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Do	
  the	
  planets	
  orbit	
  around	
  the	
  Sun?
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Wobble	
  of	
  the	
  Sun

What	
  might	
  cause	
  
this	
  wobble?
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I. Barycenters
Consider	
  the	
  center	
  of	
  mass	
  for	
  two	
  different	
  objects.

The	
  center	
  of	
  the	
  ruler	
  
represents	
  the	
  center	
  of	
  
mass or	
  the	
  center	
  of	
  
gravity.	
  	
  You	
  would	
  be	
  
able	
  to	
  balance	
  it	
  on	
  your	
  
finger	
  in	
  the	
  middle.	
  	
  

NASA

For	
  an	
  object	
  such	
  as	
  
the	
  sledge	
  hammer	
  that	
  
is	
  heavier	
  on	
  one	
  end,	
  
the	
  center	
  of	
  gravity	
  is	
  
closer	
  to	
  the	
  heavy	
  end.	
  	
   NASA



The barycenter is	
  the	
  
center	
  of	
  mass	
  of	
  two	
  
or	
  more	
  bodies	
  that	
  
are	
  orbiting	
  each	
  
other.	
  
When	
  supported	
  at	
  
its	
  center	
  of	
  mass,	
  the	
  
body	
  will	
  be	
  in	
  static	
  
equilibrium.
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Consider	
  a	
  
theoretical	
  model	
  
where	
  two	
  stars	
  orbit	
  
one	
  another	
  (double	
  
star)	
  and	
  have	
  the	
  
same	
  mass.	
  The	
  
barycenter	
  would	
  be	
  
halfway	
  between	
  the	
  
stars	
  and	
  the	
  stars	
  
would	
  orbit	
  the	
  
barycenter.	
  	
  

During	
  their	
  revolution,	
  they	
  would	
  be	
  observed	
  to	
  
significantly	
  wobble.	
  	
  



Sun
Jupiter

x

barycenter

The	
  	
  Sun	
  is	
  more	
  than	
  a	
  thousand	
  times	
  more	
  massive	
  than	
  
Jupiter.	
  	
  
The	
  barycenter	
  is	
  located	
  just	
  outside	
  the	
  Sun.	
  	
  The	
  Sun	
  and	
  
Jupiter	
  orbit	
  around	
  the	
  barycenter	
  causing	
  the	
  Sun	
  to	
  
wobble.	
  	
  



Earth

Consider	
  the	
  model	
  situation	
  where	
  the	
  Earth	
  is	
  the	
  only	
  
planet	
  in	
  the	
  solar	
  system.	
  	
  Since	
  the	
  Sun	
  is	
  over	
  300,000	
  
times	
  more	
  massive	
  than	
  Earth,	
  the	
  center	
  of	
  mass	
  is	
  very	
  
near	
  the	
  center	
  of	
  the	
  Sun.	
  	
  Both	
  objects	
  will	
  orbit	
  around	
  
the	
  barycenter	
  and	
  the	
  Sun	
  would	
  have	
  a	
  very	
  small	
  
wobble.	
  	
  

barycenter

Sun
x



X
Earth

Moon

In	
  the	
  Earth-­‐Moon	
  system,	
  the	
  barycenter	
  (center	
  of	
  mass)	
  is	
  located	
  
about	
  1700	
  km	
  below	
  the	
  Earth’s	
  surface.	
  	
  

x

x
x

x
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Distances	
  between	
  Earth	
  and	
  Moon	
  are	
  not	
  to	
  scale.

The	
  Moon’s	
  revolution	
  around	
  the	
  Earth	
  and	
  the	
  Earth’s	
  
revolution	
  around	
  the	
  Sun	
  results	
  in	
  a	
  complex	
  spiral	
  dance	
  
where	
  the	
  barycenter	
  progresses	
  along	
  the	
  orbital	
  path.



Star
x

Exoplanet

The	
  apparent	
  wobble	
  of	
  stars	
  due	
  to	
  the	
  gravitational	
  influence	
  of	
  
planets	
  is	
  evidence	
  of	
  the	
  presence	
  of	
  one	
  or	
  more	
  planets	
  orbiting	
  
distant	
  stars.	
  	
  This	
  has	
  become	
  a	
  technique	
  to	
  permit	
  us	
  to	
  infer	
  the	
  
presence	
  of	
  planets	
  around	
  other	
  stars.	
  	
  Planets	
  outside	
  our	
  own	
  solar	
  
system	
  are	
  known	
  as	
  exoplanets.	
  	
  
Stars	
  are	
  so	
  distant	
  that	
  we	
  cannot	
  directly	
  detect	
  the	
  change	
  in	
  
position.

In	
  this	
  orientation,	
  sometimes	
  the	
  star	
  is	
  moving	
  towards	
  us	
  and	
  others	
  
it	
  is	
  moving	
  away	
  from	
  us.	
  	
  We	
  can	
  detect	
  this	
  motion	
  by	
  observing	
  
changes	
  in	
  the	
  spectrum	
  of	
  the	
  star	
  due	
  to	
  the	
  Doppler	
  effect.	
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II.	
  Doppler	
  Shift
The	
  Doppler	
  effect	
  (or	
  Doppler	
  
shift)	
  is	
  the	
  change	
  in	
  frequency	
  
(or	
  wavelength)	
  of	
  a	
  wave	
  when	
  a	
  
source	
  (such	
  as	
  a	
  siren)	
  moves	
  
relative	
  to	
  an	
  observer.
A	
  common	
  observation	
  is	
  that	
  
the	
  tone	
  (pitch)	
  a	
  siren	
  or	
  train	
  
whistle	
  changes	
  when	
  the	
  source	
  
of	
  the	
  sound	
  moves	
  relative	
  to	
  
the	
  observer.	
  	
  

Click	
  the	
  icon	
  to	
  hear	
  a	
  sound	
   file	
  of	
  the	
  doppler shift	
  of	
  siren	
  (arachnoid.com)

If	
  the	
  fire	
  truck	
  is	
  moving	
  toward	
  an	
  observer,	
  the	
  sound	
  is	
  traveling	
  in	
  
the	
  same	
  direction	
  as	
  the	
  siren.	
  	
  The	
  sound	
  waves	
  are	
  “compressed”	
  
so	
  that	
  the	
  frequency	
  of	
  the	
  sound	
  changes.	
  	
  The	
  wavelength	
  
decreases	
  and	
  the	
  siren	
  will	
  have	
  a	
  higher	
  pitch.	
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If	
  the	
  observer	
  is	
  is	
  behind	
  the	
  
fire	
  truck,	
  the	
  truck	
  is	
  moving	
  
away	
  and	
  the	
  shift	
  in	
  frequency	
  
results	
  in	
  longer wavelengths	
  
and	
  thus	
  the	
  observer	
  hears	
  a	
  
pitch	
  that	
  is	
  lower.	
  	
  
If	
  you	
  were	
  riding	
  on	
  the	
  fire	
  
truck,	
  you	
  would	
  hear	
  no	
  
change	
  in	
  the	
  pitch	
  of	
  the	
  siren.	
  

If	
  you	
  heard	
  a	
  siren	
  or	
  tone	
  that	
  is	
  changing,	
  you	
  could	
  predict	
  if	
  it	
  is	
  
moving	
  toward	
  or	
  away	
  from	
  you:
• If	
  the	
  pitch	
  is	
  increasing	
  (shifting	
  to	
  shorter	
  wavelengths),	
  the	
  
source	
  of	
  the	
  sound	
  is	
  moving	
  toward	
  you

• If	
  the	
  pitch	
  is	
  decreasing	
  (shifting	
  to	
  longer	
  wavelengths),	
  the	
  source	
  
of	
  the	
  sound	
  is	
  moving	
  away	
  from	
  you
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If	
  the	
  fire	
  truck	
  is	
  not	
  
moving	
  (v=0),	
  there	
  
would	
  be	
  no	
  shift	
  in	
  
frequency	
  for	
  
stationary	
  observers.



Light	
  is	
  also	
  a	
  wave	
  function	
  and	
  
Doppler	
  shifts	
  can	
  be	
  observed	
  in	
  
the	
  spectra	
  (light)	
  from	
  stars	
  and	
  
galaxies.	
  	
