Shooting at a Constant-Velocity Target—C.E. Mungan, Fall 2011

Suppose a target is initially located at position ry and is moving with constant velocity V.
You have at your disposal a gun located at position rg, that fires bullets at constant speed vy in
any direction B of your choosing. Assuming you can hit the target, in which direction should
you fire and at what time ¢ will the bullet hit it?

As a function of time, the target has position
Irp =g + Ot (1)
while the bullet has position
I =gy + Vgt - ()
To get a hit, we require the two to have the same position. Equating the right-hand sides of Eqs.

(1) and (2), and defining the initial position of the target relative to the gun to be D =rp) —rg ,

leads to

The three components of this equation are

D, = (vg, — V)1, (4a)

D, = (vg, — Uyt , (4b)
and

D, = (vg, — Uy, )t . (4c)

Solve Egs. (4) for the components of Vg, square them, and add them together to get
2 2 2
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(_x+vTx) +[—y+l)Ty] +(—Z+UTZJ =U]23. (5)
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Expand each square, collect like terms together, and multiply through by 72 to end up with
(g —v3) 12 —2(VpeD)r = D* =0. (6)

Assuming the bullet has higher speed than the target, we choose the positive solution of the

quadratic equation to find the time it hits as
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Knowing the time, we substitute it back into Eq. (3) to get the firing angle,
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