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Description

[0001] The present invention relates to an improved
swing prism arrangement for varying the direction of
view in a borescope or endoscope.

[0002] Borescopes and endoscopes are well known
devices for viewing features at remote or inaccessible
locations, such as within complex machinery or within
the human body. Many such devices are provided with
arotatable prism (a so-called "swing prism") at the distal
end of the device to provide a continuously variable di-
rection of view. Typically, the maximum range of varia-
tion in direction of view which can be obtained is in the
region of 70° and it is usually necessary to provide dif-
ferent scopes for forward and lateral viewing. An endo-
scope with two rotatable prisms to extend the range of
variation in direction of view is known from WO-A-
9942028.

[0003] The present invention provides apparatus for
use as a borescope or endoscope, comprising a tube
having a proximal end and a distal end; a viewing port
at the distal end; means in the tube for receiving aimage
of a viewed field through the viewing port for transmis-
sion to a viewing device, the image receiving means de-
fining a longitudinal axis; a first reflector having a reflec-
tive surface mounted at 45° to the longitudinal axis and
laterally offset therefrom, and mounted for rotation
about a rotation axis perpendicular to and intersecting
the longitudinal axis and intersecting the centre of the
reflective surface; a second reflector having a reflective
surface mounted at 45° to the longitudinal axis and in-
tersected by the longitudinal axis, such that light enter-
ing the viewing port is reflected by the first reflector to
the second reflector and by the second reflector into the
image receiving means; and further comprising means
to illuminate the viewed field, comprising means to
transmit light to a third reflector in the distal end of the
tube and having a reflective surface mounted symmet-
rically about the longitudinal axis with respect to the first
reflector and rotatable synchronously with the first re-
flector about the rotation axis.

[0004] The means for receiving an image may com-
prise a plurality of lenses for transferring the image from
the distal to the proximal end of the tube. In this case,
the viewing device may comprise an eyepiece assembly
at the proximal end of the tube.

[0005] Alternatively, the means for receiving the im-
age may comprise an image-to-video conversion de-
vice. In this case, the viewing device may comprise a
screen for displaying a video image.

[0006] The means to transmit light conveniently com-
prises a bundle of optical fibres and at least one light
guide and/or at least one right-angle prism.

[0007] Inone embodiment, the means to transmit light
includes three right-angled prisms.

[0008] The means to transmit light may include a
right-angle prism mounted such that its hypotenuse face
is adjacent the back of the first reflective surface.
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[0009] In the apparatus, one or more of the first, sec-
ond and third reflectors typically comprise a right-angle
prism.

[0010] The apparatus may further comprise means to
prevent rotation of the viewed image as the first reflector
rotates about the rotation axis.

[0011] When the image receiving means comprises
an image-to-video conversion device, it may be mount-
ed to rotate synchronously with the first reflector to pre-
vent rotation of the viewed image.

[0012] Alternatively, the means to prevent rotation of
the viewed image may comprise a dove prism, a double
dove prism or a Pechan prism.

[0013] In this case, the apparatus preferably also
comprises means to correct inversion of the image pro-
duced by the rotation preventing prism(s).

[0014] The means to correct inversion of the image
may also comprise a dove prism, a double dove prism
or a Pechan prism.

[0015] The invention will now be described in detail,
by way of example only, with reference to the accompa-
nying drawings in which:

FIGURES 1a-1c are schematic views of a prior art
swing prism arrangement in the distal end of a bo-
rescope or endoscope;

FIGURE 2 is a schematic view of a swing prism ar-
rangement in accordance with an embodiment of
the present invention;

FIGURE 3 is a schematic view of the swing prism
arrangement of Figure 2 further including means to
provide directional illumination;

FIGURE 4 is a schematic view of a light guide ar-
rangement to divert light through 90°;

FIGURE 5 is a schematic view of the arrangement
in Figure 3 with further details of the directional illu-
mination;

FIGURES 6a-6¢ are schematic views of a practical
embodiment of the present invention;

FIGURES 7a-7c show arrangements for correcting
image rotation; and

FIGURE 8 is a schematic view of an arrangement
as in Figure 2 also including a retro focus lens sys-
tem.

