14.4 problem 26 A gun is fired with angle of elevation 30°. What is the muzzle speed if
the maximum height of the shell is 500m?

We wish to find the muzzle speed v, = |/(0)|. We do need to pick a coordinate system. We
can do this in just two dimensions, fixing j to point up and with the motion of the shell in
the positive 7 direction, with the gun at the origin. Our strategy will be to find an expression
for 7(t) in terms of v,,, maximize the y component of this (Calc I style) and solve for v,, by
setting the maximum equal to 500.

The things we know are:

I The acceleration of the shell is (neglecting air resistance) entirely due to gravity.
This gives us
a(t) =(0,-9.8)

Note that we picked our unit of measure to match the units set by the problem
for height.

IT We can calculate ¥(0) in terms of the v, because we know the elevation of the
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gun.

7(0) = (v, c0s(30°), vy, sin(30°))
ITT Because of the way we set up the coordinate system, we also have

7(0) = {0,0)

This is enough to find an expression for 7(¢). We first calculate

and then

F(t) = 7(0) + /0 () du — <§umt, %vmt _ 4.9

The y component of this is %vmt — 4.9, To maximize this we set the derivative equal to
%vm — 9.8t = 0. Solving this we find that the shell reaches its maximum height at

t = {¢=. By inserting this back into our expression for the y component, we find a maximum
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height of 7% — -2 = -~z Now we can set 500 = =% and solve to find

Up = V78.4 % 500 ~ 198m/s

Zero:




