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(57) ABSTRACT

Modular frames for instructional use that provide secure
mounts for geometric solids are presented. Some contem-
plated modular frames can be assembled into three dimen-
sional modular devices and are particularly suitable for
instructional purposes. Modular devices comprising two or
more frames could be coupled via a clip in two or more
different configurations. Containers including conductive
material and configured to provide a Faraday cage around
their contents are also provided.
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MODULAR FRAMES FOR ARRANGEMENT
AND ORIENTATION OF GEOMETRIC
SOLIDS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 13/677,216, filed on Nov. 14,
2012, which claims the benefit of priority to U.S. Provisional
Application No. 61/559,576, filed on Nov. 14, 2011. This and
all other extrinsic materials discussed herein are incorporated
by reference in their entirety. Where a definition or use of a
term in an incorporated reference is inconsistent or contrary
to the definition of that term provided herein, the definition of
that term provided herein applies and the definition of that
term in the reference does not apply.

FIELD OF THE INVENTION

[0002] The field of the invention is educational devices and
tools, more specifically educational devices and tools for
securing and orienting geometric solids, crystalline solids, or
other regular structures.

BACKGROUND

[0003] Numerous objects made by nature and by man can
demonstrate interesting collective effects that are not
observed in those objects when in isolation. For example, a
set of lenses, refractive crystals, or magnets can be arranged in
such a way as to produce phenomena not observed for any one
member of the set, and different arrangements of such ele-
ments can reveal different collective effects. While numerous
stands or mounts for individual elements are available, tools
for the study or instruction of such collective effects are
lacking.

[0004] Attempts have been made to provide devices that
provide instructional tools for the collective behavior of mul-
tiple elements. For example, U.S. Pat. No. 6,382,982 dis-
closes a device that permits arrangement of various optical
elements in different ways in order to study their combined
effects. The disclosed devices, however, arrange such optical
elements along a linear track, and do not provide for the study
of more complex, three dimensional arrangements. U.S. Pat.
No. 2,716,292 discloses another instructional device that uti-
lizes a series of planar plastic sheets to support spherical
elements that represent atoms. The device is adaptable to
display a variety of three dimensional crystal lattice struc-
tures. The disclosed elements, however, are not interactive,
and if they were the closed arrangement of supportive mate-
rial between the elements could potentially interfere with
their interactions.

[0005] Devices that can provide relatively complex three
dimensional structures, such as those disclosed in Interna-
tional Patent Application No. WO 02/055168 A1 and Interna-
tional Patent Application No WO2008061359A1, are also
known. The devices disclosed in these applications provide
modular components that can be assembled into three dimen-
sional structural shapes that include open regions. Similarly,
U.S. Pat. No. 7,780,499 discloses a set of modular compo-
nents that utilize complementary and reversible connectors to
form complex three dimensional shapes. The suitability of
such structures for securing and protecting objects, however,
is not clear.

[0006] While the above cited art discusses various aspects
of securing interactive instructional elements and in provid-
ing support for complex three dimensional structures, they
each fail to provide a desired level of support, safety, and
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interactivity to support their use as instructional tools for
learning about the collective actions of interactive elements
oriented in three dimensions. Thus, there is still a need for
improved modular frames for supporting, orienting, and
safely protecting such elements.

SUMMARY OF THE INVENTION

[0007] The inventive subject matter provides apparatus,
systems and methods in which a modular frame provides for
at least one of securing and orienting one or more geometric
solids (for example, a crystal or a crystalline solid), preferably
possessing at least one vertex and one edge. Such an appara-
tus, system, or method can serve as an educational tool uti-
lized in the demonstration or investigation of effects realized
by the placement or orientation of such a geometric solid
relative to its environment. Similarly, embodiments of the
inventive concept can serve as educational tools utilized in the
investigation of effects realized by the placement or orienta-
tion of a plurality of geometric solids relative to their envi-
ronment or to each other. The frame can include at least one
vertex saddle configured to receive a vertex of a geometric
solid. The frame can further comprise at least one edge strut
that can couple with the saddle in a reversible manner via a
first fastener. Such an edge strut can be configured to cover or
conform to at least a portion of an edge of a geometric struc-
ture. In some embodiments, the frame can include multiple
saddles and struts configured to hold a tetrahedral solid or
other geometric solid of any suitable shape (e.g., trihedral,
icosahedron, cube, rectangular cube, sphere, ovoid, etc.). Fur-
ther, a frame of the inventive concept can be modular; such a
frame can be configured to mate with at least one of a support,
a frame, a frame component, or a portion, multiples or com-
binations thereof.

[0008] Itis contemplated that a single set of vertex saddles
(e.g., 2 saddles, 5 saddles, 10 saddles, etc,) and edge struts
(e.g., 1 strut, 3 struts, 5 struts, 10 struts, etc.) can be used to
hold different geometric solids having different dimensions
and shapes. For example, four vertex saddles and six edge
struts can be coupled to one another to hold a single tetrahe-
dron crystal. Such a frame can then be readily modified by a
user to hold a cubical crystal. For example, the four vertex
saddles and six edge struts can be uncoupled, then four addi-
tional vertex saddles and six additional edge struts coupled
around the cubical crystal.

[0009] In another aspect of the inventive subject matter, a
modular frame for scientific instructional use comprises
upper and lower sub-frame components (top and bottom por-
tions, respectively) configured to removably fasten to one
another to at least partially enclose a crystal or other geomet-
ric structure. Where the geometric structure comprises a crys-
tal having a truncated and chamfered tetrahedron shape (as
shown in FIG. 1A), the modular frame could advantageously
include four vertex saddles and six edge protecting frame
arms, such that the crystal is protected at least along its
vertices and edges, while faces can be partially exposed.
[0010] It should be appreciated that the vertex saddles and
frame arms could be provided by one or both ofthe sub-frame
components. It should also be appreciated that a vertex saddle
or frame arms could be formed by the coupling of two or more
sub-frame components.

[0011] Each sub-frame component could removably attach
to another sub-frame component via any commercially suit-
able coupler or fastener (e.g., snaps, clips, clasps, etc.). For
example, one sub-frame could comprise a plurality ofhooked
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protrusions around a perimeter, while a different sub-frame
comprises a plurality of catches sized and dimensioned to
mate with the hooked protrusions. In such an embodiment,
the hooked protrusions could comprise a material and thick-
ness having a sufficient flexibility such that each of the
hooked protrusions could slide into the plurality of catches.
The material could also be sufficiently rigid such that the
sub-frames remain coupled with one another until a user
forcibly slides a protrusion away from its respective catch.
[0012] In another aspect of the inventive subject matter, a
modular device comprises two or more modular frames
coupled with one another via one or more clips. Each modular
frame could comprise at least one clip accepting portion sized
and dimensioned to receive a clip. The clip accepting portion
(s) could comprise a plurality of recesses, protrusions, or a
combination thereof, and the clip could comprise comple-
mentary recesses, protrusions, or a combination thereof. For
example, where a clip accepting portion comprises four
recesses on a first side and four recesses on a second side, the
clip coupled comprise four complementary protrusions on a
first side and four complementary protrusions on a second
side.

[0013] It should be appreciated that each frame and each
sub-frame component (or portion of a frame) could comprise
any suitable number of vertex saddles (e.g., 1,2,3,4,5,6,7,
8, 9, 10 or even more), frame arms (e.g., 1,2,3,4, 5,6, 7, 8,
9, 10 or even more), clip receiving portions (e.g., 1,2,3,4, 5,
6,7,8,9, 10 or even more), or couplers or fasteners (e.g., 1, 2,
3,4,5,6,7,8,9, 10 or even more). It should also be appre-
ciated that a modular device of the inventive subject matter
couple comprises any suitable number of frames coupled to
one another.

[0014] A modular device of the inventive subject matter
could comprise two or more frames coupled together via one
or more clips or other couplers. Preferably each frame com-
prises a clip receiving portion (e.g., a recessed portion of a
frame) and a corresponding clip that is sized and dimensioned
to fit snugly in the clip receiving portion such that the clip
appears to be, and could even be, a cutout from the frame
itself. The clip could advantageously be used to cover a clip
receiving portion to create a smooth outer surface (e.g., not
exposing a recessed portion). Additionally or alternatively,
the clip could be used to removably attach two frames by
having a first end coupling with a portion of a first frame’s clip
receiving portion, and a second end coupling with a portion of
a second frame’s clip receiving portion.

[0015] One should appreciate that a modular frame of the
inventive subject matter could comprise any suitable size and
shape for holding any suitable geometric solid. While the
disclosure herein is primarily directed towards geometric sol-
ids having a truncated and chamfered tetrahedron shape, a
modular frame could be sized and dimensioned to hold a
spherical solid, cube shaped solid, rectangular cube shaped
solid, prism shaped solid, cylindrical solid, or any other suit-
able solid.

[0016] Inyetanother aspect of the inventive subject matter,
a storage container or box comprises a lid portion and a
bottom portion, each one covered in at least one conductive
material (e.g., copper, silver, gold, conductive polymer, wire
mesh, etc.). The lid portion can pivot, slide, or otherwise
move relative to the bottom portion, and in some positions
(e.g. when forming an enclosed or nearly enclosed cavity) can
electrically couple to the bottom portion to form a conductive
frame around an item (or a portion thereof) enclosed within
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the storage box (e.g., at least partially within a cavity sur-
rounded by the lid portion and the bottom portion). In some
embodiments of the inventive concept the storage box can
form a faraday cage around at least a portion of the storage
box interior when the lid portion is substantially or com-
pletely closed.

[0017] Various objects, features, aspects and advantages of
the inventive subject matter will become more apparent from
the following detailed description of preferred embodiments,
along with the accompanying drawing figures in which like
numerals represent like components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1A is a perspective view of one embodiment of
a modular frame of the inventive subject matter.

[0019] FIG. 1B is another perspective view of the modular
frame of FIG. 1A.

[0020] FIG. 2A is a perspective view of an embodiment of
a base of the inventive subject matter.

[0021] FIG. 2B is another perspective view of the base of
FIG. 2A.
[0022] FIG. 2C is a schematic of an embodiment of a fas-

tener of the inventive subject matter.

[0023] FIG. 2D is a schematic of another embodiment of a
fastener of the inventive subject matter.

[0024] FIG.2E is a schematic of'yet another embodiment of
a fastener of the inventive subject matter.

[0025] FIG. 3 is a partial view of an embodiment of a
modular frame of the inventive subject matter having two
sub-frames coupled together via edge struts.

[0026] FIG. 4A is a perspective view of an embodiment of
an edge strut of the inventive subject matter.

[0027] FIG. 4B is another perspective view of the edge strut
of FIG. 4A.
[0028] FIG. 4C is yet another perspective view of the edge

strut of FIG. 4A.

[0029] FIG.5A is a perspective view of one embodiment of
a vertex saddle of the inventive subject matter.

[0030] FIG. 5B is another perspective view of the vertex
saddle of FIG. 5A.

[0031] FIG. 5C is yetanother perspective view of the vertex
saddle of FIG. 5A.

[0032] FIG. 6 is a perspective view of an embodiment of a
modular frame of the inventive subject matter having four
sub-frames.

[0033] FIG. 7 is a perspective view of an embodiment of a
modular frame of the inventive subject matter having eight
sub-frames.

[0034] FIG. 8 depicts an embodiment of container of the
inventive subject matter.

[0035] FIG. 9A is a perspective view of another embodi-
ment of a frame of the inventive subject matter.

[0036] FIG.9B is aside view of two frames of the inventive
subject matter joined edge to edge.

[0037] FIG. 9C is an enlarged view of two frames of the
inventive subject matter joined edge to edge, showing the
connection.

[0038] FIG. 9D is an overhead view of two frames of the
inventive subject matter joined edge to edge.

