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Penrose {qumewofKS
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De{: A bar-JOIrﬂ‘ fromeworK IS o pair (G,p)
where P:V(G)% R°14SE 4 map such that

p(u)# plv)  for al (u,v) e E(G).




Det: A bor-J'oer frameworK IS a pair (G.p)
where PZV(G)—* “Rd IS a map such that

p(u) # plv)  for al (u,v) e E(6).
° P(V) | S the Jom+ CorresP, "'o \/e\/




Det: A bor_J'oer frameworK IS a pair (G.p)
where PZV(G)—* “Rd IS a map such that

p(u)#p(\/) for al (u,v) e E(6).
° P(V) s the Jo:rﬁ corresp. to veV

e Ihe line segmean p(v)p(u) < the bar
corresp. to e=(v,u)eE(G)



Det: A bor_J'oer frameworK IS a pair (G.p)
where PIV(G)—* Rd IS a map such that

p(u)#p(\/) for al (u,v) e E(6).
° P(V) s the J'ome corresp. to veV

e Ihe line segmen+ p(v)p(u) < the bar
corresp. to e=(v,u)eE(G)




T\ﬂeorem;(Laman \Q?O) A graph G=(V,E)

|'S geﬂericollg r:’gio’ i]c and only l'qc there 15
a subset F of edges so that |[Fl= 2lvl-3
an d Rz I E) -3 Y olF AET s | FEc

where V(F') denotes the sef of verTices
which are QV\O’pom+s of F’




Grid-liKe frameworKs




Grid-liKe frameworKs
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Riﬂio‘ijr\j for grio's




Riﬂidijr\j for grids
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Riﬂidijrxj for grids
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Riﬂidijrxj for grids
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Riaio‘ﬁg for grids
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Theorem: (BolKer, Crapo 179)

A bracmg of an nNxm 3rio’ S
r(gid it and Only ¥ +he corresp.
bmcmﬂ grap\ﬂ IS spanmng OH’\O’

connected. The bracmg 'S minimum

f and only £ othe bracmg erap\n

| S re O,




When 1s a braced Penrose
frameworK ru’gid ?




De{: -::r\ Q Penrose framewofK, a maximal

succesion of conJriguous rhombi, whose
common edges are parallel, is a ribbon.







TO a PQV\FOSQ ]Eramev\/orK We associate
Q ribbons graph cmol a br‘acm_cjz ;ubgmph.

. V= { ribbons of the framevxmrK}




To a FPenrose ]Eramev\/orK We associate
a ribbons QFaph anol a br‘acmg &bgmph.

. \/={ribbons of the frame work]

E=]@b) : r and b infersect aT a rhombus]




TO a Ponrose ][ramev\/orK We associate
a ribbons graph and a bracmg iUbS‘rOP@

o \/= { ribbons ot +he framevxmrk}

o ._:,:{(r,b) -~ r and b infersect af a rhombus]




Theorem: (\/\/eerer 2006)

A braced Penrose frameworK is
r(gio\ i{ and only i oits bractnﬂ

subgraph s spanning and connected







Theorem: (\/\/eerer 2006)

A braced

rigid i and only if its bracing

subgraph s spanning and connec

Oonrose frameworK is

ted

T heorem: (D-, Francis 2013)

A sump\g C
bxj para\’e
only LT

onnected £ramewor K made
logrums 1S rr'gid f and
s bracing subgraph s

SPOV\Y\lV\g OY\CJ COHHQC+€d.
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What happens in 3D
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Grids of cubes = 3D- qusicryS'falS ¢
o RecsKi, 83 . “Braunﬂ cubic griols a necesary S E
‘ QQOII'CS, qq “R{cj(dhlj 01[ JE-STOr(j builofmgs".

° NQ(H o e “Dl'aﬁonal bracmg of special cubegr..'.'

e Nagy. A0Qf% , Repetitive <Keletal structures...”
Cj 2019



Grids of cubes = 3D- qusicryS'falS ¢
o RecsKi, 83 . "Bracma cubic 9rio|s a necesary S E
+ Radics, 49, “R"(J"dijfj of t-story buildings”

o NO(H b “Dl'agonal bracmﬁ of special cubggr..'.'

o Na fies A& s ,“QQPQJriJri\/Q SKQ‘QJFQI SJrruc]Lvres..../
Cj RO19
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Tunnels [ Tubes




QUQ sh’on/Cor\Jechurei

A 3D—grid can be Mac’e ru’g'o‘ under
shears a(onﬂ strata by O\a-'mg af
loast one face in each tunnel




3D Wester Game

http://new.math.uiuc.edu/wester3d/wobble.html



http://new.math.uiuc.edu/wester3d/wobble.html
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