  
• If	
  a	
  star	
  is	
  moving	
  away	
  from	
  

you,	
  it’s	
  light	
  will	
  appear	
  to	
  be	
  
shifted	
  to	
  longer	
  wavelengths.	
  
This	
  is	
  known	
  as	
  redshift since	
  
red	
  light	
  is	
  at	
  longer	
  wavelengths	
  
in	
  the	
  visible	
  portion	
  of	
  the	
  
electromagnetic	
  spectrum.	
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• If	
  a	
  star	
  is	
  moving	
  toward	
  you,	
  it’s	
  light	
  
will	
  appear	
  to	
  be	
  shifted	
  to	
  shorter	
  
wavelengths	
  and	
  is	
  known	
  as	
  blueshift.	
  	
  
Blue	
  light	
  is	
  at	
  the	
  shorter	
  wavelength	
  
portion	
  of	
  visible	
  light.	
  	
  



MIT

Objects	
  such	
  as	
  stars	
  that	
  
emit	
  spectra	
  (light)	
  with	
  
characteristic	
  signatures	
  that	
  
may	
  include	
  absorption	
  or	
  
emission	
  lines.	
  	
  
In	
  the	
  figure,	
  the	
  dark	
  lines	
  
represent	
  absorption	
  by	
  
specific	
  elements	
  in	
  or	
  near	
  
the	
  source.	
  	
  

Redshift:	
  note	
  that	
  the	
  absorption	
  lines	
  shift	
  to	
  the	
  longer	
  wavelength	
  
(to	
  the	
  red	
  portion)	
  relative	
  to	
  the	
  unshifted spectrum.
Blueshift:	
  note	
  the	
  absorption	
  lines	
  are	
  shifted	
  to	
  shorter	
  wavelengths	
  
(toward	
  blue	
  light).	
  	
  



Radial-­‐Velocity
The	
  movement	
  of	
  the	
  star	
  
along	
  the	
  viewer’s	
  line-­‐of-­‐
sight	
  results	
  in	
  a	
  periodic	
  
shift	
  in	
  the	
  observed	
  
spectrum.	
  This	
  is	
  the	
  basis	
  
for	
  the	
  radial	
  velocity	
  
technique	
  for	
  detecting	
  
exoplanets.	
  	
  
Using	
  the	
  period	
  and	
  radial	
  
velocity,	
  the	
  distance	
  
between	
  the	
  star	
  and	
  the	
  
planet	
  and	
  the	
  mass	
  of	
  the	
  
planet	
  can	
  be	
  determined.
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Planet Revolution (y) Mass (kg)

Mercury 0.2 3.3	
  x	
  1023

Venus 0.6 4.9	
  x	
  1024

Earth 1.0 6.0	
  x	
  1024

Mars 1.9 6.4	
  x	
  1023

Jupiter 11.9 1.9	
  x	
  1027

Saturn 29.5 5.7 x	
  1025

Uranus 84.0 8.7	
  x	
  1025

Neptune 164.7 1.0	
  x	
  1026

Examination	
  of	
  the	
  figure	
  indicates	
  
that	
  the	
  Sun	
  makes	
  an	
  irregular	
  
revolution	
  about	
  every	
  12	
  years.	
  	
  

Examination	
  of	
  the	
  data	
  table	
  shows	
  that	
  about	
  71%	
  of	
  all	
  of	
  the	
  mass	
  
of	
  the	
  planets	
  is	
  due	
  to	
  Jupiter and,	
  thus,	
  Jupiter	
  would	
  have	
  the	
  
largest	
  effect.	
  In	
  addition,	
  the	
  table	
  shows	
  that	
  the	
  period	
  of	
  
revolution	
  for	
  Jupiter	
  is	
  about	
  12	
  years.	
  	
  
The	
  irregular	
  spiral	
  of	
  the	
  motion	
  of	
  the	
  Sun	
  is	
  due	
  to	
  the	
  influence	
  of	
  
the	
  other	
  planets.	
  	
  