[0039] FIG. 9E is a perspective view of two frames of the
inventive subject matter joined face-to-face.

[0040] FIG. 10A and FIG. 10B depict clips of the inventive
subject matter, FIG. 10A shows a perspective view of a spring
clip. FIG. 10B shows a perspective view of a tension clip.
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[0041] FIG. 11A shows a perspective view of 10 frames
joined face-to-face, showing a characteristic helical pitch.
[0042] FIG.11B shows a magnified view of a portion of the
assembly of FIG. 11A.

[0043] FIG. 12A shows a perspective view of a top portion
of a two-part frame of the inventive subject matter.

[0044] FIG. 12B shows a perspective view of a base (bot-
tom) portion of a two part frame of the inventive subject
matter.

[0045] FIG.13A shows a perspective view of a container of
the inventive subject matter, showing interfaces for portions
of a frame.

[0046] FIG. 13B shows a perspective view of a top of a
container of the inventive subject matter.

[0047] FIG. 14A and FIG. 14B show an alternative con-
tainer of the inventive subject matter. FIG. 14A shows an
example of a container with an external frame interface. FIG.
14B shows an example of a container with an external frame
interface and an attached frame.

DETAILED DESCRIPTION

[0048] The following discussion provides many example
embodiments of the inventive subject matter. Although each
embodiment represents a single combination of inventive
elements, the inventive subject matter is considered to include
all possible combinations of the disclosed elements. Thus if
one embodiment comprises elements A, B, and C, and a
second embodiment comprises elements B and D, then the
inventive subject matter is also considered to include other
remaining combinations of A, B, C, or D, even if not explicitly
disclosed.

[0049] One should appreciate that the disclosed techniques
provide modular frames useful for securing and orienting
geometric solids (e.g., a crystal, gem, stone, etc.), where the
frames can couple with at least one of a base and one or more
frames to form complex geometries that are useful for the
demonstration and investigation of the interactions of such
geometric solids with elements of their environment, either
alone or in combination with other geometric solids. As such,
embodiments of the inventive concept are particularly suit-
able for educational purposes.

[0050] FIGS. 1A and 1B are perspective views of one
embodiment of the inventive subject matter arranged to
secure a single geometric solid or crystal. The support 100
comprises a modular frame 110, and a base 150. The modular
frame 110 comprises four vertex saddles 130 and six edge
struts 140, and is configured to hold a tetrahedron geometric
solid 120 (for example, a quartz crystal, a magnet, a prism
etc.), or other geometric solid 120. Each vertex saddle 130 can
be configured to receive a vertex of a geometric solid 120.
Alternatively, a vertex saddle 130 can be configured to receive
vertices of two or more geometric solids that are in contact
with each other. Each edge strut 140 can be configured to
couple with one or more of the vertex saddles 130 to thereby
form a modular frame 110. It is also contemplated that a
portion of the modular frame 110 can be configured to support
or at least partially enclose a culet of a geometric solid. In
some embodiments, the modular frame 110 can couple with
one or more of other modular frames and a base or support
150 as illustrated. A base 150 can include a secondary support
acceptor 160 which allows a user to affix the base at a desired
location in a desired orientation via a secondary support (not
shown). Such a secondary support can be rigid, pliant, or
include both rigid and pliant portions. It should be noted that
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although the geometric solid 120 is presented as having acute
vertices, the disclosed devices and methods can also apply to
obtuse vertices. Edge struts and vertex saddles of the inven-
tive concept can be formed from any suitable material includ-
ing, but not limited to, polymers, metals, wood, ceramics,
stone, and rubber, alone or in combination.

[0051] It should be appreciated that modular frame 110
provides several benefits. First, frame 110 securely holds a
geometric solid 120 by one or more of saddle(s) 130 fitting
closely around the vertices of the geometric solid 120, simul-
taneously providing both support and protection for these
easily damaged sites. Secondly, frame 110 further protects
the edges of a geometric solid 120 by placing one or more
strut(s) 140 over the edges of geometric solid 120. Thirdly,
elements of frame 110 can easily be combined with other
frames, saddles, or struts to permit the construction of com-
pound or super structures as discussed below. Finally, the
elements of the modular frame 110 can easily be added to or
reconfigured, permitting the modular frame 110 to accommo-
date solids with a variety of geometric shapes and sizes.

[0052] The term “educational geometry” should be con-
strued broadly to mean any commercially suitable geometri-
cally shaped object including a quartz or other crystal, a
metallic or semi-metallic geometric shaped object, a magnet,
alens, a prism, or a stone. In one embodiment of the inventive
concept an educational geometry can include a regularly
shaped crystalline polyhedron (e.g., tetrahedron, cube, octa-
hedron, etc.).

[0053] FIGS. 2A and 2B show perspective views of a base
250 of the inventive subject matter. As shown, a base 250 can
be configured to releasably or reversibly couple with edge
struts of a frame via one or more couplers 260, 262 along a
portion of the base surface that are complementary to one or
more couplers of a modular frame (e.g., of a strut or a saddle,
etc.). Such a portion of the base surface can be any portion of
an outer surface 270 or any portion of an interior surface 271.
In some embodiments, the base can be a solid piece of mate-
rial (i.e., lacking an aperture) only having an outer surface.
FIG. 2B (from a different perspective) shows that a base 250
can include indentations 280, 285 that are sized and dimen-
sioned to receive at least a portion of an edge of a geometric
solid or object. In such an embodiment, indentations 280, 285
are each sized and dimensioned to each receive a truncated
edge of a geometric (in this instance tetrahedral) solid. It
should be appreciated that a base can comprise any suitable
number of indentations of any suitable size and dimension
such that the base can receive and secure geometric solids of
various sizes and shapes.

