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Simula'ng	
  our	
  Universe	
  with	
  a	
  Balloon	
  

•  Our	
  Sun	
  is	
  just	
  another	
  star.	
  
•  Stars	
  group	
  together	
  to	
  form	
  galaxies.	
  
•  Galaxies	
  are	
  moving	
  away	
  from	
  each	
  other.	
  
•  (The	
  only	
  excep=ons	
  are	
  galaxies	
  so	
  close	
  to	
  each	
  other	
  
that	
  the	
  gravity	
  between	
  them	
  is	
  strong	
  enough	
  to	
  
keep	
  them	
  together.)	
  

•  As	
  our	
  universe	
  ages,	
  all	
  points	
  in	
  three-­‐dimensional	
  
space	
  get	
  farther	
  away	
  from	
  each	
  other.	
  

•  That	
  means	
  our	
  universe	
  is	
  expanding	
  through	
  =me.	
  
•  Our	
  universe	
  has	
  no	
  edge	
  or	
  centre	
  in	
  space,	
  only	
  a	
  
beginning	
  in	
  =me.	
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A	
  2-­‐D	
  Universe	
  on	
  the	
  Surface	
  of	
  a	
  Balloon	
  

•  A	
  balloon	
  universe	
  has	
  two	
  space	
  dimensions	
  (the	
  
surface	
  of	
  the	
  balloon)	
  and	
  one	
  =me	
  dimension	
  
(running	
  from	
  the	
  centre	
  of	
  the	
  balloon	
  outward).	
  

•  As	
  the	
  balloon	
  universe	
  ages,	
  all	
  points	
  in	
  its	
  two-­‐
dimensional	
  surface	
  get	
  farther	
  away	
  from	
  each	
  
other:	
  the	
  balloon	
  is	
  expanding	
  through	
  =me.	
  

•  The	
  start	
  of	
  =me	
  (the	
  Big	
  Bang)	
  was	
  when	
  all	
  points	
  
in	
  this	
  universe	
  were	
  infinitely	
  close	
  to	
  each	
  other.	
  

•  This	
  universe	
  has	
  no	
  edge	
  or	
  centre,	
  only	
  a	
  
beginning	
  in	
  =me.	
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Ac#vity:	
  A	
  Balloon	
  Universe	
  

•  For	
  your	
  universe,	
  you	
  will	
  need:	
  
•  A	
  balloon	
  (lighter	
  colours	
  are	
  best)	
  
•  ConfeJ	
  (the	
  lighter	
  the	
  confeJ,	
  the	
  beKer)	
  
•  A	
  marker	
  
•  A	
  ruler	
  

•  Each	
  balloon	
  is	
  a	
  two-­‐dimensional	
  universe.	
  
•  The	
  confe@	
  pieces	
  are	
  galaxies	
  in	
  those	
  universes.	
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Create	
  Your	
  Balloon	
  Universe	
  

•  Place	
  confeJ	
  on	
  desk,	
  table,	
  plate	
  or	
  shallow	
  bowl.	
  
•  Inflate	
  the	
  balloon,	
  and	
  hold	
  it	
  closed.	
  
•  Rub	
  balloon	
  on	
  your	
  hair	
  about	
  10	
  =mes,	
  slowly,	
  to	
  
build	
  up	
  sta=c	
  electricity	
  on	
  the	
  balloon.	
  

•  Roll	
  balloon	
  over	
  confeJ;	
  confeJ	
  will	
  s=ck.	
  
•  Gently	
  deflate	
  the	
  balloon.	
  
•  Now	
  inflate	
  the	
  balloon	
  again	
  and	
  watch:	
  confeJ	
  
pieces	
  stay	
  the	
  same	
  size,	
  but	
  move	
  farther	
  apart,	
  
just	
  like	
  galaxies	
  in	
  our	
  own	
  universe.	
  

4 



CourtCour2014-11-15 

Courtesy of York University 2 

Viewing	
  and	
  Studying	
  Your	
  Expanding	
  Universe	
  

•  Make	
  sure	
  a	
  few	
  galaxies	
  are	
  visible	
  to	
  you	
  as	
  you	
  
blow	
  up	
  the	
  balloon.	
  	