[0016] Figure 1ais a schematic view of a conventional
swing prism arrangement in the distal tip of a borescope
or endoscope 10. A right-angle prism 12 reflects light
received through a viewing window 14 into an optical
train 16 for transmission to the proximal end of the scope
10 (or through an imaging lens directly on to an image-
to-video conversion device such as a CCD chip for
transmission to a video screen). The direction of view
(DOV) is the angle between the longitudinal axis L de-
fined by the image receiving components in the scope
10, which may be a relay of lenses forming an optical
train 16 as shown or an image-to-video conversion de-
vice such as a CCD chip, and the viewing axis V defining
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the centre of the field of view (FOV). In Figure 1a, the
direction of view is 90°. However, the prism 12 is rotat-
ably mounted for rotation about an axis r perpendicular
to the plane of the paper so that it can be tilted as shown
in Figures 1b and 1c in order to change the direction of
view.

[0017] The range of DOV variation achievable by
such a mechanism is limited fundamentally by the size
of the prism 12 in relation to the optical ray footprint
through the prism 12(the optical ray footprint being the
area occupied by the bundle of light rays at a given sur-
face). As the prism 12 is tilted, the angular shift in DOV
is twice as large as the actual angular change in orien-
tation of the prism 12. Hence, as the prism rotates, the
optical ray footprint on the prism entry face 13 shifts and
will eventually be clipped by the edges of the prism 12.
[0018] In order to minimise the optical ray footprint at
the prism 12, the optical system is usually designed
such that the entrance pupil of the system falls at or near
to the mirrored surface 15 of the prism 12. The entrance
pupil of an optical system is the image of the limiting
aperture as viewed in object space. In a borescope or
endoscope, the entrance pupil is usually the part of the
system where the optical rays occupy the smallest foot-
print. The size of the entrance pupil determines the
amount of light collected by the system and is related to
the maximum image brightness and/or image size pre-
sented by the scope. There is a trade off between the
basic design parameters of the scope, i.e the entrance
pupil size, prism size, field of view and the range of var-
iation in DOV (sometimes referred to as the "swing
range"). Generally, for any given size of prism 12, the
achievable swing range will decrease as the field of view
or the entrance pupil size increase.

[0019] A first embodiment of the present invention
which achieves a larger range of variation in DOV is il-
lustrated schematically in Figure 2. In this case, two re-
flectors 18,20, such as two right-angle prisms with mirror
coatings on their hypotenuse faces, are provided. The
first prism 18 is mounted for rotation about an axis R
which lies in the plane of the paper and intersects the
reflective hypotenuse face 22 of the prism 18 at 45° and
at its centre point. The second prism 20 is fixed. In this
way, light received by the first prism 18 is reflected from
its hypotenuse face 22 into the second prism 20, and
reflected by the hypotenuse face 24 of the second prism
20 into the optical train 16 (or imaging lens or CCD chip
etc.) of the scope 10.

[0020] The arrangement shown provides forward
viewing, i.e a DOV of 0°. However, if the first prism 18
is rotated about the axis R then the DOV (measured in
a plane perpendicular to the plane of the paper) and the
direction of the light rays received through the entry face
26 of the prism 18 will also rotate out of the plane of the
paper by exactly the same angle as the prism 18 itself
rotates. In this way, the optical ray footprint through the
prism 18 does not change as the prism 18 rotates.
[0021] Therefore, in this arrangement the swing range
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is no longer fundamentally limited by the size of the
prism 18, which must now only be large enough to ac-
commodate the entrance pupil size and field of view de-
sired. The swing range achievable is now only limited
by the mechanical arrangement and any obstructions in
the tip of the scope 10.

[0022] The swing prism arrangement in accordance
with the present invention allows a much wider range of
variation in DOV than in conventional scopes. For ex-
ample, a range of 0°-120° can easily be obtained, al-
lowing both forward and lateral viewing by a single
scope.

