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(57) Abrégée/Abstract:

A scanning apparatus comprises two rotatable bodies arranged to rotate in opposite directions. The first body being a polariser and
the second being a mirror or a second polariser. The apparatus Is arranged to define an optical path for a polarised beam, wherein
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(57) Abrege(suite)/Abstract(continued):

the optical path passes through the first body, Is reflected at the second body, and is reflected by the first body back to the second
body from where It Is transmitted or reflected to produce a linear scan. There Is also disclosed a scanning system comprising a
reflector and an optical wedge containing refractive materials, arranged to counter rotate and arranged so that a beam passing
through the optical wedge, Is reflected by the reflector and passes back through the optical wedge to produce a linear scan.
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ABSTRACT

A scanning apparatus comprises two rotatable bodies
arranged to rotate 1n opposite directions. The first body
being a polariser and the second being a mirror or a second
polariser. The apparatus 1s arranged to define an optical path
for a polarised beam, wherein the optical path passes through
the first body, 1s reflected at the second body, and is
reflected by the first body back to the second body from where
it 1s transmitted or reflected to produce a linear scan. There
1s also disclosed a scanning system comprising a reflector and
an optical wedge containing refractive materials, arranged to
counter rotate and arranged so that a beam passing through the
optical wedge, 1s reflected by the reflector and passes back

through the optical wedge to produce a linear scan.
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SCANNING APPARATUS

This application 1s a divisional of Canadian patent
application serial no. 2,454,194 which is the Canadian
national phase of International application no. PCT/GB02/03349
filed 22 July 2002 (22.07.2002) and published 30 January 2003

(30.01.2003) under publication no. WO 03/009048A1.

Background of the Invention

Field of the Invention

The present 1nvention relates to a scanning apparatus
which may be used in a real-time imaging system, and in

particular i1n a real-time mm wave length, or microwave imaging

system.

Summary of the Prior Art

In optics, there is a requirement to scan beams rapidly

across the scene in a linear scan pattern.

For visible light, 1t i1s known to achieve a linear scan
pattern by the use of two circular rotating reflective discs,
which are equally 1nclined to their axes of rotation, and
which rotate at the same speed. A single rotating mirror would
produce a conical scan. However, when the second rotating
mirror recelves a conical scan from the first rotating mirror
parts of the conical scan are effectively cancelled out
resulting in a linear scan pattern. Alternatively flapping

mirrors may be used to achieve a linear scan pattern.
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Such methods are suitable in the visible region
where the apertures involved are small. In the infra-red
region apertures are frequently about 100 mm and
focussing lenses are used to reduce this aperture to

around 10 mm. In the mm-wave and microwave regions these
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apertures are very large ( in the order of 1 m) and it is
not practical to use flapping mirrors. Also when making
reflective discs, there is considerable displacement of
the beam which is received by the second of the mirrors,
and therefore the second mirror has to be very large soO
as to be able to receive the displaced beam.

It is also known, for visible light, to produce a
linear scan using two counter rotating prisms. However,
such prisms are heavy and therefore not suitable for

large aperture systems.

Summary of the Invention

The present invention aims to provide a system for
producing linear scans which is of suitable size and
weight to be used in mm wave length and microwave
applications. In other words the invention aims to
provide a system which performs the function of the
flapping mirrors, in effectively converting conical to
linear scans.

In general terms, the invention uses at least one
rotating polariser which, depending on the point in the
optical path of the beam transmits and reflects the beam,
so that the beam can pass through the polariser but then
be reflected from another body back to the polariser to

be reflected therefrom to cause cancellation of conical
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scans to produce a linear scan by a double refléétion
arrangement similar to that described previously.

According to a first aspect, the invention may then
provide a scanning apparatus comprising an optical system
having first and second rotatable bodies arranged to
rotate at the same speed, in opposite directions, having
generally parallel axes of rotation and being inclined to
those axes of rotation, the optical systems being
arranged to define an optical path for a polarised beam
so as to form a linear scan, wherein at least a first one
of the bodies is a polariser and the optical system is
such that the optical path passes through the polariser,
is reflected at the secondbﬂsdy, and is rgflected by the
polariser back to the second body. Preferably the axes
are coincident.

