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WD 2008/ 003967 PCT/ GB2007/ 002501 VI EW NG APPARATUS
This invention relates to an i nproved view ng

wa@ppaneddss. Mre particularly, it relates to BEI/GB2007/002501
i mproved vi ew ng apparatus having a capability of
viewing a subject 5 which is situated away fromthe
centre of its field of view and adjusting a viewed

i mage of the subj ecv! ﬂﬁtﬂﬁbeﬁﬁsbj ect is

rel ocated to the ce i mage, whil st

permtting the viewing apparatus itself to remain
Such viewi ng apparatus are suitable fo
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out in e oil "and gas |n ustry or inspection carried
out during 15 Non Destructive Testing (NDW)

Sl BEpah e RLaRRRE ey A B G s
desirabletp séen am@es rOfield PR VR withbsiethe . ndedl 1Bahevs the apparatus.
On@%catl on 2186993, British Nuclear Fuels Pic

%P&Ww woulcthe e awnallanee of GrlosadGireigt Zelevigion
(CETOPURE A thal af@BL08 % 1B SUBject's HidbvEhMIE Other
apparatus conprises a camner natron with
applfeations esistirpihediedd of iispeptiors fer examplenintkabdevn well”

er to ch of . vj e of .the stem
ins§féifins, carfio Rt i el nd afs inr 8l ase b catied out during
Noalmmcln(zefnéeﬂm%@r&lm%cﬁﬂhws at the first 25 end of
t he appar at us ere the incident light is received

into the system For the purposes of this

Ve EbhELFBre KA WS Rl b 5381t BB hase to be
mowedevithloyt adoviviy tHe vlamnbeappanam lfsreIHTIrt p&tedit Bpgkdation GB
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BNF teaches that these prisms must be placed in front of the optics at the first
end of the apparatus where the incident light is received into the system. For the
purposes of this specification, the “first end” of a lens assembly shall be defined
as the extremity of the lens assembly at which incident rays from the subject
enter the lens assembly. Similarly, the “second end” of the viewing apparatus is
defined as that extremity of the lens assembly at which the image of the subject
is produced for viewing. The reason for this positioning of the prisms is that the
state of the art teaches that the prisms will only operate effectively in fully
collimated light. This is because when light is received by the prisms at an angle
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collimated light. This is because when light is

received by the prisnms at an angle WO 2008/ 003967
weEQNBAERe07/ 002501 2 of incidence other than PEEGB2007/002501

normal, the light rays are refracted to a different

degree depending on theirp wavel ength. This leads to

undesi rabl e i mage di st ortl on and chromatic

of A3EB% o7 1 b A ORF Vi 43 5t SpLbYAIOR
degred d@behbmgaﬂpme&tweleng‘thd?fms lbadStdumdssitalnie image distortion
ancrll sadvantage that it requires the prisns to be very

ghrgnatic qheégﬁtloaﬁ avhigh gaay-lpg ebserve@gcalow sriitting) | y

sized field of viewinstantaneously. This [limtation
in the apparatus nmeans that it is unsuitable for many
Howpype, tfee positioning of itted pesmsEt ths fimst endidf lilee apparadus provided

oy BRI AR de BRR 56 podti e st b e iage if they
are e\ &Ik t@ima@e b@ﬁ@tléeﬂlyaéiiéd?ﬁéla dMevm\stdiﬁaﬁ@@usny This

ppar atus itsel y means of nechani cal actuators.
limigatiom lﬁﬁb@ﬁ@P&EﬂtU@m that it kunsuitablefonneanycapglications in

fol fic, 3o RS ol pa o Piinieh sBBGR S oteh Seey

corwidaatien.i on. Devices of this kind avoid the need for
the large prisnms that are required by BNF;, indeed they
avoid the need to use prisns for re-directing the

Fuﬂtl‘\%’“ﬁ%ﬁra@gara YRS h d}‘ﬂ@b{ rﬁd\feméfﬁ‘?g %’ﬂ Aﬁ%g'eﬁﬁ SRARVBHY by

re bul'ky and expensive
mopingtihe mppacaius itebit bytrhears o{smachamdaltactusters r&uoh appargtus

gerftAy Bk tah dar of Gatfesds BB de, AatyiopaH wita Adpinbr & motors
to éi’aéb!é‘ihé?ﬁ% pER_INMSIIBIO thadeftet DriRtatdh! b@VFc%s oMI8i8 kind

is wished to observe a person w thout

aVCp@ itk need koTdie darge. priamns thas age requmdemeNFc imleet@bihey @void

the [0 hefBisms Y Erq G FETRS DoTRE Foulver o e

me@hamﬁallyﬂéomplé&'antﬁﬂ*\%refoﬁéfbﬁﬂk?fan@!se)@eﬁﬂﬁ@ea ed bonb in
order to determ ne enough information on the bonb's

construction to enable it to be successfully defused,

e e S e L L
obserpe @adubjedi¢hriongh a hole in a barrier. Such a need arises in many
different situations. One such situation is surveillance, when it is wished to
observe a person without that person’s knowledge. In this circumstance, the
barrier may be a wall, with the camera embedded within the wall. A second
situation is inspection within the casing of a delicate item such as a suspected
bomb in order to determine enough information on the bomb’s construction to
enable it to be successfully defused, whilst ensuring minimal disruption to the
bomb casing. In this second circumstance, the barrier would typically be the
casing.

The use of a conventional viewing system such as those described above in
these situations would result in severe vignetting of the image as a result of the
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casing. 30 The use of a conventional view ng system

such as those descri bed above in these situations
wowwBdoesul t in severe vignetting of the i mageCHEB2007/002501

result of the WD 2008/ 003967 PCT/ GB2007/ 002501 3

peri phery of the hole inmanging on the field of view

This problemwould be particularly pronounced when

perighelfof e JiE 4BV BIRY b e P iy o Bliilemdndfigroe
partic sy iieorcdur@ea v@mﬂugnglthé xystemagﬁﬁnd@dtsy BI\FFY§ﬁé‘éThG&h large
this type the hole woul d need e made ‘'very large 5

prispps are r@@eﬁﬁp@anbtrefed@r@pﬁq:@l field ﬁiaww;;agwtam good quality
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Whlchemsmg)mmpafeﬁsibﬂe in hmnySiImé of f" distance) is

i ncreased. This presents a serious problemin
applications where a |large stand 10 off distance is

