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Figure 4

For clarity the subsequent positions of B, C, D and E are shown displaced vertically with respect to A
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Figure 5

For clarity the subsequent positions of B, C, D and E are shown displaced vertically with respect to A
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figure 11
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figure 13
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figure 14
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Figure 24
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1
PROPULSION SYSTEM

BACKGROUND OI' TTIL INVENTION

The present invention relates to a propulsion system for a
vehicle. It has particular utility in the propulsion and/or
positioning of space vehicles.

The majority ol propulsion syslems 1n usc loday rely
cither on exerting lorces against the surlace over which they
travel (e.g. cars, trains, funiculars (via their supporting rope)
etc.), accelerating material which comprises the medium
through which they travel i a direction opposite to the
direction in which they are being propelled (e.g. propeller
aircraft, powcr driven or manmually propelled boats), taking
advantage ol thermally or gravilationally derived energy
gradients (e.g. sailing boats, gliders or surl boards) or
¢jecting material 1n the form of fuel carried by the vehicle,
cither 1n part as 1n the case of a jet engine or totally as 1n the
case of a rocket engine. Hitherto, there has been no alter-
nativce but to cmploy the latter method n order to propel or
position a vchicle n spacc.

A problem associated with propulsion systems utilising
the latter method 1s that the volatile fuel required to be
carried by the vehicle represents a danger to any crew 1n the
vchicle, the vehicle 1tsell and 1ts contents.

Anothcr problem associated with such propulsion systcms
15 Lthal the range and manoecuverabilily ol the vehicle 1s
limited by the amount of fuel carried.

Yet another problem associated with such systems is that
once the vehicle 1s accelerated, 1t can only be decelerated by
expending further fuel.

The mnvention may also have utihty in specialised terres-
trial applications. For cxamplc, much cifort has been
cxpended in attecmpting to quicten the propulsion systems of
boals. By obviating the need lor propellers or such like, the
system according to the present invention may provide
quieter propulsion than has hitherto been possible.

The principles underlying the present mvention will now
be explamed with reference to and as illustrated mn FIGS.
1-9 of the accompanying drawings i which:

Onc method of moving a spacc vechicle a short distance i1s
lustrated in FIG. 1. A deviee (D) inside the vehicle is
arranged to project or move an object (W), of significant
mass 1n relation to the mass of the remainder of the vehicle
from one end of the vehicle to a receptacle (B) at the other
end. It 1s known that if the object (W) 1s so projected to the
right 1n F1G. 1, the vehicle will move a distance to the left
(Lo the position S) in FIG. 1. Allcr that movement, the objeel
(W) and (he receplacle (B) are at the positions W' and B
respectively. The distance moved will approach the length of
the vehicle if the mass of the object (W) is relatively large
1 comparison to the mass of the vehicle, or will approach
zero it the mass of the object (W) is insignificant in
comparison to the mass of the vehicle. In any case, the effect
will be that the centre ol mass ol the vehiele and object will
nol move. For this reason, 11 15 thought that such an actlivily
1s of little or no use 1 propelling a vehicle, since it 1s
assumed that, in returning the object (W), the vehicle will
necessarily undergo an equal and opposite displacement to
that which it underwent when the mass was originally
moved tfrom one end of the vehicle to the other.

Anothecr mcthod of moving a vechicle a short distance 1s
schemaltically 1llustrated 1o FIG. 2. FIG. 2 shows a vchicle
(1), on which is mounted a base plate (2), which in turn
carries a pivot (0). An arm OA of length R 1s mounted with
one end on pivot () and the opposite end carries an object
(W) of mass M.
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[f a force were to be applied to the object (W) with the
mtention of moving its mass M around the scmi-circular arc
ACD al speed v, 1L mght be thought that the sum ol the
centrifugal force acting on the pivot (O) during that motion
would have components only 1n the direction Y and there-
fore that the vehicle would be moved 1n the direction Y.
However, this 18 not the case because the force needed to
give the nitial momentum Mv to the object W will always
canccl the componcnt of the centrifupal force. In fact, the
application ol the initial [orce o the object (W) will result
in an equal and opposite force being applied to the vehicle
(1) so that the object (W) and the vehicle (1) would rotate in
opposite senses about the pivot (0O),

The rotary part of this reaction can be neutralized by
arranging for a second identical object (W1) arranged as a
mirror image of the first object (W) to rotate in the opposite
dircction as shown 1n FIG. 3.

Reterring to FIG. 3, if the two objeets (W1, W2) arc of
large mass compared to the mass of the vehicle, then it will
be seen that as they begin to move around their semi-circular
paths they will exert a relatively large centrifugal force
(initially towards the right in FIG. 3) on the vehicle (1)
which will m turn will be accelerated to a relatively high
vclocily by this loree owing (o 1ts relatively low inertia. As
the (wo objects (W1, W2) approach the point B (having
passed points C and L), they will then exert similarly large
centrifugal forces to the left in I'IG. 3 decelerating the
vehicle until 1t returns to the condition 1t had when the
objects (W1, W2) were launched. Hence it will be seen that
the motion of the objects (W1, W2) will be accompanied by
an assoclaled movement ol the vehicle a distance D1 1o the
right as shown 1n FIG. 4. The vehicle moves [rom positions
A to L 1n that I'igure.

[f, however, the objects (W1, W2) have a relatively low
mass comparcd to the mass of the vchicle then they will
exerl a relalively small centrilugal lorce on the vehicle
which will only be acceleraled o a relatively low velocity
owing to 1ts relatively large imertia. When the masses then
approach the point B (having passed points C and E), they
will exert stmilarly low centrifugal forces on the vehicle 1n
ordcr to return 1t to its mnirtial condition. Therctore, 1t will be
scen that if the masscs arc relatively small (and hence the
centrilugal [orce 1s less than in the previous paragraph), the
vehicle will have moved a smaller distance D2 1o the right.
The motion of the vehicle in this case 1s illustrated in FIG.
5. It will be seen that the reduction of centrifugal force
results in the vehicle moving a smaller distance. The vehicle
moves from position A to position E o that Figure.

Consideration of the above two paragraphs and FIGS. 4
and 5, will show that the larger the relative mass of the
objects (W1, W2) to the mass of the vehicle, the larger the
displacement of the vehicle will be. If, for example, the
vchicle werce o be ol negligible mass when comparcd (o the
sum ol the masscs ol the objects (W1, W2), then the vehicele
would move a distance 2R to the right in I'IG. 3. If the
vehicle were to have a mass equal to the sum of the masses
of the objects (W1, W2), then the effect of the centrifugal
torce would be to move the vehicle a distance R to the right
in KFIG. 3.

