| A DEVICE FOR | LLUM NATI NG A TARGET 2 3 FIELD OF THE INVENTION 4 5 [0001]

The present invention relates to a device for illumnation of a target, and
nore 6 particularly, to a device for illumnnating targets both close up and
far away. 7 8 BACKGROUND OF THE I NVENTION 9 10 [0002] A device for
illumnating a target is a laser light source which is used to illumnate

11 the target. Such devices may be nounted on aircraft, ground vehicles, or
handhel d. 12 One problemw th known devices is that viewing a | aser spot
depends strongly on the 13 scattering efficiency of the target the |aser

i mpi nges upon. For | ong AMDEVRCE FORILUMINATING RETARGEST t argets, the |aser
spot may be too faint to show up. Further, optical 15 conponents for known
devieges are relatively bulky and require precise alignnent to 16 avoid
maki ng the | aser spot unviewable. Further, such known optical conmponents are
17 either useful for renote, E@ﬂg ' % q , or for close up targets,
but Rot both. It 18 would be a single device for
illumnating targets both close up and 19 far away, which is not dependent
upon4the scattering efficiency of the target, and which 20 can be decoupl ed

fromoptical conponents used for the target. 21 22 23
5 [0001] The present invention relates to a device for illumination of a target, and more

6 particularly, to a device for illuminating targets both close up and far away.

7

8 BACKGROUND OF THE INVENTION

9

10  [0002] A device for illuminating a target is a laser light source which is used to illuminate
11 the target. Such devices may be mounted on aircraft, ground vehicles, or handheld.
12 One problem with known devices is that viewing a laser spot depends strongly on the
13 scattering efficiency of the target the laser impinges upon. For long distances and
14 uncooperative targets, the laser spot may be too faint to show up. Further, optical
15 components for known devices are relatively bulky and require precise alignment to
16 avoid making the laser spot unviewable. Further, such known optical components are
17  either useful for remote, long distance targets, or for close up targets, but not both. It
18 would be desirable to provide a single device for illuminating targets both close up and
19  far away, which is not dependent upon the scattering efficiency of the target, and which
20  can be decoupled from optical components used for the target.

21

22

23



11 SUMVARY OF THE I NVENTION 2 3 [0003] In accordance with an aspect of the
present invention, there is provided a device 4 for illumnating a target
conprising a |laser which produces a |ight beam a viewing 5 nmedium which
receives electromagnetic radiation in an acceptance band, a beam 6 splitter
which splits the light beaminto a first beam and a second beam and an

I maging 7 assenbly. The imagi ng assenbly conprises a |ight conversion
medi um and an el enment 8 responsible for inage creation conprising one of a
i ght focusing mediumand a light 9 reflective nmedium The first beamis
direqted along a travel patigymRRAYORTAERVENTION 10 to the el enent and
then to the light conversion nedr um erern € Ti1ght conversion 11 nedium
converts the first beaminto el ectromagnetic radiation within the acceptance
12 band. A spot object distance between the |ight conversion nedium and the

el ement | 3 less than.a target diistance. The target di.stance |s between
The car JOPOY aehertghaRwith A a8 M BESantinFenfird ther 8 bFifed 8 deVict
beamspljtter and the elenent. 15 16 [0004] From the foregoi ng di sclosure
and the fPbilluminalingr target: apmMetising < 13ser i Which iProdyces a; kghd efrdewing
enbodi ments it will be apparent to those skilled in the art that the 18
presént madisim whichpreseivess eleatiomradnetia madiationnivean raaceptance hband oy belam-ar get
illumnation 19 devices. Particularly significant in this regard is the

pot erd i adplitteewhivhesplitsothedightbeamfinto a st peami atidg secdindibeamabnd yndeaging of
conpact structure and adaptable to a variety of target 21 distances.