[0054] Coupler(s) 260 associated with a base 250 can
include a portion of a multi-component fastener. In some
embodiments of the inventive concept, couplers 260, 262 can
each comprise a first component of a fastener, and an edge
strut or vertex saddle can comprise a second, complementary
component of the fastener. For example, a coupler 262 asso-
ciated with a base 250 can include a first protrusion 262A on
a first side, and a second protrusion on a second, opposing
side (not shown in this view). Such protrusions can be con-
figured to be complementary with a depression of an edge
strut, thereby permitting via a snap fit connection. It is further
contemplated that a coupler 260 of base 250 can include one
portion of a three or more part fastener, wherein one coupler
is configured to fit with at least two other complementary
components.
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[0055] Each coupler or complementary coupler can be
located along any portion of a modular frame (e.g., saddle,
strut) or base. All commercially suitable types of couplers and
fasteners are contemplated including those shown in FIG.
2C-2E. For example, a fastener can comprise complementary
magnetic couplers 201A, 201B, chemical couplers, hook/
loop couplers, ball-snap fasteners 201C, male and female
couplers 201D, 201E that snap fit together, or any other com-
mercially suitable fasteners and couplers. As shown, a fas-
tener can comprise a first coupler on a first component (e.g.,
a strut, base, saddle, etc.), and a second coupler on a second
component, wherein the second coupler is complementary to
the first coupler.

[0056] FIG. 3 provides a detailed view of one way in which
edge struts 340, 341 can couple to one another and with first
and second vertex saddles 330, 331. For example, a first strut
340 can include a first coupler 361, a second coupler 362, and
a third coupler 363. As shown, the first coupler 361 can
include two protrusions on opposing sides of first strut 340
that are sized and dimensioned to mate with first complemen-
tary coupler 360 of first saddle 330, which comprises two
depressions (e.g., holes, recesses, etc.). A second coupler 362
includes two protrusions, each of which has a depression
sized and dimensioned to mate with a fifth coupler 366 of a
second strut 341. A third coupler 363 can be coupled to a
different saddle, strut, or a base of the inventive subject mat-
ter. A second strut 341 can similarly include a fourth coupler
364, a fifth coupler 366, and a sixth coupler 367. Accordingly,
a fourth coupler 364 can include two protrusions on opposite
sides of second strut 341 that are sized and dimensioned to
mate with a complementary coupler 365 of a second saddle
331, which includes two depressions. A fifth coupler 366
includes two depressions that are configured to mate with two
protrusions on two separate prongs of the second coupler 362
via a snap fit, as described above.

[0057] It is further contemplated that first saddle 330 and
first strut 340 can include a portion of a first sub-frame con-
figured to hold a geometric solid or shape, and a second
saddle 331 and second strut 341 can comprise a portion of a
second sub-frame configured to hold a different geometric
solid or shape. In some embodiments of the inventive concept
these two sub-frames can be coupled together via second and
fifth couplers of first and second struts 340 and 341, respec-
tively, to construct an extended modular frame structure (or
superstructure) that can support a plurality of geometric sol-
ids or shapes (which can be dissimilar) at defined positions
and orientations relative to one another.

[0058] It should be noted that while the above example
focuses on fasteners comprising a snap fit mechanism, all
suitable fasteners are contemplated, including, but not limited
to, magnets, screws, clips, hook and loop fasteners, or adhe-
sives.

[0059] FIGS. 4A and 4B illustrate two views of an edge
strut 440 of the inventive concept. It should be noted that the
edge strut can include both a single-pronged coupler 462 that
can be positioned adjacent to first side 470, and a double-
pronged coupler 461 that can be positioned adjacent to sec-
ond side 471. This permits a user to couple numerous sub-
frames together via a coupling of edge struts. It is also
contemplated that such sub-frames can be coupled to one
another via (1) an edge strut of a first sub-frame and a vertex
saddle of a second sub-frame, (2) a vertex saddle of a first
sub-frame and a vertex saddle of a second sub-frame, or (3)
any other commercially suitable coupling of any other com-
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ponents of sub-frames. Further, the struts can include cou-
plers 464 at end portions, which can reversibly mate with the
vertex saddles of the inventive subject matter.

[0060] FIG. 4C provides another view of edge strut 440.
Shown in this view, a coupler 462 on a first side 470 can
include one or more protrusion(s) 462A, which can in turn
couple with a depression of another edge strut or a vertex
saddle. Two pronged coupler 461 of second side 471 includes
two depressions on each prong (or one through-hole on each
prong as shown), which are sized and dimensioned to accept
a complementary coupler of another edge strut or vertex
saddle.

[0061] It should appreciated that a strut can include a
through channel 480 that is configured to cover at least a
portion of an edge of a geometric solid or shape, which greatly
reduces the risk of chipping or other types of damage to the
secured object. A through channel of the inventive subject
matter can be of any suitable shape, size, and cross section,
including for example, a half-pipe, a trapezoid, a rectangle, or
atriangle. In some embodiments of the inventive concept the
cross section of a through channel can vary along its length.
Non-through channels are also contemplated wherein one or
both edge portions can comprise a stop.

[0062] FIGS. 5A and 5B present more views of one
embodiment of a vertex saddle 530 of the inventive subject
matter. It is contemplated that such a saddle can include at
least one opening 531 capable of receiving a vertex or any
other suitable portion of a geometric solid or shape. Although
opening 531 is presented as having six sides configured to
receive a vertex of a tetrahedral solid or shape, one should
appreciate that opening 531 can have sides complementary to
the vertex it is configured to receive. For example, a vertex
configured to receive an octahedron could include an opening
531 with eight sides (i.e., four sides for the faces or the vertex
plus four sides for the edge struts). Saddle 530 can also
include couplers 560, 566,567, 568, which can be configured
to allow a coupling of such saddle 530 with a complementary
coupler of a strut, a base, or a saddle of the inventive subject
matter. FIG. 5C is another view of a vertex saddle 530, which
provides a view that illustrates that at least some of the cou-
plers can include through-holes configured to receive protru-
sions of complementary couplers.

