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[57] ABSTRACT

A centripetal impelicr lo impart a force and having an
autachment piece defining an axis of revolution. The impeller
has a movable arm pivotable relative 1o the attachment piece
so that thc movable arm is a distancc r from the axis of
revolution. The impeller includes a rotation device coupled
to the attachment picce causing the attachment piece 10
rotate along the axis of revolution. A vatiable force device
is altached to the movable arm to produce a force on the
movable arm Loward 1he axis of revolution so as {0 cause a
net force along the axis of revolution.

44 Claims, 2 Drawing Sheeis
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1
CENTRIPETALLY IMPELLED VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relatcs generally to propulsion
systems for zero gravily or microgravily vehicles or plat-
forms such as rockets, mass drivers, ton emission engines or
other such devices. In parbicular, the present invention
concerns 4 centripetally impelled vehicle that uses rotalional
motion to produce a nel accelerauoen along a siraight line.

2. Discussion of the Prior Art

In the past, vehicles wraveling in zero gravity or mucro-
gravity, such as spacecrall, have generated acceleration by
cxpelling mass from the wchicle. One common way of

expelling mass is (o carry rockets or engines that burn fuc!
carried on the vehicle.

A disadvantagc of cxpelling mass to propel a vehicle is
that the amount of time that the vehicle can propel itscll 1%
limited by the amount of mass carricd on board by Lhe
vehicle.

Accordingly, it 15 an objcct of the present mvention Lo
provide a propulsion sysiem for a vehicle in a zero gravity
OF MICrogravily environment, where the mass of the vehicle
is conserved while the vehicle is accelcrated.

SUMMARY OF THE INVENTION

The present invention concerns a ccntripetal 1mpeller 1o
impart a force having an allachment piece defining an axis
of revolution. The impeller has a movabie arm pivotable
rclative to the attachment picce so that the movable arm is
a distance r from the axis of revolution. The impeiler
includes a rotation device coupled (o the attachment piece
causing the attachment piece to rotate along the axis ol
revolution. A variable force device 18 allached to the mov-
able arm to produce a force on the movable arm oward the
axis of revolution so as to causc a nct force along Lhe axis
of revolution.

Anolher aspeci of the present invention is a centripetally
impelled vehicle in which a centripetal impeller is attached
to a housing so as to impart a fore¢ on the housing that
causcs the housing and centripetal tmpeiler 10 move. The
centripetal impeller has an attachment piece defining an axis
of revolution. The impellcr has a movable arm pivotable
relative to the attachment picce so that the movable arm is
a distance r [rom the axis of revolution. The impeller
includes a rotation device coupled to the attachment picce
causing lhe allachment piece to rotate along the axis of
revolution. A variable force device 18 altached (o the mov-
able arm to produce a force on the movable arm toward the
axis of revelution so as fo causc a nel force along the
allachment piece and cawsing the housing to move.

A Turther aspect of the present invention regards a method
ol centripetally impelling a vehicle, The method includes the
step of rotaling a predetermined mass around an axis of
revolution to produce a centripetal [oree directed oward the
axis of revolution. An impelling [orce 1s generated at a point
on the axis ol revolution and angled from the axis of
revolution, whercin the impelling force 15 generated in
response Lo the centripetal force, The impelling force 1s
applied to a vehicle so as to move the vehicle along the axis
of revolution.

The present invention provides improved duration for
vehicles maneuvering in zero gravily and microgravity
environments.
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A related advantage of the present invention 18 that it vses
a scli-contained propulsion system whosc encrgy source is
not limiled by the amount of mass carried on board by the
vehicle.

The [oregoing fealures and advantages of the present
invcnuon will be [urther understeod upon consideration of
the following detatled deseription of the invention taken in
conjunction with the accompanying drawings, in which;

BRIEF DESCRIPTION QOF THE DRAWINGS

FIG. 1 is a side view of a design embodiment of a
centripetal impeller according to the present invention;

FIG. 2 is an enlarged top view ol a pair of solenoids used
in the centripetal impeller of FIG, 1; and

FIG. 3 iz a cross-scetional view ol one of the solenoids
shown in FIG. 2,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The centtipetally tmpelled vehicle of the present inven-
tion is best understood by a review of FIGS. 1-3. An
embodiment of a centripetally impelled platform or vehicle
2 is shown in FIG. 1. Vehicle 2 has a housing 4 which may
accommeodale one or more persons. Honsing 4 preferably is
struclured Lo be used In zero gravity Or micrograviiy envi-
ronments. Housing 4 can also be construcied (o be used in
weight suspended media, such as underwater.