Furﬂﬁrh’fd{‘@ e effeét V%f'i‘ﬁfsé\fgﬁ?tﬂnb %&éaﬁé&%nﬁtfclaﬁ% 253RE Qidtdnce

advant ageous hi dden survel ance caner as
betweentthe bolecard theswevma appam;a:éthe Fetand effi g|s$aa'me)amd

inofa3R, Fhg brand Atpe b b M BME =R RERYe Alafie signa

off tistdrive lba:fdsirable\/\FéP Pt & mrg s@éﬂoﬁm a%térﬁbeaﬂsléwahtﬁgeous
t he novenent of the canera enl ar%errent of

whep plaging Bbddee@me%nwme@@eam reduses the sislsiod thencamera
beind's nfmgig d’y&%acatl ons the enlargement of the hole
gg P can

I NCreases the probability that the
carrera Wil | be detected. In bonb di sposal

AIOTS G118 CEBIATR SEMIBUS SOmEShACAHRATL ARG rRRSTANiSM s
e 5 B G SRR ek
of the campraeBtich enlazgemenibf e oiaid e}aremely\dlmdva@tageous For
exa?ﬁﬁlggﬁtsg@vetil?an%% a%pop'rllltcgt1 lgr?sd the erﬂargementm? the ﬁolnpsugmflcantly
increases the probability that the camera will be detected. in bomb disposal
applications enlargement of the hole may have even more serious consequences

as it increases the risk of causing an explosion.

The invention overcomes these problems with the prior art by providing a novel
arrangement of lenses which enables the viewing apparatus to be contained in a
much more compact space.

A further advantage of the invention is that it overcomes the problems associated
with viewing a subject through a hole in a barrier by providing means for
projecting a real image of an internal aperture stop forwards into object space
thus creating a stationary external entrance pupil in front of the lens assembly.

The present invention therefore provides a viewing apparatus comprising a first
end for receiving incident light from within a field of view and being adapted to
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A further advantage of the invention is that it
overcones the problens associated with viewing a
W@ apmee6t hr ough a hole in a barrier by provi dPCyGBR@NH02501
for projecting a real inmage of an internal aperture
stop forwards into objectyspace thus creating a
stationary external entrance pupil in front of the
ntion therefo

progfit BE085A imAoh, O AR A BF AseRgnd ol ihe viawing
apparatus @Iﬁ’é Viehdng Bppaefts furiel cBI‘rgmsYM% hdlofrridr€ loptical

vi ew and bei ng adapted to

eleﬁ@mmemmbgmvemsq) thsd ligt féomoanwmm iwithire thenfield of view
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appar atus |tse characterise viewn

it bemgrinaident onrtpe ioreoranorel epticakalenwrisp at the first
end of the viewing apparatus operable in use to
condition the light to a quasi-collinmated state prior

Thé Qlerh? Rppagatus thalemciueR 4 BAMBRE ifodRAR d’rpéi cope. The

el enen 10 The View ng apparatus may inclu
apRaratsmalyi epeRfise comientionallless efpments ©r grQupRs Gltswchmlgments

o SR BonsRENGRL T 38ied 7R Ratbndl iR el cabiies

Praforably)tthe vidwing dppasdtus furtiresonsprisdsr £ piadd deceivity

Vi ew n%& Pp ratus further conprises an jmage receiVing
8l

PRl eatheiinage ﬁlénﬁné@@ iplagiecreceiving apRaratus may be
any? Rieing! élﬁta@i&’ﬁfr"i‘é&@lv@g)%nbi a;b%h%[]éfh %ﬁ@t@&bf}ﬁl@fﬁmf 8'digital or

ecel ving an | nage, ogra
analogue dtnaging semsloo guaniayagling alsenzussibie t@enﬂsage atdevice that

SO OSSIb| t o envi sage a device that S a
oI 4 G0 TG, Of s A FaagetaneNIaE SPparRiuS.
apparatus. In order to overconme the problens with the
prior art and to produce a view ng 20 apparatus that

In ergler beoveicomenthe prablemswith dherpriot ag @addo prodtuce a viewing

apRERR B ol o BEMERALE bl SorbaPL 8Bedd Bis ngoessany to

reduce the size of the optical components that are used. However, reduction in
the size of the optical components in prior art arrangements such as that
proposed by BNF leads to a greatly reduced field of view due to the need to
position the optical elements in collimated space at the first end of the viewing
apparatus. Reduction in the size of the optical components also leads to
increased aberrations and distortions and thus damages image quality.

In the present invention however, the inventor has found that contrary to the
teachings of the prior an, if the light entering the optical elements is in fact not
fully collimated but only nearly or quasi-collimated, the size and complexity of the
optical components of the viewing apparatus can be greatly reduced. The
introduction of quasi-collimated light to the optical elements can be achieved by
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the size of the optical conponents in prior art

arrangenents such as that proposed by BNF | eads to a
w@e@anbipeT educed field of view due to the needP€DGB2007/002501

position the optical elenents in collimted space at

the first end of the vi ev;ui ng 25 apparatus. Reduction

in the size of the optical conponents also |eads to

ncreased aberrations an ortl s and.t hus
plagii aErebeRs ratigefiint A ad et Bhich e HRateapaalise front
ofth@bgﬂé@[re@m@n{spund that contrary to the teachings of

the prior art, if the light entering the optical

elenments is in fact not 30 fully collinated but only
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the bﬁ\ﬁhga}dpﬁra@éwﬁ thavd Resmalhaimodnt b omnca‘l power such that it
uasi -col | i mat ed |I%ht to the oEt|caI el enents can be

Hians\tba agllimgieddogifenblht teo edight o2 stete of near or quasi-
collﬂhéﬁér{‘%lﬁcé &/ |§¥ SifASt &l Eﬂg%%aifﬁalﬁ F;itlél%tqo‘i’lﬁﬂaf?én of the
paratus 1n T ca

light| fartbat procassmgobfrtge theanhmay ibectiramaticalig sishlifiedt he
relay lens group located at the first end of 5 the

viewi ng apparatus wll have a small anmount of optical
Thé| lemsc@ohbé&an theréf@mibé 5810 cRdiRh! thEWedth fdtei§ hto
li produce light in a state of near or quasi-

thesy! eﬁuen'mptlcsal ateanents; his kendiieningedbe Heam enables much

sy Wl SRt o B8 uicefiEb BBl toboveinfft o thEiTeRf b view
thahhaBseerepessibleria tigs prior mmrmbterre@émrr@ the ablitg té image a field

condition the beamfor entry into the subsequent
of \igwiat P 181 KBRS Ipsiantamesusly il Bisdrke FacooRisesdiad the relay lens

roBE a5l P e o TR e

groopdhapisseqbired tofullyeatiinate the tighthi | st retai ning the
ability to inmage a field of viewof up to 1800
i nstantaneously. It will also be recognised that the

Thé 8ka)f 5888 shialldsstieal blehfirts BRYbIRS SRnPEMEREANBISE to be

smal l er and | ess conpl ex than an equl val ent group
prodhged nghigrehas dislincbadivantggesin maay éeldsesuchggs hidliee use

surdEBHEE RS bt oduced whi oh has di ot i net advant ages

in many fields such as hidden
The relay group may be produced using known optical arrangements and may
advantageously comprise a Keplerian telescope modified to produce near
collimated rather than fully collimated light. A Keplerian telescope type
arrangement is preferable to a traditional Gaussian telescope type arrangement
as it produces an internal focal plane, thus enabling the telescope to be more
compact.