  Focus	
  on	
  one	
  galaxy,	
  and	
  you	
  
will	
  see	
  all	
  other	
  galaxies	
  moving	
  away	
  from	
  it.	
  	
  
Focus	
  on	
  a	
  different	
  galaxy,	
  and	
  you	
  will	
  see	
  all	
  
other	
  galaxies	
  moving	
  away	
  from	
  your	
  new	
  galaxy!	
  

•  If	
  a	
  universe	
  started	
  contrac=ng	
  (shrinking):	
  
•  	
  	
  what	
  would	
  galaxies	
  do?	
  
•  	
  	
  what	
  would	
  happen	
  to	
  the	
  wavelength	
  of	
  light?	
  
•  Make	
  predic=ons	
  for	
  the	
  above,	
  then	
  slowly	
  deflate	
  
the	
  balloon	
  and	
  watch	
  what	
  happens.	
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Addi#onal	
  Ac#vi#es	
  with	
  Your	
  Balloon	
  Universe	
  

•  Draw	
  a	
  wave	
  on	
  the	
  balloon:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  …as	
  the	
  
balloon	
  expands,	
  the	
  wave	
  stretches	
  with	
  it.	
  

•  In	
  our	
  expanding	
  universe,	
  light	
  does	
  the	
  same	
  
thing:	
  its	
  wavelength	
  increases	
  with	
  =me.	
  

•  To	
  measure	
  distances	
  between	
  confeJ-­‐galaxies,	
  
inflate	
  balloon	
  to	
  small	
  and	
  large	
  sizes.	
  	
  At	
  each	
  size,	
  
measure	
  distances	
  between	
  two	
  pairs	
  of	
  galaxies.	
  	
  
For	
  each	
  pair,	
  divide	
  the	
  large-­‐size	
  distance	
  by	
  the	
  
small-­‐size	
  distance	
  to	
  get	
  an	
  expansion	
  ra=o.	
  	
  How	
  
do	
  the	
  expansion	
  ra=os	
  for	
  each	
  pair	
  compare?	
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Lessons	
  for	
  our	
  Universe	
  
•  In	
  our	
  experiment,	
  we	
  imagined	
  that	
  the	
  3rd	
  space	
  
dimension	
  was	
  actually	
  the	
  =me	
  dimension.	
  

•  The	
  balloon	
  expands	
  in	
  =me.	
  
•  At	
  the	
  beginning	
  of	
  =me,	
  all	
  points	
  in	
  an	
  ideal	
  
balloon	
  universe	
  were	
  infinitely	
  close	
  to	
  each	
  other,	
  
and	
  the	
  same	
  is	
  true	
  in	
  our	
  universe.	
  

•  We	
  call	
  that	
  point	
  in	
  =me	
  the	
  Big	
  Bang.	
  
•  The	
  Big	
  Bang	
  was	
  a	
  point	
  in	
  =me,	
  not	
  in	
  space.	
  
•  That	
  means	
  the	
  Big	
  Bang	
  took	
  place	
  everywhere	
  in	
  
space	
  at	
  the	
  same	
  point	
  in	
  =me!	
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Science	
  Resources	
  at	
  York	
  University	
  

Developed	
  by:	
  
Professor	
  Patrick	
  Hall	
  

Department	
  of	
  Physics	
  and	
  Astronomy	
  
York	
  University,	
  Toronto,	
  Ontario	
  

	
  
	
  
	
  
•  hKp://science.yorku.ca/community-­‐alumni/community-­‐outreach/	
  

•  HELIX	
  Summer	
  Science	
  Ins=tute	
  
•  SciX	
  Science	
  Explora=ons	
  Camp	
  
•  York	
  Observatory	
  High	
  School	
  Student	
  Internships	
  
•  E-­‐mail	
  phasupd@yorku.ca	
  for	
  more	
  informa=on	
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