Housing 4 15 propelled by a ceniripetal impeller & that
imparis a force on housing 4 which causcs both housing 4
and centripetal impeller 6 to accelerate along a straight linc.
Centripetal impeller 6 is joined (o housing 4 via an atlach-
mcnt picce that rotatcs aboul an axis of revoelution A, shown
by dashed lines, The attachment picce preferably is 2 cylin-
drical cold rolled steel rod & that 1s approxumnately or about
55 cm long and has a diameter of approximalely or aboul
.79 ¢m. 1t is understood that other shapes for rod 8 are
possible, such as rectanpular rods, without departing from
the spiril of the invention. Rod & is spun by a conventional
rotation device 20}, such as being inscried into the plug of a
siandard drill motor or attached by sleeve to any motor shaft.
Rotational device 20 may be powered by various energy
sources, such as electricity which can be generated by solar
panels, batleries, generators, nuclear power plant, ctc,
located on the outside (solar panels) or inside the housing 4.

A pair of movable arms 10 are attached (o rod 8 approxt-
matcly 21 em [rom the vehicle end 12 of rod 8. Each arm 10
preferably is subsianiially a cylindrical cold rolled steel rod
having a length of approximately 65 cm and a diameter ol
approximately *1¢". A flattened end of each arm 19 is
attached Lo rod 8 at pivot point B by well known devicces,
such as a rivel, s0 that each arm 10 is pivotable refative to
rod &. Pivol point B is localed approximately 21 om from the
vehicle end 12 of rod 8.

Each arm 10 is able 10 pivot about an axis throngh point
B that is perpendicular to axis of revolution A. In addition,
each arm 10 pivots so that it forms an angle O relative 1o the
axis of revolution A which ranges in value from about 30°
to about 55°, The maximum amount of angular movemeni s
determined by an alignment guide 14, Alignment guide 14
preferably comprises a channel or slot formed by a pair of
brackets 16 that are spaced [fom each other by approxi-
mately 316 50 that cach arm 10 f[i1s within the channel [ormed
thercbetween: Bach bracket 16 preferably has a length of
approximately 12" and is attached at point C located
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approximately 31 cm from the vehicle end 12 of rod 8.
Altachment at point C is accomplished by such well known
technigues, such as welding. Furthermore, the ends of brack-
cts 16 are joined together by well known devices, such as
rivel pins welded al the ends, so thal they {orm a barrier at
each end to prevent both arms 10 from pivoting past the
barrier.

Each arm 10 includes a predetermined mass atlached
thereto that proferably is a steel spherical ball 18 having a
mass of approximately 0.9 ke and a diameter of approxi-
matcly 6 cm. In order to counicrbalance cach other, Lhe balls
have equal mass and are localed al the same position and
angle B relalive to pivot B and axis A, respectively. The ball
18 prcferably is threaded onte or welded to arm 10 in a well
known manner, Once altached, the center of mass of ball 18
is a distance r from the axis of revolation A, as seen in FIG.
1. Il is undersiood that other shapes and masses are possible
for the predetermined mass without departing from the spirit
of the inveniion.

In order (o generate a centripetal force, rod 8 is rotated
aboul the axis ol revolution A by an amount ranging [rom 1
revolution per minule (Fpm) to approximalely 23 mpm. A
rotation device 20, such as a standard drill motor or motor
shaft, is coupled to rod § to causc the rotation. As scen in
FIG. 1, rotation of rod 8 causcs anns 10 and balls 18 1e spin
arpund axis of revolution A, In order {0 counteract any
rotational motion impartcd on housing 4, countcr-rotational
devices that arc well known in the ant can be cmployed on
the housing 4. For example, it is cnvisioned to place a
counter-rotational device on the opposite side of housing 4
than that of impcller 6. The counter-rotational device will
then be spun in a dircclion opposite 1o that of balls 18 so as
to counicract the rotational cifects of impeller 6.

