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Dr. John E. Roueche
G GEER

= Teachers who cannot
keep students involved
and excited for several
hours In the classroom
should not be there.

John Roueche




i

you what he
expects of you. A
teacher, though,

awakens your
own expectations.
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Every truth has four corners: as a teacher |
give you one corner, and it is for you to find the
other three.

Confucius
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= \Wang tile

= Wang tiles (or Wang dominoes), first proposed by Hao
Wang in 1961, are equal-sized squares with a color on
each edge which give rise to a simple undecidable problem.
The following shows an example set of 13 Wang tiles:

& LXK D4 D PX DX

The standard question is whether a given finite set can tile
the plane. This means that copies of the tiles can be
arranged to fill an infinite plane, such that contiguous
edges always have the same color. The tiles cannot be
rotated or reflected.




= In 1961, Wang proposed an algorithm to take any
finite set of tiles and decide whether they tiled the
plane. To prove his algorithm worked, he had to
make one assumption. He assumed any set that
could tile the plane, would be able to tile the plane
periodically (with a pattern that repeats, like
standard wallpaper).

However, in 1966 Robert Berger proved Wang's
conjecture was wrong. He presented a set of
Wang tiles that could only tile the plane
aperiodically. This meant it could fill the plane
without holes, but the tiling couldn't be a simple
repetition of a finite pattern. This Is similar to




= a Penrose tiling, or the arrangement of
atoms In a quasicrystal. Although Berger's
original set contained 20,426 tiles, he
hypothesized that smaller sets would work,

Including subsets of his set. In later years,
iIncreasingly smaller sets were found. For
example, the set of 13 tiles given above Is
an aperiodic set published by Karel Culik. It
can tile the plane, but not periodically.




= \Wang's algorithm for determining whether a set of
tiles can tile the plane was not correct. In fact, no
such algorithm can exist. It is possible to translate
any Turing machine into a set of Wang tiles, such

that the Wang tiles can tile the plane if and only if
the Turing machine will never halt. The halting
problem is uncomputable, therefore the Wang
tiling problem Is also uncomputable. In a sense,
Wang tiles have computational power equivalent
to that of a Turing machine.




= \Wang tiles can be generalized in various ways, all
of which are also undecidable in the above sense.
For example, Wang cubes are equal-sized cubes
with colored faces. Culik and Kari have
demonstrated aperiodic sets of Wang cubes.

Seeman et. al. have demonstrated the feasability
of creating molecular "tiles" made from DNA
(deoxyribonucleic acid) that can act as Wang tiles.
Mittal et. al have shown that these tiles can also
be composed of PNA (peptide nucleic acid), a
stable artificial mimic of DNA.
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Wang, H. (1961), Bell System Tech. Journal 40(1961), pp. 1-42. (Wang
proposes his tiles, and hypothesizes there are no aperiodic sets).

Wang, H. (1965) "Games, logic and computers" in Scientific American, Nov.
1965, pp. 98-106. (Presents them for a popular audience)

Berger, R. (1966), "The undecidability of the domino problem", Memoirs
Amer. Math. Soc. 66(1966). (Coins the term "Wang tiles", and
demonstrates the first aperiodic set of them).

Culik, K. (1996), "An aperiodic set of 13 Wang tiles", Discrete Applied
Mathematics 160, 245-251. (download) (Showed an aperiodic set of 13
tiles with 5 colors).

Culik, K., and K. Kari (1995), "An aperiodic set of Wang cubes", Journal of
Universal Computer Science 1, 675-686 (1995).

Steven Dutch's page including many pictures of aperiodic tilings

Winfree, E., Liu, F., Wenzler, L.A., and Seeman, N.C. (1998) “Design and
Self-Assembly of Two-Dimensional DNA Crystals, Nature 394, 539-544.

Lukeman, P., Seeman, N. and Mittal, A. “Hybrid PNA/DNA Nanosystems.[l
(2002) In 1st International Conference on Nanoscale/Molecular Mechanics
(N-M2-1), Outrigger Wailea Resort, Maui, Hawaii.
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Cheng and Cheng
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H = P /(z(tan()h,)?)

