Predator/Prey questions


Kinematics resources: Questions

Clicker question:

Which of the following is true for a lion attempting to catch a gazelle?

(relevant data from Elliott et al. 1977)

A. The lion should chase the gazelle as long as possible to maximize the chance of catching it.

B. The lion should chase the gazelle until the gazelle reaches its maximum velocity.

C. The lion should give up the chase if it hasn’t caught the gazelle within 4 seconds.

D. The gazelle doesn’t have to worry about lions, because it can run about twice as fast.

E. The gazelle travels farther than the lion does in the first two seconds of the chase.

Data from Elliott, P., Cowan, I.M., and Holling, C.S. 1977.  Prey capture by the African lion.  Canadian Journal of Zoology 55(11):1811-1828. 

(C is correct.  This clicker question is good practice in reading v vs. t graphs, if the relevant data are presented in that form.  It can also elicit lingering confusion about the distinction between acceleration and velocity, how it relates to change in position during a particular time period, and why the distinction is biologically important.)

1. Safe distances for gazelles: Given the same lion and gazelle data, estimate the maximum distance the lion can be from the gazelle and still have some chance of capturing it.

The next two questions are about humans:

2. Runners paradox.  A blog written after Usain Bolt’s record-breaking performance at the 2008 Beijing Olympics (http://freakonomics.blogs.nytimes.com/2008/08/25/whos-the-worlds-fastest-runner/) noted that the average speeds in the 200 m (Michael Johnson 19.32 s in 1996 and Usain Bolt 19.30 s in 2008) are faster than the average speeds for the 100m (Usain Bolt 9.69 s in 2008).  This seems paradoxical, as a runner should be able to maintain a higher average speed on a short race than on a long race.  However, it was suggested that the acceleration has to be considered. Does acceleration explain this paradox?  (Do not do a calculation here!)

3. Fastest person 2008: Consider Usain Bolt and the 200m and 100m races.  If he reaches top speed in 15 meters, and his top speed in the 100m is 11.7 m/s and his top speed in the 200m is 11.1 m/s, what is his average speed in each race?

4. Sara’s strategy: Sara is able to accelerate at 3 m/s2; she can maintain her top speed of 10m/s for 15 seconds, and then must drop to a speed of 9.1m/s; alternatively she can maintain a speed of 9.4 m/s for 100s.  Given this data, what is her best strategy for a 500m race? 

The next two questions are about cars:

5. Worried mom: Your mom asks you to drive to the post office to drop off a letter.  The post office is 10 miles away (a straight shot with no stop signs or traffic lights – you live in Illinois).  You drive down the long road with speed limit of 40 mph, make a right into the PO parking lot, pull up to the outdoor box in the parking lot, drop off the letter, make a left turn out of the lot, and go back home.  There is no traffic (it is early Sunday morning), so you did not have to wait for other cars.  You are back in 30 minutes exactly and she thinks that you must have gone at least 50 mph, especially since you had to speed up and slow down a few times.  How do you convince her otherwise?    

6. Safe distances for cars: A rule of thumb for safe distance between moving cars is two or three seconds.  A different rule of thumb says one second or one car length for each 10 mph you are going (e.g., if you are going 50mph you should be 50 s or 5 car lengths behind the car ahead of you.)  Calculate and justify your own safety rules (one for time, one for length).  Is the time rule or length rule easier to apply?  Typical car stopping rates are 8 m/s2.  Reaction times are about ½ a second.  Don’t forget that you want to be safe, but you do not want to leave too great a distance.

The next two questions are about people and moving objects

7. Runaway Shopping cart:  a shopping cart is parked at the top of a hill.  All of a sudden it starts to go down the hill; its acceleration is 3m/s2.  If you notice it as it begins to move, and you are 5 m away (further up the hill), can you catch it before it hits your car 30 m below it’s starting point?  Assume you can accelerate at 3.5 m/s2 and run at 8m/s.

8. Missed bus? You just missed your bus; it starts to accelerate the moment you reach the back end. Assume you can accelerate at 3.5 m/s2 and run at 8m/s and the bus is 13 m long and the bus’ cruising speed is 15m/s in town .  What is the maximum acceleration the bus can have that will allow you to still catch up with the front of the bus and be able to signal the driver?
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