
EART162 Homework #1      Due Monday 5
th

 April 2010 

 

Show all your working for full credit 

 

1. A very simple model of accretion goes as follows: imagine a body moving with a 

relative velocity v through a swarm of planetesimals. The density of the swarm is s and 

the radius of the body is R. The rate of increase in mass of the body dM/dt = s v R
2
.  

 

a) Show that this equation is dimensionally correct. [2] 

 

b) Use this equation to derive the rate of increase in radius dR/dt, and hence the time  it 
takes for a body to grow from zero to a particular radius R0. You will need to use the 

density of the body . [4] 

 

c) Now assume that v is just the orbital velocity of the body around the Sun. Take =4000 

kg m
-3

. At Mars’s distance from the Sun (1.5 AU), v=25 km/s and s=10
-9

 kg m
-3

. How 

long does it take to build a Mars-size (R0=3000 km) planet? [2] 

 

d) The nebula is less dense further out, and the planets move more slowly. At 25 AU, the 

orbital velocity is 4 times slower than Mars’s. If s varies as (distance to the Sun)
-2.5

, how 

long does it take to build a Mars-size planet at 25 AU (roughly the orbit of Neptune)? 

Comment on your result. [5] [13 total] 

 

 

2.  Here we’re going to investigate how much extra solid mass becomes available on 

crossing the “snow line” (at about 180 K). 

From the handout, we know that the number of O, Mg and Si atoms in the solar nebula is 

in the ratio 21:1:1. Their atomic weights are 16, 24 and 28, respectively. 

 

a) We’ll assume that a silicate planet is made of Mg2SiO3. What is the mass of one mole 

of this material? [1] 

 

b) For every 2 Mg atoms that we use, how many Si and O atoms do we use? How many 

O atoms are left available? [2] 

 

c) We’ll assume that all the remaining O atoms combine with hydrogen to form H2O. 

How many moles of H2O can we form for each Mg2SiO3 mole? [2] 

 

d) What is the total mass of H2O formed for each mole of Mg2SiO3? [1] 

 

e) So what is the ratio of the total mass of H2O to the mass of Mg2SiO3? [1] 

 

f) Explain why it is easier to build giant planets just beyond the snowline [2] 

 

g) For an object made up of two different components, the bulk density  is given by 



21

)1(1



ff 
  

where 1 and 2 are the densities of the two components and f is the mass fraction of 

component 1. Assuming that ice has a density of 1 g/cc and silicate a density of 3 g/cc, 

what density do you predict for a solid planet just beyond the snowline? [2] 

 

h) The densities of Ganymede and Callisto are 1.94 and 1.85 g/cc, respectively. Suggest 

one reason why these values differ from the answer you get to g). [2]  

 

i) For planets which form well beyond the snowline, ices in addition to H2O ice will 

form. Name two of these ices [2] [15 total]. 

 

 

3. When a giant impact takes place, the shock wave propagates through the planet and is 

focused at the far side (the antipode). Material can be blasted off the surface because of 

this antipodal shock. 

 

a) If the material has an initial outwards velocity v, find an expression for its 

maximum radial distance Rmax from the centre of the planet in terms of v, G and 

the radius and mass of the planet R and M. [3] 

 

b) If Rmax is very large, what does your expression in a) simplify to and what is the 

physical meaning of v in this case? [2] 

 

c) If RmaxR and Rmax-R=h, write down an expression for the maximum velocity in 

terms of h and the surface gravitational acceleration, g. Does this expression make 

sense? [3] 

 

d) For Mars M=6x10
23

 kg and R=3400 km. If v=1 km/s, how far off the surface does 

the antipodal material get? [2] [10 total] 

 

BONUS QUESTION (optional except for grad students) 

4. In class we discussed the gravitational energy (or binding energy) of a uniform planet, 

which is 3GM 
2
/5R, where M and R are its mass and radius. 

Consider a planet of radius R consisting of two layers: a core of density 2 and radius Rc, 

and a mantle of density .  

a) Write down an expression for the bulk density of the planet, in terms of , Rc and R. 

[3] 

 

b) Show that the total binding energy of the planet is  
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c) Show that if Rc=0 or Rc=R, this expression for the binding energy simplifies to the 

correct value for a uniform planet. [4] [15 total] 


