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The Oak Island Spoils Problem II

The search for treasure on Oak Island has been
ongoing since 1795. In the last thirteen years,
modern engineering techniques have been
brought to bear by the Lagina brothers. They
hired ROC Drilling to sink 8-foot-diameter
metal tubes (called caissons) down to 200 feet
and then use a hammer grab to excavate the “spoils” (what comes out of the
caissons). The hammer grab brings up the spoils, and a shift supervisor measures
their rate of input every few hours, recording the findings in the chart below.

¢t = time 1n hours 0 1.5 3.7 5.3 8

H(t)= Rate of spoils
grabbed in yds*/hour 10.1 9.8 6.7 5.0 12.5

The spoils are then taken to a wash plant where they are rinsed and sorted into
piles by size so they can be visually inspected to find artifacts. The rate at which
the spoils are washed and inspected can be modeled by the equation

w(t) =02(—2)(10—¢)? and 2< ¢ <8,

where W(t) =0.2(x —2)(10 — x)? is measured in yds*/hour and ¢ is measured in
hours. At the beginning of the day, there are 5 yds® at the wash plant from the day
before.

(a)  Find the total amount of spoils washed and inspected during the six hours of
work. Indicate the correct units.




(b)  Given that H(4.2) >0, find H'(4.2) and, using the correct units, explain your
results in context of the problem.

(c)  Use a Left Riemann sum with subintervals indicated by the table to

8
approximate f H(t)d:.
0

2
t
(d)  Assume the equation S(z) =9+ 4COS(E + 1.2) models the H(z) data on

the table. Write an expression for U(¢) that would represent the total amount of
unwashed spoils at time #. What is the absolute minimum amount of unwashed
spoils waiting to be cleaned on 0 <t < 8?




The Stump Problem

2. In preparation to have his pool

excavated and replaced with a garden, Dr.

Quattrin had to remove a 100-year-old

Monterey Cyprus tree stump that had roots

extending 30 or more feet in several

S directions. As he dug and chopped around

¥ the stump, it occurred to Dr Q that the

= stump resembled a rotation about the A-axis
{ of the curve h =2 —2In(r —2).

(a)  Isolate r in the equation.

(b) At the time when the tree 1was cut down, the average radius of the top of the
trunk could be modeled by r = Zﬁ . The tree was 100 years old when it was cut
down. Find the radius and height of the top of the stump when r = 100 years.




(c)  Find the volume of the solid formed by the rotation about the /-axis.

(d)  Find how fast were the radius and the height changing when ¢ = 100 years.
How fast was the volume of the stump changing when r = 100 years.




X
3.  Let h(x)= f f(t) dt on x €[—4, 4]. Let the graph of f(x) above be
0

comprised of one semicircle and two line segments as shown below.

(a)  Find (3), #(3), and "/(3).

(b) At what x-value(s) on x €[ —4, 4] does i(x) have a relative minimum.
Explain your reasoning.




(c)  What is the absolute maximum value of 4(x)on the interval x € [—4, 4]?

(d)  On what interval(s) is 2#(x) both increasing and concave up? Explain why.




4. Consider the differential equation d_y =6(2x+1)2y- Lety= f(x) be the
d.

X
particular solution to the differential equation with the initial condition

1
y(— 5) = —35. The function y = f(x) is defined for all real numbers.

d?y
(a)  Use implicit differentiation to find ? in terms of x and y.
X

1
(b)  Use the solution to (a) to determine if the point (— 5 — 5) isata

maximum, a minimum, or neither.




. . . d !
(c)  Find the particular solution to % =6(2x+1)%yat (— 5T 5) :
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