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Fig. 1. Experimental studies on networked microtubules, (a) Microtubule patterns in vitro [12], (b) Connected linear
and triangular microtubules using optical tweezers to investigate strain, buckling, and vibration in such structures [11]
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Bloch’s theorem

Disspersion curves

fractal-inspired self-similar

Origami

Honeycomb self-similar hierarchy

Unit cell, is the most basic and least volume consuming
repeating structure of any solid.
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Fig. 2. Single microtubules inside eukaryotic cells and architected triangular fractal structures.
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Fig. 3. Microtubule element, (a) In-plane degrees of freedom, (b) Microtubule cross-section.
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Fig. 5. First Brillouin zone of triangular structure.

Sl Gasls sy g (oskp 4l 3,5 ol ya (gl Jol 4l
sy by 9 by &S ok 4 [¥F] aiten 0 U5 sllas e Hls L

A e G (yg)ly sLad 1) gl

oly Jokw sly ((5)aslne) osel cands e8> dolae Jo jolato
Dedise (o8 Sige)le Cjgo 4 o )lese e Cld 5 obelx

e 25l sk gy glsel izl c¥les a0 )lsl iy &S shailan

) odlaiol b odd gylare Jlidle ady gly o s 9 20,5 o dmols

led 9 Sodgn Sy bulpd 423 b 295 00 0303 eess M (6555
(A) daly ©ogo @ oldigilane Jlslo zoe jLisl ables ()95

(k(k. k) —'m(k,k,))g,., =0 ()

PR 9 ow puyile cud m.m(kl,kz) s k(kl,kz) N
el by g, g sies Sodgpn (50 lyd b g ye dly Joho

059 slade Allue S (M) doleo .l o534 (550 by b adly Julas

D9 oo Al il Wi sl

a_z) «
/
/
/
~/.

by —
az
oafiane ()15 52 9 (Mo aaly Johw F JSUS

Fig. 4. Triangular unit cell and its direct vectors.
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Fig. 7. Validation of formulation and results of wave-propagation equations using previous studies.
(a) Results of current work, (b) Results of Phani et al. [27].
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Table 1. Geometrical and mechanical properties of microtubules.
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