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Problem	
  4	
  
Soliton	
  

A	
  chain	
  of	
  similar	
  pendula	
  is	
  mounted	
  equidistantly	
  
along	
  a	
  horizontal	
  axis,	
  with	
  adjacent	
  pendula	
  being	
  
connected	
  with	
  light	
  strings.	
  Each	
  pendulum	
  can	
  
rotate	
  about	
  the	
  axis	
  but	
  can	
  not	
  move	
  sideways.	
  
InvesTgate	
  the	
  propagaTon	
  of	
  a	
  deflecTon	
  along	
  such	
  
a	
  chain.	
  What	
  is	
  the	
  speed	
  for	
  a	
  solitary	
  wave,	
  when	
  
each	
  pendulum	
  undergoes	
  an	
  enTre	
  360o	
  revoluTon?	
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  of	
  the	
  phenomena	
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IntroducTon	
  

TheoreTcal	
  formulaTon	
  
• DefiniTon	
  of	
  soliton	
  
•  Examples	
  
•  Linear	
  approach	
  
•  Klein-­‐Gordon	
  
•  Sine-­‐Gordon	
  
•  Soliton	
  soluTons	
  

Experiments	
  
•  String	
  and	
  spring	
  solitons	
  
• Analysis	
  of	
  the	
  data	
  
•  Parameter	
  variaTons	
  

Comparison	
  between	
  the	
  theory	
  and	
  the	
  experiments	
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DefiniTon	
  

•  Solitons	
  are	
  very	
  stable	
  
“waves”	
  

•  They	
  behave	
  parTcle	
  like	
  
•  Non-­‐linear	
  equaTons	
  
•  Dispersion	
  
•  Collisions	
  

•  Non-­‐linear	
  term	
  
compensates	
  dispersion	
  

KdV	
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Linear	
  waves	
  

•  Suppose,	
  iniTally,	
  that	
  our	
  problem	
  behaves	
  like	
  linear	
  
sinusoidal	
  wave.	
  

•  Problems	
  from	
  this	
  supposiTon:	
  
•  The	
  waves	
  interfere	
  according	
  to	
  the	
  superposiTon	
  principle	
  
•  The	
  dispersion	
  effects	
  are	
  considerable.	
  
•  Our	
  problem	
  is	
  stable	
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How	
  to	
  solve	
  such	
  equaTons?	
  

N	
  

N	
  non-­‐linear	
  coupled	
  equaTons	
  

Hard	
  to	
  solve	
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Rope	
  

•  Suppose	
  we	
  have	
  infinite	
  oscillators	
  	
  
•  We	
  now	
  have	
  the	
  conTnuum	
  limit!	
  

•  Rope!	
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•  Coupling	
  between	
  pendula	
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Klein-­‐Gordon	
   Sine-­‐Gordon	
  

•  Works	
  fine	
  for	
  small	
  angles	
  
•  It’s	
  linear	
  
!!
!!! ! − !!

!!∇!! + !!!! = 0!! !!
!!! ! − !!

!!∇!! + !!! sin! = 0!!

•  Takes	
  in	
  account	
  the	
  whole	
  
gravitaTonal	
  potenTal	
  

•  It’s	
  well	
  known	
  for	
  soliton	
  soluTons	
  
•  It’s	
  non-­‐linear	
  

θ	
   θ	
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SoluTon	
  

•  Complicated,	
  but	
  exact	
  
•  The	
  angle	
  between	
  the	
  pendula	
  goes	
  according	
  to	
  the	
  

funcTon	
  

! ! = 4 arctan !±!" !
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VariaTons	
  -­‐	
  theoreTcal	
  

•  We	
  can	
  analyze	
  the	
  factors	
  that	
  affect	
  the	
  rotaTon,	
  the	
  
period	
  and	
  the	
  velocity	
  	
  

•  Defining	
  two	
  parameters:	
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What	
  about	
  the	
  velocity?	
  

•  Now	
  we	
  can	
  see	
  an	
  analog,	
  the	
  sound	
  speed	
  for	
  the	
  material	
  
medium	
  we	
  are	
  using,	
  defined	
  as	
  c0.	
  
