PROBLEM OF THE WEEK
Solution of Problem No. 5 (Fall 2011 Series)

Problem: A coast artillery gun can fire at any angle of elevation between 0° and 90° in
a fixed vertical plane. If muzzle velocity is constant (= vg), determine the set H of points
in the plane (and above the horizontal) which can be hit. (Neglect air resistance.)

Solution: (by Bennett Marsh, Freshman, Engineering, Purdue University)

Parametric equations for the flight of the projectile, based on simple kinematic equations
from physics (and assuming the gun is at the origin, with g = gravitational acceleration
of Earth), can be written as
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y(t,0) = —§gt2 + vot sin 6
x(t,0) = vot cos .

Solving for ¢ in terms of x and substituting into the y equation, we get

y(z,0) = (— 25#8@;(:2 9):162 + xtané.

For any given x value, we must find the value for 6 that maximizes y to get an upper
bound on the points that the gun can reach. In other words, we need to find the 6 such
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Since sec # is never 0, to solve the equation we must set the second part equal to zero, and
we find that
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Plugging this value in for # in the equation for y, we get,

0 = tan

This gives us an upper bound for the height of the projectile at any given x value. So the
set of points H that the gun can reach lies in between the zeros of ymax and below the
parabola itself, or the set of all points satisfying
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The problem was also solved by:

Undergraduates: Seongjun Choi (Jr. Math), Kilian Cooley (So.), Sean Fancher (Science),
Sidharth Mudgal Sunil Kumar (Fr. Engr.), Zhenxiang Zhou (Fr. Math)

Graduates: Matt Matolcsi (Phys), Reiri Sono (Bio. Engr.), Tairan Yuwen (Chemistry),
Guangwei Zhu (ECE)

Others: Manuel Barbero (New York), Gruian Cornel (IT, Romania), Hubert Desprez
(Jussieu University, France), Tom Engelsman (Tampa, FL), Elie Ghosn (Montreal, Que-
bec), Brendan Kinnell (Richmond, VA), Martin Kleinsteuber (Germany), Steven Landy
(IUPUI Physics staff), Kevin Laster (Indianapolis, IN), Matt Mistele (FL), Denes
Molnar (Faculty, Physics, Purdue), Omar Marouani (Maroc.), Sorin Rubinstein (TAU fac-
ulty, Israel), Craig Schroeder (Postdoc. UCLA), Leo Sheck (Faculty, Univ. of Auckland),
Jason L. Smith (Professor, Phys. & Math. Richland Community College), Steve Spindler
(Chicago)