Addi t7 ongdsehfbity. UTRES iradging @38mpBesordpriseald RiH cBheésionafie8iiRPahdBAteferibntl be

22 better understood in view of 'the detailed description provided bel ow.
8 responsible for image creation comprising one of a light focusing medium and a light

9 reflective medium. The first beam is directed along a travel path from the beam-splitter
10 to the element and then to the light conversion medium, wherein the light conversion
11 medium converts the first beam into electromagnetic radiation within the acceptance
12 band. A spot object distance between the light conversion medium and the element is
13 less than a target distance. The target distance is between the target and the beam-
14  splitter less a distance between the beam-splitter and the element.

15

16 [0004] From the foregoing disclosure and the following more detailed description of
17  various preferred embodiments it will be apparent to those skilled in the art that the
18 present invention provides a significant advance in the technology of target illumination
19 devices. Particularly significant in this regard is the potential the invention affords for
20 providing a high quality device of compact structure and adaptable to a variety of target
21  distances. Additional features and advantages of various preferred embodiments will be
22  better understood in view of the detailed description provided below.
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23 2 1 BRI EF DESCRI PTION OF THE DRAWNGS 2 3 [0005] Fig. 1 is a device in

accordance with a first enbodi nent suitable for illumnating 4 targets at
| ong distances. 5 6 [0006] Fig. 2 is a device in accordance with a second
enbodi ment suitable for 7 illumnating targets at |ong distances. 8 9

[0007] Fig. 3 is a device in accordance with a third enbodi ment suitable for
illumnating 10 targets at short distances. 11 12 [0008] It should be
understood that the appended drawi ngs are not necessarily to scale, 13
presenting a somewhat sinplified representation of various preferred

features 14 illustrati ‘B??Igi: %@SCW?I‘DN’UF’WHE'@A%IN% invention. The
specific design feature T here, including, for
exanp) e, the specific dinmensions of the imaging 16 assenbly, wll be
deterimned in part by the particular intended application and use 17

envi ron rtain features of the iJlustrated enbodi nents haye been

on arodloDPS] WG bt B oletike erestraRnce vt RISl SEERENIETR SUiRDE fof Hgmaing
understanding. In particular, thin 19 features may be thickened, for
exanpi e, tarasts at lpnptdistapces.| ustration. Al references to 20 direction and
position, unless otherwise indicated, refer to the orientation illustrated
in 2l the draw ngs.

6 [0006]Fig. 2 is a device in accordance with a second embodiment suitable for

7 illuminating targets at long distances.

9 [0007]Fig. 3 is a device in accordance with a third embodiment suitable for illuminating
10  targets at short distances.

11

12 [0008] It should be understood that the appended drawings are not necessarily to scale,
13 presenting a somewhat simplified representation of various preferred features
14 illustrative of the basic principles of the invention. The specific design features of the
15 device as disclosed here, including, for example, the specific dimensions of the imaging
16 assembly, will be determined in part by the particular intended application and use
17 environment. Certain features of the illustrated embodiments have been enlarged or
18 distorted relative to others to 'help provide clear understanding. In particular, thin
19 features may be thickened, for example, for clarity of illustration. All references to
20 direction and position, unless otherwise indicated, refer to the orientation illustrated in
21  the drawings.
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22 23 3 | DETAILED DESCRI PTI ON OF CERTAI N EMBODI MENTS 2 3 [0009] It will
be apparent to those skilled in the art, that is, to those who have
know edge 4 or experience in this area of technol ogy, that many uses and

design variations are 5 possible for the device for illumnating a target
di scl osed here. The follow ng detailed 6 discussion of various alternative
and preferred features and enbodinents will illustrate 7 the general

principles of the invention with reference to a device suitable for use with
8 targets at both I ong distances and short distances. O her enbodi nents

suitaple for 9 ot perApph BASCRISTIN b#oeeﬁmm@msgglm%fgski Iled in the
art given the benefl | . first

enbodj ment of the invention is illustrated in Fig. 1 which shows a device
13 10 for illumnating a target 12. The device 10 has a | aser 14 which