[0023] However, in order to use a borescope or endo-
scope in most environments it is necessary to illuminate
the field of view (FOV). Typically, a bundle of optical fi-
bres is provided in the scope to transmit light from a light
source at the proximal end to the distal end of the scope,
where it is projected out of an illumination port adjacent
the viewing port. As the DOV changes the field of view
may fall outside the field of illumination. Conventional
swing prism scopes overcome this problem by splitting
the bundle of optical fibres into a number of arms and
directing each arm to project light over a different region
of the DOV range. However, the wider the DOV range,
the lower will be the luminous intensity of the illumination
provided in each area and the corresponding brightness
in the viewed image will decrease.

[0024] In accordance with the present invention, this
limitation can be avoided by varying the direction of the
illumination such that it is always coincident with the di-
rection of view.

[0025] Figure 3 is a schematic diagram of an embod-
iment in which the illumination axis |, defining the centre
of the illumination projected out of the scope, is variable
synchronously with the direction of view. Here, a third
prism 28 receives light from transmission means (as dis-
cussed further below) and reflects it out of the scope 10
as shown. The third prism 28 is symmetrically placed
about the longitudinal axis L with respect to the first
prism 18 and is linked to the first prism 18 such that they
rotate synchronously about the same axis R, thereby di-
recting light in the same direction as the DOV. Although
the field of view FOV and the field of illumination FOI
are laterally offset from one another as shown, within a
few millimetres from the scope 10 the two overlap so
that in practice the field of view will be illuminated.
[0026] In order to provide light into the third prism 28
in the direction of arrows 30, light is transmitted through
the scope 10 by a bundle of optical fibres (not shown in
Figure 3) in a direction generally parallel with the longi-
tudinal axis L. This light must then be redirected round
at least one 90° bend in order to enter the third prism
28. It is not possible within the confines of a typical bo-
rescope with a diameter of, say, 5mm to bend the optical
fibres themselves around such an angle. However, this
can be accomplished by means of a series of light
guides and right-angled prisms as illustrated in Figure 4.
[0027] Light from a bundle of optical fibres (not
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shown) can be coupled directly into a conventional light
guide of rectangular cross-section 34. Light entering the
light guide 34, whether from a fibre at the centre of the
bundle or from a fibre at the edge of the bundle, and
even when the light is directed at a relatively large angle
0 to the direction of the fibre, is efficiently contained by
means of total internal reflection from the side walls of
the light guide 34. Light exiting the light guide can be
turned through 90° by means of a right-angled prism 36
and into a second light guide 38. The prism 36 must be
placed as close as possible to the ends of the two lights
guides 34,38 without touching. The small gap 9 (greater
than about one wavelength) is necessary in order to pre-
serve the total internal reflection at the surface.

[0028] As can be seenin Figure 4, any light contained
within the first light guide 34 is necessarily also con-
tained within the prism 36 since the exit face 37 of the
prism 36 can be considered as a continuation of the side
wall of the first light guide 34, totally reflecting the inci-
dent light in the same way. The entrance face 35 of the
prism 36 acts similarly to light which has been turned
through 90° by reflection from the hypotenuse face 39.
[0029] In this way, a series of light guides and prisms
can be used to manipulate the light, if necessary through
a complex folded path. For example, light may be turned
through 180° so as to enter a fourth prism 40 placed
back to back with the fixed prism 20 as shown in Figure
5. The fourth prism turns the light through a further 90°
into the third prism 28. Since the illumination light is now
directed from point at the same axial distance along the
scope 10, as the prisms 18 and 20 which gather an im-
age, it is possible to achieve a short tip length, i.e the
length between the distal end of the scope 10 and the
viewing window. This is advantageous for use in partic-
ularly confined spaces.

