
A	
  Look	
  Back	
  at	
  Our	
  Planetary	
  System	
  











The	
  Layout	
  of	
  the	
  Solar	
  System	
  
•	
  What	
  are	
  the	
  major	
  pa<erns	
  of	
  mo=on	
  in	
  our	
  solar	
  system?	
  
•	
  What	
  are	
  the	
  two	
  major	
  types	
  of	
  planet?	
  
•	
  Where	
  do	
  we	
  find	
  asteroids	
  and	
  comets	
  in	
  the	
  solar	
  system?	
  
•	
  Describe	
  a	
  few	
  important	
  excep=ons	
  to	
  the	
  general	
  rules.	
  

Compara=ve	
  Planetology	
  
•	
  Studying	
  the	
  similari=es	
  among	
  and	
  
differences	
  between	
  the	
  planets	
  
–	
  this	
  includes	
  moons,	
  asteroids,	
  &	
  comets	
  
•	
  This	
  approach	
  is	
  useful	
  for	
  learning	
  about:	
  
–	
  the	
  physical	
  processes	
  which	
  shape	
  the	
  planets	
  
–	
  the	
  origin	
  and	
  history	
  of	
  our	
  Solar	
  System	
  
–	
  the	
  nature	
  of	
  planetary	
  systems	
  around	
  other	
  stars	
  



What	
  is	
  density?	
  
density	
  =	
  mass/volume	
  
typical	
  units:	
  [	
  g/cm3]	
  
Density	
  of	
  water	
  is	
  1	
  g/cm3.	
  







Asteroids	
  
Small	
  and	
  irregularly	
  shaped	
  
Rock	
  and	
  iron	
  
The	
  total	
  mass	
  of	
  the	
  asteroids	
  
is	
  2.3x1021	
  kg,	
  roughly	
  2500	
  
=mes	
  less	
  than	
  the	
  mass	
  of	
  the	
  
Earth	
  (about	
  30	
  =mes	
  less	
  than	
  
the	
  mass	
  of	
  the	
  Moon)	
  



Comets	
  
Small	
  and	
  irregularly	
  shaped	
  
Water	
  and	
  rock	
  and	
  iron	
  
Total	
  mass	
  of	
  Oort	
  Cloud	
  
comets	
  is	
  very	
  uncertain,	
  but	
  
probably	
  around	
  1025	
  
kilograms,	
  or	
  roughly	
  five	
  =mes	
  
the	
  mass	
  of	
  the	
  Earth	
  



1Msun=1000	
  MJupiter	
  







Venus	
  Transit,	
  2004	
  

Venus	
  atmosphere	
  
discovered	
  in	
  1761,	
  by	
  
Lomonosov,	
  in	
  Russia	
  







Clicker:	
  How	
  do	
  comets	
  differ	
  from	
  
asteroids?	
  

A.  They	
  are	
  mostly	
  ices,	
  not	
  rock.	
  
B.  Their	
  orbits	
  are	
  usually	
  much	
  farther	
  from	
  

the	
  Sun.	
  
C.  They	
  are	
  lecover	
  pieces	
  of	
  a	
  smashed	
  planet.	
  
D.  all	
  of	
  the	
  above	
  
E.  A	
  and	
  B	
  



Clicker:	
  How	
  do	
  comets	
  differ	
  from	
  
asteroids?	
  

A.  They	
  are	
  mostly	
  ices,	
  not	
  rock.	
  
B.  Their	
  orbits	
  are	
  usually	
  much	
  farther	
  from	
  

the	
  Sun.	
  
C.  They	
  are	
  lecover	
  pieces	
  of	
  a	
  smashed	
  planet.	
  
D.  all	
  of	
  the	
  above	
  
E.  A	
  and	
  B	
  





Moons	
  are	
  
their	
  own	
  
fascina=ng	
  
“worlds”	
  





1995,	
  Galileo	
  Entry	
  Probe:	
  
in	
  situ	
  measurements	
  of	
  a	
  gas	
  giant	
  planet	
  









A clock that shows Universal Time for Jan. 14, 
2005. Above the clock, events are listed in 
mission time, which starts with the deployment 
of the first of the three parachutes. 