[t will be seen that, in each of the above examples, the
centre of mass of the combined vehicle and object system
remains 1n the same position.

As stated above, the fact that the centre of the mass of the
combined system 1s not moved 1n each of the above
examples means that such a method cannot be used to move
a vehicle a distance greater than its own length.
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However, if the centrifugal force exerted by the masses of
the objects (W1, W2) as they travelled from position A to
position B were (o be reduced below (he level seen 1n Lhe
examples above for that mass then the vehicle would be
moved over a smaller distance. In other words, i a supposed
first movement (in which centrifugal force 1s reduced), the
vehicle would move a first (relatively short) distance m a
dircction opposite to the dircction of movemcent of the
T1aSSCS.

Then, 1f the objects (W1, W2) were to he subsequently
returned, 1n a second movement in which the centrifugal
force was equal to that seen m the above examples, the
vchicle would move a sceond (relatively long) distance in
the opposite direction to the first movement. Clearly, after
both the first and second movements had taken place the
position of the objects (W1, W2) relative to the vehicle
would be unchanged. Moreover, 1t will be seen that the
combination of the first and second movements would result
in a net movement of the vehicle and its contents in the
dircetion opposite o said lirst movement. Henee, 1t will be
seen how, if a way could be found of reducing the centrifugal
force exerted by the objects (W1, W2) moving from one end
of the vehicle to the other that the centre of mass of the
combined system could be moved across space, that mass
could thereby be transterred, and that the vehicle could be
propelled through space.

It 1s well known that when a spining gyroscope 1s
mounted on a pivoted radms arm, so that the pivot 1s remote
from the centre of the wheel forming the spmmmg mass of
the gyroscope, and the gyroscope Is subjccted to a torque at
right angles to the spin axis ol the wheel ([or instance by
means ol transler through the radius arm) then the gyroscope
precesses, that 1s rotates, about a precession-axis that 1s at
right angles both to the spin-axis of the wheel and the
applied torque provided that it 1s free to do so.

I'IG. 6 shows a plan view of a spinning wheel, all of
whose mass may be considered to be concentrated in its rim
of negligible thickness and of radius r. The wheel 1s con-
nected to a pivot () (which forms the centre of precession)
by a light rod of length R. A torque I is applied to the wheel
1 the direetion shown.

The mechanism of precession may better be understood
by considering the highest and lowest ponts of the rim of the
spinning wheel as 1llustrated in FIGS. 7A and 7B.

From FIGS. 7A and 7B, the application of the torque 1
may be considered as tanlamount to the application ol a
loree F1 to the top pownt ol the spinning wheel and a loree
I'2 to the bottom point of the spinning wheel, deflecting
them and causing a change 1n the direction of their velocities
from v to v' as shown. Thus both velocity vectors are
deflected clockwise. It will be realized that an object whose
velocity 1s constantly changing 1n a direction at right angles
(0 1ls current velocily moves 1o a cirele.

By conventional (wo-dimensional mechanics, a non-
precessing mass moving in a circle only does so 1l 1l 1s
subjected to a constantly applied force defined as the ‘cen-
tripetal” force.

The present inventors realised that by applying oppositely
directed forces, (the effect of a torque,) to particles that are
themselves, moving i opposite directions as a result of
being part ol the rim ol a spinning wheel they could causce
the spinning rim (o circle about O withoul requiring a
ceniripetal force.

It is known that a convenient means (for demonstration
purposes) of applying a constant torque to a gyroscope is to
offset the gyroscope on a shaft, which 1s supported at the end
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4

remote from the gyroscope by a joint, that allows the shaft
to movc both latcrally and up and down, and to allow the
welghl ol the gyroscope, logether with the reaction lorce at
the joint, to be the forces that apply the torque.

[t 15 also known that when the wheel 15 spun up, sus-
pended and relcascd in this manncr the gyroscope will
preeess al a rate €2 derived [rom the cquation:

(1)

T =ICw
OR
Mgl = Qo

Where:

1—MgR—torque at right angles to shaft

M—mass of the wheel

g—acceleration duc to gravily

R—Icngth of the shaft

[—moment ol mncrtia ol wheel

w—angular spin velocily ol wheel

['urther, 1t will precess aboul any poinl 1n the precessional
plane so long as 1t 1s launched with 1nitial conditions such
that 1t finds itself travelling at the linear tangential velocity
R.C2 where €2 is determined from equation (1) mserting the
valuc for the torque that so obtains.

With rcierence to FIG. 8, the prescnt ventors realised
that 1l two gyroscopes ol 1dentical mass M and spinning at
the same speed m, but in opposite directions to one another,
were mounted on equal rods with their remote ends pivoted
in a frame (0,0 of negligible weight which was itself
unrestramed, and were launched 1 an arc from A to B by
whatcver means (1), be it a spring, motor, ramp or chemical
rcaction, o such a way that, at thc momcent thcy found
themselves being acted on by gravity supplying the torque,
their launch velocity was exactly R.£2 where:

M .g.R.
fw

=

then the resulting motion (in the event of the gyroscopes
being “perlect’ (see below)), would not involve a centrilugal
force being excerted on the [rame (0,07, that the [rame would
not therefore be deflected and that the centre of mass of the
system would move a total distance of 2R.

[t will be appreciated that 1f the wheels were not spinnimg
and were then just ‘dead” masses and were given the same
treatment (as far as that is possible given that they would
thcn have NO TENDENCY (o move ol their own volilion
when subjected to a torque and would therefore have to be
projected with considerable velocity to achieve a similar
result), then the frame (0,0 would, (as explained with
reference to FIG. 3), be deflected from a distance R from one
side of the wheels to a distance R on the other side. The
centre of mass of the system would not move.

The present invenlors have conducted experiments which
show that when a gyroscope 1s caused to precess by a torque
whatever additional angular momentum 1t acquires com-
bines with the angular momentum already 1 the spinning
mass and 1f the axis about which 1t 1s caused to precess 1s
remote from the centre of the wheel, that an additional lincar
momentum proportional to the lincar tangential velocity of
lthe total moving mass ol the gyroscope aboul that said axis
of precession 1s the only extra dynamic requirement. The
experiments conducted further show that, once the gyro-
scope has been launched on 1ts path of precession about a
remote axis as described, the forces exerted by the gyro-
scopc at that axis arc larecly thosc involved with application
of torquc to the gyroscopc. Such forees that pass through the
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axis normal to the taneent at any point in the precessional
path of the gyroscope are less than those calculated from the
conventional formulae for derivation of centrifugal force of
a non-precessing mass. Thus it tollows that, provided 1t 1s
correctly launched, the centre of mass of a gyroscope may
be moved around a circle of precession from the one end of
a diamcter 10 the other without the [ull corresponding nel
force at the centre of precession.

The present 1nventors further realised that 1f the mass of
the gyroscope could be translerred predominantly by a
precession of the gyroscope without a substantial movement
in the vehicle, (i.¢. providing the first movement referred to
above) and therealter the mass ol the gyroscope were o be
returned to its oripinal position in relation to the vehicle by
means not involving precession (derving the momentum for
that movement [rom the remainder ol the system) (ie.
providing the larger sccond movement referred to above),
then the vehicle would be moved and 1f this cycle were to be

repeated the vehicle would be propelled.
It 1s arrangcd that (o the precessional motion of FIG. 8, the
gyroscopes derive therr momentum from each other.
According to a first aspect of the present mvention there
15 provided a method ol moving a vehicle 1n a lirst direction,
which method comprises the steps of : connecting at least
one gyrocope means to said vehicle; causing said gyroscope
mcans 0 lollow a path which 1nvolves al lcast onc
precession-dominated portion and at least one translation-
dominated portion,
wherein 1n the precession-dominated portion, the mass ol
the gyroscope means moves 1n said lirst direction and
an associated first movement of the vehicle in substan-
trally the opposite direction to said first direction
occurs, and, in the translation-dominated portion, the
mass of thc gyroscope mcans moves with an associated
sccond movemcent of the mass of the vehicle 1o sub-
stan(ially said [irst direction, wherein said second
movement 1s greater than said first movement and
hence the vehicle moves in said first direction.
According to a second aspect of the present mvention
there 1s provided an apparatus for propelling a vehicle 1n a
first dircction, which apparatus compriscs:

at least one gyroscope means adapted for precessional
molon aboul an axis remole Irom the centre ol said
oyroscope means; means for causing the gyroscope
means to follow a path which involves at least one
precession-dominated portion and at least one
translation-dominated portion,

wherein 1n the precession-dominated portion, the mass of
the gyroscope means moves 1n said lirst direction with
an assoclaled lirst movement ol the vehicle 1 substan-
tially the opposite direction to said first direction, and,
in the translation-dominated portion, the mass of the
gyroscope means 1s moved with an associated second
movement of the vehicle in substantially satd first
direction; and

whercin said sccond movement 1s greater than said first
movcment and hence the vehicle moves 1n said first
direction.

Furthermore, the present inventors have conducted
experiments which show that if the mass of the wheel of the
gyroscope 1s not concentrated at an mfinitely thin rim then
an amount of centripetal force 1s developed which 1s
required to constrain all parts to a curcle, or precess, about
(th¢ same centre (0. Howevcer, these experiments have verilied
that the centripetal force 1s still less than that predicted by
the conventional formula for non-precessing masses.

The pracftical situation that would thereby be obtained 1s
illustrated in FIG. 9. The gyroscopes would, as a result of
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their not being ‘perfect’, exert some centripetal force on the
framc (0,0"). The framc would be moved a distance to the
right as shown 1n that [1gure, so thal by the time the [rame
(0,0"), had moved from S to T, the gyroscopes have moved
to Q and Q' respectively. However, when the gyroscopes are
subsequently returned to the right hand side of the frame, the
frame will be displaced by a distance 2R to the left in FIG.
Y. Therctore, the combincd result of the preecssional motion
and thc translational motion would be to move the framc
[rom posilion S (o position U, re. over a distance less (han
the distance 2R obtained in the perfect case of FIG. 8 but
nevertheless with a resulting movement 1n the centre of mass
of the system that would not be achieved with ‘dead” masses.

Advantageously then, a high proportion of the mass of the
gyroscopc mecans lics 1n a planc at right angles to the spin
axts of said gyroscopc mcans and s locatcd at a predceter-
mined distance from said spin axis of the gyroscope.

Other experiments have shown that the greater the wheel
spin velocity m 1s 1n relation fo the precessional velocity €2,
the less centripetal force 1s developed. £2 and w are related
to the applied torque 1" and the moment of mertia I of the
whcel by cquation (1).

Prelerably, the ratio ol the angular velocily ol the gyro-
scope means about its spin axis to the angular velocity of
said precession 18 maximised.

In the absence of a gravitational field the torque to cause
the gyroscope to precess 1n the first place has to be provided.
This may conveniently be obtained from an identical gyro-
scope spinming 1n the opposile dircetion and with the samc
angular velocily as the gyroscope against which 1t 1s o be
reacted so that the torque being applied to one gyroscope is
equal and opposite to the torque on the other gyroscope, the
net torque on the vehicle 1s nil and the two gyroscopes then
precess In the same direction, as a pair, about a centre.

Preferably therefore, the apparatus comprises at least first
and sccond gyroscope means such that the torque required
for the precession of the first gyroscope means 1s provided
by the second gyroscope means.

[n order for this first pair of gyroscopes to precess about
a cenfre remote from the centre of the gyroscopes, they musit,
as previously stated, be given a linear momentum propor-
tional to their prospective linear tangential velocity when
subjecled (o the applied (orque. In a prelerred embodiment
of the invention this linear momentum may conveniently be
derived from an 1dentical pair of gyroscopes with identical
attributes arranged as a mirror image of the first pair. In this
arrangement the linear momentum required to launch each
pair of gyroscopcs on their preecssional paths arc cqual and
oppositc and canccl out so that the nct momentum outside
lhe system 15 mil. Similarly when the (wo pairs ol gyroscopes
reach their diametrically opposite point the linear
momentum, delivered when the torques are removed, are
agam equal and opposite and agam cancel out leaving no net
momentum outside the system.

’rctcrably then the apparatus compriscs at lcast first and
sccond gyroscopc mcans such that the lincar momcentum
required by said [lirst gyroscope means in order (0 precess
about an axis remote from its centre 15 derived from the
second gyroscope means precessing in the opposite sense.

Advantageously, the apparatus comprises at least first and
second pairs of gyroscope means, the torques required by
cach gyroscopc mcans being provided by the other of said
pair, and cach pair providing the lincar momentumrequired
by the other pair.

Preferably, the path of the gyroscope means 1s such that
the motion of the gyroscope means varies continuously
between a substantially entirely precessional motion and a
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substantially entirely translational motion, thereby provid-
ng a smooth propulsion to the systcm.

A smoother propulsion can also be oblained by providing
a plurality of groups of gyroscope means and arranging each
group to 1mpart said second movement the vehicle at a
different time.

Some embodiments of the present invention utilise a
ayroscope mecans which compriscs a wheel which s driven
by a ccntral hub. A problem associatcd with such cmbaodi-
ments 1s thal the degree ol propulsion that can be provided
by the apparatus 1s limited by the strength of the materials
making up the hub 1tself.

Preferably therefore, said gyroscope means comprises a
substantially annular rim which 1s driven by a means in
contact with that rim.

Furthcrmorc, the rim 1s preferably rotatably supported at
a plurality of points around the rim. This has the further
advantage that the level of propulsion that can be provided
by the apparatus 1s increased 1n accordance with the number
of means rotatably supporting the rim.

In a preferred embodiment of the present mvention, the
IYTOSCOPC means comprises (wo counler-rotaling annuli
which arc retained 1n a [ramce mcans. This has the advantage
that the torques exerted by each rim substantially cancel one
another and that substantially no net torque 1s exerted by the
frame on the vehicle.

The inovention will now be described further, with reter-
ence to and as dlustrated 1n F1GS. 1 to 28 of the accom-
panying drawings in which:

DESCRIPTION OF THE DRAWING FIGURES

FIG. 1 1s an illustration of a first method of moving a
vchicle a short distance.

FIG. 2 and 3 are illustrations of a second method of
moving ol a vehicle a short distance.

FIG. 4 15 an 1llustration ol the motion ol the vehicle ol
I'IG. 3 if the masses of W1 and W2 are relatively large in
comparison to the mass of the vehicle.

FIG. § is an dlustration of the motion of the vehicle if the
masses of W1, W2 are relatively all in comparison to the
mass ol the vehicle.

FIG. 6 1s a schematic 1llustration of a gyroscope adapted
to precess about an axis remote from the center of the
aYIOSCOPC.

FIGS. 7A and 7B together form a schematic 1llustration of
how a gyroscope can move 1n a circle as a result of a torque
beitng applied at right angles to the spin axis of the
gyroscope, withoutl requiring the application ol a centripelal
[oree o the center ol the precession.

FIG. 8 1s a schematic illustration of an apparatus which

can be used to demonstrate the principle uvnderlying the
present nvention.

FIG. 9 1s a schematic 1illustration of the motion of the
apparatus of FIG. 8 if the wheels employed therem are
imperfect.

I'IG. 10 is a perspective view of one of four identical
gyroscopic devices that comprise the first embodiment of the
present mnvention.

FIG. 11 illustrates the cycle ol operations ol onc ol [our
1dentical gyroscopic devices that comprise the lirst embodi-
ment of the present mvention.

FIG. 12 15 a perspective view of a constitucnt part of a
sccond cmbodiment of the prescent 1nvention.

FIG. 13 1llustrates the motion of the one of the gyroscopes
m the second embodiment of the present mvention.
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Fl1G. 14 is a perspective view of four such constituent
parts as illustrated in FIG. 12 combinced so as to climinate
substantially any nel torque on the vehicle being propelled.

II1G. 15 15 a schemalic view ol an apparalus, the view
being used Lo explain the operation ol a third embodiment ol
the present mvention.

FIG. 16 1s a perspective view of a constituent part of a
third embodiment of the present invention and illustrates the
three dimensional space required for motion of that part.

FIG. 17 1s a perspective view of four such consfituent
parts as (llustrated in FIG. 15 combincd so as to climinate
substantially any nct torque on the vehicle being propelled.

FIGS. 18, 19 & 20 arc diagrammatic represcntations of
lthe [orces developed during one cycle by a single gyroscope
in the third embodiment of the present invention.

['IG. 21 is a view 1n plan and elevation of a constituent
part of a fourth embodiment of the present invention.

['IG. 22 1s a view 1n elevation of four such constituent
parts as depicted in FIG. 21 and arranged to eliminate any
net torque on the vehicle.

FI1G. 23 15 a perspective diagram of a fifth embodiment of
the present mvention so designed to maximise the mass of
the gyroscope mceans both lying 1n a planc at rnight angles (o
lthe spin axis ol the gyroscope means and being located at a
predetermined distance from the spin axis and which is
capable of being substituted for any two counter rotating
single gyroscopic means 1n any of the preceding four
embodiments.

FIG. 24 shows the fifth embodiment incorporated 1nto the
fourth embodiment.

FI1GS. 25 and 26 1ndicate two arrangements of FIG. 24 so
as to eliminate net torque on the vehicle.

F1GS. 27 and 28 further illustrate the lumiting alternative
atitude ol the (lth cmbodiment with respecet (o the [ourth
embodiment.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Relerring now o FIG. 10, which shows once ol the lour
gyroscopc unils ol the lirst cmbodiment ol the present
invention, each gyroscope unit comprises a horizontal base
plate (30), a cradle means (32,34), which cradle means
supports a translatable shaft (22) and enables the rotation of
that shaft about a vertical axis AA which passes through the
centre of the shaft and a horizontal axis BB which also
passcs through the centre ol the shalt and 1mterscets the axis
AA. The shalt (22) in turn carrics a gyroscope (23) which 1s
fixed against movement along the shaft but 1s free to rotate
around the shatft.

The base plate 30 1s arranged to be secured to the vehicle
to be propelled by the system.

In more detail, the cradle (32,34) comprises an outer
U-shaped member (32) which 1s connected to the base plate
(30) by a pivot (31) which enables the outer U-shaped
mcmber (32) to rotatc about the vertical axis AA. The outer
member (32) 1s lormed by a substantially horizontal central
section (41) which has an arm (42,43) depending verltically
from each of its ends. Each of these arms (42,43) carries a
pivot (35) which 1s disposed on the axis BB.

The inner member (34) ol the cradle 1s [ormed [rom a
relatively long U shaped member (21) and a pair of side
arms which extend perpendicularly outwardly from the long
member at a position halt way along 1ts length. The long
member consists of a substantially horizontal section (46)
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from either end of which an arm (47,48) extends vertically
upwardly. Likcwisc cach of the sidc arms (44) has a part
exlending vertically upwardly (50,51) [rom its end. Lach ol
the arms (47,48) extending vertically upwardly from the
ends of the long member (21) carries a rectangularly shaped
bearing {24,25) towards its upper end. Each of the vertically
depending arms (50,51) on the side arms defines a recess
which is cngaged by the respective pivot (35) on the outer
cradle mcmber (32). When cach of the horizontal scetions
(41,46) ol the inner and outer cradle members (32,34) arc in
a horizontal position then the centre of the bearings (24,25)
which define the axis *CC” are positioned to be at the same
height as the pivots (35) so that the axis ‘CC’ intersects the
axes ‘AA’ and ‘AR’.

A shaft (22) of substantially regular rectangular cross-
section and of a length slightly greater than twice the
distance between the bearings (24,25) 1s held by the two
bearings (24,25). Each of these bearings is confipured so as
to prevent rotation of the shatt relative to the inner member
(34) but to allow it to be lincarly (ranslated through the
bearings. A rack (29) 1s cut into one side of the shaft and
extends along the shatt by a distance substantially equal to
the distance between the two bearings (24,25). A motorised
bearing (27) 1s fixedly attached to the shaft (22) at its mid
point which lies between the two bearings (24,25). A gyro-
scope (23) is in turn carried by this motorised bearing.

Finally, the means for translating the shaft 1s provided by
a motor (26) which 1s supported by the mner cradle member
(34). The motor (26) drives a spur gear (28) which engages
with the rack (29) on onc side of the shaft (22).

To enable the gyroscope unit to be operated outside a
gravitational field a means 1s provided for exerting a torque
about the pivot (35). This torque providing means consists of
a solenoid actuator (36) which is attached to the upright arm
(42) by a pivoled clamp (37). The solenoid (36) actuales a
rod (39) which in turn acts on a connector (4{)) which in turn

engages the upright member (S1) of the inner part of the
cradle (34).

It will be appreciated by those skilled 1n the art that powcer
must be supplied (o the lorque providing means (36), the
actuating motor (26) and the motorized bearing (27). A

person skilled 1n the art will be able to envisage a number of
ways of supplying this power to the apparatus.

In order lor the means (36) Lo exerl a lorque on the
gyroscope (23) 10 will be necessary 1o supply a lorque which
prevents the vehicle (with the base plate (30) and outer
cradle member (32)) rotating around the pivot (35). This
may be achieved by securing an i1dentical gyroscope unit to
the vehicle and 1t to preeess about the axis AA (n the samc
dircction as the above described first gyroscope wmt but with
the gyroscope in the second unit spinning in the opposite
direction to the gyroscope in the first unit. I'or example, the
mner cradle of the second unit may also be fixedly attached
to the base plate (30) whereby the torques on that base plate
owing to the precession of the two gyroscopes cancel.

Alternatively, m a terrestrial application of the first
embodiment, the required torque may be provided by the
welght of the gyroscope, in combination with an equal and
opposite reaction provided through the vehicle to the base
plate (30).

It will further be appreciated that it will not be possible to
supply cach ol the gyroscopes ol the lrst and sccond
gyroscope units with the requisite momentum along their
precessional path without imparting an equal and opposite
momentum to the vehicle. The requisite momentum for the
precession of the first gyroscope unit may be obtamed from
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a third gyroscope unit identical to the first unit and in which
the pivots (35) of that vnit also lic along the axis BB. The
gyroscope ol that third unil may be sel spinning 1n the same
direction as the gyroscope (23) of the first unit and caused
o precess 1n the opposite direction to the gyroscope of the
first unit, whereby the net lmear momentum required to
launch the first and third gyroscopes would be zero. In order
to provide the torque required tor the precession of the third
pyroscopc umit a fourth gyroscopc umt may be provided
which precesses aboul the same axis as the third gyroscope
unit and 1n the same direction as the third gyroscope unit but
with the gyroscope of the fourth unit spinning in the opposite
direction to the gyroscope of the third unit. Furthermore, the
fourth unit supplies the requisite launch momentum for the
sccond gyroscope.

Since the gyroscopes of the first and third gyroscope units
are spinning in the opposite direction to the gyroscopes of
the second and fourth gyroscope units then it will be seen
that the torques required to start the gyroscopes spinning are
also cancelled 1 the above arrangement. Hence, no net
torque 1s exerted on the vehicle.

[11s to be appreciated that 1n terrestrial applications, some
or all of the required torque and Linear momentum may be
provided by the medium through which the vehicle 1s
ravelling, or the surlace over which the vehicle 1s travelling.
For example, the torque may be provided by reaction against
rails along which the vehicle 1s travelling, or, 1 the case of
a boat, by reaction between the keel and the water.

Preferably, however, the torques and linear momenta will
also be balanced in a propulsion apparatus for terrestrial use.
For example, 1n the case of a propulsion system for a boat
this has the further advantage that the water 1s less disturbed
and quieter propulsion results.

The cycle of operations of the first embodiment of this
mvention 1s shown in FIG. 11. For simplicity only the ends
(47,48) of the inner cradle (34), the gyroscope (23), with the
direction of spin of gyroscope (23) indicated by the arrow,
and the motor (26) of the first gyroscope unit are drawn. At
‘A’ a torque s applicd (0 gyroscope (23) and the syslem is
allowed to precess 1o *IB” where the torque 1s removed. The
motor (26) now operates and attempts to return the assembly
fo 1ts previous position in space but because the gyroscope
(23) 1s massive with respect to the remainder of the system
the supports move rather than the gyroscope (23) as shown
at ‘C’. 'The gyroscope (23) is again caused to precess to ‘1)’
as previously, the lorque once more removed and the motor
reversed. The supports again move lurther than the gyro-
scope (23) as shown at ‘E’ and the whole system has been
caused to translate a distance ‘S’, The system will be seen to
be 1n the same position as at ‘A’ and the whole cycle may be
repeated.

[t will be realised that the operations of the other three
gyroscope units may be carried out 1n synchronism with the
operation of the first gyroscope unit such that each of the
gyroscopes will be translated in the same direction at the
same (1mc.

[n order to reduce the step like nature of the movement of
the vehicle being propelled a number of other groups of four
pyroscopes may be provided. It will be understood that each
of these may be operated serially so as to provide a steady
succession ol movement (o the vehicle and thereby smooth
the propulsion ol the vehicle.

Another method of smoothing the propulsion of the
vehicle 1s to combine the translational and precessional part
of the gyroscope cycle mnto a single compound motion so as
to allow the proportion of translational and precessional
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motion to vary smoothly throughout that cycle. The second
embodiment of this mnvention 1s an example of an apparatus
which achieves this.

Referring now to FIG. 12, the apparatus of the second
embodiment consists of three principal parts. The first of
these 18 a4 means Lor rotaling the direction ol the spin axis CC
of a gyroscope (60) about a perpendicular axis AA which
ntersects the axis CC, the second of which 15 a means for

causing the centre of the gyroscope to follow a circular path
about an axis BB which s parallel to the axis AA and

displaced therefrom by distance 1), and the third of which 1s
a means (80,81) for rotating the gyroscope (60) about its
own spin axis CC.

The means [or rotating the direction ol the spin axis ol the
gyroscope about the first axis AA comprises a horizontal bar
(63) rotatably driven about the axis AA by a shaft (62) which
1s in turn connected to a motor ( not shown). The bar (63) has
two arms (64,65) which depend vertically downwardly from
cach cnd of the bar (63). A horizontal shatt (61) s carricd
between the arms (64,65). The gyroscope (60) is rolatably
and slidably supported on the shaft (61) at a point interme-
diate the two downwardly depending arms (64,65). In this
way the direction of the spin axis CC of the gyroscope 1s
consirained without dictating the position of the gyroscope
along the shaft (61).

lhe means for causing the centre of the gyroscope to
tollow a circular path about the parallcl axis BB compriscs
a lower shalt (75) which pivolally supporls a substantially
horizontal second bar (70} which is thereby rotated aboul the
axis BB, (which axis passes through a first end of the bar
(70)), by a motor (not shown) at an angular velocity which
1s twice that of the angular velocity of the rotation of the
upper bar (63). A vertical shaft (76) is pivotably supported
at the oppositc cnd of the bar (70) at a distancc D from its
first end and 1s [ixedly attached to the base ol a substantially
U-shaped member shown generally at 71. The U-shaped
member (71) comprises a horizontal base part which has two
upwardly extending arms (72,73) at its ends, each of these
arms having a bearing through which the shaft (61) passes.
These bearings support the shaft (61) on cither side of the
ayroscope (60), sleeves (77,78) being provided around the
shaft (61) to maintain the position of the gyroscope between
the two upwardly extending arms (72,73). Lach of these
sleeves 1s preferably of an equal length, thereby positioning
the centre of the gyroscope (60) directly above the axis of
that shaft (76). In this way the centre of the gyroscope (60)
1s constrained to lollow a circle centred on the vertical axas
BB and ol radius D, where the distance D 1s smaller than once
quarter of the distance between the downwardly depending
arms (64,65) less one half the external distance between the
upwardly extending arms (72,73).

The means for rotating the gyroscope about 1ts own spin
axis comprises a motorized bearing (not shown) similar to
that described in relation to the first cmbodiment. Thosc

skilled 1n the arl will be able (0 envisage a number ol ways
in which the required power can be supplied to the motor.

Lach of the shaft (62) and the lower shaft (75) is arranged
to be attached to the vehicle to be propelled.

As with the first embodiment of the present invention, the
torque developed or required 1n the precession of the gyro-
scopes may be obtained from another “mirror image” system
so that thc two torques cancel lcaving no nct torque on
vchicle. Also, again as with the [irst ecmbodiment ol (his
invention, any resulting uncancelled forces may be provided
by another gyroscope unit. In practice therefore several
gyroscope units may be employed together as shown 1n FIG.

14.
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1'he operation of the unit of the second embodiment of the
mnvention will now be described with reference to FIG. 13,
The rotation ol bar {(63) about axis ‘AA’ 1s al hall the rate ol
rotation of the arm (70). When these two motions are
combined the motion of the gyroscope 15 substantially that
depicted 1n FIG. 13, which shows the sequential positions of
the gyroscope for one half turn of the bar (63). It will be seen
that the gyroscope moves from onc cnd of the shatt (61) to
thc opposite cnd of the shaft (61) in the samc period as the
shall 1s rotated by 180°. The way the gyroscope 1s depicted
in FIG. 12 corresponds approximately to position (H) in
FI1G. 13.

Before bar (63) completes a whole turn the gyroscope has
to make a second complete path about its locus but during
the second turn the direction of spin of the gyroscope 1s
oppositc to the dircction 1n which 1t was spinning on the
previous turn. The dircction of torque demandced by, or that
must be applied to, the gyroscope has therefore to be

reversed each time the gyroscope passes position (L) in I'IG.
13.

From FIG. 13 1t will be seen that the motion of the
gyroscope 1s essentially m two parts; first when 1t 1s under-
going substantially precessional motion between positions
(H) and (B2) corresponding Lo position (B) bul on the sccond
revolulion around the axis ‘BB’ and sccond when 1 1s
undereoing substantially linear translation between posi-
tions (D) and (I'). In both revolutions the direction of linear
tfranslation 1s 1n the same direction and will tend to 1impart a
linear cycle of momentum to the vehicle while the motion
between positions (H) and (B2), being substantially
preeessional, develops signilicantly less momentum.

Combined in the manner described it 1s possible to
provide a cyclic pulse of momentum 1n the opposite direc-
tion to the linear direction of translation of the gyroscope,
and providc a smoothcr propulsion than s provided by an
apparalus such as the lirst embodiment, 1n which the motion
ol the gyroscope may be divided 1nto a purely precessional
part and a purely translational part.

Just as n an cleetric circudt, a voltage applicd across a
resistor causes a current to How 1n that resistor, so cqually a
current of that value being passed through that same resistor
will cause a voltage to appear across it, so a torque may be
seen as the cause of a precession or conversely that preces-
sion may be seen as the cause of a torque. This 1s of especial
significance with respect to the third embodiment of the
ivenlion.

(senerally, the operation of the gyroscope unit of the third
embodiment will now be explamed with reference to FIG.
15. In that Figure, a gyroscope (M) is precessed around a
horizontal circle, the torque on the gyroscope being pro-
vided along a radius ol that circle, and the axis ol spin ol the
gyroscope al all (imes being tangential (o that circle, the
wheel subsequently being returned along a path which lies
in the plane of the wheel.

1I'hc opcration of the third cmbodiment of the prescnt
invention can be understood by considering (he arrangement
of FIG. 15 1n a situation of zero gravity and 1gnoring, for the
present, the fact that any torque in one direction 1s only
produced as the result of an equal torque 1n the opposite
direction. In operation, the torque motor twists the shaft (R)
which causcs the wheel (M) to precess from A to B 1o a
horizontal planc. This 18 a precessional stroke. Al B the
torque 1s removed and a second return motor, incorporated
as part of the pivot (0), drives the shaft (R) in a downward
semicircle, between the supporting plates (G, (3'), back to A.
This 1s a reaction stroke. If, instead of bemg precessed from
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Ato B by an applied torque, the wheel were forced round the
samc path, the torque motor being removed so that the solid
shall were not interrupted, then the wheel would help 1tsell
to the amount of torque required to maintain that rate of
precession, from the bearmgs at the pivot (O).

The gyroscopce unit of the third cmbodiment of the prescat
mvention 1s shown in F1G. 16, The unit has a horizontal basc
plate which rotatably supports a horizontal turntable which
1s free to rotate about a vertical axis through 1ts centre. A
motor 18 provided to rotate the turntable relative to the base.
A pair of parallel-spaced substantially triangular plates
extend vertically upwardly from the turntable. A horizontal
lowcer bevelled gear 1s disposced dircetly above the centre ol
the turntable and is carried in between the two upwardly
extending plates. The lower bevelled gear 1s fixed against
rotation relative to the base plate. An upper vertical bevelled
gear 1s prvotally mounted between the uppermost ends of the
upwardly extending plate. The upper bevelled pear and
lower bevelled gear are of equal size and are arranged to
mesh with once another. A pendulum shall 1s carried 1o planc
parallel to the two upwardly extending plates by the upper
bevelled gear. The free end of the pendulum shaft 1s pro-
vided with a fork which 1s arranged to rotatably support the
gyroscope wheel.

