
MATH 360-2, Winter 2011 MENU Applied Analysis

Project 1: Car Following and Collisions

This project is adapted from pp. 336–341 of the text

Borelli, R.L. and Coleman, C.S, Differential Equations: A Modeling Perspective,
John Wiley and Sons, Inc., New York 2004.

The purpose of this project is to model the response time of one or more cars
following each other; in particular we will try to understand the somewhat
mysterious phenomenon of why there can be collisions even when all drivers are
alert and there seem to be adequate distances between the cars.

The Laplace transform comes into play because of “time delay” – that is, you
speed up if the car in front speeds up, but not immediately. More precisely we
make the following basic assumptions.

1. The driver of a following car can only accelerate (or decelerate);

2. The acceleration is a response to some difference between the driver’s car
and the car in front; such as the difference in velocities or the difference
in position;

3. The response is delayed by some number of seconds T .

We will use time delays such as T = 3 seconds, which is very large (1 second
would be better for alert drivers); this produces cleaner graphs and formulas.
You can discuss under what circumstances the response should be to velocity
or position.

1.) Develop of the velocity control model for car following as on p. 336-7,
making sure you explain clearly your assumptions. There are three constants:
α, λ, and T . Explain their meaning.

2.) Use the Laplace transform to find the general solution, as in Equations (9)
and (10) on p. 338. Explain this solution in your own mathematics. Notice
that while the answer looks like an infinite sum, only finitely many terms are
non-zero at any given time t.

3.) (Matlab) Graph the positions y1 and y2 of the two cars on the same graph
for 0 ≤ t ≤ 10 to see if there is a collision. Take α = 6 (as on p. 339), T = 3,
and let λ vary over the values 1, 2, and 5. Matlab will only be used for graphing
in this project.

4.) (Matlab) Reduce the response time to T = 1 second, let α = 6 and λ = 1,
2, and 3. Describe the graphs. Are there any near misses before collisions?



You will notice that there are time when y2 is actually decreasing (the car is in
reverse). Does this mean something? Or is it too late to avoid the collision?

5.) Now consider the situation of three cars; that is do problems 3a, 3b, and 3c
on p. 340 and then get a closed formula for y3 similar to Equation (10) on p.
338.

6.) (Matlab) Do question 3e graphically. Let λ = 2 and plot the positions y2

and y3 of the second and third cars for various values of T and t ≤ 3T . Show
there is no collision. (In fact, for there to be a collision, T must be very small
and λT must be absurdly large; for example T = 0.5 and λT = 30 will do.)

7.) (Matlab) In question 4 you will have seen that the first two cars do not
collide in the first ten seconds when λ = 2. Do the second and third cars
collide? Here T = 1 and α = 6.

8.) There is also a separation control model for car following. Do problem 4a
on p. 341; then find the general solution of the resulting initial value problem.

9.) (Matlab) Run computer experiments (with graphs) to try and answer ques-
tion 4b on p. 341. Take α = 6, T = 2, and try various values of λ to see if you
get a collision in the first 4 seconds.