[0030] Figures 6a to 6c illustrate in schematic form
how the present invention may be embodied within the
tip of a scope 10. Figure 6a shows a partially cross-sec-
tioned view from above of the scope tip. Figures 6b and
6¢ respectively show an end view and a side view of the
scope tip as in both cases the rotatable prisms 18 and
28 have been rotated about the axis R through approx-
imately 120° as compared with their position shown in
Figure 6a.

[0031] As best seen in Figure 6¢, a bundle of optical
fibres 32 is provided in the scope beneath the four
prisms 18, 20, 40 and 28 and beneath the optical train
16. Two further fixed prisms 42 and 44 are provided to
turn the light from the fibres 32 through 180° so as to
enter the fourth prism 40. This fourth prism 40 diverts
the light through 90° into the rotating prism 28. The ro-
tating prism 28 again diverts the light through 90° so as
to exit the scope through the viewing window 46. The
viewing window 46 is preferably partially spherical so as
to accommodate the rotating prisms and to allow a large
swing range. As shown in Figure 6c, this arrangement
is able to accommodate a swing range of 120°. A DOV
of 0° and 90° are shown in dotted lines for comparison.
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[0032] In a conventional swing prism scope, because
the light passes through only one right-angled prism the
image suffers left-right inversion which needs to be cor-
rected elsewhere in the scope. In the swing prism ar-
rangement of the present invention, light received from
a viewed object passes through two right-angled prisms
18, 20 and therefore the image entering the optical train
16 from the prism 20 does not suffer left-right inversion.
However, the image will rotate as the rotatable prism 18
is moved. This image rotation may be removed in vari-
ous ways.

[0033] For example, if the scope 10 includes a CCD
chip and imaging lens (not shown) rather than an optical
train 16 so that an image is provided from the fixed prism
20, through the imaging lens, directly on to the chip, then
the chip itself may be arranged to rotate to compensate
for rotation of the prism 18.

[0034] Alternatively, optical means may be provided
for rotating the image. In a borescope using a conven-
tional optical relay train 16, the rotation of the rotating
prism 18 can be mechanically linked to a compensating
rotation of a suitable image rotation prism which may be
included either within the relay lens section or within the
ocular assembly (not shown) at the proximal end of the
scope 10. Suitable prism arrangements include a dove
prism 50, double dove prism 52 and Pechan prism 54
as illustrated in Figures 7a-7c respectively. The dove
and double dove prisms can only operate in parallel light
and therefore must be positioned either in a parallel re-
lay section or behind the ocular lens. The Pechan prism
46 can operate in divergent or convergent beams, there-
fore offering greater flexibility in its positioning within the
system.

[0035] Itwill be appreciated thatthese three examples
are not exclusive and many other arrangements well
known in the art could be used to remove image rotation.
[0036] The use of any of these image de-rotation
prisms necessarily results in an image inversion and
therefore this must be removed by the presence of a
second, non-rotating dove, double dove or Pechan
prism elsewhere within the optical system.

[0037] Another advantage of the system of the
present invention is that it allows the use of a negative
lens element in a retro-focus type design. Use of a neg-
ative lens element is common in fixed DOV systems in
which large fields of view are required. The negative
lens element serves to direct high obliquity, off-axis prin-
cipal rays towards the effective aperture stop on the
prism surface to maximise the amount of light captured
by the prism and entering the optical system. This is not
possible with a conventional swing prism scope, of the
type illustrated in Figures 1a-1c, because as the prism
12 rotates the optical axis on the negative lens element
shifts and leads to unacceptable optical aberrations.
However, when a swing prism arrangement in accord-
ance with the present invention is utilised then, as
shown in Figure 8, a negative lens element 56 can be
placed in front of the entry face of the first rotating prism
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18. If the negative lens element 56 is arranged to rotate
with the prism 18 about the axis R then the optical axis
on the negative lens element 56 does not shift. Thus,
the amount of light entering the optical system and in
the turn the image brightness achievable is increased.
[0038] As those skilled in the art will appreciate, the
present invention provides an improved swing prism
scope with a greatly increased variation in the achieva-
ble direction of view, thereby obviating the need for sep-
arate scopes for forward and lateral viewing. The means
for altering the direction of illumination also ensures that
an object anywhere within the variable field of view can
be properly illuminated for effective viewing. It will also
be apparent to the skilled reader that a number of mod-
ifications and variations are necessary to the precise de-
tails and configurations described herein without depart-
ing from the scope of the claims.