[0063] It should be appreciated that a modular frame of the
inventive subject matter advantageously allows multiple sub-
frames to be coupled with one another to create more complex
geometries. An example is shown in FIG. 6, which shows
sub-frames 610, 611, 612, 613 coupled together to form a
larger modular frame 600 as an extended or super structure.
Such extended or super structures permit a user to control
relative position and orientation of geometric solids or shapes
secured by the individual sub-frames, and thereby determine
or observe interactions between them or cumulative effects.
Such a stable, yet readily reversible and easily rearranged
assembly is particularly advantageous for instructional use.
As shown, sub-frame 610 is coupled to sub-frame 611 via
edge struts 610A, 611A. Similarly, sub-frames 611, 612 are
coupled to one another via struts of sub-frames 611, 612;
sub-frames 612, 614 are coupled to one another via struts of
sub-frames 612, 614. In addition, sub-frames 614, 610 are
coupled to one another via their respective struts. An alterna-
tive super structure configuration is shown in FIG. 7, which
depicts a modular frame 700 composed of a set of sub-frames
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710,711, 712,713,714, 715, 716, 717 that can be configured
to hold various geometric shapes having the same, similar, or
dissimilar geometries.

[0064] In some embodiments, the geometric solids (for
example, crystals, magnets, lenses, prisms, and so on) can
include one or more additional features. In such an embodi-
ment the geometric solids could, for example, have a pre-
ferred axis or pole (e.g., a C-axis, a Z-axis), which could
optionally be used to influence how components of a modular
frame is to be arranged. More specifically, a crystalline solid
could have a preferred axis based on its refractive index,
chirality, crystal lattice structure, polarization orientation,
magnetic moment, or other features related to the composi-
tion or internal arrangement of the geometric solid. In some
embodiments the geometric solid can include an indication
(e.g., a marking, dot, indicia, etc.) that informs a user of the
orientation of such a preferred axis or pole relative other
orientations. Further, especially in embodiments where the
geometric solid includes a crystal, such a crystal can include
additional indicia, including a serial number, a name, a manu-
facturer, a logo, an orientation relative to a parent crystal, a
location relative to a parent crystal or block from which the
crystal was cut, or other information.

[0065] Modular frames of the inventive subject matter can
comprise any suitable number of sub-frames, struts, saddles,
couplers, fasteners and bases. For example, a modular frame
can comprise: 0, 1, 5, 10, 15, or even 20 or more sub-frames;
0,1,5,10, 15, 25 or even 50 or more struts; 0, 1, 5, 10, 15, 20
or even 50 or more saddles; 0, 1, 15, 20, 35, or even 100 or
more couples; and 0, 1, 5, 10, 15, or even 20 or more bases.

[0066] FIG. 8 shows another aspect of the inventive subject
matter comprising a container (800) configured to at least
partially enclose at least one of the geometric solids or modu-
lar frames of the inventive subject matter. In some embodi-
ments, the container 800 can include a lid 820 and bottom
810, one or both of which can include a conductive material
(e.g., copper, silver, aluminum, conductive polymer, etc.). In
some embodiments of the inventive concept such conductive
material can cover all or part of the 1id 820 or bottom 810 of
the container 800. For example, the conductive material can
cover the entire exterior surfaces of the lid 820 and bottom
810.

[0067] In some embodiments, the outer surface of the con-
tainer 800 can be partially or completely formed or covered
by conductive plates 813 or by a conductive mesh 815. When
such a container 800 is partially or completely closed, the
container 800 can advantageously provide a Faraday cage
around at least a portion of the contents of the container 800.
Still further, the container 800 can include or be coupled to
one or more circuits 830 configured to detect electromagnetic
energy via the Faraday cage. In some embodiments of the
inventive concept such detected electromagnetic energy can
be encoded as digital data and subsequently communicated
835 over a network 850 via a wired or wireless connection.
Such a network 850 can communicate 845 such digital data to
one or more local or remote computing device(s) 840 (e.g., a
mobile phone, a tablet, a laptop computer, a desktop com-
puter, etc.), allowing one or more users to rapidly and conve-
niently access such data, advantageously supporting distance
learning activities.

[0068] Other embodiments of the inventive subject matter
include alternative or additional modular frames and modular
devices in which frame elements and frames are combined.
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[0069] Some embodiments of modular frames could
include a first sub-frame component and a second sub-frame
component, wherein the first component comprises one or
more vertex saddles, frame arms and couplers. The second
component could comprise couplers complementary to those
of'the first component, such that the first and second compo-
nents could releasably mate with one another. In some
embodiments, complementary couplers compose a clasp. In
embodiments where modular devices having two or more
modular frames are provided, two or more frames having a
structure as described above could be coupled to one another
via one or more clips. Two or more of the modular frames
could each comprise one or more clip receiving portions that
are sized and dimensioned to receive at least a portion of a
shared clip. The clip receiving portions could be located along
any suitable portions of a modular frame, including for
example, a vertex saddle or a frame arm. The clip could
comprise couplers (e.g., magnets, recesses, protrusions,
snaps, balls, etc.) that are complementary to couplers of the
clip receiving portions. Where a clip comprises protruding
portions as couplers, it is contemplated that the clip could
comprise a first width (e.g., a portion of the clip lacking
protruding portions) and a second width (e.g., a portion of the
clip including protruding portions), and that the first width
could be smaller than a width of a clip receiving portion,
while the second width could be greater than the width of the
clip receiving portion. Where a clip comprises recessed por-
tions as couplers, it is contemplated that the clip could com-
prise a first width (e.g., a portion of the clip including recessed
portions) and a second width (e.g., a portion of the clip lack-
ing recessed portions), and the first width could be smaller
than a width of a clip receiving portion (e.g., where comple-
mentary protrusions would be), while the second width could
be greater than the width of the clip receiving portion where
complementary protrusions would be.

