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Problem 2.16

A golfer hits his ball with speed v, at an angle # above the horizontal ground. Assuming that the
angle 6 is fixed and that air resistance can be neglected, what is the minimum speed v,(min) for
which the ball will clear a wall of height A, a distance d away? Your solution should get into
trouble if the angle 6 is such that tan @ < h/d. Explain. What is v (min) if 8 = 25°, d = 50 m,
and h = 2 m?

[TYPO: The solution actually gets into trouble when tanf < h/d.]

Solution

Newton’s second law gives two equations of motion, one for each dimension the projectile moves
in.

ZFI = mayg
ZF = may

Since there’s no air resistance, the only force to consider is the one due to gravity.
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Take the launching site to be the origin so that z, = 0 and y, = 0.

x(t) = (v, cos 0)t

1
y(t) = _i'th + (vosin )t
The projectile needs to cover a horizontal distance of d and a vertical height of h to clear the wall.

d = (v, cos 0)t

1
h = —§g1t2 + (vosin )t

This is a system of two equations for two unknowns (¢ and v,). Solve the first equation for ¢,

d
t_

Vg CcOs B’

and plug it into the second equation to get v,.
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2 gd*

Yo = 5 cos? O(dtan6 — h)

Vo(min) = g
© ~ \/ 2cos?20(dtan® — h)

Notice that in order for this solution to be valid and physically reasonable, it’s necessary that

dtanf — h >0
h
tanf > —.
an >d

If dtan @ — h < 0, then there will be a negative number under the square root, resulting in an
imaginary velocity. If dtanf — h = 0, then the denominator is zero, blowing up the velocity.
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FEither of these conditions being true means that the ball will not clear the wall. If § = 25°
d=50m, and h = 2 m, then

L (9.81 %) (50 m)? B m
Vo(min) = \/2(cos 55)2](50 m) tan 25° — 2 m)] 207
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