Claims

1. Apparatus for use as a borescope or endoscope
(10), comprising a tube having a proximal end and
a distal end; a viewing port at the distal end; means
in the tube for receiving a image (16) of a viewed
field through the viewing port for transmission to a
viewing device, the image receiving means defining
a longitudinal axis; a first reflector (18) having a re-
flective surface mounted at 45° to the longitudinal
axis and laterally offset therefrom, and mounted for
rotation about a rotation axis perpendicular to and
intersecting the longitudinal axis and intersecting
the centre of the reflective surface; a second reflec-
tor (20) having a reflective surface mounted at 45°
to the longitudinal axis and intersected by the lon-
gitudinal axis; such that light entering the viewing
port is reflected by the first reflector (18) to the sec-
ond reflector (20) and by the second reflector (20)
into the image receiving means (16); further com-
prising means to illuminate the viewed field, com-
prising means to transmit light to a third reflector
(28) in the distal end of the tube and having a re-
flective surface mounted symmetrically about the
longitudinal axis with respect to the first reflector
(18) and rotatable synchronously with the first re-
flector (18) about the rotation axis.

2. Apparatus as claimedin claim 1, wherein the means
for receiving an image comprises a plurality of lens-
es for transferring the image from the distal to the
proximal end of the tube.

3. Apparatus as claimed in claim 2, wherein the view-
ing device comprises an eyepiece assembly at the
proximal end of the tube.

4. Apparatus as claimedin claim 1, wherein the means
for receiving the image comprises an image-to-vid-
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eo conversion device.

5. Apparatus as claimed in claim 4, wherein the view-
ing device comprises a screen for displaying a video
image.

6. Apparatus as claimed in any preceding claim,
wherein the means to transmit light comprises a
bundle of optical fibres and at least one light guide
and/or at least one right-angle prism.

7. Apparatus as claimed in claim 6, wherein the means
to transmit light includes three right-angled prisms.

8. Apparatus as claimed in any preceding claims,
wherein the means to transmit light includes a right-
angle prism mounted such that its hypotenuse face
is adjacent the back of the first reflective surface.

9. Apparatus as claimed in any preceding claim,
wherein one or more of the first, second and third
reflectors comprises a right-angle prism.

10. Apparatus as claimed in any preceding claim, fur-
ther comprising means to prevent rotation of the
viewed image as the first reflector rotates about the
rotation axis.

11. Apparatus as claimed in claim 10, wherein the im-
age receiving means comprises an image-to-video.
conversion device which is mounted to rotate syn-
chronously with the first reflector to prevent rotation
of the viewed image.

12. Apparatus as claimed in claim 10, wherein the
means to prevent rotation of the viewed image com-
prises a dove prism, a double dove prism or a
Pechan prism.

13. Apparatus as claimed in claim 12, further compris-
ing means to correct inversion of the image pro-
duced by the rotation preventing prism(s).

14. Apparatus as claimed in claim 13, wherein the
means to correct inversion of the image comprises
a dove prism, a double dove prism or a Pechan
prism.

15. Apparatus as claimed in any preceding claim,
wherein the apparatus is operable to provide a di-
rection of view which is variable over a range of
about 120°.

