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l. The Pony Express achieved mythic status in the Old West despite only
running for 19 months. The series of riders took mail from St. Joseph, MO, to
Sacramento, CA—1966 miles in 10 days. One rider named Pony Bob Haslam
impressed with both the fastest ride and the longest ride on record. The longest
was 190 miles one way, from Friday’s Station to Smith’s Creek, Nevada. Because
of active Paiute war parties, other relay riders refused to accept the mail and ride
the next leg of the journey, so Bob continued on without rest. Estimates of his
distances and average velocity one way at different times along the route are given
in the table below.

Tmerin 101 hs | 48 | 63 | 72 | 86 | 10
hours
v(t) 1In
. 0 156 135 | 187 | 11.6 | 11.6 | 11.6
mi/hr

a) Approximate Bob’s acceleration at r=5.1 hours. Indicate units.

b)  Use a Midpoint-hand Riemann Sum to approximate jolov(t)dt . Using the

correct units, explain why this is an over-estimate.




c)  Using your answer from part b), estimate Bob’s average velocity during this
ride.

d) Assume that H (t)=6.2te¢™*?" is an accurate model of Bob’s velocity. Does

the model indicate that his velocity is increasing at an increasing rate at =3
hours? Using the correct units, explain your reasoning.




2. After the water from the Colorado River passes through the Yuma Desalting
Plant to have its excess salts removed, the slurry (the densely salted byproduct
water) 1s sent to evaporation pits in the desert where the salt sinks to the bottom

and the water evaporates away. Assume the pit is in a shape formed by rotating the
2
curve y= 2—0 —100n x€[0, 20] about the y-axis.

a) How much slurry can this pit hold? Show the antiderivative steps.

b)  Write an equation that would give the volume of the slurry in the pit at any
depth 4, where is the number of feet below the rim of the pit.




c) After a certain amount of time exposed to the desert heat, all the water
evaporates, leaving just the salt. At that point, the level of salt is 3.9 feet below the
rim of the pit. Use the equation in (b) to find the volume of the salt after all the
water has evaporated.

d) The water in the slurry evaporates at a rate of 0.1 f day” How fast is the

volume of the slurry changing when A=-1.9 f#?
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3. The graph above, h(x) on =5<x<5, is comprised of two line segments and
a quarter circle. Let g(x)=2+ f;h(r)dt .

(a) Find g(4), g'(4), and g”(4).

(b) At what x-value(s) on —=5<x<5 does g(x) have a relative minimum.
Explain your reasoning.




(¢) At whatx-value(s) on —=5<x<5 does g(x) have a point of inflection.
Explain your reasoning.

(d)  On what interval(s) is g(x) both increasing and concave down? Explain
why.




4.  Consider the curve given by 2x* —xy+y>=28.

dy_dx—y

a) Show that de x—2y’

b) Find point(s) P where the tangent line is horizontal.




. d?y
Find — .
c) ind =

d) Determine if each value found in b) is at a maximum, a minimum, or neither.
Justify your answer.




P——— 5. In 1975, Samuel Preston explored the
correlation between life expectancy and
real per capita income in the World over
the previous 75 years. Show are the data
and curve for 2005. The curve that best
fits the data is a logarithmic growth curve,
but another model might be a simple
bounded exponential function. Assume

= - that the 2022 data might be modeled by
the differential equation - =0.01(83- L)

, where L is the average life expectancy in years and i is the per capita income in
hundreds of doollars. Also assume that L(0)=5.

(a) If L(200)="72, find the equation of the line tangent to the Preston curve.

(b)  Use the tangent line equation to approximate L(350). Explain why this is

an overestimate.




(¢c)  Find the particular solution to % =0.01(83— L) with the initial condition
L(0)=5.
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