–  That	
  means	
  that	
  the	
  maximum	
  velocity	
  in	
  such	
  a	
  system	
  is	
  defined	
  by	
  

geometrical	
  and	
  elasTc	
  properTes.	
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Sine-­‐Gordon	
  simulaTons	
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Experiments	
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Materials	
  

•  Vise	
  
•  Flat	
  nose	
  pliers	
  
•  Wheel	
  wrench	
  
•  Washer	
  
•  Cogers	
  (many	
  sizes)	
  
•  Rods	
  
•  Ball	
  bearings	
  (many	
  sizes)	
  
•  Screwdrivers	
  
•  Ruler	
  
•  Scale	
  
•  Tubes	
  
•  Screws	
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Experimental	
  setup	
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Analyzing	
  videos	
  

•  For	
  the	
  video	
  analysis,	
  we	
  used	
  Video	
  Point,	
  measuring	
  the	
  
relaTve	
  height	
  of	
  each	
  pendula	
  in	
  relaTon	
  to	
  the	
  axis:	
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•  Soliton	
  simulaTons:	
  
–  We	
  used	
  MathemaTca	
  for	
  ploong	
  	
  the	
  graphs	
  and	
  varying	
  the	
  

parameters.	
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Experiment	
  1	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

ElasTc	
  
properTes	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
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Pendulum	
  specificaTons	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

ElasTc	
  
properTes	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  

Pendulum	
  specifica@ons	
  

Size	
   9.00	
  10-­‐2	
  m	
  

Mass	
   5.00	
  10-­‐2	
  kg	
  

InerTa	
  moment	
   4.96	
  10-­‐5	
  kg	
  m2	
  

IniTal	
  angular	
  velocity	
   7.12	
  rad	
  s-­‐1	
  

Linear	
  velocity	
   0.44	
  m	
  s-­‐1	
  

Number	
  of	
  pendulums	
   16	
  

Distance	
  between	
  pendulums	
   3.00	
  10-­‐2	
  m	
  

Torsion	
  coefficient	
   1.71	
  10-­‐1	
  Nm	
  rad-­‐1	
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Pendulum	
  specifica@ons	
  

Size	
   9.00	
  10-­‐2	
  m	
  

Mass	
   5.00	
  10-­‐2	
  kg	
  

InerTa	
  moment	
   4.96	
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  kg	
  m2	
  

IniTal	
  angular	
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   3.18	
  rad	
  s-­‐1	
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Number	
  of	
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   16	
  

Distance	
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   3.00	
  10-­‐2	
  m	
  

Torsion	
  coefficient	
   1.71	
  10-­‐1	
  Nm	
  rad-­‐1	
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Pendulum	
  specifica@ons	
  

Size	
   8.00	
  10-­‐1	
  m	
  

Mass	
   2.00	
  10-­‐1	
  kg	
  

InerTa	
  moment	
   3.12	
  10-­‐3	
  kg	
  m2	
  

IniTal	
  angular	
  velocity	
   3.92	
  rad	
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  velocity	
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mass	
  

ElasTc	
  
properTes	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  

•  Spring	
  connecTng	
  
the	
  pendulums	
  

•  8	
  pendulums	
  
•  Distance	
  of	
  3	
  cm	
  

between	
  two	
  
pendulums	
  

•  Mass	
  of	
  30	
  g	
  
•  Many	
  turns	
  because	
  

of	
  the	
  low	
  fricTon	
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Infinite	
  moTon	
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Conclusion	
  

•  Sine-­‐Gordon	
  explains	
  our	
  problem	
  well	
  
•  We	
  can	
  predict	
  the	
  wave	
  form	
  
•  The	
  angle	
  goes	
  according	
  to	
  our	
  equaTons	
  
•  We	
  have	
  many	
  kinds	
  of	
  analog	
  solitons,	
  like	
  the	
  spring	
  ones,	
  

the	
  string	
  ones,	
  quantum	
  solitons	
  and	
  many	
  others.	
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  you!	
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Appendices	
  	
  

•  Dirac	
  equaTon	
  
•  Scalar	
  and	
  pseudo-­‐scalar	
  fields	
  	
  
•  DeducTon	
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Lagrangians	
  

•  1	
  parTcle:	
  

•  Euler-­‐Lagrange:	
  

•  	
   MHS:	
  

•  N	
  parTcles,	
  density	
  of	
  Lagrangian:	
  

•  Klein-­‐Gordon!	
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Klein-­‐Gordon	
  

•  Behaves	
  like	
  an	
  wave	
  equaTon	
  
•  Becomes	
  a	
  wave	
  when	
  m	
  is	
  zero	
  
•  Has	
  double	
  Tme	
  and	
  space	
  derivaTves	
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Reasons	
  

•  Klein-­‐Gordon	
  works	
  fine	
  for	
  small	
  angles	
  
•  For	
  360°	
  we	
  have	
  to	
  take	
  in	
  count	
  the	
  gravitaTonal	
  potenTal	
  
•  We	
  cannot	
  approximate	
  sin	
  theta	
  to	
  theta	
  
•  We	
  now	
  have	
  sine-­‐Gordon!	
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PotenTal	
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~TransiTon	
  slide~	
  

•  The	
  sine	
  term	
  implies	
  in	
  a	
  potenTal	
  energy	
  with	
  an	
  even	
  
power,	
  stable.	
  

