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T1: Analyzing the dynamics of a 
yoyo with a smartphone

Isabel Salinas, MM, AM, Juan A. Monsoriu
Physics Teacher 2020
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T2: Péndulo físico + smartphone



Universidad de La República 2020 Arturo Martí

Física nolineal

T3: Smartphone + fluidos
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T4: Rodar + deslizar + video
Transición deslizamiento- rodadura
Distribución de velocidades rígido
(sistema de lab y relativo)
Coeficiente estático vs dinámico
Fuerza de rozamiento “acelera” 
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T5: Acústica submarina
Medio “extraño” ruidoso
Dificultades para medir
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T6: ver directamente los modos 
normales

A. Suárez, D. Baccino, MM, AM,
enviado 2020

Los modos normales son un artificio 
matemático?

En un sistema oscilando en forma 
arbitraría cómo podemos ver los 
modos normales?

Cómo influye la masa de los 
resortes?
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T7: enseñanza de la energía
Los enfoques tradicionales que nos 
enseñaron sobre energía tienen 
inconsistencias cuando se toma en 
cuenta la energía interna

Se vienen publicando artículos hace 
muchos años

Apenas han repercutido en algunos 
medios….

A. Suárez, D. Baccino, MM, AM,
enviado 2020
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T8: campo magnético de trenes

MM, Giovanni Organtini, AM,
aceptado 2020



Universidad de La República 2020 Arturo Martí

Física nolineal

T9: fluctuaciones y sensores

Los sensores presentan fluctuaciones 
alrededor del valor medio

Estas fluctuaciones son muy útiles para 
estudiar errores tipo “A”.

Es posible hacer en pocos segundos las 
prácticas que antes nos llevaban mucho 
tiempo

El conocimiento de las fluctuaciones 
puede aplicarse a diversos problemas
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T10: memoria y SW

Paper reciente de J. García-Ojalvo

Memoria a largo plazo y efecto small-world usando 
modelos sencillos de neuronas



Universidad de La República 2020 Arturo Martí

Física nolineal

The peculiar organization of the The peculiar organization of the 
trajectories in the Mackey-Glass trajectories in the Mackey-Glass 

delayed model.delayed model.



Mackey-Glass model (1977)Mackey-Glass model (1977)

● Respiratory and hematopoietic (formation of blood cellular Respiratory and hematopoietic (formation of blood cellular 
components) diseasescomponents) diseases

● The production rate is not constant but depends on the state of the The production rate is not constant but depends on the state of the 
system at some system at some previousprevious time. time.

● There is There is delaydelay between the initiation of cell production and the  between the initiation of cell production and the 
release into the blood.release into the blood.

Production rate 

dx
dt

=β
x τ

1+ xτ

n−γ x

Decay rateDelay xτ=x (t−τ)



LooksLooks simple  simple bbut....ut....

● First-order First-order differentialdifferential delay equation (DDE) delay equation (DDE)
● Initial condition: Initial condition: all the intervalall the interval  
● InfiniteInfinite dimensional!! dimensional!!
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+4000 cites to the original paper+4000 cites to the original paper



Our experiment:
Electronic implementation

Bucket bridge device: analogy with the 
term bucket brigade, (line of people 
passing buckets of water)  

Function block → 
“arbitrary” nonlinear 
function

● Pre and post amplification → low noise
● Analog voltage, discrete time
● Effective equation → exact temporal integration
● Continuous limit → original equation

N ~ 1000

P. Amil et al. TCAS II, 2015



Bifurcation diagrams

Original equation:         Discrete equation:          Experimental:

● Period doubling 
● Isolated branches  (begin or end abruptly)!!!
● Particular of DDEs.

● Maxima of the temporal series
● Increasing the time-delay



Periodicity in the parameter space

Delay
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P. Amil et al. CHAOS, 2015



Multistability
Different initial functions (IFs)

Coexistence of different solutions (different alternations of peaks)



Initial conditions space

Labels as in 
the previous 
slide

Different 
solutions

Symbolic algorithm to classify the solutions:



Seudo-random initial functions

Different initial conditions 
Colors indicate number of maxima (black chaos)

Zoom



More More structuresstructures::



Comentarios:Comentarios:

● Electronic system with time delay mimicking MG modelElectronic system with time delay mimicking MG model

● Exact temporal evolutionExact temporal evolution

● Coexistence of different solutions (equal period, different Coexistence of different solutions (equal period, different 
alternation of peaks)alternation of peaks)

● Peculiar organization in the initial condition spacePeculiar organization in the initial condition space

● Robust to noise and parameter mismatchRobust to noise and parameter mismatch

● Isospike diagrams do not fully characterize the Isospike diagrams do not fully characterize the behavior.behavior.

● Applications: memory storage? pattern reconigtion?Applications: memory storage? pattern reconigtion?
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T11’’: sistemas con retardo, 
nuevos estudios

Resistencias no lineales

Modelo de Mackey-Glass con resistencia nolineal
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Gracias por su atención!
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