There are two general possibilities. In the first
possibility, the second body is a mirror, or other
reflective disc. 1In this case the optical path is such
that, after the optical path has been reflected by the
polariser back to the second body, the second body
reflects the beam back through the polariser.

In the second possibility, the second body is a
.bolariser and the optical path is such that once the beam

is reflected back to the second body it is transmitted

through the second body. This is a transmission system,
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with the beam finally passing through the rotatable body,
and emerging from the rotatable body in direction in
which it was received.

The polariser may be a circular polariser, or may be
a linear polariser.

The invention relies upon changes in the orientation
of polarisation which affects whether or not the beam
passes through, or is reflected by the polariser.
Reflection is one possible way of altering the
orientation of polarisation. However, it may be
necessary to include in the optical system quarter wave
plates or Faraday rotators to alter the orientation of
polarisation. This is partidhlarly the case when linear
polarisers are used.

For example the first body may be a linear
polariser, and two rotatable quarter wave plates may be
located on either side of the polariser. The quarter
wave pl;tes rotate about the same axis as the linear
polariser, at the same speed and in the same direction as
the linear polariser.

In an alternative, a rotatable quarter wave plate 1is
located on one side of the linear polariser, being
rotatable about the same axis as the polariser, at the

same speed and in the same direction, and a Faraday
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rotator is located on the other side of the poléiiser.
The Faraday rotator may be fixed or rotatable.

The quarter wave plate(s) and linear polariser are
preferably connected to form a rotating unit.

S The apparatus may have a fixed quarter wave plate to
convert linear polarised radiation into circular
polarised radiation before it 1s received by the first
body.

Preferably angle of inclination 6f the first body is

10 twice the angle of inclination of the second body.

Linear scans may also be achieved by using a
rotatable reflector and an optical wedge, wherein the
wedge includes refractive méferials. The wedge and the
reflector are arranged so that their conical scan

15 patterns are the same, but in opposite directions, to
produce a linear scan pattern. To achieve this, the
wedge and the reflector are arranged to counter-rotate
about generally parallel axes, and the reflector is
inclined to its axis of rotation, as are the faces of the

20 wedge.

With such an arrangement, a beam passes through the
wedge, is reflected by the reflector and passes back
through the wedge.

Preferably, the axes of rotation of the wedge and

25 the reflector are coincident, and the median plane of the-



CA 02689280 2010-10-12

wedge 1s preferably generally perpendicular to the axis of
rotation.

Accordingly, 1n one aspect, the present invention
provides a scanning apparatus having a rotatable reflector and
a rotatable optical wedge including refractive materials,
wherein the wedge and the reflector are arranged to counter-
rotate about generally parallel axes, the reflector and the
two faces of the wedge being inclined to thelr respective axes
of rotation, such that i1n use a beam passes through the wedge,
1s reflected by the reflector and passes back through the
wedge to provide a linear scan.

In another aspect, the present invention provides a
method of producing a linear scan including the steps of
rotating a reflector and an optical wedge 1n opposite

directions to each other, but around generally parallel axes

of rotation, the reflector and the two faces of the optical

wedge being inclined to the reflector's axis of rotation and

F

the wedge's respective axis of rotation respectively, and

directing a beam so that 1t passes through the optical wedge,

18 reflected by the reflector back to the optical wedge and
passes through the optical wedge to provide a linear scan.
The wedge may be wholly of refractive material, such as
silica, but preferably has refractive plates supported on a
refractive core. Refractilive material, such as sulphur, may be

sandwiched between the plates and the core.

Brief DescriEtion of the Drawings

Embodiments of the invention will now be described in

detail, by way of example only, and with reference to the

following drawings, 1n which;

Fig. 1 shows an apparatus according to a first embodiment

of the invention;
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Fig. 2 shows 1n detail a rotating unit according to an
embodiment of the invention:;

Fig. 3 shows the path of the beam through the apparatus
shown 1in Fig. 1 and Fig.2;

Fig. 4 shows an apparatus according to a further
embodiment of the invention;

Fig. 5 shows an apparatus according to an embodiment of
the i1nvention arranged in transmission.