pr oduces lght 14 beam 16, a vi.ew ng,.nedj ym. 18 | ch receive
Bl ecth orafgt Pl beanparaRt Banefe Skfied BPnEct RIS Hihee WhE datEkpomedse 22
which splits the Iight beam 16 into a first beam 24 16 and a second beam
26, dnd ¥neXRELGNRY iBsthisnBrea 98 teghngingypdhah many susesdand [design Yariationsi gret o
not be restricted to nerely visible light but may include for exanple, a
| aserS 1ossidenfor theodevice ifdr iuninadingraytarget digcloged [tape.1ThaHellawingidefpiled
assenbly 28 conprises a |light conversion nedium 30 and a |ight
6 discussion of various alternative and preferred features and embodiments will illustrate
7 the general principles of the invention with reference to a device suitable for use with
8 targets at both long distances and short distances. Other embodiments suitable for
9 other applications will be apparent to those skilled in the art given the benefit of this
10  disclosure.
11
12 [0010] A first embodiment of the invention is illustrated in Fig. 1 which shows a device
13 10 for illuminating a target 12. The device 10 has a laser 14 which produces a light
14 beam 16, a viewing medium 18 which receives electromagnetic radiation 20 in an
15 acceptance band, a beam-splitter 22 which splits the light beam 16 into a first beam 24
16 and a second beam 26, and an imaging assembly 28. Light beam 16 is understood
17 herein to not be restricted to merely visible light but may include for example, a laser
18  beam of non-visible wavelengths.
19
20 [0011] The imaging assembly 28 comprises a light conversion medium 30 and a light
21 reflective medium 32 having a focal length f. After the light beam 16 is split, the first

22 beam 24 is directed along a travel path from the beam-splitter 22 to the light reflective

23 medium 32 and then to the light conversion medium 30. The light conversion medium



21 reflective nedium 32 having a focal length f. After the light beam 16 is
split, the first 22 beam?24 is directed along a travel path fromthe
beamsplitter 22 to the light reflective 23 nmedium 32 and then to the |ight
conversi on nedium 30. The light conversion nedium4 1 30 then converts the
first beam 24 into electromagnetic radiation 20 within the 2 acceptance
band. El ectronmagnetic radiation 20 may include visible wavel engths and/or 3
rays that are non-visible, for exanple infrared radiation (IR). The
acceptance band of 4 such radiation can also be visible or non-visible, or

a pori ogg Otﬁehoécﬁhve% ﬁ1epcffr§t' BBam 2J4UHto Sle¥irémBhRe® rhdiatioM020 WRhiR! Be

wavel engt hs. 12] In Fig. 1, the first beam 24 travels along the
h 32
and the %&pﬁrﬁc@] éﬁﬁt BT oRadriet € raditiof 26 Ay il el Q??&'&“@%hgﬁéi*g"'ép s

the ot s agE B e Byl SO S TR, e adiFoimpcs SR "

11 on the target 12. Since a_view ng medi um acceptance bandvvl dth of a

vi ewithg $Hd @gtatien cap ﬂ%ﬁ’/bﬂdﬂs'b'ﬁcﬂrd@é‘ -Vigibley engtnestian ehbetheor a poftianefivists, a
third beam 38 may nerely 13 conprise reflected light fromthe target. The

t hi r & beviaibigontst nan-yisiblewavelengtts. t he 14 vi ewi ng nedi um 18 by, for
exanple, one or nore reflective elenments 40 and 34. 15 Reflective el enent
40 ca be part of beamsplitter 22 or the reflective elenment 40 may 16 be
separate fromthe beamsplitter 22. An exanple of reflective elenents 40 and

34 is7a [0b12]rFigr1, tﬁetf@étqﬁanﬁiaattme% Hohd tHd®a vl PadifiemPheIm-Piitter PR et
12 and beamsplifter 22 18 |ess the distance between beamsplitter 22 and