The bevel gears ol the third embodiment enable the
precession and reaction strokes to be geared together, such
that, for rotation of the support plates (G, G') fixed to
turntable (J) with respect to the baseplate (H), the shaft (R)
carryig the wheel 1s rotated by the same amount, using the
bevel gears (at O) in place of the return motor shown in FIG.
15. Ilence, the gyroscope unil ol the third embodiment ol the
presenl 1nvention 1s driven by a single moltor so thal lor
every 180° of precession in the horizontal plane 1t performs
180° of reactive rotation in the vertical plane.

The resultant motion may now be seen ito take place
entirely within the space ABCDEFGH of the theoretical
circumscribing box and, as above in F1G. 16, never enters
the other hall of the box at all.

Looking in plan, 1.c. downward on planc ABCD, the
motion of the wheel is seen to be as i I'lG. 18. In the parts
of the path m the lowermost half of that Figure, precession
dominates and mass transfer 1s taking place, whereas, 1n the
parts of the path i the uppermost half non-precession
dominates and a reaction force 1s developed.

FIG. 19 shows the elevation as viewed mto plane ABFE
[or a [ull 360° ol rotation the (urntable. The torque
demanded at the cenlre point 1s seen to allernale belween one
half rotation and the next.

FIG. 20 shows the elevation as viewed into plane ADHE.
In addition to the alternating torque required, there are seen

to be alternating reaction forces parallel to AE and BF which
do not therefore contribute to propulsion of the vehicle.

lhese forces along with the torque which has to be
provided by the base (II) may be cancelled out by additional
similar arrangements in mMIrror 1Image.

On the other hand, I'TG. 19 shows that the forces parallel
to AB and EF do not cancel but instead combine to drive the
base m one direction. The cancellation on one axis and
supplementation on another at right angles to it 1s a funda-
mental property of three dimensional space and is also
cxemplilicd by the use ol the lelt and right hand rules ol
clectromagnelic theory.

In order to cancel the actual torque developed in driving
the wheel on the turntable (J) round the baseplate (H) an
1dentical turntable may be mounted alongside on the same
baseplate with the second wheel occupying the space DCII-
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HGKL (allowing such additional space as might be required
for clearance). The two wheels spin in the same direction
when adjacent but are driven 1n mirror image paths by equal
and opposite torques from the same motor resulting in no net
torque on the vehicle.

Similarly this pair ol wheels develop a net torque 1n the
planc DCGH against the bascplate which may be cancelled
by another pair of 1dentical wheels mounted 1mmediately
beneath the first pair, again as a mirror image of them. The
four wheels may then be driven by a single motor so
mounted that 1t 1s free to rotate on baseplate (H) and all 1ts
power 1s absorbed by the losses in one pair of wheels being
cxactly cqual to the losses 1n the sccond pair while the sum
ol these losses 1s supplicd by the motor(s) typically though
not exclusively when the gyroscope units 1llustrated in FIG.
16 are arranged together as m FIG. 17.

In the fourth embodiment of the invention FI(G. 21 shows
a frame F on which 18 mounted a turntable T capable of
being rotated with respect to F by a motor M. A motoriscd
gyroscoplc means G, which may be similar (o that described
in relation to I'IG. 10 below, 1s rigidly mounted m a carrier
B. This carrier 1s located by tflanged wheels S 1n turntable T
so hat 1t 1s free to rotate about an axis E normal to the plane
of the turntable but will be carried round by the turntable.
The axis E 1s substantially at right angles to the axis of
rolation ol the gyroscopic means G. An aclualor A 1s litted
in such a manncr as 0 be able 1o operate a clamp C and
prevent the free rotation of the gyroscopic means and its
carrier with respect to the turntable.

[n operation, the gyroscopic means 1s first supplied with
power and allowed to reach 1ts designed operating rotational
speed. The motor M 1s energised causing the turntable to
rotatc. At 11 the actuator s activated clamping the framc B
to the turntable and causing the gyroscopic means thereby to
be lorcibly precessed (hrough an arc ol 180°. At ZII the
actuator 1s released so that the frame B 1s free to rotate while
the turntable continues turning a further 180° back to II
without stopping. The actuator is again energised and the
cycle repeated.

During the first half of the cycle just described the force
acting upon the gyroscopic means to maintaimn if in the
prescribed arc 1s less than that calculated were (he gyroscope
means a simple non rotating object of the same mass. During
the second half of the cycle the full calculated force 1s
required. Thus the relative movement of the effective centre
of mass of the whole apparatus with respect to the frame F
takcs place with a tfraction of the rcaction upon the frame
during the hrst hall cycle I' compared (o the reaction upon
lhe [rame during t(he second hall cycle, resulling 1 an
overall transfer of mass in direction P.

[n practice the torque developed by the gyroscopic means
on the carrier B has to be provided by an identical mverted
turntable complete with an identical counter rotating gyro-
scopic means, carrier, actvator and clamp, both turntables
driven by the same motor. The net torque required (o
maintain rotalion ol the lurntables as just deseribed and the
angular momentum developed when the carrier(s) B are
clamped 1s supplied from an identical mirror 1mage pair of
turntables such as the arrangement illustrated n FIG. 22.
Such an apparatus as illustrated 1n FIGS. 21 and 22 or those
described in the following FIGS. 23 to 28 inclusive are not
nceessarlly imited (o one gyroscople means per turntable
and a number ol such gyroscopic means might be altached
symmeitrically to each turntable provided that the arrange-
ment 1s repeated for reflecting and balancing turntables.

For clarity, each gyroscopic means thus far described has
been considered to consist of a simple, single, motorised
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bearing with a massive outer rim. However, if the mass of
the rotating part of each gyroscopic means 1s concentrated in
a ‘thin” rim, to the extend indeed that the entire centre of the
oyroscopic means were absent, the theoretical gyroscopic
effectiveness of such mass would be 1ncreased. If an 1den-
tical rim, revolving in the opposite direction, be mounted
alongside the lirst rim, the torque required (0 cause one rim
(0 precess would always balance that required by the sceond
rim. I'urthermore the forces required to develop this torque
are provided at either end of a diameter where they are
needed and not through the shafts, hubs and webs, thereby
concentrating the highly stressed sections to two compact
zones with reduced risk and lower weight penalty.

