Wolf vs Chicken Pursuit problem
A wolf is pursuing a chicken. The chicken is running along the positive y-axis with a constant speed w, while the wolf starts a distance d away when he starts his pursuit. The wolf will always face the chicken and will not look ahead and try to intercept the chicken. The wolf runs with a constant speed v.

The initial condition is thus as in the following image:
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Mathematically, we seek the path 
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of the wolf, under the initial conditions 
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The chicken can be indicated with a point A, while the pursuer (the wolf) is indicated with point P. The equations of pursuit are then given by:
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where the dot over P specifies the time derivative. This specifies that the tangent vector at point P is always parallel to the line connecting A and P (in other words, the wolf keeps facing the chicken).
The speed of the wolf, which is just 
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 is constant and equal to v, so we can write:
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Since the chicken moves at speed w up the y-axis, we have:
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Substituting this, we get the following set of coupled differential equations, which will be the basis for our solution. After defining the substitution
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Start by dividing the second differential equation by the first, which yields:
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Here, I replaced y with Y to signify that Y is the path we are looking for.
Now, since 
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We can rewrite this using a clever substitution 
[image: image15.wmf]()(())

utUxt

=

, which means that 
[image: image16.wmf]dudUdx

dtdxdt

=

 by the chain rule. So we have:

[image: image17.wmf]2222

dydUvxvU

w

dtdx

xUxU

=+=

++



 MACROBUTTON MTPlaceRef \* MERGEFORMAT (7)

Or, solving for dU/dx, we have:
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Making a final substitution 
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Inserting this result into (8)

, we finally get a separable differential equation:
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We can solve (10)

 by separation:
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Using the initial conditions x0 = d and S = 0, we get the solution:
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With this, we can finally find a differential equation for Y, by substituting this result into 
(5)

 and remembering that  GOTOBUTTON ZEqnNum145666  \* MERGEFORMAT :
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Since 
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The solution for Y is “trivial” and equals:
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Due to division by zero, this solution is not valid when v = w. 
We can finally make a plot of the pursuit path. Using w = 0.5, v = 1 and d = 10, we get:
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We can also determine when the chicken is intercepted. For this, we determine the y-intercept of Y, which is the y-coordinate of the point of interception (the x-coordinate is of course 0):
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And the time it takes to get there is the same as the time it takes the chicken to get there, which is simply the y-coordinate divided by the chicken’s speed w:
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In conclusion, the point of interception, for arbitrary 
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And it takes the wolf 
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