[0070] An example of an embodiment of a modular device
is depicted in FIGS. 9A-9E. FIG. 9A shows a modular frame
900A assembled from components that include a vertex
saddle (also referred to herein as vertex portion or vertex)
910, which can be shaped to support and protect a truncated
vertex or other angled terminus of a geometric solid, and
which extends into one or more frame arm 930 portions that
are configured to protect an edge portion of a geometric solid.
It should be appreciated that a vertex saddle could be sized
and dimensioned to completely cover a vertex of a geometric
solid, or could be sized and dimensioned to partially surround
a vertex of the geometric solid, leaving a portion exposed.
Frame arms 930 of adjacent vertex portions 910 can be joined
using a clip 940. Additionally or alternatively, frame arm 930
could be coupled with a frame arm or other portion of a
second modular frame (not shown in FIG. 9A). Two or more
frame arms 930 or vertex saddles 910 could define a perimeter
of'a face 920 that exposes a portion of facet of the enclosed
geometric solid. It should be appreciated that the configura-
tion of the frame 900A and the face 920 could be defined by
the angles and dimensions of the frame arm 930 relative to the
vertex portions 910. Although depicted as being assembled
from identical vertex/frame arm components, in some
embodiments the frame can be constructed from different
vertex/frame arm components, permitting the support and
orientation of elongated or even asymmetrical geometric sol-
ids.

[0071] As shown in FIG. 9B, such modular frames can be
joined to form higher order structures. In such embodiments
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of the inventive subject matter the modular frames can be
joined in different ways. FIG. 9B depicts a side view of two
frames of simplified construction joined edge-to-edge. FIG.
9C shows a magnified view of such an assembly, and dem-
onstrates the use of a clip 940 to join the two frames. Such a
clip 940 can be identical to those that could be used (in some
embodiments) to assemble the simplified frame. Alterna-
tively, in some embodiments of the inventive subject matter a
clip used to join modular frames can be different from those
that could be used (in some embodiments) to assemble the
modular frames. As shown in FIG. 9C, clip 940 could be sized
and dimensioned to (1) fit snugly into a clip receiving portion,
and (2) releasably lock two frames in an arm to arm configu-
ration. Moreover, the clip could (3) releasably lock two
frames in a face to face configuration, as shown in FIG. 9E.
Where an arm to arm configuration is used (e.g., FIG. 9C), a
clip receiving portion of a first frame could receive an end of
two different clips, and a clip receiving portion of a second
frame could receive an opposite end of two different clips.
Where a face to face configuration is used (e.g., FIG. 9E), a
clip receiving portion of a first frame could receive an end of
one clip, while a clip receiving portion of a second frame
receives an opposite end of the clip. A different clip receiving
portion ofthe first frame could receive an end ofa second clip,
while a different clip receiving portion of the second frame
receives an opposite end of the second clip. The two different
clips used in a face to face configuration allows a long edge
912 of a first frame to lock in place aligned with a long edge
914 of the second frame. FIG. 9D depicts a top view of two
modular frames joined edge to edge, showing the relative
orientations of exposed faces 920 of the joined modular
frames.

[0072] As shown in FIG. 9E, modular frames of the inven-
tive subject matter can also be joined at their faces. FIG. 9E
also demonstrates a way in which a clip 940 can fit within a
clip interface 945 of the simplified modular frame. Such aclip
interface 945 can include multiple insets or holes that provide
sites that secure the clip 940 within the clip interface 945 and
permit simple and secure joining of both simplified modular
frame components and assembly of multiple modular frames.
Itis contemplated that clip 940 could be used in clip interface
(also referred to herein as clip receiving portion or clip accep-
tor portion) 945, and could be similar or identical in shape and
size to the clip interface (here a recessed portion of frame arm
930. Additionally or alternatively, clip 940 could be used to
couple a first frame with a second frame. As shown, clip 940
comprises a first side having protrusions and a second side
having protrusions. The protrusions of a first side couples
with recesses of a first frame’s clip interface, and a second
side couples with recesses of a second frame’s clip interface.

[0073] FIG. 10A and FIG. 10B show exemplary embodi-
ments of clips of the inventive subject matter. Clips (and any
other frame components) can be made from any suitable
material, including for example, a metal (for example, alumi-
num, steel, spring steel, and titanium), synthetic polymers
(for example, nylon, polypropylene, and cross linked poly-
ethylene), natural polymers (for example, rubber, latex, vul-
canized rubber), or combinations of these. FIG. 10A depicts
a spring clip 1000A, in which a spring 1020 provides a force
that impels a ball 1010 or similar component into a clip
interface (or a portion thereof). In order to permit joining of
modular frames and modular frame components a spring clip
100A can support two or more such spring/ball assemblies
joined by a bridge 1050. In some embodiments the bridge
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1050 can be flexible in order to facilitate installation of the
spring clip 1000A. It should be appreciated that a spring/ball
assembly could alternatively or additionally be provided on a
frame of the inventive subject matter, and that a complemen-
tary clip could comprise a recessed portion or hole. An alter-
native embodiment of a clip is shown in FIG. 10B, which
depicts a tension clip 1000B. A tension clip 1000B utilizes a
protrusion 1030 that is mounted on or formed into a flexible
arm 1040, which provides force that impels the protrusion
1030 of the clip (or a portion thereof). A flexible arm can be
made of thin material (for example, 20 mm, 15 mm, 10 mm,
8 mm, 5 mm, or even 0.5 mm or less in thickness) in order to
achieve the desired flexibility. In order to permit joining of
modular frames and modular frame components a tension
clip 1000B can include multiple flexible arm/protrusion
assemblies joined by a bridge 1050. Such a bridge 1050 can
be flexible in order to facilitate installation of a tension clip
1000B. In a preferred embodiment of the inventive subject
matter, spring clips are used in areas subject to frequent
disassembly and reassembly, whereas tension clips are used
in areas that are rarely disassembled.