Not wishing to be bound by any theory of operation, it is
beligved thal the present invention operates by having the
spinning motion gencrate a ceniripetal force F, that 15
direcled toward the axis of revolution. The centripetal force
is ihe result in pari of a force, F,, generated at one end of rod
8. Force F, is counteracted in rod 8 by & second force, F,,
that acls on pivot point B. Accordingly, the net force, Iy,
acting along rod 8 at pivol point B is equal 1o F,,,=2 F,, cos
0. The net force 1s transmiiled via rod 8 to housing 2 so as
to cause the housing and impeller o move,

The net force along rod 8 can be increased by increasing
the centripetal force imparted on arms 10 (oward the axis of
revolution A. As seen in FIG. 2, (his increase in [orce is
accomplished by a pair of variable force devices 22 that each
comprisc & movable red 24 and a movement device, such as
solcnoid 26. Each arm 1€ is indirectly attached to solenoid
26 viu a movablc rod 24 that is pivotally attached to arm 10
and is received within an inlerior 27 ol solenoid 26,

It is also understood that the net force along rod 8 can be
increased by using more than two arms 10 and balls 18
which spin around rod §.

As scon in FIG. 3, the structure of each variable force
device 22 includes a hali-tube 30 made of a non-mugnetic
matcriat, such as heat resistant polychloroethene (CPVO).
Hali~tube 30 preferably s cylindrical in shape with one
closed end and having: a length of approximately 12 cm and
a diamecicr of approximately Y2". Attached 1o each end ol
hall-tube 30 arc end picces or caps 32, 34, The end pieces
32, 34 may be attached to half-tube 30 by such well know
ways as sliding half-tube 3@ into caps 32, 34 to form a
compression fit or providing threads on both cnd pieces 32,
34 and hall-lube 30 so that caps 32, 34 can be screwed onto
the exterior surface 36 of half-tube 30. Once attached, the
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combination of half tube 30 and the two end pieces 32, 34
preferably span a length of approximately 14 cm. Note that
cap 32 has a hole 38 1o allow a portion of movable rod 24
to pass therethrough as scen in FIGS, 2-3.

Movable, rod 24 preferably has (wo parts-an attachment
rod 40 with a connccetor 42 at one end which may ave a hole
44 and a magnetic core 46 attached 1o attachment rod 4.
Attachmeni rod 40 preferably is eylindrical in shape having
a length of approximateiy 12 cm and a diameter of approxi-
malcly (.3 cm. In the embodiment shown in FIGS. 2 and 3,
one end of rod 40 {s [ork-shaped Lo receive arm 10 therein.
Red 40 includes holes 44 to receive a rivet that is inserted
inlo a corresponding holc of arm 10. In another cmbodiment,
the end ol rod 40 is flaticned to form connector 42 in the
shape of a sqguare end having a length of approximalely 0.7
cm and hole 44 formed therethrough. Magnetic core 46 is
preferably made of iron and 1s ¢ylindrical in shape having a
lengih of approximately 7 ¢m and a diameter of approxi-
mately %". Movable rod 24 15 attachcd to arm 10 at pivot
poinis 48 by such well known devices as rivels. Pivot point
48 is located approximataly 25-30 ¢cm from point B. Mov-
ahle rod 24 pushes or pulls on arm 10 away from or Loward,
respectively, the axis of revolution A. In particular, during
the: pushing and pulling of rod 24, rod 24 preferably moves
in a direclion perpendicular Lo the axis of revolution A.

Movement of rod 24 is accomplished by forming a
solenoid 26 at one end of half-tube 30, preferably the end
nearest cap 34. A wire 50 is wrapped or coiled about the
exterior surface of solenoid 26, As scen in FIG, 3, cotled
wirc S0 covers approximately 6 em or one half of half-lube
30. Prcforably, two scts ol wires are connccled in scries and
wound around half-tubc 30. The wire prefcrably is made of
22 AWG enamel coated magnet wire having 4 total length of
edch wire is approximately 100 feet. This resulis in cach
wire being wrapped around ils respective half-tube 30
approximately 300 times. A D.C. peak voltage ranging from
approximately 0-12 V is applied (o the wire 50 causing a
current ranging from 0-120 Amperes being supplied lo
coiled wire 5 by conventional device, such as rings 52 and
brushes 54 and wircs 56. Other conventional devices for
supplying eleciricity to solencid 26 include solar panels,
batteries, generators, nuclear power plant, elc.