L' S0l (LA e dphp o o, MRAEL USRI i o R s G nce
9 object distance r is the distance between the light reflective medium 32 and light
10 conversion medium 30. The second beam 26 travels from the beam-splitter 22 to a spot
11 onthe target 12. Since a viewing medium acceptance bandwidth of a viewing medium
12 18 may not include wavelengths from the first beam 24, a third beam 38 may merely
13 comprise reflected light from the target. The third beam 38 may be guided towards the
14  viewing medium 18 by, for example, one or more reflective elements 40 and 34.
15 Reflective element 40 can be part of beam-splitter 22 or the reflective element 40 may
16 be separate from the beam-splitter 22. An example of reflective elements 40 and 34 is a
17 mirror. A target distance v is the distance between the target 12 and beam-splitter 22
18 less the distance between beam-splitter 22 and the light reflective medium 32.
19  Advantageously, the spot object distance r is less than the target distance v, somewhat
20 reducing the sizes for the various optical components to function effectively.
21

22 [0013] An example of the light reflective medium 32 used in the embodiment of

23 Fig. 1 is a mirror. Preferably, the mirror is concave in shape and more preferably, it is a



20 reducing the sizes for the various optical conmponents to function
effectively. 21 22 [0013] An exanple of the light reflective nedium 32 used
in the enmbodinent of 23 Fig. 1 is a mrror. Preferably, the mrror is
concave in shape and nore preferably, it is a 5 1 protected silver concave
mrror. Suitable mrrors may be purchased fromCvl Melles 2 Giot. 3 4
[0014] In a second enbodi nent of the invention, Fig. 2 shows the device 10
where the 5 light reflective nedium 32 is replaced with a |ight focusing
medi um 36 having a focal 6 length f, and can conprise a | ens, nost

prefera hGe | ra¥ql i |
0 St ance” BischRL S Aoale St o ATSRROMIRS TRy be M RRANE o S deles

medi wm 3(§ri t'I'hi s time the light focusing nmedium 36 is positioned between the
beam™ 9 sp?l'tter 22 and the light conversion nmedium 30. The target distance
v is the distance 10 between the beamsplitter 22 and the target 12 | ess
the df stance between the beam | 1 splitter 22 and the |ight focusing nedium
36. Both the enbodinments of Figs. 1 and 2 12 are preferable for targets at

| ong 4i slORhEKEs.a sscans @gb@wrfm% of Shgpinveationsfdga? shpws dhe degicacl where B8 and
rangi ng applications. 14 15 [0015] The aforenenti oned enbodi nents may be
used 5 n light eflieofivamdediughB82 i4 6eplppéd edthi adight fordsingdmeativet S6emavingrayfoealry i n
day and ni ght applications. For exanple, 17 in day applications where

vi si 4 e lehgthtf, andh cBe cofrfiisetdieny] Robngrefgrablymad Sch@mdtR 1ans.18hkispbt objestusi ng

device such as a tel escope operating in the visible wavel ength, a human
7 distance ris the distance between the light conversion medium 30 and the light focusing
8 medium 36. This time the light focusing medium 36 is positioned between the beam-
9 splitter 22 and the light conversion medium 30. The target distance v is the distance
10  between the beam-splitter 22 and the target 12 less the distance between the beam-
11 splitter 22 and the light focusing medium 36. Both the embodiments of Figs. 1 and 2
12 are preferable for targets at long distances. Examples of such applications are laser
13 designation and ranging applications.
14
15 [0015] The aforementioned embodiments may be used in both day and night
16 applications. Individual elements may vary in day and night applications. For example,
17 in day applications where visible light can be used, the viewing medium 18 may be a
18 light focusing device such as a telescope operating in the visible wavelength, a human
19 eye or a camera adapted to process visible light. The beam-splitter 22 may be a
20 dichroic coating which preferentially reflects visible light over infrared wavelengths.
21 Suitable dichroic coatings may be obtained from Foctek Photonics, Inc. The light

22 focusing medium 36 may be an achromatic lens which comprises a BK7 substrate,

23 including those available from CVI Melles Griot. A light conversion medium 30 suitable