F1g. 6 shows an apparatus according to a further
embodiment of the invention;

Fig. 7 shows the wedge of Fig. 6 1n detail.
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Detailed Description

Referring first to Fig. 1 a rotating mirror 1 is
inclined at around 11° and a rotating unit 3, (shown in
more detail in Fig. 2) which includes a linear polariser
inclined at an angle of around 22°. A fixed quarter wave
plate 5 is located in front of the rotating unit 3 to
convert a linearly polarised beam to a circularly
polarised beam.

Fig. 2 shows the rotating unit 3 in detail. This
comprises an inclined linear polariser 10 positioned
between two quarter wave plates 13 and 15. The quarter
wave plates in this embodiment have fast axes of +45°,
though other directions are‘ﬁossible.

A linearly polarised beam is converted by the fixed
quarter wave plate 5 to a right circularly polarised beam
In this embodiment, the incident beam is horizontally

polarised and the fixed quarter wave plate 5, which has a

fast axis at +45° produces right-handed circularly
polarised beam. Though other directions are possible,
for example, left circularly polarised beam may
alternatively be used).

Referring to Fig.3, the right circularly polarised
beam passes through the first quarter wave plate 13 of

rotating unit 3 which converts the beam to linear

polarised. The beam then passes through the polariser 10
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and through the second quarter wave plate_ 15 of the
rotating unit, where it is converted to circular
polarised light. The beam then reaches the rotating
mirror 1, which rotates in the opposite direction from
rotating unit 3 but at the same speed, and the beam is
reflected from the counter-rotating mirror 1.

The beam then passes back to the rotating unit 3

where it passes through the quarter wave plate 15. This

time the light 1is feflected at the inclined polariser 10,
because the plane of polarisation has been rotated
through 90° when reflected at the rotating mirror 1 and
transmitted by the quarter wave plate 15. The beam then
passes to the counter rotatiﬁg mirror 1 where it is
reflected again, the handedness of the circularly
polarised radiation undergoing a further change, and
passes back through the rotating unit 3, this time
passing through the linear polariser 10.

In isolation, the rotating unit 3 and the counter
rotating mirror 1 produce conical scans, but in this
tandem arrangement, with the rotations at the same speed
and in opposite directions. Parts of the conical scans
are effectively cancelled out to produce a linear scan.
This cancellation is virtually complete if the

inclination of the inclined polariser 10 is twice that of

the counter-rotating mirror 1.
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FFig. 4 shows an alternative embodiment in which the
rotating unit 20 consists of a quarter wave 23 plate and
a linear polariser 21. The apparatus also has a Faraday
rotator 25, which rotates the plane of polarization by
45°.

In the embodiment shown in Fig.4, the fixed guarter
wave plate 5 converts a linearly polarised beam in to a
circularly polarised beam. This circularly polarised
beam is received by the rotating unit 20 and is converted
into a linear beam by the quarter wave plate 23. The
beam then passes through the linear polariser 21 and 1is
then received by the Faraday rotator 25 which rotates the
plane of the polarisation of-the incident beam by 45°.
This beam is then incident at the rotating mirror 1 where
it is reflected.

The beam passes back through the Faraday rotator 25

where it undergoes a further rotation of 45° in its plane
of polarisation.

The beam is now polarised at right angles to the
transmission axis of the inclined polariser 21 of the
rotation unit 3. The polariser 21 therefore reflects the
incident beam in a conical scan pattern. This reflected
beam now passes through the Faraday rotator 25 again and

the plane of polarisation is rotated through 45°. The

beam is then reflected at the mirror 1, and passes
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through the Faraday rotator, the plane of polarization being
rotated through 45° so that the beam is then able to pass
thfough the inclined polariser 21 and then through the quarterxr
wave plate 23 of the rotating unit 20.