It is well known (hat solenoid 26 produces a magnetic
field along i1s axis in a directicn depending on the direction
of the current flowing through ihe coiled wire 50. The
strengih of the magnetic field produced within solenoid 26
can be varied by changing the amount of current flowing
through coiled wire 50. By producing a current flowing in
ong sense through coiled wire 50, the magnetic field atiracts
the magnelic core into the interior of the solenoid, as seen in
FIG. 2. On the other hand, magnetic core 46 and rod 24 arc
rcpelled oul of solenoid 26 when the sense of the current is
reversed so that only a part magnetic core 46 lies within
solenoid 26.

As seen in FIG. 2, two solenoids 26 are mounted on a
movable bracket 28. Brackei 28 preferably 1s a | cubic inch
cube of heal resistant nylon or CPVC which is glucd or other
wise attached 1o the botlorn sides of the pair of solenoids 26.
Bracket 28 has a hole 58 having a diameler of approximately
0.81 cm to slidingly receive rod 8 therethrough. Once
mounted on brackel 28, solenoids 26 freely slide with a
bracket 28 along rod 8 so that the axes of the solenoids 26
are constantly aligned perpendicular 1o the axis of revolution
Al

The above-described centripetally impelled vehicle is
driven by repeaiing & cycle of motions. At the beginning of



5,557,088

3

the cycle, balls 18 are positioncd nearest rod 8 as well as o
one another, Rod 8 is rotated about axis of revolution A. As
the spin of rod 8 increases, mms 10 and balls 18 begin to
spread producing a ceniripetal Toree dirceted toward the agis
of revolution A, In response to the centripetal force, an
impelling force is generated al pivol point B on the axis of
revolution A where the impelling force is directed at angle
from the axis of revolution A. The impelling force is then
applicd (o the vehicle 4 to move the vehicle along the axis
of revolution A.

In order to increase the cenfripelal {orce and, thus, the
impelling force electricity 18 made (o flow through coiled
wire 50 in such a way to pull magnetic corc 46 into the
interior of solenoid 26. This causes the centripetal force on
arm 8, via rod 24, to increase and results in varying the net
force along the axis of revolution A. In addition, solenoids
26 slide wilh movable bracket 28 along rod 8 while the arms
10 are expanded.

While the magnelic force pulls magnetic core 46 inward,
the rowation of balls 18 is increased as wcll resulling in
mncreased centripetal force being generated than il the balls
18 were rotating freely. Accordingly, the impelling Toree and
net force applied at point B and on the vehicle 2 is increased.
Aficr balls 18 reach their furthest cutward point, the current
in coiled wire 50 is reduced, and the spin of rod 8 is reduced.
When the spin has been sulliciently reduced; the current
running Lthrough coiled wire 50 is increased to draw balls 18
back Lo their original position near the axis of revolulion A.
Al ibBal original position, the above-dcscribed cycle is
repealed. The above-described operating cycle does much
more work in pulling the vehicle 2 lorward on spreading of
the arms than it does in retuming the arms 1o closed position.

It is understood that scveral varnations of the centripetal
impeller desceribed ahove are possible. For cxampic, in one
variation the centripetal impeller may. work as a reverse
thruster by pivoting balls 18 past pivot point B so that the
balls 18 point loward the housing 4. In this posiiion, the
above-mentioned operation cycle [or forward propulsion is
repeated resulting in a nct force along axis of revolution A
and directed toward the housing 4 resulting in the vehicle 2
to move in & backward direction.

In another variation that does not depart from (he spiril of
Lhe present invention, it is possible te interpose a control-
lable sieering mechanism, such as gimbel device 60,
belween rotation device 20 and rod 8. Once rod 8 is inserted
into gimbel device 60 it is possible in a well known manner
to control or adjust the direction at which rod 8 and the axis
of revolution A point. Accordingly, the vehicle is able to
maneuver in various direclions.

Another variation of the prescnt invention is to size
housing 4 1o hold as few as on¢ person. Furthermore, the
impeller can be atlached to non-manned vehicles, such as
satellites, space platforms, decp water exploration vehicles
and projectiles to allow for cconomical and efficient move-
meni in outer space or an underwaler environment.