F1G. 23 s a sumplc perspective sketeh of such an arrange-
ment where G and G' are (he (wo nm-only gyroscopic
means, M 1s a common motor driving both rims and
mounted within the enveloping carrier B to which are fixed
a series of rotating supports R that locate the rims. The
carrier B 1s here shown with flanged wheels § to mount this
unit mto a turntable as described 1n the fourth embodiment

and lustrated in FIG. 24,

I'IGS. 25 and 26 show two arrangements ol the [ilth and
[ourth embodiments so combined as (o 1llustrale thal mass
transfer may be derived from the difference in centrifugal
force between rapidly spinning masses being precessed and
being swung round an arc without precession as firstly
a) in FIG. 28 by arranging for the cffective mass transter 12
and I of two identical counter rotating systems to cancel and
combining the ellective dillerence ol resullant centrilugal
[orces C and C' or as secondly b) in I'IG. 26 by summing the
cffective mass transfer P and P' and arranging for the
eifective centrifugal forces C and C' to cancel.

FIGS. 27 and 28 show the fifth embodiment combined
with the fourth cmbodiment turncd through 90°0 at the start
of thc cycle to indicate that the claum to mass transicr docs
nol rely 1n particular to the relative angle the [ifth embodi-
ment may have with respect to the fourth embodiment at the
commencement of a ¢ycle provided that an arc of precession
of approximately 180° is followed by a further arc of 180°
without precession whereby the transier of the mass of the
ayroscopic means s transmitted to the vehicle.

In other words, the purposc ol FIGS. 27 and 28 15 10
clarify the claim that mass transter is achieved is not limited
to any one initial attitude of the fifth embodiment with
respect to the fourth embodiment but may apply to any
attitude provided that the axis E 1s substantially normal to
the plane of mass transfer and, by definition, 1s substantially
parallcl o the axis ol precession.

Notwithslanding the use ol “single gyroscopic mcans’
being described 1 each of the preceding three other embodi-
ments of the invention, the ‘twin gyroscopic means’ of the
fourth embodiment may be substituted for the appropriate
pairs of smgle gyroscopic means in each of the former
embodiments.

It will be scen how the presenl 1mvention provides a
propulsion system which docs not necessitate the carriage ol
volatile fuel and which need not accelerate the vehicle 1n a
conventional sense since 1t ceases to move the vehicle when
1t 18 active. Furthermore, 1t will be seen how the propulsion
system may be powered by a renewable enerpy source such
as stellar radiation or may be powered by a deliberately
[ocused distant cnergy source such as 4 microwave powcr
beam.

We claim:

1. A method of moving a vehicle n a first direction, said
method comprising the steps of:

connecting a gyroscope to said vehicle;
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causing sald gyroscope to tollow a path which involves at
least one precession-dominated portion and at least one
translation-dominated portion,

wherem 1n the precession-dominated portion, the mass of
the gyroscope moves 1n the said first direction and an
assoclaled lrst movementl ol the vehicle 1n subslan-
trtally thc opposite dircction to said first diccction
occurs, and, 1n the (ranslation-dominaled portion, the
mass 0l the gyroscope moves with an associaled second
movement of the vehicle In substantially said first
direction,

wherein said second movement 1s greater than said first
movement and hence the vehicle moves in said first
direction.

2. Amcthod according (o claim 1, including operating the
vchicle 1n a gravilational Leld providing the torque required
for the precession of the gyroscope.

3. A method according to claim 1, including providing at
least one other gyroscope to provide the torque required for
the precession of the first-mentioned gyroscope.

4. A method according to claim 1, providing at least one
olher gyroscope precessing 1n the opposile direction relative
lo the [rst-mentioned gyroscope (o provide the linear
momentum required by the first-mentioned gyroscope in
order to precess about an axis remote from 1ts center.

5. A method according to claim 1, including causing the
pyroscopc to follow said path such that motion of the
pyroscope varics continuously between a substantially
enlirely precessional motion and a substantially entirely
lranslational motion thereby providing a smooth propulsion
o the system.

6. A method according to claim 1, wherein a plurality of
groups of gyroscopes are provided, and operating the groups
to mmpart sard sccond movement to the vehicle at diffcrent
times so as to provide a smooth propulsion.

7. A method according (o ¢laim 1, wherein the precession-
dominated portion and the translation-dominated portion
comprise successive portions of a cycle and repeating said
cycle to continue movement of the vehicle m the first
direction.

8. A mcthod according to claim 1, including providing, a
high proportion ol the mass ol the gyroscope 1n a plance at
right angles to the spin axis of said gyroscope and at a
predetermined distance from said spin axis of said gyro-
Scope.

9. A method according to claim 1, mcluding maximizing
the ratio of the anpular velocity of the pyroscope about its
spin-axis (o the angular velocily ol said precession.

10. An apparatus lor moving a vehicle 1o a [irst direction,
COmprising:

a support structure carried by the vehicle;

at least one gyroscope carried by said support structure
for precessional motion about an ax1s remote from a
center of said gyroscope;

mcans for causing thc pyroscope to follow a path
tnvolving at Icast on¢ precession-dominated portion
and atl least one (ranslation-dominated portion;

the mass of the gyroscope, in the precession-dominated
portion, moving in said first direction with an asso-
ciated first movement of the vehicle in substantially
the opposite direction, and the mass of the
ayroscope, In the translation-domunated portion,
being moved with an associaled scecond movement ol
the vehicle in substantially said first direction;

said second movement being greater than said first
movement thereby moving the vehicle in said first
direction.
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11. An apparatus according fo claim 10, wherein the
mecans for causing the gyroscope to tollow said path com-
prises al least one other gyroscope carried by said supporl
structure which provides the torque required in the
precession-dominated portion of said path.

12. An apparatus according to claim M), wherein the
means for causing the gyroscope to follow said path com-
priscs mcans for providing said gyroscope with the lincar
momentum required for the gyroscope to precess about an
axis remole [tom the cenler ol the gyroscope.

13. An apparatus according to claim 12, wherein the
means for providing the required linear momentum is pro-
vided by at least one other gyroscope.

14. An apparatus according to claim 10, further compris-
ng a mcans for rotating the gyroscopc.
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15. An apparatus according to claim 10, wheremn the
gyroscopce compriscs lwo counter-rotating annuli retained 1n
a Carricr means.

16. An apparalus according 1o claim 1), wherein a plu-
rality ol gyroscopes are provided and arranged such that the
lorque required Lo spin the gyroscopes cancel onc another.

17. An apparalus according o claim 10, wherein the
oyroscope comprises a substantially annular rim, and the

means for rotating the gyroscope acts upon said rim.

18. An apparatus according to claim 14, wherein the rim
1s rotatably supported by a plurality of supports angularly
spaced about said rim.