The aberrations produced due to the light not being entirely collimated on entry to
the optical elements may be corrected within the optical elements themselves or
by a conditioning lens or group of lenses which the light enters after being
manipulated by the optical elements. It will be understood that this correction may
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20 surveillance caneras. The relay group may be

produced usi ng known optical arrangenents and may
wa@edwanergeousl y conprise a Kepl erian tel escoperp@mdBRiogo2501

to produce near collimted rather than fully

collimated light. A Keplgian telescope type 25

arrangenent is preferable to a traditional Gaussian

oo SRE T EREASRE KD/ BRBVERY v BisinelSBBL A 47 gefisblo non-
colifeamsetof tﬁ@ﬁ?ﬁhgrohﬂbalqa&h@bgétmﬁ dt48e irfvdnign! 1 ght not
being entirely collimated on entry to 30 the optical

el enent s rray be corrected within the optical elenents

To pRRIEE QR RSy e It U oo 1Pl BB S BB Pefibit e

nurb%naa’l capen’ure: (lApbERBS tisan ot ?qmdl lto beOF?Jald@ p;%fg%:b&% ggta/\ieen
I'S, corre t|on ma 2008/ 003967 .
00@ d8he Far QHW?@@X%DPWG%%@%F anté the angle githe light

mc@bﬁ%n iRbplidit e‘i’iﬁﬁéﬁl% |$]ftoo g%’é‘t analit lb?%{t E?ébtlc%f td &?rrect the

is critical to the operation o e | nvent
chrcrmapﬁ @bevratigns andedisiotiion that thisyimtroduces.icqudily, foarl mynencal

andthBe siafitsPuE snialer 4T oSN Zn nefeard Pl ek Ay
colim@dedigielatl the E@\Fama?@é bElocagsihg weas-coNifRited ngﬁtaém
0.03 the anql e of the i ncident on the optrcal

prograssiveiislost e@@ng nean laﬁr@aise in thengjze |@f the apparafus.
correct the chronmatic aberrations and distortion that
this introduces. Equally, for nunmerical apertures

Particglairly igoaut regultsrhbVe bebh ahizved Usirig@ naeassricap apeadrleesf
ted state and the advant ages of

betyesBdbors aHTLLNY SENBianT RN having L aaTieg oyt at a
noﬁwﬁ%ﬁval’u@%ﬁl\ﬂ% @028 increase in the size of the
a

appar at us rtlcu1arly good results have been
achi eved using a nunerlcal aperture of between 0.028

Thé BersoncRilad arthe Sl iRiang haidfe i Nadtingiges eael to
podiffeSONn&ddtiviearhliids fdmmﬁéndém hpetiy@er st and that the
invention applies equally to positive or negative

val ues for nunerical aperture.
Whilst it may be advantageous in terms of the size of the optical elements to also

use the relay lens group to reduce the size of the incident light beam prior to
(quasi) collimation; it will be appreciated that the invention may be operated
independently of the degree of magnification produced by the relay group. Indeed
the advantages of working with quasi-collimated light may be realised with an
incident beam that is convergent or divergent and magnified or de-magnified.

The movement of the one or more optical elements avoids the need for the
housing to itself pan and/or tilt in order to adjust the viewed image so that a
subject situated away from the centre of the field of view is relocated to the centre
of the viewed image.



10

15

20

25

30

20 Wil st it may be advantageous in terns of the size

of the optical elenents to also wuse the relay |ens
W@e@8p03967 r educe the size of the incident |ighPClean07/002501

prior to (quasi) collimation; it will be appreciated

that the invention may be operated independently of

the degree of nmagnification produced by the relay

Prefi L o e BRHEAT R0t AP L 0S6a e rectipe incident
ray$ B6ITASE JPRATIhBRY Riste\OMSAS GBS KADWAIALCHEREheADREMS). A

~magnj fied or de-nmagnified. e novenent 'of the one
Risley nfismcompricas aniassemmbly af aiwetge prises wWiiehinay be

a8 oehd8hi, 84, ARl ablaft B orapdital e
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effebER (sosb e Ine oldar sRLBR i GhgciganE Gt lons
assBRIIF §hctﬂrﬁd’f%r§u%(j)é&’c%hié‘ﬁ & Mﬁ%@\y*sﬂuét%g: e{\ﬁée@frbﬁwethe centre of

s conp sl prisns

I ncident ray rrse one or nore
the fieldsof Wew\aandse Hdogathdlto pheé cemfye oftheRriswed imagemThis may be

j . f t d [ .Whi ch, b
aCHRHST SXRqPI L FORLNAATS WEROF P ECERNIaE FUMeY PMsy el e to
one &fothBE hBalt tA¥icentt IiNdofihé iathraQa§.si ng through them

via refraction of the light. |In the present invention

this effect is used to re-direct the incident ray as

The {30 Bt P BSTS Mol tFR e GnteR o RBER e Pl brih t6'be
scanieatiie addartesien $ereded i.of left towightantr tep eebdomt o t he
centre of the viewed inmage. This may be achieved for

exanple by rotating the wedge prisns of the R sley

. : 0 ; .

in B AR R AodfLrahE RIS BN, h0Enk SR bt

elendnis mayecanfiprigeadh argngement of thirodrsy whicht earbbe used o eedirect
S

el et SRR o vk it i b bon a
arrariyeEriéntolouldidteupp@ Iaf%éﬂéfnélc_%%i\/@ﬁime hATBAE niidying a
conpri se an arrangenment of mrrors, which can be used

Ristay priamyléis alse pespinla tepriodugy she dasired aagulabdevintionof the
incigefftave i etRloyi SRS RN Fablb tis lans inuplene
perpeadieniar &y thoptical axis. However, the use of this technique leads to
degradation in image quality far greater than that experienced when using Risley
prisms or mirrors.