[0074] It should be appreciated that the ability to join mul-
tiple simplified modular frames in a variety of ways permits
the construction of a wide variety of higher order structures,
advantageously allowing them to be used in a variety of
educational roles. While such higher order structures permit
studies of the interactions between geometric solids, they also
permit demonstration of the effects of local geometry on the
overall shape of such higher order structures. An example of
this is shown in FIG. 11A, which depicts a structure formed
by the face-to-face joining of ten simplified modular frames.
[0075] The helical structure 1100 thus produced can be
used, for example, to demonstrate the additive effects angled
subunits in nature, such as the DNA helix, RNA hairpin
structures, and alpha helices observed in proteins. It should be
appreciated that frames with different geometries, for
example representing different chemical subunits, can be
included to aid in visualizing the effects in naturally occurring
polymers. As shown in FIG. 11B, which provides a magnified
view of a portion of the structure shown in FIG. 11A, the
angles between adjacent modular frames 1110, 1120, and
1130 are readily observable, which may not be the case in
conventional molecular representations.

[0076] Asillustrated in FIGS.11A and 11B, a “face to face”
joining of modular frames configured to hold a substantially
tetrahedral geometric solid could comprise a joining wherein
along edge 1100.1 of a first frame’s vertex saddle abuts a long
edge 1100.5 of a second frame’s vertex saddle. In such
embodiments, an “edge to edge” joining of modular frames
configured to hold a substantially tetrahedral geometric solid
could alternatively comprise a joining wherein a short edge
1100.2 of a first frame’s vertex saddle abuts a short edge
1100.6 of a second frame’s vertex saddle.

[0077] Yet another embodiment of the inventive subject
matter is a two part modular frame. Such a modular frame
embodiment simplifies assembly and can be of particular
utility in a home setting. FIG. 12A depicts an exemplary top
portion 1200A of such a two part modular frame. As shown,
the top portion 1200A can include multiple faces 1230 as
defined by frame arms 1240, and also include one or more clip
interfaces 1220 that permit joining to other modular frames.
The top portion 1200A can also include one or more clasps
1210 or other couplers (e.g., couplers complementary to a
bottom portion’s couplers). These clasps 1210 could provide
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attachment to a bottom portion such as is depicted in FIG.
12B. Top portion 1200A or any other portion of a modular
frame could comprise a rubber, silicon, foam, or other pad-
ding 1245 material configured to at least one of (1) prevent a
sliding of a geometric solid within a frame, and (2) protect a
geometric solid from damage. Where included, the padding
could be provided in portions of an inner surface of a frame.
Additionally or alternatively, the padding could be provided
as alining to an interior surface of an entire frame. As shown,
the bottom portion 1200B can include at least one bottom
catch 1250 (or other coupler), which serves as an interaction
site for the clasp 1210 of the top portion 1200A of the two part
modular frame. It should be appreciated that a modular frame
of'the inventive subject matter could comprise more than two
portions or components. For example, a modular frame could
comprise a top portion, bottom portion, and one or more
mid-portions. In such embodiments, a top portion could
include couplers complementary to those of a first mid-por-
tion, the first mid-portion could comprise couplers comple-
mentary to those of a second mid-portion, and the second
mid-portion could comprise couplers complementary to
those of a bottom portion.

[0078] The bottom portion 1200B can also include one or
more frame arms 1240 and clip interfaces 1220 that permit
attachment to other modular frames. Although the two-part
frame depicted shows a top portion with multiple faces and a
vertexes and a bottom portion with a single face and no vertex,
it should be appreciated that the portions of a two-part modu-
lar frame can each have multiple faces and one or more
vertexes, as is convenient for manufacture and assembly.
[0079] Assemblies of modular frames of the inventive sub-
jectmatter can incorporate modular frames of different shape,
dimension, and design. For example, a modular device could
comprise multiple modular frames having the same or differ-
ent shapes, dimensions or designs. Similarly, in assemblies
that include clips, the same or different clip designs can be
used in different portions of the assembly.

[0080] The modular nature of the modular frames and their
method of joining advantageously can provide means for
securing modular frames of the inventive subject matter to
other modular frames and objects other than other modular
frames. For example, it is contemplated that a modular frame
of the inventive subject matter could couple with a container
(e.g., a box or a water bottle, etc.) that comprises a coupler
configured to releasably couple with a coupler of the modular
frame. In some embodiments, the container could comprise a
bottom portion of a modular frame configured to releasably
couple with a top portion of a modular frame. In some
embodiments, the container could comprise a clip configured
to releasably couple with a clip receiving portion of a modular
frame.

[0081] FIG. 13A shows a container or box 1300 of the
inventive subject matter that includes a base 1320 and a cover
1310 that are configured to secure a geometric solid therein,
with or without being placed in a modular frame. In the
example shown, the cover 1310 includes a crystal interface
1330 that is sized and dimensioned to mate with a truncated
vertex of the crystal. Additionally or alternatively, interface
1330 could comprise a coupler or otherwise conform to all or
part of a vertex saddle or frame arm of a modular frame. A
more detailed view of an exemplary top can be seen in FIG.
13B. Similarly, the base 1320 can include a base interface or
pedestal 1340 that interfaces a face of the crystal and holds the
crystal in place. Alternatively or additionally the base inter-
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face 1340 can include modular frame components that are
configured to removably couple with modular frame partially
enclosing the crystal. For example, the base interface 1340
can include all or part of a bottom portion of a part modular
frame as depicted in FIG. 12B, allowing it to be joined to atop
portion of a two part modular frame as depicted in FIG. 12A.
Similarly, in other embodiments a base interface 1340 can
incorporate one or more clip interfaces.

[0082] One or both of the cover 1310 and base 1320 could
include electrical connections 1335 to the geometric solid,
preferably on the Z-axis of the geometric solid. In some
embodiments, a container of the inventive subject matter
could be made of ceramic and be metal plated (e.g., copper
with gold flash, etc.). The inside 1336 of the container could
beisolated electrically from the outside 1337 of the container.
The outside surfaces of the cover 1310 and base 1320 could be
connected electrically. Additionally or alternatively the inside
surface of the cover 1310 and base 1320 could be connected
electrically. A portion of the geometric solid in the container
could be connected to an outer surface of the container, while
a different portion of the geometric solid could be connected
to aninside surface of the box. It should be appreciated that an
inside or outside portion of the cover, an inside or outside
portion of the base, or any portion of a crystal could be
electrically connected in any suitable manner.

