
MATH 122 FALL 2013

Answers to Final Exam Review Problems

Answers to Chapter 1 problems:

1. (b). Since H = f(t), the vertical intercept is the value of H when t = 0. Since t = 0 means the person is at the top of the
mountain, we want the value of H when the person is at the top of the mountain, which is answer (b).

2. (b) and (c). For g(x) =
√
x, the domain and range are all nonnegative numbers, and for h(x) = x3 , the domain and range

are all real numbers.

Comment: It is worth considering the domain and range for all choices.

3. (a). This is a linear function since the change is constant over every equal time interval. The cardiac output starts at 12
when t = 0, so the vertical intercept is 12. The cardiac output changes by -2 for every additional hour, so the slope is -2.

4. (b). This is the only table with a constant difference, -3, for the same increase in x. Therefore, (b) is the only one
representing a linear function.

Comment: You could point out that (d) fails to be a linear function because the slope between consecutive points is not
constant. This happens even though the function values increase by constant amounts because the x values do not increase
by constant amounts.

5. (a). We have

Rate of change =
f(4)− f(1)

4− 1
=

32− 2

3
= 10.

The units are A-units over t-units, or acres per year.

6. (a). Generally manufacturers produce more when prices are higher. Therefore curve I is the supply curve. Consumers buy
less when prices are higher. Therefore curve II is the demand curve.

7. (f). We use the vertical line test to determine whether a graph represents a function. In graphs I and III, all vertical lines
cross the curve at most once, while in II and IV, some vertical lines cross the curve more than once. Graphs I and III may
be graphs of functions, while graphs II and IV definitely are not.

8. (d). The graph describes the distance from pole A, so it cannot start at the origin. This eliminates choices (a) and (c).
Joey will spend more time walking between poles than running. This eliminates (b).

Comment: You can also reason using slopes (|slope| = speed) as follows: In the first interval he is walking, then he is going
three times as fast (running), and finally he is jogging (half the speed of running).

Follow-up Question. Give a scenario that describes the remaining graphs.

9. (a). The equilibrium before the tax is imposed is at the intersection of the original supply and demand curves. In the
presence of taxes, the new equilibrium is at the intersection of new supply and demand curves. Since the tax is levied on
the suppliers, they produce less at each price. Thus the supply curve moves toward the p-axis. The consumers’ demand
curve is unchanged, so the new equilibrium is at point A on the original demand curve. Alternatively, notice that the tax
raises the supply curve up by $5 because suppliers have to be paid $5 more to produce the same quantity. This shifts the
equilibrium point up as well, to the point A.

Comment: Notice that the equilibrium price rises with the imposition of the tax, but does not rise by the full $5 of the
tax. Thus the tax burden is shared by the consumer who pays more than before the tax and the supplier who keeps less
than before the tax.

10. (g). Since the concentration is increasing by a constant percent each time unit, the function is exponential. The base is
1 + r where r is the percent growth rate (written as a decimal). In this case, the base is 1 + 0.046 = 1.046. The correct
answer is C = 85(1.046)t.

11. (f). Since the amount is decreasing by a constant percent each time unit, the function is exponential. The base is 1 + r
where r is the percent growth or decay rate (written as a decimal). In this case, since the amount is decreasing, we know
that r is negative, so r = −0.12. The base is 1− 0.12 = 0.88. The correct answer is A = 25(0.88)t.

12. (a), since
f(x+ h)

f(x)
=
abx+h

abx
=
bx+h

bx
= bx+hbx = bx+h−x = bh.

Comment: This fact, in a different format, is used to find the derivative of bx. This introduces the algebraic manipulations
required for the definition of the derivative later in the text.



13. (i). Since the net worth is increasing by a constant percent each time unit, the function is exponential. Since the rate is
continuous, we use the ekt form for the exponential function. Since the rate is 5.3%, we have k = 0.053.

14. (h). Since the number of acres is decreasing by a constant percent each time unit, the function is exponential. Since the
rate is continuous, we use the ekt form for the exponential function. Since the number is decreasing, the value of k is
negative.

15. (d). The percent growth rate in the formula P (t) = 100(1.07)t is 7% per unit of t. The equivalent continuous growth
rate is close to, but not identical to, the percent growth rate of 7%, so a continuous growth rate of 6.77% is reasonable,
leading us to the answer in (d). This analysis is enough to answer the question, but we can check our work by doing
the calculation. We have P (0) = 100 and we want to find k with 100(1.07)t = 100(ek)t, so we solve 1.07 = ek and find
k = ln(1.07) = 0.0677.

16. (c). If 8y = 3ex, then 8y
3 = ex and ln

(
8y
3

)
= x, so x = ln 8 + ln y − ln 3.

17. (d). In the formula P (t) = P (0)ekt, we have P (0) = 1000 and k = 0.05. The doubling time is the value of t for which
P (t) is two times P (0). That is, P (t) = 2 · 1000 = 2000. So, since P (t) = 1000e0.05t, the equation we want to solve for t is
2000 = 1000e0.05t.