Huygens' trajectory views from the south, a 
scale bar for comparison to the height of 
Mount Everest, colored arrows that point to 
the sun and to the Cassini orbiter. 

A close-up view of the Huygens probe 
highlighting large and unexpected 
parachute movements, a scale bar for 
comparison to human height. 

A compass that shows the changing 
direction of view as Huygens rotates, along 
with the relative positions of the sun and 
Cassini. 



 
Sounds from a right speaker go with the Descent Imager/Spectral Radiometer activity. 
There's a continuous tone that represents the strength of Huygens' signal to Cassini. 
Then there are 13 different chimes - one for each of instrument's 13 different science 
parts - that keep time with flashing-white-dot exposure counters. During its descent, the 
Descent Imager/Spectral Radiometer took 3,500 exposures.  

Sounds from a left 
speaker trace Huygens' 
motion, with tones 
changing with rotational 
speed and the tilt of the 
parachute. There also 
are clicks that clock the 
rotational counter, as 
well as sounds for the 
probe's heat shield 
hitting Titan's 
atmosphere, parachute 
deployments, heat shield 
release, jettison of the 
camera cover and 
touchdown. 







No	
  current	
  missions	
  to	
  Uranus	
  and	
  
Neptune	
  Planned	
  

•  They	
  would	
  launch	
  in	
  2023,	
  at	
  the	
  earliest	
  and	
  
arrive	
  in	
  2035,	
  at	
  the	
  earliest.	
  

•  If	
  you	
  would	
  hard	
  on	
  a	
  mission,	
  you	
  decide	
  to	
  
make	
  that	
  the	
  centerpiece	
  of	
  your	
  whole	
  
career	
  





NASA, New Horizons 
July 14, 2015 
Launched January, 2006 









Major	
  Categories	
  of	
  SpacecraD	
  Mission	
  
1.	
  Flyby	
  –	
  spacecrac	
  “flies	
  by”	
  a	
  world	
  just	
  once	
  
2.	
  Orbiter	
  –	
  spacecrac	
  orbits	
  the	
  world	
  it	
  studies	
  

	
  –	
  longer-­‐term	
  study	
  is	
  allowed	
  
3.	
  Lander/Probe	
  –	
  spacecrac	
  lands	
  on	
  the	
  surface	
  of	
  the	
  
world	
  or	
  plunges	
  through	
  its	
  atmosphere	
  
4.	
  Sample	
  Return	
  –	
  spacecrac	
  returns	
  to	
  Earth	
  with	
  
a	
  sample	
  of	
  the	
  world	
  it	
  has	
  studied	
  
	
  
These	
  types	
  of	
  mission	
  are	
  listed	
  in	
  order	
  of	
  increasing	
  
cost.	
  





Chapter	
  8	
  

•  Forma=on	
  of	
  the	
  Solar	
  System	
  









Planets	
  that	
  have	
  H/He	
  gas,	
  
like	
  Jupiter/Saturn,	
  must	
  
form	
  FAST,	
  because	
  the	
  gas	
  
is	
  blown	
  away	
  by	
  the	
  solar	
  
wind	
  in	
  less	
  than	
  5	
  Myr	
  

Fr
ac
=o

n	
  
of
	
  S
ta
rs
	
  w
ith

	
  P
ro
to
pl
an
et
ar
y	
  
N
eb

ul
ae
	
  

Protoplanetary	
  Disks	
  do	
  not	
  live	
  a	
  long	
  =me	
  



The	
  Solar	
  Nebula:	
  A	
  Protoplanetary	
  Disk:	
  	
  What	
  is	
  it	
  made	
  of?	
  

Mostly	
  H	
  and	
  He,	
  with	
  everything	
  else	
  
making	
  up	
  less	
  than	
  2%	
  by	
  mass	
  	
  



The	
  Sun	
  and	
  Carbonaceous	
  Chrondrites	
  (old	
  
unprocessed	
  meteorites)	
  are	
  made	
  of	
  the	
  same	
  stuff	
  





Clicker:	
  Why	
  do	
  we	
  think	
  that	
  the	
  solar	
  system	
  formed	
  	
  
from	
  a	
  rota=ng,	
  collapsing	
  gas	
  cloud	
  that	
  	
  
ended	
  up	
  as	
  a	
  disk	
  orbi=ng	
  the	
  Sun?	
  

