The Situation
 (
You are driving home one day when Tibbles the cat darts into the road and freezes in fear directly in your path.
Can you stop in time before hitting him?
)
What do you need to know to begin to develop an approach (not a solution) to this problem? Make some notes and be prepared to share your ideas.
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Handout 1: Initial Individual Notes
)
The Problem
Can you avoid hitting Tibbles?
· You are a conscientious driver, and are driving 25 mph.
· Tibbles is 63 feet ahead of you when you see him.
· It takes 0.7 seconds from the moment you see Tibbles to the moment you hit the brakes (your ‘reaction time’).
The table below shows the relationship between your speed and the average braking distance for your car.1
	Speed (mph)
	10
	20
	30
	40
	50
	60

	Braking distance (feet)
	5.87
	23.44
	52.71
	93.69
	146.38
	210.77



Get as far as you can in solving this problem on your own. Represent your solution strategy as clearly as possible. You will have further opportunities to work on your solution after today.
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Handout 2A: Initial Individual Work
)
The Problem, Again
Can you avoid hitting Tibbles?
· You are a conscientious driver, and are driving 25 mph.
· Tibbles is 63 feet ahead of you when you see him.
· It takes 0.7 seconds from the moment you see Tibbles to the moment you hit the brakes (your ‘reaction time’).
The table below shows the relationship between your speed and the average braking distance for your car.2
	Speed (mph)
	10
	20
	30
	40
	50
	60

	Braking distance (feet)
	5.87
	23.44
	52.71
	93.69
	146.38
	210.77



Discuss possible approaches to this problem with a partner, and get as far as you can in solving it together. Represent your solution strategy as clearly as possible.
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Handout 2B: Pair Work
)
Making Sense of Others’ Ideas
These students are trying to use the table to write a function that models the car’s stopping distance.
[image: ]
Try to understand each student’s idea on your own first.

Then discuss with your partner: Which of these ideas are correct, and which are incorrect? How do you know?

Make some notes about which ideas make sense to you and which do not.
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Handout 3: Pair Work
)
Building on Others’ Ideas
Choose one or two ideas to develop into more coherent arguments. Pick the ideas from Handout 3 or from your teacher.

For each idea you develop, begin by identifying any errors in reasoning.

Then develop each idea by correcting it as needed, and adding explanation, examples, diagrams and/or graphs to support it.
 (
Idea #1
)
 (
Idea #2
)
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Handout 4: Individual Writing
)
Diagram
[image: ]
Source: http://www.cyberphysics.co.uk/graphics/graphs/highwaycodeSD.png






Formula
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Source: http://en.wikipedia.org/wiki/Braking_distance
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Handout 5: Resource Card
)
Culminating Product: A Recommendation
The Departments of Motor Vehicles in CA and in NY both publish guidelines for ‘following distance’. Their guidelines are different. Which state’s guidelines do you recommend, based on your study of the mathematics of stopping distance?

Prepare a recommendation to one state’s DMV or the other about changing their published guidelines so that the two states’ guidelines for following distance are consistent.
· Support your recommendation with your own mathematical work (calculations, formulas, diagrams, graphs) and with relevant findings from your research (diagrams, graphs, formulas).
· Be sure to make clear how any diagrams, graphs, and formulas you use represent the important quantities in the situation.
· Your recommendation should be 1-­‐2 pages long, including 2-­‐3 short paragraphs of text and supporting mathematical work.
· Use the feedback you have received so far from your teacher on your individual and group work to inform your final product.
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Handout 6: Culminating Product – Individual Writing


California DMV Three Second Rule

[image: ]Do not be a tailgater! Many drivers follow too closely (tailgate) and are not able to see as far ahead as they should because the vehicle ahead blocks their view.

The more space you allow between your vehicle and the vehicle ahead, the more time you will have to see a hazard, and stop or avoid that hazard.

Most rear end collisions are caused by tailgating. To avoid tailgating, use the “three-­‐second rule”: when the vehicle ahead of you passes a certain point such as a sign, count “one-­‐ thousand-­‐one, one-­‐thousand-­‐two, one-­‐thousand-­‐three.” Counting these numbers takes approximately three seconds. If you pass the same point before you finish counting, you are following too closely.

