
EART163 Homework #5     Due Tues 14th May 2019 

 

Show all your working for full credit 
 

1. Below is an approximate schematic of the region affected by the blast from the Chelyabinsk 

airburst. 

 

a) Calculate the volume of the region affected by the blast (inside the Toblerone-shaped region). 

[1] 

b) The average blast pressure in the region was about 500 Pa (enough to shatter windows). Use 

energy = pressure x volume to determine the energy released by the blast. [1] 

c) If the velocity of the meteorite prior to exploding was 20 km/s, what was its mass? [1] 

d) Assuming a density of 3000 kg/m3, what was the radius of the meteorite? [1] 

e) Atmospheric density is given by  = 0 exp (-z/H) where 0 is the density at the surface, z is 

distance above the surface and H is the scale height (a constant). Find an expression for the 

column density (in kg m-2) that a meteorite encounters, starting at z=infinity and ending at some 

height z=zburst. [2] 

f) Given your answers to d) and e), what is the total atmospheric column mass that the meteorite 

encountered, assuming that it broke up at z=25 km? You can take 0=1.3 kgm-3 and H=10 km.  

[2] 

g) How does this answer compare to the mass of the meteorite itself? Explain one reason why the 

atmospheric mass the meteorite encountered might have been larger than your estimate [2] [10 

total] 

 



2. Here we’re going to consider the simple-complex crater transition diameter Dsc, using the 

information in the Table below. 

 Gravity (ms-2) Transition diameter (km) Impact velocity 

(km/s) 

Mars 3.7 6 10 

Vesta 0.25 80 - 

Mercury 3.7 12 35 

Europa 1.3 4 - 
 

a) We can define a dimensionless quantity 

𝑌

𝜌𝑔𝐷𝑠𝑐
        (1) 

Where  is the density (of the target), g is gravity and Y is yield strength of the target. If we 

assume that this quantity at the transition diameter has the same value C for all bodies, we can 

write down an expression for Dsc in terms of  Y,  g and C. What is it? [1] 

b) Use the Mars results above to estimate the quantity Y/C [Here you don’t have to convert to 

SI units]. Do the same for Vesta. Since Vesta and Mars are made of roughly the same material, 

what do you conclude about C? [3] 

c) Use your answer to b) to predict the transition diameter for the Moon, where g=1.6 ms-2 and 

you can assume it’s made of the same material as Mars. [1] 

d) The actual value for the Moon is 18 km. What do you conclude? [1] 

e) Also use your estimate for Y/C to predict the transition diameter for Europa. [1] 

f) The actual value for Europa (4 km) is smaller than your estimate. One reason is that the 

density of ice is a factor of 3 less than that of rock. Taking this effect into account, how many 

times smaller is the yield strength Y of ice compared to that of rock? [3] 

g) On Pluto, g=0.6 ms-2. What do you predict the transition diameter to be? [1] 

Now we’re going to introduce a second dimensionless parameter, v2/gDsc where v is the impact 

velocity. We’ll combine with the first to derive a new expression 

(
𝑌

𝜌𝑔𝐷𝑡𝑟
)
𝛼

(
𝑣2

𝑔𝐷𝑠𝑐
)
𝛽

= 𝐾      (2) 

where K is a constant that has the same value for all bodies. Below we will take =1 to be 

consistent with the results above. 

h) Mercury and Mars make a useful pair because they are made of the same material and g is the 

same but v is different. Use equation (2) to calculate a value for . [3] 



i) Use your Mars numbers to estimate the quantity Y/K [Again, you don’t have to convert to SI 

units]. [1] 

j) Use this answer to predict the transition diameter for the Earth, where g=10 ms-2 and v=18 

km/s. [2] 

k) On Pluto, the impact velocity is about 2 km/s. Taking into account the yield strength and 

density of ice relative to rock, predict the transition diameter for Pluto. How does this compare 

with your answer to g)? [3] [20 total] 

 

Question 3 (grads/bonus) 

a) The number of impactors in the diameter range L to L + dL is given by 

dN = b C L-b-1 dL      (3) 

where b and C are constants. Using integration, find the total mass of impactors in the diameter 

range 0<L<Lmax. Take the density to be  and assume the impactors are spherical. What 

constraints does your answer place upon b? [Hint: the mass must be finite]. [5] 

b) For small (strength-dominated) craters the relationship between impactor diameter L and 

crater diameter D is given by 
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=

v

YD
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where Y is the yield stress and v is the impact velocity. What does this expression tell you about 

the slopes of the size-frequency distributions for impactors and for craters? [2] 

c) On Mars, we expect one 30m diameter crater to form each year. How big an impactor does 

this crater represent? Take Y=2 MPa, v=10 km/s and =3000 kgm-3.  [1] 

d) Use equation (3) to find out what value of C corresponds to one 30m diameter crater forming 

per year.  Here you can take b=2.8. [3] 

e) How much mass is delivered to Mars each year by impactors forming craters less than or 

equal to 30m in diameter?  [1] 

f) Taking b=2.8, how many years would we have to wait for a 1 km diameter crater to form? [2] 

[14 total] 

 

 