19 eye or a canera adapted to process visible light. The beamsplitter 22
may be a 20 dichroic coating which preferentially reflects visible Iight
over infrared wavel engths. 21 Suitable dichroic coatings nay be obtained
from Foctek Photonics, Inc. The light 22 focusing nedium 36 nay be an
achromatic | ens which conprises a BK7 substrate, 23 including those
available fromCV] Melles Giot. A light conversion nedium 30 suitable 6 1
for day applications nay be a VSPOT-1R disc for infrared detection obtai ned
from 2 Kentek Corporation. 3 4 [0016] Turning to night applications, the

vi ewijng fBP@lerEﬂ&cHﬁdnsb%a%PlﬁetE'EvgprLlﬁaa%"c fop dﬁfrafé%”ﬁél%cﬁgﬁ%tﬁﬂnéé’ fRAIRCESS

infrared |ight operatlng I'n either md-infrared wavel ength

m crans)Ké}{}e% ed wavel engths (8 to 12 microns). An exarrpl e of a

sui t abl sp [ 'ter 22 is a dichroic coating which preferentially
refI%cts the acceptance band 8 of the thermal inmager or the infrared canera
over “a | aser wavel ength. Suitable dichroic 9 coatings can conprise ZnSe
substrat es whi ch can be obtained from Foctek Photonics, 10 Inc. O her

sui t 4ol d0871QlHuERIRg e night applicgtions piherdeingymegay thmayde aey thesmal imagern ¢ he
art 11 given the benefit of this disclosure. 12 13 [0017] An exanple of a
sui t &bl eorldagierafadaptsidtg preceasninBarefddightioperatiagim edben midsinfrarachwagelengths
achromatic |l ens conprising a Zinc-Sel enium (ZnSe) substrate. Millite nay be

an ¥5 ggaor miovdng)her far-piiaredb waeelehgths (8do U rdiZrortd) h_n exairiptd bba waitatleal s
for use as a light 16 conversion nediumfor night applications will be

(72 PR Rlr 2 OBENNE Lo S0kl i 8 esplno s
8 of the thermal imager or the infrared camera over a laser wavelength. Suitable dichroic
9 coatings can comprise ZnSe substrates which can be obtained from Foctek Photonics,

10 Inc. Other suitable dichroic materials will be readily apparent to those skilled in the art
11  given the benefit of this disclosure.

12

13 [0017] An example of a suitable light focusing medium 36 for night applications is an
14  achromatic lens comprising a Zinc-Selenium (ZnSe) substrate. Mullite may be an
15 example of the light conversion medium 30. Other suitable materials for use as a light
16  conversion medium for night applications will be readily apparent to those skilled in the
17  art given the benefit of this disclosure. Unless otherwise noted, other elements of this
18 embodiment not specifically discussed here are similar to the embodiment shown in Fig.
19 1.

20

21  [0018] In the erhbodiments of Figs. 1-2, the target is at a relatively long distance from

22 the beam splitter and laser beam. Thus, although beam 38 and 26 are shown

23  separated at target 12 for convenience of illustration, over long distances, the relative



18 enbodi nent not specifically discussed here are simlar to the enbodi nent
showmn in Fig. 19 1. 20 21 [0018] In the enbodinents of Figs. 1-2, the
target is at a relatively long distance from 22 the beamsplitter and | aser
beam Thus, although beam 38 and 26 are shown 23 separated at target 12 for
conveni ence of illustration, over |long distances, the relative 7 1 |ocations
of these itens do converge at target 12. Fig. 3 illustrates a third

enbodi nent 2 of the invention suitable for use in short distance
applications, for exanple, nedical 3 laser applications. For short distance

| ijcatg | | ol IFiges
appl ijcatip&itidns tlggﬁ\e%éoﬁerﬁ@ldﬁ%n%&fea&qgr etV! IFiges liRRErated 5“?51/ %@Bﬂjﬁ{&é range

appl i cations. re, the spot object distance r”is given as

wher ‘ii n é{f Stbg iﬁ\%ti%ﬂc@iﬁlgﬁ]%rhuég H\‘ Fﬁohi(ﬂﬁgnéég %gﬁggg?%dk&%éagnplgﬂgnegf%l ance