You should allow a four-­‐second or more cushion when:
· Being crowded by a tailgater. Allow extra room ahead, do not brake suddenly. Slow down gradually or merge into another lane to prevent being hit from behind by the tailgater!
· Driving on slippery roads.
· Following motorcyclists on wet or icy roads, on metal surfaces (e.g., bridge gratings, railroad tracks, etc.), and on gravel. Motorcyclists can fall more easily on these surfaces.
· The driver behind you wants to pass. Allow room in front of your vehicle so the driver will have space to move in front of you.
· Towing a trailer or carrying a heavy load. The extra weight makes it harder to stop.
· Following large vehicles that block your view ahead. The extra space allows you to see around the vehicle.
· You see a bus, school bus, or a placarded vehicle at railroad crossings. These vehicles must stop at railroad crossings; so, slow down early and allow plenty of room.
· Merging onto a freeway.
If you follow too closely and another driver “cuts” in front of you, just take your foot off the gas. This gives you space between your vehicle and the other driver, without having to slam on your brakes or swerve into another lane.
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Handout 7: Following Distance Guidelines for NY and CA
)
New York DMV Two Second Rule
ALLOW YOURSELF SPACE
http://dmv.ny.gov/about-­‐dmv/chapter-­‐8-­‐defensive-­‐driving#all-­‐spc

Four of every 10 crashes involve rear-­‐end collisions, normally because a person is following too closely (tailgating). Leave enough room between your vehicle and the one ahead so you can stop safely if the other vehicle stops suddenly. Brake early and gently when you prepare to stop or turn. It gives drivers behind you plenty of warning that you plan to decrease your speed.

[image: ]For a good "space cushion," use the two-­‐second rule: Select an object near or above the road ahead like a sign, tree or overpass. As the vehicle ahead passes it, count slowly, "one thousand one, one thousand two." If you reach the same object before
you finish the count, you are following too closely.	In bad weather and when following large trucks,
increase the count to at least three or four seconds for additional space.

If a driver follows you too closely (tailgates) move to another lane if possible, or reduce speed and pull off the road to let the driver go by you. Make sure
to signal when you drive off the road and when you return to it. Do not press your brakes to warn the driver behind you -­‐ this could make a difficult condition become even more dangerous. In case you must change lanes quickly or pull over to avoid a hazard, leave some "escape" room to your left and right.

Three Scenarios to Consider
Scenario #1
Imagine you are driving behind a car that suddenly brakes to avoid hitting Tibbles the cat.
· Both you and the driver you are following are driving 22 mph.
· Tibbles is 55 feet ahead of the car you are following.
· You are using the “two-­‐second rule” to determine the distance between your car and the car ahead of you. (You learned to drive in New York.)
· It takes 0.7 seconds for the driver ahead of you to hit the brakes once she sees Tibbles.
· It takes 0.7 seconds for you to hit the brakes once you see the brake lights ahead of you.
· You can use the formula1 below to compute the total stopping distance for your car and the car ahead of you.




This formula shows the total stopping distance as the sum:
distance traveled during perception-­‐reaction time + distance traveled while braking
In order to use this formula, suppose the following:
	Both you and the driver ahead of you have a ‘perception-­‐reaction time’, tp-­‐r, of
0.7 seconds.
	For both cars, the friction coefficient, ,  is 0.6.
	For both cars, the standard acceleration due to gravity, g = 32 ft/sec.
1 Source: http://en.wikipedia.org/wiki/Braking_distance
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Scenario #3
Just like Scenario #1, except:
The friction coefficient, 

, 
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Handout 8: Three Scenarios to Consider
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Total stopping distance [edi

The total stopping distance is the sum of the perception-reaction distance and the braking distance.
Dyt = Dyp-r + D, e
=it king = Vlp—yp + 5—

total p—r + Dbraking p-r + g
A common baseline value of £, . = 1.5(s], u = 0.7 is used in stopping distance charts. These values incorporate the
ability of the vast majority of drivers under normal road conditions.?! However, a keen and alert driver may have
perception-reaction times well below 1 second,” ! and a modern car with computerized anti-skid brakes may have a friction
coeficient of 0.9--or even far exceed 1.0 with sticky tires.['II14I1E16]

Experts historically used a reaction time of 0.75 seconds, but now incorporate perception resulting in an average
perception-reaction time of: 1 second for population as an average; occasionally a two-second rule to simulate the elderly
or neophyte;™* 4 or even a 2.5 second reaction time—to specifically accommodate very elderly, debilitated, intoxicated, or
distracted drivers "2 The coefficient of friction may be 0.25 or lower on wet or frozen asphalt, and anti-skid brakes and
season specific performance tires may somewhat compensate for driver error and conditions.!*1'7i"* %l | |egal contexts,
conservative values suggestive of greater minimum stopping distances are often used as to be sure to exceed the
pertinent legal burden of proof, with care not to go as far as to condone negligence. Thus the reaction time chosen can be
related to the burden's corresponding population percentile; generally a reaction time of 1 second is as a preponderance
more probable than not, 1.5 seconds is clear and convincing, and 2.5 seconds is beyond reasonable doubt. The same
principle applies to the friction coefficient values.
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