•  Fits	
  very	
  well	
  the	
  expected	
  phenomena.	
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Sine-­‐Gordon	
  

•  It’s	
  well	
  known	
  for	
  the	
  soliton	
  soluTon	
  
•  Give	
  us	
  the	
  wave	
  form.	
  

!!! − !!!!!! +!! sin! = 0!
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Solução	
  

•  Complicada,	
  mas	
  exata	
  
•  O	
  ângulo	
  entre	
  os	
  pêndulos	
  segue	
  a	
  função	
  

! ! = 4 arctan !±!" !
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Dirac	
  equaTon	
  

In	
  parTcle	
  physics,	
  the	
  Dirac	
  equaTon	
  is	
  a	
  relaTvisTc	
  
wave	
   equaTon	
   formulated	
   by	
   BriTsh	
   physicist	
   Paul	
  
Dirac	
   in	
   1928.	
   It	
   describes	
   fields	
   corresponding	
   to	
  
elementary	
  spin-­‐½	
  parTcles	
  (such	
  as	
  the	
  electron)	
  as	
  
a	
   vector	
   of	
   four	
   complex	
   numbers	
   (a	
   bispinor),	
   in	
  
contrast	
   to	
   the	
   Schrödinger	
   equaTon	
   which	
  
described	
  a	
  field	
  of	
  only	
  one	
  complex	
  value.	
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Scalar	
  and	
  pseudo-­‐scalar	
  fields	
  
•  A	
   field	
   that	
   is	
   an	
   invariant	
   in	
   respect	
   to	
   any	
   Lorentz	
   transformaTon	
   is	
  

called	
  scalar,	
  in	
  contrast	
  to	
  vectorial	
  or	
  tensorial	
  fields.	
  The	
  quanTzaTon	
  of	
  
the	
  scalar	
  filed	
  is	
  the	
  zero	
  spin,	
  like	
  bosons.	
  

•  No	
  fundamental	
  scalar	
  field	
  was	
  observed	
  in	
  nature,	
  even	
  thought	
  Higgs’	
  
boson	
   can	
   prove	
   the	
   fist	
   example.	
   However,	
   scalar	
   fields	
   appear	
   in	
   the	
  
descripTons	
  of	
  many	
  physical	
  phenomena	
  in	
  effecTve	
  field	
  theory.	
  One	
  of	
  
the	
  examples	
  is	
  the	
  pion,	
  that	
  is	
  a	
  pseud-­‐scalar,	
  that	
  means	
  that’s	
  not	
  an	
  
invariant	
   in	
   respect	
   to	
   a	
   pair	
   of	
   transformaTons,	
   that	
   invert	
   the	
   spaTal	
  
direcTons,	
  disTnguishing	
  it	
  from	
  a	
  real	
  pair	
  invariant.	
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DeducTon	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  61	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  62	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  63	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  64	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  65	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  66	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  67	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  68	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  69	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  70	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  71	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  72	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  73	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
  

Δx
1	



Δx
2	



Δx
3	



Δx
4	



Δx
5	



Big	
  pendula	
  

0	
  

0.5	
  

1	
  

1.5	
  

2	
  

2.5	
  

3	
  

3.5	
  

4	
  

4.5	
  

5	
  

0.0000	
   1.0000	
   2.0000	
   3.0000	
   4.0000	
   5.0000	
   6.0000	
   7.0000	
  

!"#!"#:!1,6!! !
!"#$%&#!!"#$%&'(:!2,5!!/! !



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  74	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  75	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Small	
  string	
  pendula	
  

-­‐20	
  

-­‐15	
  

-­‐10	
  

-­‐5	
  

0	
  

5	
  

10	
  

15	
  

20	
  

0	
   0.2	
   0.4	
   0.6	
   0.8	
   1	
   1.2	
   1.4	
   1.6	
  

Di
st
an

ce
	
  to

	
  th
e	
  
ax
is
	
  (c
m
)	
  

Time	
  (s)	
  

Pêndulo	
  1	
  

Pêndulo	
  2	
  

Pêndulo	
  3	
  

Pêndulo	
  4	
  

Pêndulo	
  5	
  

Solitary	
  pulse	
  

Interference	
  area	
  due	
  to	
  the	
  non-­‐infinite	
  boundary	
  condiTon	
  

!"#$%&#!!"#$%&'(:!3,2!!/! !
!"#!"#:!1,5!! !