It is also understood thal the present invention 18 hot
limited to the scale ol the centripctally impelled vehicle
described above. In fact, by increasing the scale ol the
impeller, including the mass ol balls 18, and increasing the
rotaticnal spin a larger net force can be generaled by the
impeller. Accordingly, it is envisioned that the prescnt
invention can bc scaled up to sizes that would make 1t
feasible for a vehicle to travel large distances in ouler space
in a reasonable amount of Lime.

The foregoing description is provided to illustralc the
Invenlion, and 15 not to be consirued as a limitation. Numct-
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ous additions, substitutions and other changes can be made
to the invention without departing from its scope as sci forth
in the appendcd claims. For cxample, it 18 understood that
using the more than two rotating masscs can be used to
renerate the centripelal [orce 18 possible. Accordingly, the
scope of the invention should be delermined by the
appended claims and their legal equivaients.

I claim:

1. A centripetally impelled vehicle, comprising:

a housing;

a centripetal impeller attached o said housing 0 as 10
imparl a [oree on said housing that causes said housing
and centripetal impcller to move, sad cenlripetal
impeller comprising:
an attachment piece attached to said housing and defin-

ing an axis of revolution;

a movable arm pivotable relative to said attachment
picee so Lthat said movable arm 1s a distance r from
said axis of revolution;

a relation device coupled to said aitachment picee so as
to canse said attachment picce to rolale aboul said
axis of revolution and producc a centripetal force
toward said axis of revolution;

a variable force device attached 10 said movable arm
and producing a forcc on said movable arm loward
said axis of revolution so as to causc a ncl lorce
along said avlachment piece and cansing said housing
to move. |

2. The wehicle of claim 1, wherein said movable arm
comprises a predetermined mass allached thereto,

3. The vehicle of claim 2, wherein said predetermined
mass 1s attached to a first end of said arm.

4. The vehicle of claim 3, wherein a second cnd of said
armn 18 pivotally attached to said attachment picee,

5. The vehicle ol claim 1, wherein said variablc forcc
device comprises 4 movable rod attached to said movable
arm and a movement device that pulls said movable rod and
said movable arm foward said axis of revolution.

6. The vehicle of claim 4, wherein said vanable force
device comprises a movabic rod atlachcd 10 sad movable
arm and a movement device that pulls said movable rod and
said movablc arm Loward said axis of revolution,

7. The vehicle of claim 5, wherein said movement dovice
pulis said movable rod in a direction perpendicular to said
axis of revolution.

8. The vchicle of claim 6, wherein said movement device
pulls said movable rod in a dircction perpendicular to said
axis of revolution.

9. The vehicle of claim 5§, wherein said movement device
comprises a solenoid having an interior which receives sad
movablc arm.

10. The vehicle of claim 6, wherein said movement device
compriscs a solenoid having an interior which receives said
movable arm.

11. The vehicle of claim 9, wherein said solenoid has an
cxterior surface about which a wire carrying clectrical
currcnt is wrapped.

12. The vehicle of claim 10, wherein said solcnoid has an
cxterior surface, about which a wire carrying clectrical
current is wrapped.

13. The vehicle of claim 9, whercin said solencid 1s
attached o 2 bracket which slides along said attachment
picce.

14. The vehicle of claim 10, wherein said solenoid 1is
attached to a bracket which slides along said allachment
picce.

15. The wvehicle of claim 1, said centripelal impeller
further comprising a second movable arm pivotable relative
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to said aliachment piece so that said second movable arm is
a distance r from said axis ol revolution;

a secend variable [orce device attached to said second
movable arm and producing a force on said second
movable arm loward said axis of revelution so as (o
cause a net lorce along said attachment piece and
causing said housing to movce.

16. The vehicle of claim 18, wherein said second movable

arm comprises 4 predetermined mass attached thercto.

17. The vehicle of claim 16, wherein a sccond end ol said
sccond arm is pivotally attached to said attachment piece,

18. The vehicle of claim 17, wherein said sccond variable
force device compnses g sceond movable rod atlached to
said second movable arm and a second movement device
that pulls said sccond movable rod and said sccond movable
arm (oward said axis of revolution.

19, The vehicle of claim 18, wherein said second move-
mcnt device pulls said second movable rod in a direction
perpendicular to sald axis of revoluuon.

20, The vehicle of claim 18, wheretn said sccond move-
micnt device conmpriscs a sccond solenoid having an intcrior
which receives smd sccond movable arm.