obj eCt ance’'I's ned Si arl'yas i , that™

bet ween the |ight. conuversio dium 7 30 ang the light focusing medji um 36.
The. tar &1 APRTCAHODS T LSRR ARANeE SRrbeainse. the sRatabiket chdansenPuhe eser 22
and the target 12 less the distance between the beam 9 splitter 22 and

| i ghtt f dBarsifergloRg danas applicatiopsouliareaithe spet abjestdiskancet his giyen asbivéef), 10
di stance given by fv/(v-f) is generic to both short and | ong range distance
appl iScatwherein f id theJocableagthvfdhe ligkt foausing miidsurai3ée The spotabjedt distpncespot
object distance r will be 12 essentially equivalent to the focal length f

of tlse |defihed sehilelytas/in FigdRUhals, diie districe Belwkaes Wisé NightEshversig® mediuress
ot herw se noted, other elenents of this enbodi nent not 14 specifically

di scyssegh BRA Gh8IfNeifBEdsHig Medith® 8EDOThEMATges iIntd VFisJagdin the didfant€019]
I n each enbodi nent”, the spot object distance r and the target distance v are

8 between the beam-splitter 22 and the target 12 less the distance between the beam-

9 splitter 22 and light focusing medium 36. It should also be noted that the spot object

10 distance given by fv/(v-f) is generic to both short and long range distance applications.

11 Of note, when the target distance v is very large, spot object distance r will be

12 essentially equivalent to the focal length f of the light reflective medium 32 or light

13 focusing medium 36. Unless otherwise noted, other elements of this embodiment not

14 specifically discussed here are similar to the embodiment shown in Fig. 1.

15

16 [0019]In each embodiment, the spot object distance r and the target distance v are

17 determined with reference to an element responsible for image creation (i.e., the light

18 reflective medium 32 in Fig. 1 and the light focusing medium 36 in Figs. 2 and 3). The

19 element responsible for image creation inherently has a principal plane. It will be readily

20 apparently to those skilled in the art, given the benefit of this disclosure, that the

21  distances from the element are more precisely from the corresponding principal plane of

22 that element. For many applications, the difference is not critical, such as where the

23 lens is thin, for example.



17 determned with reference to an el enent responsible for inmge creation
(i.e., the light 18 reflective nmedium32 in Fig. 1 and the light focusing
medium 36 in Figs. 2 and 3). The 19 elenent responsible for inmage creation
i nherently has a principal plane. It will be readily 20 apparently to those
skilled in the art, given the benefit of this disclosure, that the 21

di stances fromthe elenent are nore precisely fromthe correspondi ng

princi pal plane of 22 that elenent. For many applications, the difference
is not critical, such as where the 23 lens is thin, for exanple. 8 1 2
[002Q] Fromthe foregoing disclosure and detailed description of certain
preferred 3 enbodinents, it will be apparent that various nodifications,

20, 3 TRk By e 48l Wk TG B BRECARE, Bl ol Bt
OO el ST oS, FOSS G T 506 PSRRI S an S

application to thereby 7 enable_one _of ordinary skill in the art to use the
i nvertt i Alternatiygranekedi@enptsaarenassibigwithgut geparting fremdhedmer scoreiasnesspi¥ ofr e
suited to the particular use contenplated. Al such 9 nodifications and
vari at i dhe imventiont ihe entizodimepts discudsedi werenchasenaandidesaritiedetd rpvidedhe 10
appended cl ai ns when interpreted in accordance with the breadth to which

t hey 6ar epest fllubtratiory of thegpindiplegiofl tiesl inveatibry aadtitstpracticad abplidatiohBo tRe@by. A

device for illumnnating a target conprising, in conbination:
7  enable one of ordinary skill in the art to use the invention in various embodiments and
8 with various modifications as are suited to the particular use contemplated. All such
9 modifications and variations are within the scope of the invention as determined by the

10 appended claims when interpreted in accordance with the breadth to which they are

11 fairly, legally, and equitably entitled.