A.  Most	
  of	
  the	
  planets	
  revolve	
  and	
  rotate	
  in	
  the	
  
same	
  	
  
direc=on	
  and	
  in	
  the	
  same	
  plane.	
  

B.  Conserva=on	
  of	
  angular	
  momentum	
  means	
  a	
  
collapsing	
  	
  
cloud	
  will	
  spin	
  faster	
  and	
  faster.	
  

C.  We	
  see	
  clouds	
  of	
  gas	
  and	
  dust	
  in	
  space.	
  
D. We	
  see	
  disks	
  around	
  young	
  stars.	
  
E.  all	
  of	
  the	
  above	
  



Clicker:	
  Why	
  do	
  we	
  think	
  that	
  the	
  solar	
  system	
  formed	
  	
  
from	
  a	
  rota=ng,	
  collapsing	
  gas	
  cloud	
  that	
  	
  
ended	
  up	
  as	
  a	
  disk	
  orbi=ng	
  the	
  Sun?	
  

A.  Most	
  of	
  the	
  planets	
  revolve	
  and	
  rotate	
  in	
  the	
  
same	
  	
  
direc=on	
  and	
  in	
  the	
  same	
  plane.	
  

B.  Conserva=on	
  of	
  angular	
  momentum	
  means	
  a	
  
collapsing	
  	
  
cloud	
  will	
  spin	
  faster	
  and	
  faster.	
  

C.  We	
  see	
  clouds	
  of	
  gas	
  and	
  dust	
  in	
  space.	
  
D. We	
  see	
  disks	
  around	
  young	
  stars.	
  
E.  all	
  of	
  the	
  above	
  







Beyond	
  the	
  frost	
  line,	
  water	
  is	
  a	
  
solid,	
  so	
  there	
  are	
  a	
  lot	
  of	
  solids	
  
available	
  
	
  
10	
  MEarth	
  objects	
  can	
  form	
  
quickly	
  
Due	
  to	
  gravity,	
  H/He	
  gas,	
  if	
  
present,	
  is	
  pulled	
  on,	
  too	
  
	
  
Jupiter	
  is	
  300	
  MEarth	
  of	
  H/He	
  gas	
  
pulled	
  onto	
  a	
  10-­‐15	
  MEarth	
  core	
  
	
  
Saturn	
  is	
  85	
  MEarth	
  of	
  	
  H/He	
  
pulled	
  onto	
  a	
  10-­‐15	
  Mearth	
  core	
  
	
  
Uranus/Neptune	
  are	
  several	
  
MEarth	
  of	
  H/He	
  pulled	
  onto	
  15	
  
Mearth	
  cores	
  



The	
  Terrestrial	
  Planet	
  /	
  Jovian	
  Planet	
  Connec=on	
  

Both	
  Terrestrial	
  and	
  Jovian	
  planets	
  form	
  in	
  the	
  same	
  way-­‐-­‐-­‐
the	
  buildup	
  of	
  small	
  planetesimals	
  to	
  form	
  planets,	
  but:	
  
	
  
Jovian	
  planets	
  form	
  quickly	
  beyond	
  the	
  frost	
  line,	
  while	
  the	
  
H/He	
  gas	
  remains	
  (less	
  than	
  5	
  Myr)	
  
	
  
Terrestrial	
  planets	
  form	
  within	
  the	
  frost	
  line,	
  where	
  rocks	
  
and	
  iron	
  are	
  the	
  only	
  solids,	
  so	
  take	
  longer	
  to	
  form,	
  and	
  do	
  
not	
  reach	
  their	
  final	
  masses	
  un=l	
  acer	
  the	
  gaseous	
  disk	
  is	
  
gone.	
  	
  (Tens	
  of	
  Myr)	
  
	
  
The	
  large	
  satellites	
  of	
  Jupiter	
  and	
  Saturn	
  formed	
  in	
  a	
  
“subnebula,”	
  a	
  fla<ened	
  disk	
  around	
  each	
  giant	
  planet,	
  
giving	
  rise	
  to	
  a	
  mini	
  solar	
  system	
  
	
  


