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7/3/24, 1:29 PM The Rubik Cube Turns 50 - The New York Times

Che New Jlork Eimes

The Rubik’s Cube Turns 50

Mathematicians and hobbyists have had a half-century of fun exploring the 43 billion
billion permutations of Erno Rubik’s creation.

By Siobhan Roberts

Baldini+Castold

st . Published July 1, 2024 Updated July 2, 2024
geometrica. Mannone continua a studiare tutte le poSSTDITa - e ——————
musicali offerte dal Cubo e in estate ha cercato di includere un
aspetto quantistico. «C’¢ gia stata una primissima applicazione
della quantistica alla musica. E un settore che si sta sviluppan-

And Maria Mannone, an Italian theoretical physicist and composer, invented the
“CubeHarmonic,” a musical instrument, developed with Japanese collaborators. “It is a

do velocemente, sono gia stati orgailrflzzatl conveght dedicati a Rubik’s Cube where, on each face, there are musical chords, a note on each facet.” she
quUESLO aSpEtLo». Un suo poster su argomento € stato recen- - § ~ explained in an email. “Scrambling the cube, we scramble musical chords.”
temente premiato a un convegno a Erlangen, in Germania. E . e e —
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amusicae molto altro ancora.
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Sendai (Japan), Prof. Kitamura Lab, 2017
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pitch

Renata Tebaldi



3. Neural activity






4. Memory






M US|CaI matnces Analysis: pairs of parameters.

A matrix for each musical sequence.
An example with frequency-onset

O! I, <0.2& 0.25! I, < 0.5 05! 1), < 0.7¢ 0.75! 1, 11

fraction of notes
with onset in [0, 0.25]
and pitch in [0, 0.25]

O! I < 0.2

0.25! 1, < 0.5

05! I, < 0.7¢

0.75! I, 11




A toy example
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A less toy example

006 0 Q03 012

- _» 012 019 019 012
"2 # 0 006 003 00
0.06 O 0 0



Some results

M. C. Escher,Still Life with Spherical Mirrog 1934 Original code in C: M. Mannone

Max MSP re-writing: O. C. Hamido



Liebestod Santa Rosalia [a keyboard
Improvisation]

R.Wagner M. Mannone




Macro-sequences (halves) from midi bPles

A, B e.q., frequency-start matrices of brst and second half of the piece

AB = abgA! B), DAB =0.5" trace(AB)

M. Mannone and O. C. Hamidduantum Memory: Measuring the Degree of Non-Markovianity of OrchestraicMn: E. Miranda,
Advances in Quantum Computer MusdSPC Book Series in Unconventional Computing, World Scientific, Singapore, 2025



Vice versa: from density matrices to music

Which density matrices?

Description of a swarm of robots as a whole physical system

A density matrix ! (t) for a swarm at time t

M. Mannone, M. Anand, P. Fazio, A. SwikiA Novel Theoretical Approach on Micro-Nano Robotic Networks Based on
Density Matrices and Swarm Quantum Mechanid¢dnder review



A qubit for position along x, a qubit for position along y

Robot1 11! = —=(100 + 111)
/2

Density matrices

1 00 1
1 110 0 0 O
" — — (1 " I I " |y =
Robot 2 !l ,(ty)! = 100! o) = 500700+ 1) =510 0 0 0
100 1
1 000
0 00O
" = 100" 00! =
»(t;) = 100" 00! 0000
0 00O

M. Mannone, M. Anand, P. Fazio, A. SwikiA Novel Theoretical Approach on Micro-Nano Robotic Networks Based on
Density Matrices and Swarm Quantum Mechanid¢dnder review



" () = %(! 001"00! + 111" 111) = % [

R, OO R
cNoNeNe

o O OO
= O O K

" (t,) = 100" 00! =

o OO
O O OO
o O OO
o O O O

0.75 0. 0. 0.2

)t "t) ] 0. 0. 0. O
2 1 0. 0. 0. O

0.25 0. 0. 0.2

) mix(tO) —

The toy swarm

M. Mannone, M. Anand, P. Fazio, A. SwikiA Novel Theoretical Approach on Micro-Nano Robotic Networks Based on
Density Matrices and Swarm Quantum Mechanid¢dnder review



A density matrix ! (t) for a swarm at time t

Eand its sonibcation.



100 robots

0.237+0j 0.174+0.009 0.153# 0.007  0.183 + O]
0.174# 0.009 0.258+0j 0.179# 0.022 0.207# 0.007
0.153+0.007 0.179+0.022 0.227#0j 0.188 +0.014

0.183# 0j 0.207 +0.007 0.188# 0.014 0.278# 0,

"o(t) =

With frequency modulation for the imaginary part



Using the fragments as themesE Eand getting new matrices.

Quantum Quartet

(Edistribution matrices, non OdensityO ones)






The piece played by Magdalena Chudy
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Thank you for your attention!

maria.mannone@icar.cnr.it
maria.mannone@uni-potsdam.de



