Natural Hazards  - Geology 209

Homework assignment #2 - Energy Bolide Impacts

Name____________







Due: March 26th
Impact
1.Impact calculations.

· Remember that KE = (1/2)mv2

· Volume of a sphere = (4/3) ( r3
a) Density of rock is roughly 3000 kg/m3 and impact speeds of asteroids are roughly 20 km/s.  What is the kinematic energy of an asteroid with a 2-meter radius (using the above equations)?

b) One kg of TNT releases 4.2 x 106 Joules of energy.  One Megaton = 109 kg.  Calculate how many Megatons (MT) of TNT would be required to produce the kinetic energy of your asteroid in problem (a).  This value is known as the explosive yield (Y) of the asteroid.

c) The lethal area of an asteroid collision in units of km2 = Area = 100Y2/3.  Calculate the lethal area of your asteroid.

Accretion Energy
2. Formation of the solar system.

a) Planetary bodies are formed by the violent impact of ice and dust particles and small rock bodies called planetesimals.  It is known that the average energy per unit mass of planetary accreted material is related to the Universal Gravitational Constant ([image: image1.png]G = (6.67428 £ 0.00067) x 107" m” kg™




), the mass of the body, and inversely related to the body's radius.  Thus, we have the relationship:

Average energy per unit accreted mass = E/M = 3/5 GM/r 

where E is the amount of energy (in joules), G is the gravitational constant, M is the mass of the body and r is the radius of the body. Using the table of planetary properties from the homework website calculate the average energy per particle for the inner terrestrial planets (Mercury, Venus, Earth and Mars) and the Earth's moon (E/M).  

b) After you have made the calculations plot the relationship between planet radius and your calculated values of (E/M).  

c) What kind of relationship is this (hint: find the best-fit trend line using Excel)?  

d) What mathematical relationship between radius and (E/M) can be deduced from the data (hint: the mathematical relationship between two variables is the function that relates the two variables.  For example, the relationship between Y and X in a linear plot is Y=mX+b, where m and b are the slope and the Y intercept.  Thus, the mathematical relationship of two variables that you plot against one another is just the equation of the best-fit line to that data.)?  

e) Was the energy generated in the creation of the Earth larger or smaller than that for the moon?  How much more, or less, is the Moons accretion energy relative to the Earth?  What can you infer about the thermal history of the two planets from these differences (thinking about our discussion in class)?

Temperature/conduction
3. The temperature in a planetary body at a given distance from the body's center (r) is given by the expression:

T = A (a2 - r2)

      6k     

where T is the temperature at the given point, A is the internal heat generation, k is the thermal conductivity (Thermal conductivity is a property of materials that expresses the heat flux through a material given a certain temperature gradient that exists over the material - i.e., how fast the handle of your boiling pot of water gets hot!!!!) measured in watts per meter per degree centigrade (Wm-1 oC-1), a is the total radius of the body and r is the radial distance to the point of interest.  It is further known that the surface heat flow of the body (at r = a, the surface of the body) is given by the expression:

Qs = A a

          3

where Qs is the surface heat flow, A is the internal heat generation, and a is the total radius of the body.

a) If we model the Earth as a solid sphere with constant thermal properties and uniform heat generation, then what is the temperature at the center of the Earth (r = 0) given values for surface heat flow = 80 x 10-3 W m-2, a = 6370 km and k = 4 W m-1 oC-1? (Hint: algebraically set up the above Temperature formula so that you can substitute in the value of surface heat flow (Qs))     
b) What are the units of A?

c) Does the answer for core temperature seem reasonable considering the surface temperature of the sun is 5700oC?  

d) If not, explain what some of the problems are with the assumptions we made in the above model of a purely conductive Earth.  

e) How can we account for this discrepancy (think back to our discussion of the Earth's Interior)? 

Lord Kelvin's estimate for the age of the Earth

4.  It was not until the early part of the 1900s that Lord Rayleigh (1906) worked on the radioactivity of igneous rocks, which eventually gave birth to the field of research known as geochronology.  Prior to Lord Rayleigh geologists had to rely on other methods and assumptions for estimating the age of the earth.  In particular was the work of a man by the name of Lord Kelvin (1850s) who calculated the age of the Earth using thermal conduction equations.  In 1905 Kelvin produced an estimate for the age of the Earth by assuming that the Earth is a warm, chemically inert (lacking the power to move) sphere, which has undergone thermal conductive cooling from its surface since its creation.  Thus, the deeper one goes in the Earth the hotter it gets, and moreover, the older the Earth gets the cooler it becomes.  A simplification of Kelvin's estimate is as follows:
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t is time (age of the Earth), k is thermal conductivity (as described above), To is the initial temperature of the Earth (i.e. the temperature of liquid rock as assumed by Kelvin), Ts is the surface temperature today (as measured at the Earth Surface with a thermometer) and ( is the thermal gradient of the Earth (how much the temperature rises for every kilometer one digs down into the earth). Kelvin assumed a thermal gradient of 25o C/km (a pretty good approximation for the Earth's crust).  The thermal conductivity of the rocks was estimated to be 0.012 cm2/s (derived from laboratory experiments).  Estimates for the melting temperature of rock at the Earth's surface ranged from 5500o C to 4000o C (both of which are too high from what we know today) and the average surface temperature measured was 15o C.  

a) Using the above information, what was the age range that Kelvin estimated for the Earth (using the high and low estimated initial temperatures)?

b) Are these ages reasonable? 

c) What is the cause of discrepancy between the age of the Earth as we know it now and the age that Lord Kelvin calculated?  Think about the assumptions Lord Kelvin made compared to what we know now about the Earth's interior.

Extra Credit - Galileo's formula for falling objects (i.e. asteroids) is
y(t) = -(1/2)gt2 + vot + yo 
where y(t) is the height of the object at some time t, yo represents the height of the object at t = o (or the observed height of the object prior to impact), g is the gravitational constant (9.8 m/s2), t is time and vo is the objects velocity.

The velocity of the object at the moment of impact is equal to 





v = -gt

A NASA satellite has just observed an asteroid that is on a collision course with the Earth (think of the movie Armageddon).  The asteroid has an estimated mass, based on its size, of 8.5 x 109 kg.  It is approaching the Earth on a head-on course with a velocity of 650 m/s relative to the Earth.  The asteroid is now 5.0 x 106 km away.  At what speed will the asteroid hit the Earth's surface, neglecting the friction of the atmosphere? How much thermal energy would be produced by such a collision?
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