Preferably, at least one of the wedges of the Risley prisms is comprised of two or
more elements, each element being formed from a material of different refractive
index. This aspect of the present invention assists in reducing chromatic
aberrations when compared with the use of materials of a common refractive
index because it allows the lens assembly to be designed so that the aberrations
introduced by a first element are compensated for by those introduced by a
second element. The construction of the Risley prisms can therefore also be
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Risley prism It is also possible to produce the

desired angul ar deviation of the 20 incident rays by
weapBoyiony a single elenent | ens and novi ng t hPGT/GBRE7/002501

in a plane perpendicular to the optical axis.

However, the use of thisgechnique |eads to

degradation in inmage quality far greater than that

. q . i s s, . " o5 .
usel Biterpratd foind ehranalSpbimelansigiedueed hie e upd gt auas
collhaeiEratiferdRAMIIIHLDIPhatelight. nore el ements, each

el ement being fornmed froma material of different

refractive 1index. This aspect of the present
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it pasfgsabirough a icoféiKoRiagdons ot frailp sMEnédtewhRhsaraisedbYcorrect
desi gned so that the aberrations 30 introduced

to be | . SO _
anyypmainingsabesratiops inteduceskpethedelay groppisy the optical elements.

i ntroduced by a second el enment. The construction of
the Risley prisns can therefore al so be WO 2008/ 003967

Ad\BﬁTagmmW_ ,/ttgézér&la_ séém@ymml&nmmmimtd 3 &zbdbom aqcmratus_for
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ma G iNeri I Ges BiocbRash IMURyEa8G e penationingrens &Y be
incAfpRYARASAIN EEzodm apparsLE! Adughnils i8Hof ebSéntidl IR Zoom
exits the optical elenments 5 it "passes through a
appasatustprovideg the agvantage f peonitling thesfoal lehgtir of thedens o

assEBI5 ¥ pe Tk SbaL R AiFeRundi o M SRt ne Frarged
or redacée is sizé sWhenyuded ihltdmisiaaion #4h the ARVBENTSHIDT Hhé/dptical
for magnifying the images produced. In this case the

elerids 85 SREAPGEAROVR ShIB eneblesite iRV BgaAPParaivsio Zaem into
and- ﬁfb%acgb‘iﬁk@ﬁ lé?ly (@ir’it{%ﬂg‘ﬁﬁ aﬁé‘ hfaiirﬁu@&i‘elﬁ OF 9@\'} ﬁfgthte’%é/é?é?ﬂ]

apparatus provrdes advantage perm
focal length of the lens assenbly to be varied so

that the adj.usted i rage of t subj ect c e enl arged
The 186 o Ga I PIcHENS o GFOUR BLIGNRCE S HIesaiDeR ShPYS 1 fe
of . . ,
corfIPMANBR Wit thb 3ot hbedtatubRITIES NS BVEARIGe LG both

the raplicabelemsants ang tpw zoomvappraratustie beesperated sigluttaneously
wit%#@&p%f)%? gﬁs iéeiénu%pgggﬁwgzgj bggqﬂf aﬁgcﬁﬁdéotn'dﬂ{gn?rgg ’e%rs]sorogrroup
corrects the aberrations introduced by the optical elements before the light is
processed by the zoom apparatus.

The zoom apparatus may preferably comprise two or more groups of lens
elements and may be operable by linear relative movement between the two or
more groups. In conventional zoom lenses with two or more groups of lens
elements, the two or more groups are movable relative to each other in a non-
linear manner to minimise movement of the focal plane of the lens assembly and
thereby ensure that the viewed image remains in focus. However, whilst there is
some degradation of the absolute image quality achievable by using a linear
movement of the lenses rather than a conventional non-linear movement, this
does not present a significant problem. In practice, where an imaging sensor is
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conmbi nation with the zoom apparatus provides the
advant age of enabling both the optical elenents and

W0 b@smadnt appar at us t o be operated sinmultaneouBtGB007/002501
wi thout any |l oss of inmage quality. This is because the
conditioning lens or groug corrects the aberrations
i ntroduced by the optical elenents before the light is
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WO Ofr nore groups.
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redigdifg tiee éﬂﬁiﬂé«t%/td? thd el WBHEN Q{, Bt'the @e{rﬁeﬁoyl‘?gq%sy enabling

relative to each other 1n a non-“TiInear nan
the\sizerafdbe viamdng mppeafatus éo be &ept {1 amsinihurnhend petmitting the

L AT TN R N

relaage antsnentqferinite tﬁ@&@hsﬁ@tidﬁaﬁ%@wﬁ\? ég) ey §s a
a linear npovenent of the rat
CaHY‘% 9%‘%&9)’6?9#”?1@?5?‘1 yelugesmas/emeias 136 em’ dmﬂasthaoxolume of the

i g0 I n ractice, where an
lorf® gt erfefit AU bR ooRL AR BTG 67" pry 007 009501 9

used no loss in inmage quality will be perceived as
on of the image, can be controlled to be
A‘@PX g&&‘éﬁ’ &J&r 699’!‘@&59%%% deiachahie dhereby pepaiiting sfuser of
t“@%“"ﬁ% Bt R SERONE oo gPPe IRl 1Tt pBidRgate for

the aukieatbeingrabsanedof the canera, thereby enabling 5
the size of the view ng apparatus to be kept to a
m ni mum and permtting the view ng apparatus to be

In erfpitgiesmbBdragritioleek FRBAASH tHEPOOW a%?fu% #é}(/ ba, \Hrowded by

relative novenent permts the constr t| on
a §9%$W%SZOC§O@I$V@§ A salidstate zmapmpmgesmbaxeﬂore Ienses

anfﬂ arrangenen%aﬁ?géﬁl?‘ cg‘nﬁz ) h he ng%lry ofotﬁyese?enses in

ordmuarwagebtml maghlheatmme@rﬁfréﬂbbé’ l S det achabl e
thereby permtting a user of the view ng apparatus to

sel ect the zoom apparatus that is nost appropriate for
it will be appreciated that any known configuration of zooming apparatus may be

used in combination with the viewing apparatus of the invention, provided that it
enables a user to zoom in on their selected portion of the field of view.