21. The vehicle of claim 20, wherein said second solenoid
has an extenor surface about which a wire carrying elcctrical
current 15 wrapped.

22, The vehicle of claim 21, wherein said second solenoid
is attached to a bracket which slides along said attachment
picce.

23, A centripetal impeller to impart 2 force, said centrip-
cial impeller comprising;

an allachment picce defining an axis of reveluticon;

a movablc arm pivotable relative to said attachment picce
so that said movable arm is a distance r from satd axis
of rocvolution;

arotatien device coupled to said attachment picce so a8 to
causc said attachment picce to rotate along said axis of
revelution and produce a centripetal foree toward said
axis of revolution;

a variable force device attached to said movable arm and
producing a forcc on sald movable arm toward said axis
of rpvolution so as to cause a net foree along said axis
of revolution,

24, The centripetal impeller of claim 23, wherein said
movahle arm comprises a predetermined mass attached
therelo.

25. The centripetal impeller of ¢laim 24, wherein said
predeternyined mass 18 atlached 1o a first end of said arm.

26, The centripetal impelier of claim 235, wherein a second
end of said arm is pivotally attached to said attachment
piece.

27, The centripctal impeller of claim 26, wherein said
variable lorce device comprises & movable rod attached to
said movable arm and a movement device that pulls said
movablc rod and said movable arm toward said axis of
revolution,

28. The centripetal impeller of claim 27, wherein said
movement device pulls said movable rod in a direction
perpendicular to said axis of revolution,

29. The centripetal impeller ol claim 27, wherein said
movement device comprises a solenoid having an inlerfior
which rcceives said movable arm.

30. The ceniripetal impeller of elaim 29, wherein said
solcnoid has an exterior surface about which a wire carrying
clectncal current 1s wrapped.
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31. The centripetal impeller of claim 30, wherein said
solengid is attached to a bracket which slides along said
altachment picce.

32. The centripetal impelicr of claim 29 further compns-
ing:

a sccond movahle arm pivotable relative to sald attach-
ment picec so that said sccond movable amm is a
distance r {tom said axis ol revolution;

a scceond vanable lerce device attached 1o said second
movable arm and producing a force on said sccond
movable arm toward sald axis of revolution so as to
causc a net force along said altachment picce and
causing said impelicr 1o move.

33. The centripeial impeller of claim 32, wherein said
second movable arm comprises a predetermined mass
attached thereto.

34. The centripetal impeller of claim 33, whercin a scoond
cnd of said second arm is pivotally auached Lo sald attach-
ment piece,

35. The centripetal impeller of claim 32, whercin said
sccond variable lorce device comprscs a4 sccond movable
rod attached (o said second movable arm and a second
movement device that pulls said second movable rod and
said second movable arm toward said axis ol revolution.

36. The centripetal impeller of claim 32, wherein said
second movement device pulls said second movable rod in
a dirccuion perpendicular to said axis of revolution.

37. The centripetal impcller of claim 35, wherein said
second movement device comprises a second solenoid hav-
intg an intcrior which receives said sccond movable arm.

38. The centripetal impeller of claim 37, wherein said
second solenoid has an exterior surface about which a wire
carrying electrical current is wrapped.

39, The certnpetal 1mpeller of claim 37, whercin said
second solenoid 1s attached to a bracket which shides atong
said attachment piece.

40. The centripetal impellcr of claim 1, further comprising
4 steering mechanism that controls the direction of said axis
of revolution.

41. The centripetal impeller of claim 40, wherein said
steering mechanism comprises a gimbel device attached (o
said attachment picce and said rotation device.

42. A method of centripetally impelling a vehicle, said
method comprising the steps of:

rowaling a predetermined mass around an axis of revolu-
tion to produce a centripetal force directed woward said
axis of revolution;

generating an impelling force at a point on said axis of
revolution and angled from said axis of revolution,
wherein said impelling force is generaled in response (o
said centripetial force;

applying said tmpelling force (o a vehicle so as o move

said vchicle along said axis of revolution.
43. The method of claim 42, comprising the step of:

applying a variabic force toward said axis ol revolution so
as to causc a nct force along said axis of revolution.
44, The method of claim 42, further comprising the step
of:

adjusting the direction of said axis of revolulion.



