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4. How can meteoroids affect spacecraft?
5. Are humans made of meteor atoms?

6. Can you see meteors during the daytime? Why or why not?

* bolide a fireball; a large, bright meteor
* meteor material from interplanetary space falling through Earth's atmosphere

* meteor showers times when you might see many meteors, usually when Earth passes through
cloud of meteoroids

* meteorite a meteor that strikes Earth

* meteoroid a piece of interplanetary material out in space--the kind of stuff that would be a
meteor if it hit Earth's atmosphere

« shooting star another name for a meteor

* sporadic meteors meteors that appear by chance and are not associated with a meteor shower
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e Find out what the size of a crater can tell us about the meteorite that made it.
" 7 \‘S
s Main Activity

Make craters and measure what factors make a difference in how big a crater is.
Materials

* asandbox (the finer the sand, the better)

« various objects: a marble, a large ball bearing, rocks of different sizes

* aruler

= paper and pencil for recording data

= ascale, such as a kitchen scale, for weighing the objects (optional)

* aladder (optional)

1. Make a recording sheet with two columns--one for recording information about your
"meteorite" and another for information about the craters it produces.




[image: image2.jpg]2. Prepare a smooth, flat surface in the sandbox at least 30 cm (1) on a siae. Be Sure the sand >
loose and dry beneath it.

3. Pick an object to act as your meteorite. Measure and record its length and, if you have a scale,
weigh your meteorite and record that figure, too.

4. Make sure no one is in the way!
5. Throw the meteor down into the middle of  'e sand as'hard and as fast as you can.

6. Look at the crater you made. Measure its diameter (to the nearest millimeter, if you can) and its
depth.

7. Repeat steps 4 through 6 at least two more times to get three or more measurements from you
meteorite.

8. Repeat steps 3 through 7 using different objects as meteorites.

9. (Optional) Repeat the steps, substituting flour for sand and dropping the objects instead of
throwing them. This will remove the added variable of velocity. Observe how your results differ
when you drop the object into flour instead of throwing it into sand.

Questions

1. What problems did you encounter as you tried to measure the craters? How did you deal with
those problems?

2. How did your craters vary? Did the same meteor always produce a crater of the same size? How
did changing the meteor change the crater you made? Did you see any patterns?

3. How could you change this investigation? Can you think of other materials that would make
good craters? Can you think of other things you might measure?

4. How does making craters in a sandbox helps us understand real meteorite craters?

5. Based on the final pattern, can you tell which craters were made first? How can astronomers
estimate the age of meteor craters on other planets?
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Get a topographic map of Meteor Crater, Arizona. How do they indicate the depression on the map?
Find where Meteor Crater is on a map of the United States.
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Objects orbiting the Sun in our solar system do so at a variety of speeds that directly
depends on how far they are from the Sun. For example, the Earth’s orbital velocit;
is 30 km/s (65,000 mph!). Objects further' '>m the Sun than the Earth move more
slowly, objects closer to the Sun than the Earth move more quickly. Note that aster-
oids and comets near the Earth will have space velocities similar to the Earth, bu
in (mostly) random directions, thus a collision could occur with a relative speed of
impact of nearly 60 km/s! How fast is this? Note that the highest muzzle velocity
of any handheld rifle is 1,220 m/s = 1.2 km/s. Thus, the impact of any-solar system
body with another is a true high speed collision that releases a large amount of energy.
For example, an asteroid the size of a football field that collides with the Earth with
a velocity of 30 km/s releases as much energy as one thousand atomic bombs the size
of that dropped on Japan during World War II (the Hiroshima bomb had a “yield”
of 13 kilotons of TNT). Since the equation for kinetic energy (the energy of motion)
is K.E. = 1/2(mv?), the energy scales directly as the mass, and mass goes as the cube
of the radius (mass = density x Volume = density x R?®). A moving object with ter
times the radius of another traveling at the same velocity has 1,000 times the kinetic
energy. It is this kinetic energy that is released during a collision.