It is preferable for the viewing apparatus to further comprise an aperture stop to
limit the size of the entrance pupil of the system. This aperture stop may
advantageously be provided within the zoom apparatus if one is beihg used.
Providing the aperture stop within the zoom apparatus reduces image distortion
at high zoom magnifications. However, if no zoom apparatus is to be used the
aperture stop may be provided in the conditioning lens or in a further fixed focus
lens or group of lenses preferably located between the movable optical elements
and the image plane.
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the subj ect being observed. 15 In a further enbodi nent
of the invention the zoom apparatus may be provi ded by
wW@2008003967 st at e” zoom device. A solid state zoptT/GB2007/002501
conpri ses one or nore lenses and is provided with
rreans by which to change tohe geonetry of these | enses
order to control the rmgnlfl cation they produce

|t dth t t
Af%%%dﬁ”aanba PRI EOR e ok tne B TR eng rdiin A%
acté ttﬁpkdj@w A pageof hedhpdirei Sioe forvaids ﬁbﬁf”dh@‘i‘ﬁsﬂélﬁ of the

enabl es a uséer to zoomin on their sel ected

Vlewts\gt arparatustinto tobigdl space. dnthis ﬁpe@flmt@rneuhgﬂﬁanf objechepace”
s QS04 RSP RO ioch i ot O dRUIE G A8 AR HiperhitB

whisk dhe subjét be'mganeweelsboateﬂiay advant ageousl y be
provided within the zoom apparatus if one is being
used. Providing the aperture stop within the zoom

Proﬁﬂﬁﬁb%é%p’e@ﬂx‘r’é% WSro@' lﬁfooéﬂjé%rﬁa%re &égfészé?'Pé?ltranqbe pupil

nifications no zoom appar atus 1Is
at aJS@tﬂammstaapem tmet efttbp fmt;erhbofpthe\mejmdglapmhﬁus sald

ontfAH peil e Rl lne. fraPust §f 1Bt ariSpanigt e yatem.
Preforadh) mls)éhlréﬁée %é@i(l;g/glt rRman @tétibﬁa?ﬂ&gﬁ%l@@perﬁ%n of the

2008/'003967 PCT/ /002501 10 er advant age
wewmamafaw eneniwhamihesptica! elgaenis er zeomyanparatug rcme peing

molbaoTgGd 8 BB 5 4RO ¥ 1 BB o o

usethparatus into "object space". In this specification
the term"object space" is used to refer to that
space in front of the first end of the view ng

ThBRIEKR i SalNAD bdimal Chifdice Bl d Sontre of the
fieldlﬁjf giew apilvnaged bytthe apparaius knbe nnquedi abatt thecanttasice pupil
. ance in fraont of th f'rstedoftev'evw'n
usity e HicoaBie, pial flerieiis deiiined Epve, s AliHditne
apEratUY todcahl &tbsd i maRim@ftiRId bhgedystem 10
Preferably this entrance pupil will remain stationary

during the operation of the view ng apparatus, even

Thid2&Pebl6r ARIIEELnEhFERIENHEE FAY P BRATAIY s"ilxritgbféefop Giewing

a subject through a hole in a barrier as described above. This is because the
external entrance pupil enables the size of the viewed image to be maximised
whilst avoiding any vignetting caused by the periphery of the hole in the barrier.
The forward projection of a real image of the aperture stop also reduces the
sensitivity of the image'quality produced by the viewing apparatus to changes in
the size, shape and quality of the hole used. This is because the size of the
entrance pupil is limited by the image of the aperture stop that has been
projected forward by the optical relay apparatus, rather than by the hole itself.

Projection of the aperture stop forwards from the first end of the lens assembly
also allows the outermost extremity of the first end of the viewing apparatus to be
offset from the hole without suffering degradation in the image quality obtained. In
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noved. This may be achieved by careful selection of

the geonetry of the I enses wused. 15 The production of
w@2@Bmoidonary external entrance pupil enabl es PEEGB2007/002501

centre of the field of view as inmaged by the

apparatus to be pivoted afout the entrance pupi

usi ng the noveabl e optical elenents described above,

1 Qw D 0 st he maxi
otnb Py DI NSBRRRE dstinch HRAE RuIEERERE MonBiRd SiPoo
restitsisamblehigvepiasy locating khe sigiviraphspdratus/soM thet the hole in
ubj_ectlﬁjhrou)gh a hole in a parrier as described
thei}%w.a the exiemal spyancd pupik Are-spkstapiialvgaircident |
Pref Rl e, Jeumid Boburet i ot e Ese MR FIEHER B
enteEncehmudildbevandstint disiect space bihee distaive® in the eargé b2 to#
.a real imge of the aperture stop al so reduces the 25
m"@@ﬁ@??'i vity of the image quality produced by the
vi ewi ng apparatus to changes in the size, shape and

qual ity of the hole used. This is because the size of
The hele inrihe bavierpuay beiaf dnyshape asysizeheThersize afithe hele is in

prefi fiS SRow L ol nenStly, Bf el uBRiTh e e
imddesg@hd mayihereibrCbé edliopéd tdprovitly bptirBust seridraiameds the
fromthe first end of the |ens assenbly also allows

parfigdlap ge@pRpentscgad Hawevsr it be; resegringd dhatithe present
IR 5 R4 b e 08 bl B Re S Syt B
limits) iNRrN0L 10GRE &TzePaNd 6BAPO of (MeXadlé. 11 ot her words it
all ows the stand off distance of the systemto be
i ncreased. Good results can be achieved by |ocating

in %t’ﬂ@r 1 Siivits é‘%&fv@tinagﬁTﬁ:#e\ntﬁ/B@hl amBidi lenHi'ﬁoné BRd to reduce

arrier and t he_ externa ] rance pupl ar e . .
advarpe effacisaon thecimagsirg ohthe vewing apparatushesudheas vignetting of

a f . r t ppvent| Ll project the 5
o3 RBPET YRGS, | B B8R T80 ARl Bl "ol B BGbob8S e a
diatheiéaRBiehi grovides rearetstivel aperiube 4 tHE fanig8RIfIFes to FMR.hol e

in the barrier may be of ‘any shape or size. The size
Newgrthelessitn lrighf qonditignge sueias aiuneY ssmmeny daya nelaive
apSRlle' P S Yndd) bé U8 HPRAGSIESFpdL HEHY' pr8séManvention,
‘diameter’ is defined as the size of the minor axis of the hole. It has been found
that a hole with a diameter in the range of 0.8 to 1.0 millimetres may usefully be
employed to provide good quality imagery whilst minimising the impact of making
the hole in the barrier. In very bright conditions the diameter of the hole can be
reduced even further, to be as small as 0.3 millimetres.

