Probability
How often do large, destructive impacts really happen?  The basic question you will examine in this activity is: what does “once every 100 million years” really mean?

Things from space that hit Earth come in many sizes.  There are many more small ones than there are big ones.  For example, if you took a glass plate and shattered it by throwing it on the floor, you would most likely have many little pieces and a few large pieces.  Therefore, since there are more small things in space than large things, it is more likely that small things will hit Earth.  The graph below shows this.

<find a picture>
1.
An impact like the one that happened at the Cretaceous-Tertiary (K/T) Boundary (end of the dinosaurs 65 million years ago) probably was caused by a meteoroid approximately 10 kilometers across.  Using the graph above, about how often should a meteoroid of this size impact Earth?

2.
Given your answer to the previous question, when will be the most likely time a meteoroid of this size could impact Earth again?  Make sure to discuss this with your partner/group.

3.
Now you shall test your hypothesis.


Take the deck of cards – there are no face cards or jokers (the ace is number 1).  Shuffle the deck at least 7 times (this ensures randomness).  One person will be the dealer and everyone else in the group will be the recorders (if you have more than 2 people).

The RECORDER(S) should pick a number, one through ten, and record it in Table 1, Line 1.

The DEALER should flip over the top card of the deck.  Is it the number picked by the recorder(s)?  If no, flip to the next card (flip just one card at a time).  If yes, the RECORDER(S) should make an “X” just above tick mark #1 in Table 1, Line 1.  Repeat this for all the cards in the deck.  If, for example, the 4th, 20th, 22nd and 39th cards are the same as the number the recorder(s) picked, there should be “X”s above each of those tick marks in Table 1, Line 1 (see example).

4.
Repeat Step 3 three more times (make sure you switch roles around!!) so you fill up all four lines of Table 1.  You can pick the same number or different numbers.
	TABLE 1
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Example
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5.
In Table 2 (next page), summarize your data.  For each line, indicate when the 1st appearance of your chosen number was, then the 2nd and so on.  
6.
Once Table 2 is finished, one person should go up to the front and record information on the master copy called the “Xs Histogram”.  If there are too many people, wait a little bit, but be sure to do it before Question 10!
	TABLE 2

	
	1st
	2nd
	3rd
	4th

	
	
	
	
	

	line 1
	______
	______
	______
	______

	line 2
	______
	______
	______
	______

	line 3
	______
	______
	______
	______

	line 4
	______
	______
	______
	______


QUESTIONS

7.
Study the distribution of “X”s on the lines of tick marks.  Describe any patterns you observe.  Is there a regular interval of appearances?

8.
If you know that an X appeared on tick mark 10, can you accurately predict when the next X will appear?


No matter your answer, make such a prediction:


Chose a number and deal out the deck again (make sure to shuffle 7 times first) – when you have the first appearance of your chosen number, count the number of cards until the next appearance.  Was your prediction right (( 1 card)?

Now, how many cards is it until the NEXT appearance of your chosen number?  Was you prediction right?

9.
This activity uses 40 cards: 4 with the selected number, 36 without.  What are the odds of the first card having the selected number?

10.
Let’s create a simulated history of Earth impacts.  In Table 1, replace the tick marks with hypothetical ages starting from the left (mark 0) with an age of -300 million years.  Each mark will be 10 million years after the one before it, with mark 40 ending up at +100 million years.  Year 0 is the present, the negative numbers are the past and the positive numbers are the future (you don’t have to label EVERY mark, just the major ones that are already labeled).

Would you say the impacts in this simulation are randomly distributed or distributed by a pattern?

11.
Let’s think about the connections between the card sequence and the likelihood of impacts on Earth.  

Cards in the deck are randomly distributed, so the chance of a card with the selected number appearing is the same at any step in the sequence.  Asteroids and comets are randomly distributed in space.  

Cards with the selected number are somewhat rare (4 out of 40 OR 1 out of 10).  Huge asteroid and comet impacts are extremely rare.


a.  If we said that an impact has a chance of occurring every hundred million years, does that mean that if an impact occurred NOW that another one won’t occur for the next 99,999,999 years?


b.  If we said that an impact has a chance of occurring every hundred million years, does that mean that such an impact MUST occur once within every hundred million year interval?  (hint:  bringing it back to the cards, does every interval of 10 cards have one and only one X?)
12.
Look at the prediction you made back in #1.  Would you like to revise your estimate?  Why or why not?

13.
The impacts that have occurred in Earth’s history occurred at particular times.  But if you could rewind time and start again, would you expect to have catastrophic impacts appearing at the same time on the second, third or fourth run?  


Does this pattern or lack of pattern have implications for the history of life on our planet?
X





X





X





X








Borrowed from 

Craters!  A Multi-Science Approach 

by the NSTA