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  76	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Spring	
  pendula	
  

Mola	



-­‐20	
  

-­‐15	
  

-­‐10	
  

-­‐5	
  

0	
  

5	
  

10	
  

15	
  

20	
  

0	
   0.2	
   0.4	
   0.6	
   0.8	
   1	
   1.2	
   1.4	
   1.6	
   1.8	
  

Di
st
an

ce
	
  to

	
  th
e	
  
ax
is
	
  (c
m
)	
  

Time	
  (s)	
  

Pêndulo	
  4	
  

Pêndulo	
  1	
  

Pêndulo	
  2	
  

Pêndulo	
  3	
  

Pêndulo	
  5	
  

!"#$%&#!!"#$%&'(:!2,9!! !
!"#!"#:1,2!! !



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  77	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

0.000	
  

1.000	
  

2.000	
  

3.000	
  

4.000	
  

5.000	
  

6.000	
  

7.000	
  

0.000	
   0.200	
   0.400	
   0.600	
   0.800	
   1.000	
   1.200	
   1.400	
   1.600	
   1.800	
  

Pêndulo	
  1	
  

Pêndulo	
  2	
  

Pêndulo	
  3	
  

Pêndulo	
  4	
  

Pêndulo	
  5	
  An
gl
e	
  
(r
ad
)	
  

Time	
  (s)	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  78	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Mass	
  variaTon	
  

0	
  

0.5	
  

1	
  

1.5	
  

2	
  

2.5	
  

0	
   5	
   10	
   15	
   20	
   25	
   30	
  

Pe
nd

ul
a	
  
pe

rio
d	
  
(s
)	
  

Mass	
  (g)	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  79	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

KdV	
  

hg
p:
//
w
w
w
.m

a.
hw

.a
c.
uk
/~
ch
ris
/s
ol
ito

n1
.m

pg
	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  80	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

0	
  

1	
  

2	
  

3	
  

4	
  

5	
  

6	
  

7	
  

0	
   0.2	
   0.4	
   0.6	
   0.8	
   1	
   1.2	
   1.4	
   1.6	
  

An
gl
e	
  
(r
ad

)	
  

Time	
  (s)	
  

Pendulum	
  1	
  

Pendulum	
  2	
  

Pendulum	
  3	
  

Pendulum	
  4	
  

Pendulum	
  5	
  

Pendulum	
  6	
  

Pendulum	
  7	
  

Pendulum	
  8	
  

Pendulum	
  9	
  

Pendulum	
  10	
  

Pendulum	
  11	
  

Pendulum	
  12	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  81	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Breathers	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  

Breathers	
  

hg
p:
//
up

lo
ad
.w
ik
im

ed
ia
.o
rg
/w

ik
ip
ed

ia
/

co
m
m
on

s/
d/
d5

/S
in
e_
go
rd
on

_5
.g
if	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  82	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  83	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Mass	
  variaTon	
  

Mass	
  of	
  each	
  pendula	
   Number	
  of	
  	
  screws	
  

55	
  g	
   0	
  

60	
  g	
   1	
  

65	
  g	
   2	
  

70	
  g	
   3	
  

75	
  g	
   4	
  

80	
  g	
   5	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  84	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Same	
  angular	
  velocity	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  

0	
  

1	
  

2	
  

3	
  

4	
  

5	
  

6	
  

7	
  

0	
   0.1	
   0.2	
   0.3	
   0.4	
   0.5	
   0.6	
   0.7	
   0.8	
   0.9	
   1	
  

An
gl
e	
  
(r
ad

)	
  

Time	
  (s)	
  

70	
  g	
  

55	
  g	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  85	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

Different	
  angular	
  velociTes	
  

Angular	
  
velocity	
  

Pendula	
  
mass	
  

Pendula	
  
size	
  

String	
  
pendula	
  

Spring	
  
solitons	
  

0	
  

1	
  

2	
  

3	
  

4	
  

5	
  

6	
  

7	
  

0	
   0.2	
   0.4	
   0.6	
   0.8	
   1	
   1.2	
  

75	
  g	
  

70	
  g	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  86	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  

High	
  precision	
  scale	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  87	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  88	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  



Team	
  of	
  Brazil	
  
Problem	
  ##	
  Title	
  

Team	
  of	
  Brazil:	
  Liara	
  Guinsberg,	
  Amanda	
  Marciano,	
  Denise	
  Christovam,	
  Gabriel	
  Demetrius,	
  Vitor	
  Melo	
  Rebelo 	
  Taiwan,	
  24th	
  –	
  31th	
  July,	
  2013	
  
Reporter:	
  Liara	
  Guinsberg 	
  89	
  

Team	
  of	
  Brazil	
  
Problem	
  4:	
  Soliton	
  