As mentioned above the viewing apparatus may have a field of view of up to
180°. However it should be noted that the maximum stand off distance
achievable by the viewing apparatus will be reduced as the maximum field of
view is increased.
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10 image and may therefore be tailored to provide

opti mum performance of the particul ar conponents used.
wolomewerdsit will be recognised that the preseneCT/GB2007/002501

i nvention has the advantage that the imge quality

obtained is, within usabl4 limts, insensitive to the

si ze and shape of the hole. 15 In order to provide

By el B DA A ABpbBirb oo BRSREE GRS Ao d s 1 2

suragiiiaicd! cemerasiochtcabaniod athidle th abarfidranillinewebe ideBekbed.
it has been found that the hol e may advant ageously

It
Refgganceawill hemade o jipe agcempanying drawiags: ivhighert ure in
the range of F/7 to F/12. Nevertheless in bright
condi tions, such as a sunny sunmer's day a relative
Figa@ hphowsm@ecrobs Bédtionaiewoef aisamerd-as pehtheprgsastinvention.
the present invention, “dianeter' is defined as the
size of the mnor axis of the hole. It has been found

Flghw sAoW8 laCsetdndy éifogé %881%(% vieW 6fhcﬁe gﬁﬁféﬁa%“f F%Lgeﬁo ying

[imetres may usefully enpl o
theq:lﬁf@ICt olrelativgengverient of twmgmws@ IenSeelemmts that cwmnrtsg the

n the barrier. In very bright conditions the
Zoogﬁgﬁggéﬁu%f the hole can be 25 reduced even further,

to be as small as 0.3 mllinetres. As nentioned above
the viewi ng apparatus may have a field of view of up

Figute 3 sowsidothirdaross saaliar WGWeOfﬁB@ samera of F FRIrerel idiﬁﬂ‘ﬁymg
thezéé%g? 8f£é‘slat\jﬂ\ﬁs%e reduc esgé(gg |$m3¥r ﬁg@ ?ﬁl\%] i @I%dIe as§8 mbly.

view is increased. WD 2008/ 003967 PCT/ GB2007/ 002501
resent

12 B f | mbadi of . th
A itk fEomaases Bl aStraby ehicalacuiin & BefSiian The
lenk %Qéﬁglyb@'? ihad o Hcal 'aﬁ:s%zafrf u% thé bhwé%"lé’%cated behind a
descri Reference W | e acconpanyi ng
bardien(®nyih the caniera (1phavigg aestan@cbfbdstanoer(&é $n $is eimprodiment

of S liled SHEA T RS el Aie ROl BAVRRA Al R
emeﬂMﬁéhtbf aPprddimatalg 1mMme Tl 18as ag8ermBlyaR) ¢emprisestivelay

0 roups of |ens elenents that conprise the zoom
leng,gggura{%glocated at the first end (8) of the camera (1). This relay lens group
(7) comprises a Keplerian telescope type lens configuration and acts to focus the
light at an internal focal plane and then to substantially but not fully collimate the
light such that the rays exiting the relay lens group (7) are quasi-collimated. The
numerical aperture of the light exiting the relay lens group (7) in this embodiment
of the invention is approximately 0.025. The relay lens group (7) therefore
conditions the light beam so that the subsequent optical elements in the
apparatus may be made more compact. This conditioned light leaving the relay
lens group (7) then enters a Risley prism (9). The Risley prism (9) comprises two
separate wedge prisms (10, 11). The two wedge prisms (10, 11) being rotatable
either together or indepehdently relative to one another in order to redirect rays of
light entering the lens assembly (2) from anywhere within the field of view (15) of
the lens assembly (2) such that the field of view (15) may be moved. Each of

these wedge prisms (10, 11) are comprised of two further optical elements
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10 Figure 3 shows a third cross section view of the
canera of Figure 1, displaying the effect of relative
W0 0108003957 of a Risley prism provided W thin theCT/eBs007/002501
assenbly. A canera (1) conprises a |lens assenbly (2)
| ocated within a housing @3) The 15 | ens assenbly (2)
has an optical axis (4). I'n use, the canera is | ocated

(108 ket tapRE s BinedtodkthOniBIRR o e e Helge
prisfid {1078t ) BAd afé forAfdd bRMmatdiR®s RAVIAY AffereRitraCctiVe indexes in
having a dianeter in this enbodinent of approximtely

order medmﬁe the pecursenaePhaerationgp iinedens assembly (23 figrther

conﬁ@_‘é@%@oﬁp%‘b@%‘?&gg ( éfﬁawhé 8\[\/? %?&C%%frlgéggﬂiwgﬁt@ﬁ 8a, 12b)

whitle pre moveabi matmetoteam d>thesabagfthg oplitalaxis@). 4@ns group
to %%pus t he t) an intern focal plane ang

(12ghett &%éPHﬂ'ﬁ 1?2 (G AS & qanditioning lenggraup Aad is
d(r}tfﬂl‘fo éé‘r?é’bttdiﬂt re nlh?yaznﬁtﬁjlbhg thitdHuced GPthk &8 Iﬁéﬁg Broup

are quasi - numer 1 cal apertu

(7) onhthd Righay msrm(a)g Ltelme gretipy12kjrof the aopnxazgparatush(ne)

ad ity T boten B S (18). 4 1858 B s Bptbfs stop (19)
is drbj@bfed%mmnfd?@&jebf@afdébﬁéqw Pélay RinisCdrbu Tﬁ'(?ﬁ%féier fo

the apparatus nmay be nade nore conPact

DFOdUﬂ@ Ristalienary egiernaleentrange: pupiktellimit thecansoghioefdight fhat may

ent%PﬁJpér l%ﬂé?s?efﬁb@ @gar ) Eé-hﬁ'fé' aé g? Yis ;ﬁﬁ%@fﬁjﬁ@fl}(%tb ?lﬁ?ﬁ (1829  (6) i

the\kzalder (@) isaoh tHatGhe Bkjerhel m]ranveqmiill subsearitiadly coirptddsewith
or ||r(1§dﬁendentl relative to, one another in order _to

therhaie (@dh ardgisiogirexent anyhnegaiivermaget Ad the: aaga Gually fue to

r n ;
the shRrp R BRI IS ”f%% ke Taiiefo o Ritr e telliyg 1g the
holed§) suchihabd. suﬁgem (t4) istditaatedwithjp the fisldsof(vi®y (18) ofshe lens
comprised of two further optical elenents WO
as 35’6'@ 967 PCT/ GB2007/ 002501 13 (10a, 10b, 11 a 11b)
whi ch are joined together in pairs to formthe tvvo
wedge risms (10, 11) and are formed of nmateria
Flguéaﬁ hép gusrhp@mt € passage of as incidextgayi(hb) fmmethetsalbject (14) as

