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linearly translating parts may be employed as the actuator 65
without much concern for premature fouling of the actuator
65 by surface contaminants. Thus, one of ordinary skill in
the art may envision various possible embodiments for the
actuator 65, including but not limited to a motor, a motorized
ball screw, a linear actuator, cables, and/or smart materials
such as a shape memory alloy (SMA) wire.

The ferrofluid 25 filling the inner tube 40 of FIG. 4 may
be any liquid which becomes strongly magnetized in the
presence of an applied magnetic field. As is well understood
by those of ordinary skill in the art, a ferrofluid typically
contains a Brownian suspension of nanoscale ferromagnetic
or ferrimagnetic particles in an organic solvent. Non-limit-
ing example particles include magnetite and hematite. When
magnetized by the electromagnet 42, the suspended particles
align in the direction of magnetic flux and thus form a
generally rigid clump at one end of the inner tube 40. That
is, controlled movement of the energized electromagnet 42
in the direction of arrow 45 along the axis 33 of the tube 40
magnetizes the ferrofluid 25 and forces it toward one end of
the tube 40, thus slightly lengthening the tube 40 in the
direction of arrow 28.

Deactivation of the electromagnet 42 and return in the
direction of arrow 47 to its starting position, with assistance
of the actuator and any required field coordination with the
end magnets 55, thus allows the robot 210 to gradually inch
its way along the surface 11. Direction of motion may be
changed via changing the polarity as needed of the various
the end magnets 55 and the electromagnet 42. However,
unlike the previous designs motion of the robot 210 if FIG.
4 is directionally limited to the axis 33. As will all of the
present embodiments, the tube 40 may be connected to a
sensor and deployed from a rover or other vehicle, or used
separately from such a rover depending on the intended
application. The motion of the robot 210 may be remotely
controlled as explained above with reference to FIG. 1A.

Referring to FIG. 5, the polarity-changing locomotive
approach of FIG. 4 may be applied to another amorphous
robot 310. A plurality of elements 70 in the form of
electromagnetic spheres are fully encapsulated within a
flexible outer layer 214. The elements 70, referred to here-
inafter as electromagnetic spheres 70 for clarity, have a
variable property in the form of a variable magnetic polarity.
The polarity of the electromagnetic spheres 70 may be
sequentially changed to thereby move the robot 310 in a
desired direction with respect to the surface 11.

As with the embodiments of FIGS. 1-4, asperities 120
may be provided on the outer layer 214 to help grip the
surface 11, as indicated by the set of tracks 29 left in the soil
of the surface 11. Fluid 15 may act as a damping fluid by
filling the void between the electromagnets 70 and the outer
layer 214. This may help in protecting the electromagnetic
spheres 70 and damping the force of any collision adjacent
electromagnetic spheres 70.

Referring to FIG. 5A, at rest with respect to the reference
line 26, every other electromagnetic sphere 70 has the same
polarity, e.g., an initial polarity sequence of (+, —, +, —) as
shown. This alternating sequence acts to magnetically bind
the electromagnetic spheres 70 to each other in a series, i.e.,
in line. As shown in FIG. 5A, the lead electromagnetic
sphere 70, which is identified in FIG. 5A by arrow 82, is
repelled in the direction of arrow 28 by changing its polarity
such that the polarity matches that of the next electromagnet
70, here represented as a change from positive (+) to
negative (-) polarity.

Likewise, changing the polarity sequence to (-, +, +, —) as
shown in FIG. 5C magnetically repels the second electro-
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magnetic spheres 70 away from the third electromagnetic
spheres 70 in the sequence and toward the lead electromag-
netic sphere 70. The process continues as shown in FIGS.
5D and 5E, with FIG. 5E representing the new starting
position a bit forward of the reference line 26.

Referring to FIG. 6, each electromagnetic sphere 70 may
include a control unit 250 that selectively energizes a
designated one of the electromagnetic spheres 70 to change
the polarity of the designated electromagnetic sphere 70,
thereby moving the designated electromagnetic sphere 70
with respect to the remaining spheres 70. The amorphous
robot 310 thus moves with respect to the surface 11 in the
direction of movement of the designated electromagnetic
sphere 70.

The control unit 250 may include memory 52, a trans-
ceiver 55, and a battery 57. A microprocessor/CPU 51 may
be included within at least one of the electromagnetic
spheres 70 to provide top-level sequential control of the
robot 310. The control unit 250 may be fully encapsulated by
a magnetically neutral outer layer or shell 84. The shell 84
may define a core 74 of a suitable dielectric and thermal
insulating material.

Conductive coils 72 may be wrapped with respect to the
core 74. Coils 72 may be bundles of smaller wires as
indicated by arrow 172. The internal detail is shown for only
one coil 72 in FIG. 6 for illustrative simplicity. The coils 72
are electrically connected to the battery 57 of the control unit
250 by conductive leads 93. Changing the direction of flow
of an electrical current through the coils 72, which can be
selectively performed by the control unit 250 as understood
in the art, thus changes the polarity of a given electromag-
netic sphere 70 as needed, as will be appreciated by one of
ordinary skill in the art. Controlled sequential polarity
change is therefore used to provide the motion sequence
shown in FIGS. 5A-E as described above.

Referring to FIG. 7, in yet another embodiment an amor-
phous robot 410 may include a plurality of elements 170 in
the form of polymeric cells, which hereinafter are referred to
as cells 170 for clarity. The cells 170 are collectively
encapsulated within a flexible outer layer 314. The outer
layer 314 may be similar to the designs set forth above with
reference to FIGS. 1-6 for outer layers 14, 114, and 214. The
individual cells 170 may be formed from a shape-memory
polymer (SMP) or other suitable shape-changing material.
As is well understood in the art, SMPs are a polymeric class
of smart materials that can return from a temporary
deformed state to a permanent default shape when stimu-
lated by an external stimulus. SMPs can thus maintain their
temporary shape until a shape change back into the perma-
nent form is activated by an applied stimulus, or by the
termination of an applied stimulus depending on the
embodiment.

By selectively changing the shape of a designated one of
the cells 170, the robot 410 of FIG. 7 can be caused to rotate
and thus tumble in a desired direction. The number and
size/shapes of the cells 170 may vary with the design to
provide the desired mobility. The cells 170 may be stimu-
lated via heat and/or electricity or light depending on the
embodiment. Therefore, the robot 410 may include a battery
57 as part of a control unit 350 as will now be described with
reference to FIG. 8.

The control unit 350 of FIG. 8 is electrically connected to
each ofthe cells 170 via a conductor 93, e.g., a length of wire
or a coil. The control unit 350 may be disposed within one
of the cells 170, wedged between the various cells 170, or
otherwise enclosed by the outer layer 314. The control unit
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