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Ouestion 1

r (minutes) 0 4 9 15 20

W (t) (degrees Fahrenheit) 55.0 57.1 61.8 67.9 7t.0

The temperature of water in a tub at time r is modeled by a strictly increasing, trvice-differentiable function I/,
where W(t) is measured in degrees Fahrenheit and r is measured in minutes. At time I = 0, the temperature of
the water is 55oF. The water is heated for 30 minutes, beginning at time / = 0. Values of W {t) at selected

times / for the first 20 minutes are given in the table above.

(a) Use the data in the table to estimate W'(12) . 'Show the computations that lead to your answer. Using correct

units, interpret the meaning of your answer in the context of this problem.

(b) Use the data in the table to evaluate 
fio 

*'(r) dr, Using correct units, interpret the meani ng of 
fio 

w'1t1 at

in the context of this problem.

(c) For 0 < / < 20, theaverage temperature of the water in the tub O *fi'*tL) dr. Use a left Riemann sum

with the four subintervals indicated by the data in the table to approxim u" fi['o w(r) dl. Does this

approximation overestimate or underestimate the average temperature of the water over these 20 minutes?
Explain. your reasoning.

(d) For 20 < t < 25, thefunction W thatmodels the water temperature has first derivative given by

W'(t) = 0.4rf cos(0.06r). Based on the model, what is the temperature of the water at time r = 25 ?

(a) W'(12)
w(ts) -w(e)

15-9
= 1.017 (or 1.016)

I
t!'

The water temperature is increasing at a rate of approximately
1.017 oF per minute at time / = 12 minutes,

e20(b) ln *'U) dt = W(20) - W(0) = 71.0 - 55.0 = 16

The water has warmed by 16 "F over the interval from / = 0 to
t = 20 minutes.

le20 1(c) 7lo w(t) dt = fi$.w(0) + s.w(4) + 6.w(e) + 5.w(ts))

= *ro. 55,0 + s. si.r+ 6. 6r.8 + 5. 67.e)

=* l2ls.8 =60.79

This approximation is an underestimate, because a left Riemann
sum is used and the function lZ is strictly increasing.

(d) w(zs) = 71.0 * ft w'1,1 a,

= 71.0 + 2.043155 = 73.043

67.9 - 6t.8
6
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estimate

interpretation with units

value

interpretation with units

: left Riernann sum

: approximation

: underestimate with reason
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Question 3

t
(minutes) 0 I 2 3 4 5 6

c(t)
(ounces)

0 5.3 8.8 1.2 12.8 13.8 14.5

Hot water is dripping through a coffeemaker, filling alarge cup with coffee. The amount of coffee in the cup at
time t, 0 < r < 6, is given by a differentiable function C, where / is measured in minutes. Selected values of
C(l), measured in ounces, are given in the table above.

(a) Use the data in the table to approximate C'(3.5). Show the computations that lead to your answer, and

indicate units of measure.

(b) Isthereatime l, 2<t < 4, atwhich C'(t)= 2? Justifyyouranswer.

(c) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate

the value of f JoClrl dr. Using correct units, explain the meaning or 
|Jnc1r ) 

dt inthe context of the

problem.

(d) The amount of coffee in the cup, in ounces, is modeled by B(t) = l6 - l6e-0'4t . Using this model, find the

rale at which the amount of coffee in the cup is changing when , = 5.

(c)

(a) c,(3.s) " 9%P =P319= 1.6 ounces/min

(b) C is differentiable = C is continuous (on the closed in

c(4)-g^@ _ 12.8_ 8.8 _ ?4-2 2
Therefore, by the Mean Value Theorem, there is at

one time t, 2 < t < 4, for which C'(t) - 2.

*fJrt,l a, * l[z c(r) + 2.c(3) + z.c(s)]

- 
| ,n..= E\2.5.3 

+ 2.11.2 + 2.13.8)

= f{oo.o) =

lc6

6loc(t) dr is the average amount of coffee in the cup, in

ounces, over the time interval 0 < r < 6 minutes

(d) B'(t) = -16(-0.\e-o'4t - 6.4e'o'4t

B'(5) = 6.4e-o'4(s) = $ ounces/min

least
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approximation

units

conclusion, using MVT

midpoint sum

approximation

interpretation

B'(t)
B'(5)
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Ouestion 1

On a certain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant

is modeled by G(t)= 90 + Ot*.(*), where I is measured in hours and 0 S / < 8. At the beginning of the

workday (l = 0), the plant has 500 tons ofunprocessed gravel. During the hours ofoperation, 0 < t < 8, the
plant processes gravel at a constant rate of 100 tons per hour.

(a) Find G'(5). Using correct units, interpret your answer in the context of the problem.

(b) Find the total amount of unprocessed gravel that arrives at the plant during the hours of operation on this
workday.

(c) Is the amount of unprocessed gravel at the plant increasing or decreasing at time I = 5 hours? Show the
work that leads to your answer

(d) What is the maximum amount of unprocessed gravel at the plant during the hours of operation on this
workday? Justify your answer.

(a) G'(5) : -24.s88 (or -24.587)

The rate at which gravel is arriving is decreasing by 24.588
(or 24.587) tons per hour per hour at time / = 5 hours.

= 825.551 tons

(c) G(s) = 98.140764 < t00

At time I = 5, the rate at which unprocessed gravel is arriving
is less than the rate at which it is being processed.
Therefore, the amount of unprocessed gravel at the plant is
decreasing at time / = 5.

(d) The amount of unprocessed gravel at time I is given by

A(t) =soo * Jjtcts) - loo)ds.

A'(t) = G(t) - [00=0 + t-4.923480

A(t)

G',(5)

interpretation with units

integral

answer

compares G(5) to 100

conclusion

considers l'(r)
answer

justification

-0

s00
635.376123
525.551089

The maximum amount of unprocessed gravel, at the plant during
this workday is 635.376 tons.
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Ouestion 1

Grass clippings are placed in a bin, where they decompose. For 0 < t < 30, the amount of grass clippings

remaining in the bin is modeled by A(t) = 6.687(0.931)' , where A(t) is measured in pounds and r is measured
in days.

(a) Find the average rate of change of A(t) over the interval 0 < / < 30. Indicate units of measure.

(b) Find the value of A'(15). Using correct units, interpret the meaning of the value in the context of the
problem.

(c) Find the time r for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < I < 30.

(d) For t > 30, L(t), the linear approximation to A at t = 30, is a better model for the amount of grass

clippings remaining in the bin. Use I(r) to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer.

A(30) - A(o\
= -0.197 (or -0.196) lbs/day answer with units30-0

(b) A'(15) = -0.164 (or -0.163)

The amount of grass clippings in the bin is decreasing at arate
of 0.164 (or 0.163) lbs/day at time r = l5 days.

(c) A(t) = ) r - 12.415 (or 12.414)

L(t) = l(30) + A'(30).(/ - 30)

A'(30) = -0.055976
A(30) = 0.782928

L(t)= 0.5 = t=35.054

$fi'e1l a'

It
l.1

l,
i,

: A'(15)
: interpretation

' $foo 'e1'1a'
: answer

2 : expression for Z(r)
l:I(r)=9.5
I : answer

(d)
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