U BoRFFiE R8T Eh, HB T4 80 B HE Wi srerpy @ v
it ighiovougbt inte fapusrsa imhge secdiving aippatatdsa (172)24h this case an
imaging sensor - located at the second end (18) of the camera (1) behind the
lens assembly (2). Figure 2 shows the effect of relative movement of the two
groups of elements (12a, 12b) that comprise the zoom apparatus (12) on the
incident ray (16). As can be seen from Figures 1 and 2, the subject (14) is
located on the optical axis (4), i.e. the subject is located at the centre of the field
of view (15). Figure 3 shows relative rotation of the two wedge prisms (10, 11)
which comprise the Risley prism (9) leading to the subject (14), which is now
located away from the centre of the field of view, being apparently brought to the
centre of the viewed image thereby enabling the subject to be enlarged or
reduced in size through actuation of the zoom apparatus (12).



5 which are noveable relative to each other along the

optical axis (4). Lens group (12a) of the zoom
wa@ppanedoes (12) acts as a conditioning | ens greUpGBaE7/002501

is adapted to correct any remaini ng aberrations

i ntroduced by the rel ay Lﬁgs group (7) or the Risley

prism(9). Lens group (1 2b) of the zoom appar at us

it wWiILES urRERbod Bikrie LRANPIE e QhiBRAAAe Tt ot i e
drafuviggiscan examply sfnesembodimentidiehd rlvaytibs BRIYIARYBhOUIY not
der tq .produce a stationary external entrance

in or ), C A

be sapstruqdhas jimiting e scepaf e inveghient hat nmay enter the
| ens assenbly (2). The canera (1) is situated relative
to the hole (6) in the barrier (5) such that the

It wiilﬁbe rrf]lm;aheramd&mtoedghaﬁ althowighit thist specification tiesdeisesiteh
the hole, (6),in er to.prevent any, pegative i npact

apRatai e intnodiaf eyt Bibe s of Vel lgnt, fs s aaynamay

( . _ ¢ .

alsh B8 IR douchoBL R EIe A oMAOHE L Shoc i RF SBirile Wiy

respeetiiorintragediradigtion. vi ew (15) of the lens assenbly
(2). Figures 1 to 3 shows the passage of an incident

ray (16) fromthe subject (14) as 20 it progresses
through the hole (6) in the barrier (5 and the |ens

assenmbly (2) until it is brought into focus on an
i mage receiving apparatus (17) - in this case an
I magi ng sensor - |located at the second end (18) of the

canera (1) behind the |lens assenbly (2). Figure 2
shows the effect of relative novenent of the two
groups of elenments (12a, 12b) that conprise the zoom
apparatus (12) on the 25 incident ray (16). As can be
seen fromFigures 1 and 2, the subject (14) is

| ocated on the optical axis (4), i.e. the subject is
| ocated at the centre of the field of view (15).
Figure 3 shows relative rotation of the two wedge
prisnms (10, 11) which conprise the Risley prism(9)
| eading to the subject (14), which is now | ocated
away fromthe centre of the field of view, being
apparently brought to the 30 centre of the viewed

i mge thereby enabling the subject to be enlarged or
reduced in size through actuation of the zoom
apparatus (12). WD 2008/ 003967 PCT/ GB2007/ 002501 14
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It wll be understood that the exanple described above
and shown in the drawings is an exanple of one
wepdsaoivent of the invention only and shoul d nP€T/GB2007/002501
~construed as limting the scope of the invention. 5 It
wi |l be further understoogthat although this
specification describes the apparatus and nethod of
CLAMNgsi nvention in terns of visible light, its teaching
al so be applied throughout the el ectromagnetic
spectrum for exanple with respect to infra-red
rad ation. WO 2008/ 003967 PCT/ GB2007 002501 15 CLAI M5
WSWaRe AP PASRINE SOMP TSR MEstendH(8) forgeceiving ipgidest light
| [Palat
"°"’6W'ﬁ'"“ DR vRELIS) ciiteing Bt ooty Toliostiufiage
on an |mgerpigne pi arsecand anddt®nof thadig¢widy ap‘palratesvtr@vmewmg

oo e Ui AR S S 3e ovet
that I“gﬁt fPérﬁf&nyWHé'ﬂé WYPh%efléM bh\n@mﬁ Bﬁhfa'\ﬁé\ﬁmgfad#a?éﬁugfcan be

he view ng paratus can redi rected

red&s@te@laﬂo taﬁqutlpab axis (4 thus m@nmmther fielt of yiew () wittBut moving

e G AR el QA aRTEAL 5 b S eoppratus
compnms aeelay lers gyoup(Ts agtheulirst End €8) diithevidwihgeippatdilis
he view n ar at u erable in use to condition
opdtabla igite tsahdrchediont Ia cbaskealiBad st Brphto it being
mci%l%h'ﬂan th8 OB mMOR SftRaPBRnEntgDr € optical elenents.

A view ng apparatus as clal ned in claimi1,
characterlsed inthat, the relay 15 lens group (7)

2. ¢ oA VMG 4B Fasthietlin' &R S uBCieRE in biat, the relay
Ieng@é@m'ﬁfhéﬁé n'ufhérl&ﬁI apéﬂﬁﬁercﬁllays tHa®Sr SHuRH B ébb has a

nuneri cal aperturelntherange rom0.017 to 0.03. 20
4. A view ng apparatus as clai ned |n claim1,

o, ShATp e s R el 1 e el

len$§ gréuy (Evhaga apparizalisp@surel iaithe dande oM COST &6 0TS,
claim characterised in that, the view ng apparatus

conprises a conditioning | ens or group of |enses
4, A viewing apparatus as claimed in claim 1, characterised in that, the relay

lens group (7) has a numerical aperture in the range from 0.022 to 0.028.

