaces and of said output aperture produce the
field of view for a given input aperture.

5. The optical device according to claim 1, wherein the location and orientation
of said at least one pair of reflecting surfaces and of said output aperture produce said
input aperture for a given field of view.

6. The optical device according to claim 1, wherein said at least one pair of
reflecting surfaces reflects said light waves into a direction calculated to reach one

eye of an observer.
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13 7. The optical device according to claim1, wherein
W@ anod/oat48% east one pair of reflecting surfaceBCT/IL2004/000812

reflects said |ight waves into a direction cal cul ated

to reach both eyes of an observer. 8. The optical

devi ce according to claim1,j3conprising at | east two

pairs of parallel reflecting surfaces. 9. The opti cal

vi ce. according to.claim@§,. wherei,n said. airs of .
7. B GRRR Gt et g o, uint B P BeiS il R BR o8 pair of
oL . : L i 1. i .

e RIS, 90 SyPRECH 0 S Mo LSRR Rach bt
eyeSyMEbhdegdér, around the opti cal axis of the device. 11.

The optical device according to claim@8, wherein a
8. The spticalf dedte accasdinzaoec]ain éacbmprising atdeast tgespaiist df parallel

respect to each other and a second reflecting surface
reflegtingumfagasr  di verges with respect to each other in

di t f th tput. t . 12. Th tical ,
0. §B6 cpuE s ipeopTod dohiair unshetin oA NS s & picting
surfﬁ@éslaﬁ'gthilé}ﬁicaﬂqéfcﬁe&h ntact each other to formtwo
C g r

ont 1 guous surtaces. 13. The optical device according

10. TRe Coptida ldewdteraBtordait do’ @hingCl, MMhePlinf #68Sata[@st one pair of
mrrors. 14. The optical device ‘according to claima1l,

reflodiidipesunfasas drer gfinheetricapasuntiahespca axtvef fhesivickd.
The optical device according to claim1, wherein said
11. The optitiledaviemyacnordiagde claim 8.dwhéneira ifiret wpflaciing surfa of each
. The optical device according tp claim' 15, wherein .
PairtGOBVErEes i VHIgh FERREFS iorachrother and & seqqnsoreflpeting surfage of cach pair

dive‘%éees \'}V%ﬁr}te'sﬁ:e%lt 6 gac%agtﬂelp fnht%% 'direction of the output aperture.

12. The optical device according to claim 11, wherein the two pairs of reflecting
surfaces contact each other to form two contiguous surfaces.

13. The-optical device according to clairﬂ 1, wherein said reflecting surfaces are
mirrors.

14. The optical device according to claim 1, wherein said reflecting surfaces are
coatless.

15. The optical device according to claim 1, wherein said two reflécting surfaces are
diffractive gratings.

16. The optical device according to claim 15, wherein the grating functions of said

diffractive gratings are identical to each other.