Patentanspriiche

1. Vorrichtung zur Verwendung als Boreskop oder En-
doskop (10), umfassend ein Rohr mit einem proxi-
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malen Ende und einem distalen Ende; eine Sicht-
6ffnung am distalen Ende; Mittel am Rohr zum
Empfangen eines Bildes (16) eines durch die Sicht-
odffnung betrachteten Felds zur Ubertragung zu ei-
ner Sichtvorrichtung, wobei das Bildempfangsmittel
eine Langsachse definiert; einen ersten Reflektor
(18) mit einer in 45° zur Ldngsachse angebrachten
und lateral dazu versetzten reflektierenden Flache,
und angebracht zur Rotation um eine Rotationsach-
se, welche orthogonal zur Langsachse ist und diese
schneidet und welche das Zentrum der reflektieren-
den Oberflache schneidet; einen zweiten Reflektor
(20) mit einer in 45° zur Ldngsachse angebrachten
reflektierenden Flache und von der Langsachse ge-
schnitten derart, dass in die Sichtdffnung gelangen-
des Licht von dem ersten Reflektor (18) zu dem
zweiten Reflektor (20) und von dem zweiten Reflek-
tor (20) in das Bildempfangsmittel (16) reflektiert
wird; ferner umfassend Mittel zum Beleuchten des
betrachteten Felds, umfassend Mittel zum Ubertra-
gen von Licht zu einem dritten Reflektor (28) am di-
stalen Ende des Rohrs und mit einer beziiglich des
ersten Reflektors (18) symmetrisch um die Langs-
achse angebrachten reflektierenden Flache und
synchron mit dem ersten Reflektor (18) um die Ro-
tationsachse drehbar.

Vorrichtung nach Anspruch 1, wobei das Mittel zum
Empfangen eines Bildes eine Vielzahl von Linsen
zum Ubermitteln des Bildes von dem distalen zu
dem proximalen Ende des Rohrs umfasst.

Vorrichtung nach Anspruch 2, wobei die Sichtvor-
richtung am proximalen Ende des Rohrs eine Oku-
larvorrichtung umfasst.

Vorrichtung nach Anspruch 1, wobei das Mittel zum
Empfangen des Bildes eine Bild-zu-Video-Um-
wandlungsvorrichtung umfasst.

Vorrichtung nach Anspruch 4, wobei die Sichtvor-
richtung einen Bildschirm zum Darstellen eines Vi-
deobildes umfasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei das Mittel zum Ubertragen von Licht
ein Buindel optischer Fasern und wenigstens einen
Lichtleiter und/oder wenigstens ein Rechtwinkel-
Prisma umfasst.

Vorrichtung nach Anspruch 6, wobei das Mittel zum
Ubertragen von Licht drei Rechtwinkel-Prismen
umfasst.

Vorrichtung nach einem der vorangehenden An-
spriche, wobei das Mittel zum Ubertragen von Licht
ein Rechtwinkel-Prisma umfasst, welches derart
angebrachtist, dass seine Hypotenusenseite an die

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

Rickseite der ersten reflektierenden Flache an-
grenzt.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei einer oder mehrere der ersten,
zweiten und dritten Reflektoren ein Rechtwinkel-
Prisma umfasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, welche dariiber hinaus Mittel zum Verhin-
dern der Rotation des gesehenen Bildes umfasst,
wenn der erste Reflektor um die Rotationsachse ro-
tiert.

Vorrichtung nach Anspruch 10, wobei das Bildemp-
fangsmittel eine Bild-zu-Video-Umwandlungsvor-
richtung umfasst, welche angebracht ist, um syn-
chron mit dem ersten Reflektor zu rotieren, um eine
Rotation des gesehenen Bildes zu verhindern.

Vorrichtung nach Anspruch 10, wobei das Mittel
zum Verhindern der Rotation des gesehenen Bildes
ein Dove-Prisma, ein Doppel-Dove-Prisma oder ein
Pechan-Prisma umfasst.

Vorrichtung nach Anspruch 12, welche dartber hin-
aus Mittel zum Korrigieren der Inversion des von
dem/den Rotation-verhindernden Prisma/Prismen
erzeugten Bildes umfasst.

Vorrichtung nach Anspruch 13, wobei das Mittel
zum Korrigieren der Inversion des Bildes ein Dove-
Prisma, ein Doppel-Dove-Prisma oder ein Pechan-
Prisma umfasst.

Vorrichtung nach einem der vorangehenden An-
spriche, wobei die Vorrichtung betreibbar ist, um
eine Uber einen Bereich von ungefahr 120° variable
Blickrichtung vorzusehen.

