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1. A cargo plane flies at height h above the ground with speed v. At time t = 0 the
cargo doors open and an item is pushed out of the cargo bay, whence it plummets to
the ground. Let x denote a coordinate in the direction of motion of the plane and let
z denote the height coordinate, with the ground located at z = 0. Assume that the

trajectory of the item satisfies the differential equation

with initial conditions z(0) = 0, 2'(0) = v, 2(0) = h and 2/(0) = 0.

(a) When does the item hit the ground?

(b) Where does the item hit the ground?
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(c) What is the velocity of the object when it hits the ground?
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2. Find the length of the curve y = L(2%2+4)%? for z € [0, 3]. (Hint: 4+4y+y* = (y+2)2.)

1
6



Math 42 — Second Midterm Page 4

3. The height of a monument is h. The shape of its horizontal cross-section at height z is
given in the following picture, where each of the four curves is one quarter of a circle

of radius h — z. Find the volume of the monument.

y
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4. Let us generate a solid of revolution by rotating the shaded region pictured below

about the z axis.

(a) Write down (but do not evaluate) an integral for the volume of the solid using
the method of washers/disks.
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(b) Write down (but do not evaluate) an integral for the volume of the solid using
the method of shells.
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5. Find all solutions of the ordinary differential equation

y"'(t) = cos(t).
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6. Find a solution of the ordinary differential equation

telv@®)?
0]

y'(t)

satisfying the initial condition y(0) =1 .
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