In this way, there are two reflections at the rotating

mirror and one at the inclined polariser 21, which 1is

positioned at twice the angle of the rotating mirror

It 1s also possible for two rotating units similar
to that described in Fig. 1 to be used 1n series. This
arrangement is shown i1n Fig. 5. The second unit 40 rotates
about its axis with the same speed, but in the opposite

direction from the first unit 30, and has a Faraday rotator

between the gquarter wave plate and the polariser. In this
embodiment, 1t is not necessary to have a rotating mirror,
because the polariser in the second rotating unit 40 can act

as a mirror. The beam passes through the first rotating unit

30 as described for the first embodiment. The beam then passes

to the second rotating unit 40 and 1s reflected from the
inclined polarizer of the second unit.

The reflection at the inclined polariser of the
second unit rotates the polarization of the beam through 90°,

so that when the beam passes back to the first
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polarizing unit, i1t 1is reflected by the inclined polariser
(and the polarization is rotated through 90°).

This time when the beam reaches the second rotating unit

40 1t passes through the inclined polariser and via a second
quarter wave plate 5a which 1s fixed.

In an alternative embodiment shown in Fig. 6, the
rotating unit is a rotating wedge 41 which rotates in the
opposite direction from, and at the same speed as, the
rotating mirror 1. The rotating wedge 1 is mounted on a drive
shaft 42, and a gear box 43 and a motor 44 are used to control
the speed and direction.

Fig. 7 shows the wedge 41 of this embodiment in more
detail. The wedge 41 has a sulphur layer 46 sandwiched between

two silica plates 47a and 47b, which are coated with anti-

reflective PTFE layers 49a and 49b. The rotation of the wedge
41 i1s further balanced by balance weights 45a and 45Db.

At microwave frequenciles sulphur has a refractive index
of 1.8%9 which 1s close to that of silica (1.94).

The silica plates are angled to produce a wedge which
will deviate a beam through an angle given by:

6 = 2 Sin (n Sin o/2)-~ o

at the condition of the minimum deviation, where a is the

apex angle of the wedge. For small deviations, this

approximates to:
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where n is the refractive index of the wedge.
The anti-reflective layer should have a refractive
index which is the square root of the refractive index of

5 the silica and have an optical thickness of A/4 where A is

the wavelength of the radiation. PTFE is therefore an

appropriate material for the anti-reflective layer, as it

has a refractive index of 1.44 which approximates to the

square root of the refractive index of silica (1.89).

10 Its thickness should be 1.39 mm for radiation having a
wavelength of 8mm (i.e. 35GHz). Alternative materials
and thicknesses can be selected by the person skilled in
the art. For example, it mé} be possible to achieve a
suitably refractive wedge using a body of silica

15 material, thus omitting the sulphur.

A beam incldent on the arrangement of Figs. 6 and 7
passes twice through the wedge 46 as it is reflected by

the rotating mirror 1.
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The embodiments of the invention in which an exclusive

property or privilege 1is claimed are defined as follows:

1. A scanning apparatus having a rotatable reflector and a

rotatable optical wedge including refractive materials,

wherein the wedge and the reflector are arranged to counter-

rotate about generally parallel axes, the reflector and two
faces of the wedge being i1inclined to thelr respective axes of
rotation, such that in use a beam passes through the wedge, 1is
reflected by the reflector and passes back through the wedge

Lo provide a linear scan.

2. A scanning apparatus according to claim 1 wherein the
axes of rotation of the wedge and the reflector are

colncident.

3. A scanning apparatus according to claim 1 wherein a

median plane of the wedge 1s generally perpendicular to the

axis of the wedge's rotatiom.

4 . A scanning apparatus according to any one of claims 1 to
2 wherein the wedge comprises refractive plates supported on a

refractive core.

5. A method of producing a linear scan including the steps
of rotating a reflector and an optical wedge 1in opposite
directions to each other, but around generally parallel axes
of rotation, the reflector and two faces of the optical wedge
being i1nclined to the reflector's axis of rotation and the
wedge's respective axis of rotation respectively, and
directing a beam so that it passes through the optical wedge,
1s reflected by the reflector back to the optical wedge and

passes through the optical wedge to provide a linear scan.
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