Revendications

Appareil destiné a étre utilisé en tant que fibroscope
ou endoscope (10), comprenant un tube ayant une
extrémité proximale et une extrémité distale ; un ori-
fice d'observation a I'extrémité distale ; un moyen
dans le tube pour recevoir une image (16) d'un
champ observé a travers |'orifice d'observation pour
sa transmission a un dispositif d'observation, le
moyen de réception d'image définissant un axe
longitudinal ; un premier réflecteur (18) ayant une
surface réfléchissante montée a 45° par rapport a
I'axe longitudinal et décalé latéralement par rapport
a celui-ci, et monté afin de pouvoir tourner autour
d'un axe de rotation perpendiculaire a et intercep-
tant I'axe longitudinal et passant par le centre de la
surface réfléchissante ; un second réflecteur (20)
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ayant une surface réfléchissante montée a 45° par
rapport a I'axe longitudinal et interceptant I'axe
longitudinal ; de sorte que la lumiére pénétrant par
l'orifice d'observation soit réfléchie par le premier
réflecteur (18) vers le second réflecteur (20) et par
le second réflecteur (20) dans le moyen de récep-
tion d'image (16) ; comprenant en outre un moyen
pour éclairer le champ observé, comprenant un
moyen pour transmettre de la lumiére vers un troi-
sieme réflecteur (28) a I'extrémité distale du tube et
ayant une surface réfléchissante montée symétri-
que au premier réflecteur par rapport a I'axe longi-
tudinal (18) et de fagon a pouvoir tourner en syn-
chronisme avec le premier réflecteur (18) autour de
I'axe de rotation.

Appareil selon la revendication 1, dans lequel le
moyen de réception d'une image comprend une
pluralité de lentilles pour transférer I'image de I'ex-
trémité distale a I'extrémité proximale du tube.

Appareil selon larevendication 2, dans lequel le dis-
positif d'observation comprend un montage d'ocu-
laire a I'extrémité proximale du tube.

Appareil selon la revendication 1, dans lequel le
moyen de réception de I'image comprend un dispo-
sitif de conversion d'image en vidéo.

Appareil selon larevendication 4, dans lequel le dis-
positif d'observation comprend un écran pour affi-
cher une image vidéo.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel le moyen de transmission
de lumiére comprend un faisceau de fibres optiques
et au moins un guide de lumiére et/ou au moins un
prisme a angle droit.

Appareil selon la revendication 6, dans lequel le
moyen de transmission de lumiére comporte trois
prismes a angle droit.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel le moyen de transmission
de lumiére comporte un prisme a angle droit monté
de fagon que sa face d'hypoténuse soit adjacente
au dos de la premiéere surface réfléchissante.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel un ou plusieurs des pre-
mier, second et troisieme réflecteurs comprend un
prisme a angle droit.

Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre un moyen pour
empécher la rotation de I'image observée lorsque
le premier réflecteur tourne autour de I'axe de rota-
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tion.

Appareil selon la revendication 10, dans lequel le
moyen de réception d'image comprend un dispositif
de conversion d'image en vidéo qui est monté de
fagon a tourner en synchronisme avec le premier
réflecteur pour empécher la rotation de I'image ob-
servée.

Appareil selon la revendication 10, dans lequel le
moyen pour empécher la rotation de I'image obser-
vée comprend un prisme de Dove, un prisme de Do-
ve double ou un prisme de Péchan.

Appareil selon la revendication 12, comprenant en
outre un moyen pour corriger l'inversion de I'image
produite par le(s) prisme(s) empéchant la rotation.

Appareil selon la revendication 13, dans lequel le
moyen de correction de l'inversion de I'image com-
prend un prisme de Dove, un prisme de Dove dou-
ble, ou un prisme de Péchan.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel I'appareil peut étre mis en
fonctionnement pour produire une direction de vi-
sée qui est variable dans un intervalle d'environ
120°.
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