5. A viewing apparatus as claimed in any preceding claim, characterised in
that, the viewing apparatus comprises a conditioning lens or group of lenses
(12a) located in use between the one or more optical elements and the second
end (18) of the viewing apparatus and adapted such that in use it compensates
for any aberrations introduced by the relay lens group (7) or the one or more
optical elements.
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25 (1 2a) located in use between the one or nore
optical elenents and the second end (18) of the
wao e@sjomyeappar at us and adapt ed such that in useCT/GB2007/002501
conpensates for any aberrations introduced by the
relay lens group (7) or tfge one or nore optical
el ements. 30 WD 2008/ 003967 PCT/ GB2007/ 002501 16 6. A

6. Chet RghiDRBiFRlatns 32 el drf, ARt e Yoiatidisea in
thattheviewirsy apparatusionthentomp(ides afzpom appavatus (@) fhe
bei n 7. A view ng apparatus as

, [ e vi ewed. |5
mag{@ﬂﬂgah? H%%g%gﬁ\”@,v'%‘ﬁﬁﬁj'acteri sed in that a

conditioning |l ens or group of lenses (12a) are
incorporated in the zoom apparatus (12). 8. A view ng
7. appAnviawisgapperatusad dlaimeid inelaiof 6 cétaraci@rised h that a

corlifa B Giorolo a1 o RERGRERER LTS Zpdrm pparatus

(12%2b) and is operable by linear relative novenent
etween the two or nore groups. 9. A view ng
apparatus as clainmed in either of clains 6 or 7,

chag ag ' [ ; S . .
8. CoAMIEb3aldys 1B s GRLOTLAMRY G Ll fdensea
thabiheazeomsapparatuai( )ccomprises vteooinosé gratpstoftiondelements

ch cterised | tth t he, zoom apparatus (12) is
(1231 26hapf & Operable bYARgas P IeGiva spavarmest balwgpA the dve or more
grodp¥. preceding claim characterised in that the one or

nore optical elenents conprise one or nore Risley

prisms (9). 12. A viewing apparatus as clained in

9. vedhdiaPing ABPERGUS Paiinian et of cBRRs 6 Ge Ferddigrised in

thalithb &0oRi & D (129 coRipRis! | enent s
(10a, ?Ob,ﬂﬁraa, (l?g)?fﬂéagﬁ%z?%ﬁ;ﬁtgfefigan@éﬁfsreom a

material of different refractive index. 13. A view ng

10.2P pﬂr\@%\}giig@&%:rﬂhg%g A in%nyF ok BPcidih® 6139, characterised

chara
in that the zoom apparatus (12) is detachable.

11. A viewing apparatus as claimed in any preceding claim, characterised in
that the one or more optical elements comprise one or more Risley prisms (9).

12. A viewing apparatus as claimed in claim 11, characterised in that at least
one of the wedge prisms (10, 11) comprising at least one of the Risley prisms (9)
comprises two or more elements (10a, 10b, 11a, 11b), each element formed from
a material of different refractive index. |

13. A viewing apparatus as claimed in any of claims 1 to 10, characterised in
that the one or more optical elements comprise one or more mirrors.

14. A viewing apparatus as claimed in any preceding claim, characterised in
that the lens assembly has a field of view of up to 180°.
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that the one or nore optical elenments conprise one or
nmore mrrors. 30 14. A view ng apparatus as clained in
w@eospe®eedi ng claim characterised in that tPer/iGeas7/002501
assenbly has a field of view of up to 1800. WO
2008/ 003967 PCT/ GB2007/00£p01 17 15. A view ng
apparatus as clained in any preceding claim
characterised in that the view ng apparatus conprises
an aperture stop (13). 5 16. A view ng apparatus as
15.cl aArwelving apparatusas claiaed ineanysprcedingroiint, loharacterised in

erture sto 3) is provided within oom appar at us
thf 5 W8iing S Rerlid porfp e A R ule S10R 1480 1 n ol ai m 12
or claim 16, characterised in that, the relay |ens

group (7) is operable in use to project a real inage
16.0f Andewnganparaius astalaimeadin ¢laimab dehdracierised i ihattthe

apifire'sibpdial § oty M TER oA Spedlein, A2)°55 ShCC
vi ewm ng apparatus as clainmed in claim17,
characterised in that in use the real irm_?e of the

17 apefr\ipWingranpparalyls assraimed i elainy &0y claimat6, eharacterieed in

[ J . Vi r
ta, 4,8 16 BERH 04 K oot BT oMF Y B of e
apeitiate stop (1 eforwamizefrarh thadirstreni (8) ef tHeorlewihy) apparatus into
projected forward to produce ‘an entrapce pupil at a
°b189g%%?‘&ee %Rré\g‘-'?'aﬂaé ea&erj_naf 8NaNGe PURlet res from t he
first end (8) 20 of the view ng apparatus. 20. A

view ng apparatus as clainmed in any of clains 17 to
18.19, Actiewingt appasatiisias claimed int ¢lainy il énchmayaaiepised i thatsn use

i 1 e P W b SR viewing
appaiangs.arranged in the housing 25 (3) such that the

real image of the aperture stop (13) projected by the
relay lens group (7) is substantially coincident with

194 1 AL dpret s s ARIREY Bl o] 3 it Sibracterigga i
thamliyeh uéaal c'rﬂna'ggmf e apert@retstop {pPis projecieel fopvard tageduce an
enfrance }ou&i a% a%listance in the range of 2 to 4 millimetres from the first end (8)
of the viewing apparatus.

20.  Aviewing apparatus as claimed in any of claims 17 to 19, characterised in
that, the viewing apparatus is in use contained within a housing (3), said housing
(8) having a hole (6) therein, the viewing apparatus being arranged in the housing
(8) such that the real image of the aperture stop (13) projected by the relay lens
group (7) is substantially coincident with the hole (6).

21. A method of viewing a subject through a hole (6) comprising use of the
apparatus of any of claims 17 to 19 the apparatus being arranged such that the
real image of the aperture stop (13) that is projected forwards by the relay
apparatus is substantially coincident with the hole (6).
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30

30 real image of the aperture stop (13) that is
projected forwards by the relay apparatus is
wa@eseassi al |y coincident with the hole (6). V¥CT/GB2007/002501
2008/ 003967 PCT/ GB2007/ 002501 18 22. A nethod as
claimed in any claim?2l1l, gBaracterised in that the
hole (6) has a di ameter inthe range 0.3 to 1
mll
22 Uil ag SlelrofT) 8P oRRAF clffaciered fngl yhole (@) has
a diamgtenis tb@eangﬁeato tmillimetrge F/ 7 to F/15. 24. A
vi ewi ng apparatus substantially as described herein
with reference to the acconpanying drawi ngs. 10 25. A
23(et Poghetod 48 Viaittied clihl 2£ br bAT i Hct@rrg&gg\ thft th% pole (6)

substantially as described herein
produces a relative aperture in the range F/7 to F/15.

24. A viewing apparatus substantially as described herein with reference to
the accompanying drawings.

25. A method of viewing a subject through a hole substantially as described
herein.