Bucaille et al. (Mater. Sci. Eng. A, 2004)
Cao and Lu (J. Mech. Phys. Solids, 2005a; 2005b)
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Cao, Xue, Chen and Raabe (Scripta Mater., 2008) 0.035 ~ . v Eiftfggsrggﬂ?sf‘u“;ﬁge':?nzfgrigf]"cy;;i
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Nix and Gao (JMPS, 1998) Durst et al. (Scripta Mater., 2005)
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Cao, Xue, Chen and Raabe (Scripta Mater., 2008) I
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Present work Nix and Gao (JMPS, 1998)
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E(t)=?= l—ﬁl:,b’i 1—efli

Most organs and biological tissues are soft viscoelastic materials with
elastic moduli ranging from on the order of 100 Pa for the brain to 100 000
Pa for soft cartilage (Janmey et al., Soft Matter, 2007)

ﬁEF%é’%VEjJ Bﬂ}ﬁ*j*il(Suhr et al., Nature Mater.,2005; Biggerstaff

et al., J. Compos. Mater., 1999; Kosamata and Liguore, J. Aerospace Eng.,1993)
M

T,
EI Zﬂl 2

1+ w 12
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* oA S R PR R SR ME TR IE WY T AR S 450 &

Sindenter — 1:l(CO’Cl’CZ""’Cm)
S..iq = T,(dy,d,,d,,....d,)

solid =

P= g(hiEyvaCO’CUCZ”“’CM ’dO’dl’dZ""’dL)

[c.]=[hl"  [d;]=[n

h " h*

P:EhZH(v, % & & o 4 4 4 ..,dLj
b hR R hE hE TR

(Cao, Ji, Feng, Philosophical Magazine, 2010)
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(Radok 1957, Hunter 1960, Lee and Radok 1960, Ting 1966, 1968; Yang 1966,
Sakai 2002, 2006)

t

P(t)=[E(t-z)w

0

‘P:hZH(V, G & & Cu 4 4 d, ,...,dLj
hRo th th hRM hro hrl hrz hrL
‘ d¥ dh t dy
P(t)__([E(t— )Ed—rdr P(t)—_([E(t o) Mo(elde
h, (t>0) P(t)= E(th, S |,
h= dh
0 (t<0)
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Materials E(t)/E,

Matl E,(t)/E,=1-0.51—¢™)
Mat2 E,(t)/E,=1-0.351- e—tlo.s) —0.35(1— e—t)

Mat3 Es(t)/ E, :1—0.6(1—6_“0'3) —0,3(]__e‘t)

0 tl ’[H—’[r t
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uon2aap Buipeo|

fixed boundary
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5 2

u, U2
+0,000g+00
-4.167s-02
-8.333e-02
-1.250e-01
-1.867e-01
-2.083e-01
-2.5008-01
-2.817e-01
-3.333e-01
-3.7508-01
-4.167e-01
-4.583e-01
-5.000s-01

(Cao, Ji, Feng, Philosophical Magazine, 2010)
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Bl 3

(Cao, Ji, Feng, Philosophical Magazine, 2010)
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5l 4

(Cao, Ji, Feng, Philosophical Magazine, 2010)
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12 ¥ | . | v | y | ¥ | 5 | ¥ | . | v | ¥
11L Mat1: e 3.1 32 4 33 & 3.4(1) *x 3.4(2)
10k Mat2: e 31 = 32 & 33 ¢ 3.4(1) * 34(2)
' Mat3: e 3.1 = 32 A 33  34(1) * 3.4(2) .
) 0.9 A\ Real Solution,Mat1 i
7 0.8 ?‘iq Real Solution,Mat2 I
— 07[: % ™, Real Solution,Mat3 i
£y 0.6 2 ) -\”‘H‘_ :
~— . \ -.*’-- -
05+ ' k- e——
5 00 8 N -
O 04f § M, .
(@) I g N i
-.C_E 0.3F N, A hh o —ad
o 02f o SO __
0.1F T —hA—— —hhO—E— —hhi
0.0 L~

0.0 05 10 15 20 25 30 35 40 45 5.0
Time
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h

Ny 7

0t t +t  {

T T T T T T T
=t /TPU =0.02
1.0 % P ot /TPU =0.1 .
9& U t /z’PU =0.4
L =
*’f‘* * tl /TPU =0.6
Sx - — — Exact solution
lﬁﬁf***
€ O 8 i‘iiﬁt‘t* L2 N ]
|LIJ *ﬁggg‘“g;‘:f**********************h
'“%mamwsmwammmq
0.6F -
N 1 N 1 N 1 N 1 N
0 100 200 300 400 500

Time (S)
(Cao, Ji, Feng, Philosophical Magazine, 2010)



@ P=P,+APsin(ot) (t>0)

—> 7] =tan ¢
h(t) =h, + Ahsin (ot — @, )

ndent



Zhu et al. (Acta Mater., 2004)
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