4.7 Exercise #1: Creating Impact Craters

To create impact craters, we will be dropping steel ball bearings into a container
filled with ordinary baking flour. There are two sizes of balls, one that is twice as
massive as the other. You will drop both of these balls from three different heights
(0.5 meters, 1 meters, and 2 meters), and then measure the size of the impact crater
that they produce. Then on graph paper, you will plot the size of the impact crater
versus the speed of the impacting ball.

1. Have one member of your lab group take the meter stick, while another takes
the smaller ball bearing.

2. Take the plastic tub that is filled with flour, and place it on the floor.
3. Make sure the flour is uniformly level (shake or comb the flour smooth)

4. Carefully hold the meter stick so that it is just touching the top surface of the
flour.

5. The person with the ball bearing now holds the ball bearing so that it is located
exactly one half meter (50 cm) above the surface of the flour.

6. Drop the ball bearing into the center of the flour-filled tub.





[image: image4.jpg]7. Use the magnet to carefully extract the ball bearing from the flour so as to
cause the least disturbance.

o

. Carefully measure the diameter of the crater caused by this impact, and place

it in the data table, below. & =

9. Repeat the experiment for heights of 1 meter and 2 meters using the smaller ball
bearing (note that someone with good balance might have to carefully stand on
a chair or table to get to a height of two meters!).

10. Now repeat the entire experiment using the larger ball bearing. Record all of
the data in the data table.

Height [ Crater diameter | Crater diameter Impact velocity
(meters) | (cm) Ball #1 (cm) Ball #2 (m/s)

0.5

1.0

2.0

Now it is time to fill in that last column: Impact velocity (m/s). How can we
determine the impact velocity? The reason the ball falls in the first place is because of
the pull of the Earth’s gravity. This force pulls objects toward the center of the Earth.
In the absence of the Earth’s atmosphere, an object dropped from a great height above
the Earth’s surface continues to accelerate to higher, and higher velocities as it, falls.
We call this the “acceleration” of gravity. Just like the accelerator on your car makes
your car go faster the more you push down on it, the force of gravity accelerates
bodies downwards (until they collide with the surface!).

We will not derive the equation here, but we can calculate the velocity of a falling
body in the Earth’s gravitational field from the equation v = (2ay)*/2. In this equa~
tion, “y” is the height above the Barth’s surface (in the case of this lab, it is 0.5, 1,
and 2 meters). The constant “a” is the acceleration of gravity, and equals 9.80 m/s?.
The exponent of 1/2 means that you take the square root of the quantity inside the
parentheses. For example, if y = 3 meters, then v= (2 x 9.8 x 3)!/2, or y= (58.8)1/2

=T77m/s.

1. Now plot the data you have just collected on graph paper. Put the impact velocity
on the z axis, and the crater diameter on the y axis. i (10 points)
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1. Describe your graph, can the three points for each ball be approzimated by a singl
straight line? How do your results for the ‘arger ball compare to that for the smalle
ball? (3 points) ¥

2. If you could drop both balls from a height of 4 meters, how big would their craters
be?(2 points)

3. What is happening here? How does the mass/size of the impacting body effect
your results. How does the speed of the impacting body effect your results? What
have you just proven? (5 points)

4.8 Crater Illumination

Now, after your TA has dimmed the room lights, have someone take the flashlight
out and turn it on. If you still have a crater in your tub, great, if not create one (any
height more than 1 meter is fine). Extract the ball bearing.

1. Now, shine the flashlight on the crater from straight over top of the crater. Describe
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2. Now, hold the flashlight so that it is just barely above the lip of the tub, so that
the light shines at a very oblique angle (like that of the setting Sun!). Now, what do

you see? (2 points)

3. When is the best time to see fine surface detail on a cratered body, when it is noor
(the Sun is almost straight overhead), or when it is near “sunset”? [Confirm this a
Mo e ahie semgeterl] (1 point)