4 a | aser which produces a light beam 5 a view ng nmedi um whi ch receives

el ectromagnetic radiation in an acceptance 6 band; 7 a beamsplitter which
splits the light beaminto a first beam and a second beamp 8 and 9 an

i magi ng assenbly conprising a |ight conversion nediumand an el enent 10
responsi bl e for inmage creation conprising one of a |ight focusing nedi um and
alight 11 reflective nedium wherein the first beamis directed along a
travel path fromthe beam 12 splitter to the elenent and then to the |ight
conversion medium wherein the Iight 13 conversion nmedium converts the
firsty beaminto el ectromagnetic radi gfliggqeM thin the 14 acceptance band; 15
wherein a spot object distance betweén the |ight conversion nedium and the
16 elenment is less than a target distance; and 17 the target distance is
between the target and the beamsplitter |less a distance 18 between the
beam3spl'tter gnd t e.ﬁl emept. 1[9 io 2. .The device of claim1l1, wherein the
Ii ght® fobusi fy9F¥Ee [oh iuminating a targef compgsingyin GYIMRIRANYY | ai m 1, wher ei n
the light reflective nmediumis a mrror. 23 10 1 4. The device of any of
claifs 1 to 3 'agREWBiCh Rreducasapigh beamium is one of a 2 human eye and a
canmera adapted to process visible |ight.

5 a viewing medium which receives electromagnetic radiation in an acceptance
6 band;

7 a beam-splitter which splits the light beam into a first beam and a second beam;
8§ and

9 an imaging assembly comprising a light conversion medium and an element

10 responsible for image creation comprising one of a light focusing medium and a light
11 reflective medium, wherein the first beam is directed along a travel path from the beam-
12  splitter to the element and then to the light conversion medium, wherein the light
13 conversion medium converts the first beam into electromagnetic radiation within the
14  acceptance band,

15 wherein a spot object distance between the light conversion medium and the
16 elementis less than a target distance; and

17 the target distance is between the target and the beam-splitter less a distance

18 between the beam-splitter and the element.

19

20 2. The device of claim 1, wherein the light focusing medium is a lens.
21

22 3. The device of claim 1, wherein the light reflective medium is a mirror.
23

10



3 4 5. The device of any of clains 1 to 3, wherein the viewng nediumis
one of a 5 thermal imager and a canera adapted to process infrared light. 6
7 6. The device of any of the preceding clains, wherein the el ectromagnetic
radiation 8 received in the acceptance band is one of infrared radiation,
visible light, and both 9 infrared radiation and visible light. 10 11 7.
The device of any of the preceding clainms, wherein the spot object distance
12 between is 13 fvl(v-t) 14 wherein, 15 f is the focal length of the
elenment; and 16 v is the target distance. 17 18 8. The device of claim?7,

wher gi n 4 he ghangd; RIS l4i ' rw?;, T
devi ce of any gf th%é:%r eg(gdﬁ%lbiglﬁsai n%?gmc@r%ﬁ?}qtaﬁe ﬂﬁ]t mggﬁ‘\ﬁ?ss?)gﬁ ﬁe?%i um
21 1 ) MHuHéneeyelgnd a camera adapted to process visible light.

3

4 5. The device of any of claims 1 to 3, wherein the viewing medium is one of a

5 thermal imager and a camera adapted to process infrared light.

7 6. The device of any of the preceding claims, wherein the electromagnetic radiation
8 received in the acceptance band is one of infrared radiation, visible light, and both
9 infrared radiation and visible light.

10

1 7. The device of any of the preceding claims, wherein the spot object distance
12 between is

13 fvi(v-f)

14  wherein,

15 fis the focal length of the element; and

16 v is the target distance.

17
18 8. The device of claim 7, wherein the element comprises the light focusing medium.
19
20 9. The device of any of the preceding claims, wherein the light conversion medium

21 is Mullite.

11