[0083] Similarly, the attachment sites utilized in the assem-
bly of modular frames of the inventive subject matter can be
used to affix such modular frames to the external surface of a
suitable object, for example a container suitable for storing
fluid (e.g., a water bottle, etc.). An example of this is shown in
FIGS. 14A and 14B, which depicts a container 1410 that
includes a modular frame interface 1420. Such a modular
frame interface can, for example, provide attachment to a face
of'a modular frame of the inventive concept. Such an embodi-
ment is shown in FIG. 14B, which depicts a modular frame
1430 secured to a container 1410 via a frame interface 1420.
Such a frame interface 1420 can include components of a
modular frame, for example a clip interface or a bottom
portion of a two part modular frame, in order to simplify
attachment of the modular frame. It should be appreciated
that the container could be configured to affix a modular
frame to an internal surface of the container.

[0084] Unless the context dictates the contrary, all ranges
set forth herein should be interpreted as being inclusive of
their endpoints and open-ended ranges should be interpreted
to include only commercially practical values. Similarly, all
lists of values should be considered as inclusive of interme-
diate values unless the context indicates the contrary.

[0085] Asused inthe description herein and throughout the
claims that follow, the meaning of “a,” “an,” and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein, the mean-
ing of “in” includes “in” and “on” unless the context clearly
dictates otherwise.

[0086] As used herein, and unless the context dictates oth-
erwise, the term “coupled t0” is intended to include both
direct coupling (in which two elements that are coupled to
each other contact each other) and indirect coupling (in which
at least one additional element is located between the two
elements). Therefore, the terms “coupled to” and “coupled
with” are used synonymously.

[0087] It should be apparent to those skilled in the art that
many more modifications besides those already described are
possible without departing from the inventive concepts
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herein. The inventive subject matter, therefore, is not to be
restricted except in the spirit of the appended claims. More-
over, in interpreting both the specification and the claims, all
terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms “com-
prises” and “comprising” should be interpreted as referring to
elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or steps
may be present, or utilized, or combined with other elements,
components, or steps that are not expressly referenced. Where
the specification claims refers to at least one of something
selected from the group consisting of A, B, C . . . and N, the
text should be interpreted as requiring only one element from
the group, not A plus N, or B plus N, etc.

What is claimed is:

1. A modular frame for scientific instructional use, com-
prising:

a first sub-frame component and a second sub-frame com-

ponent;

wherein the first sub-frame component comprises a first

vertex saddle, a first frame arm, a second frame arm, and
first and second couplers; and

wherein the second sub-frame component comprises third

and fourth couplers, and

wherein the first and second couplers are configured to
releasably mate with the third and fourth couplers,
respectively.

2. The modular frame of claim 1, wherein the first arm
comprises a first clip acceptor portion including first and
second recesses, wherein each of the first and second recesses
is sized and dimensioned to receive at least a portion of a clip.

3. The modular frame of claim 2, wherein at least one of the
first and second recesses is sized and dimensioned to receive
substantially all of the clip.

4. The modular frame of claim 1, wherein the first and third
couplers compose a first clasp, and wherein the second and
fourth couplers compose a second clasp.

5. The modular frame of claim 4, wherein the second and
fourth couplers each comprise a catch.

6. The modular frame of claim 2, wherein the clip com-
prises a first side having a first protruding portion, a second
side having a second protruding portion, and wherein a first
width of the clip not including the first and second protruding
portions is smaller than a width of the first clip acceptor
portion, and wherein a second width of the clip including the
first and second protruding portions is greater than the width
of the first clip acceptor portion.

7. The modular frame of claim 6, further comprising a third
sub-frame component having a second vertex saddle and a
third frame arm, wherein the third frame arm comprises a
second clip acceptor portion including third and fourth
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recesses, and wherein a width of the second clip acceptor
portion is equal to the width of the first clip acceptor portion.

8. The modular frame of claim 2, wherein the clip com-
prises a first side arm and a second side arm, and wherein at
least one of the first and second side arms is flexible.

9. The modular frame of claim 2, wherein the clip com-
prises a hole through which a spring having a first end ball and
a second end ball extends.

10. A modular device for scientific instructional use, com-
prising:

a first frame, comprising:

a first top portion and a first bottom portion;

wherein the top portion comprises a first clip receiving
portion and a first coupler;

wherein the bottom portion comprises a second clip
receiving portion and a second coupler; and

wherein the first and second couplers are configured to
removably mate with one another;

a second frame, comprising:

a second top portion and a second bottom portion;

wherein the second top portion comprises a third clip
receiving portion and a third coupler;

wherein the second bottom portion comprises a fourth
clip receiving portion and a fourth coupler; and

wherein the third and fourth couplers are configured to
removably mate with one another; and

a first clip having a first portion and a second portion, and

sized and dimensioned to removably couple the first
frame with the second frame.

11. The modular device of claim 10, wherein the first clip
is sized and dimensioned to removably couple the first frame
with the second frame via a saddle to frame arm configura-
tion.

12. The modular device of claim 10, wherein the first clip
is sized and dimensioned to removably couple the first frame
with the second frame via a saddle to saddle configuration.

13. The modular device of claim 10, wherein the first clip
is sized and dimensioned to removably couple the first frame
with the second frame via a frame arm to frame arm configu-
ration.

14. The modular device of claim 10, wherein the first clip
comprises a first section having a first width, and a second
section having a second width different from the first width,
and wherein the first width is smaller than a mid-portion
width of a first clip receiving portion, and wherein the second
width is greater than the mid-portion width of the first clip
receiving portion.

15. The modular device of claim 10, wherein the clip com-
prises respectively tension clip.

16. The modular device of claim 10, wherein the clip com-
prises a spring clip.