18. (c). In the formula P (t) = P (0)ekt, we have P (0) = 100. The information we are given about the rate of decay is that the
half-life is 4 hours, so we know that when t = 4 we have P (t) = P (4) = (1/2) · 100 = 50. Substituting this information
gives us the equation in (c). Notice that the question in the problem (determine the number of hours until the amount of
caffeine is down to 10 mg) is not relevant until we have found the continuous decay rate k.

19. (d). You receive the first payment now, the second payment in one year, and the third and final payment in two years, so
we are finding the future value in two years. The payment you receive now could earn interest for two years, the payment
you receive in one year could earn interest for one year, and the payment you receive in two years does not earn any
interest, so the answer is (d).



Answers to Chapter 2 problems:

1. (c). Comment: This problem gives both a formula and a verbal description of average rate of change.

2. (d). Note that (c) is the exact instantaneous rate of change, while (a) and (b) are average rates of change over a small
interval near 1. Thus (a) and (b) approximate the instantaneous rate of change for r = 1.

3. (b) False. f ′(x) positive means f(x) is increasing. (f ′(x) = x4 − 8x2 + 18 provides a counterexample.)

4. (b) False. If f ′(x) is increasing, then the only acceptable conclusion is that f(x) is concave up. For an example, consider
f ′(x) = 2x, then a possibility for f(x) is x2 which is not always increasing.

5. (a) True. (What is true if f ′′(x) < 0?)

6. (a) True. (Note that f ′′(x) is the rate of change of f ′(x).)

7. (a) True. (Note that f ′(x) increasing means f ′′(x) is positive.)

8. (a).

Follow-up Question. If the velocity is zero at a specific instant in time, does the acceleration need to be zero at that
same time also?

Answer. No, a grapefruit that is tossed straight up in the air has a velocity of 0 ft/sec when the grapefruit reaches the
highest point it will travel. However, at the point the acceleration of the grapefruit is that of gravity, which is not 0 ft/sec2.

9. (b). The graph is concave down at a, so f ′′(a) ≤ 0 leaving (b), (c), and (f). The graph is concave up at c, so f ′′(c) ≥ 0
leaving (b) and (f). The graph has an inflection point at b, so f ′′(b) = 0 leaving (b).

10. (c). The function in Figure 2.8 has horizontal tangents at about x = ±0.7, is increasing for x < −0.7 and x > 0.7. Thus
the graph of the slope of the function (i.e. the derivative) will be positive for |x| > 0.7, negative for |x| < 0.7, and zero for
x = ±0.7.

11. (c) and (d).

12. (d). The acceleration of an object is the rate of change of its velocity with respect to time. If the acceleration is negative,
its velocity is decreasing, but this tells us nothing about the value of the velocity.

13. (c) At q = 750, we see that Revenue R(750) is above Cost C(750) so the company is making money. Since the marginal
revenue (the slope of R(q)) is less than marginal cost (the slope of C(q)), the company will lose money by making additional
units. The company should decrease production.



Answers to Chapter 3 problems:

1. (b) False. If f ′(x) = g′(x), then f(x) = g(x) + C, where C is some constant.

2. (b) False. Since π5 is a constant, then y′ = 0. Comment: this question seems remarkably obvious when discussing it in
class. However, on an exam students tend to miss it.

3. (e).

4. (a).

5. (b).

6. (d).

7. (b).

8. (c).

9. (c).

10. (d). 9(se3s + e6s)8(e3s + 3se3s + 6e6s)

11. (b). This is a straight forward application of the power rule.

12. (b). Solution: Write h(q) = 2q3− (2q− 7)4 + (−1.5q4 + 3.2q+ 5.7)1/11 Then, by the power rule and the chain rule, we have

h′(q) = (2)(3)q2 − (4)(2q − 7)3(2) + (1/11)(−1.5q4 + 3.2q + 5.7)−10/11[(−1.5)(4)q3 + 3.2]

13. (d).

14. (d). $70/week; 12.4%/week.



Answers to Chapter 4 problems:

1. (a). We have discussed a number of times in class the difference between a necessary and sufficient condition. Assuming
the point x is not on the boundary of the domain of f(x), then in order for x to be a max or min point for f(x), it must
also be a critical point. That is, being a critical point is a necessary condition for being a max or min point. However, a
function can have a critical point that is neither a max or min point, so being a critical point is not a sufficient condition
for being a max or min point.

To understand and remember this, it is very helpful to always keep the following counter-examples in mind: A counter-
example for statement III is f(x) = x3, which has f ′(0) = 0, yet x = 0 is not a min or max point. A counter-example for
IV is f(x) = x4, which has f ′′(0) = 0 yet x = 0 is not an inflection point.

2. (b). Note that there is an inverse relationship between price and quantity. In this problem, this relationship is given
explicitly as q = 2000000/(p2 + 1). Therefore, we can write the revenue, cost, and profit functions in terms of q or in terms
of p, since one of these variables determines the other. We want to take the perspective of record label managers and so
the price p is the variable we get to set, and then the variable q will be determined by market forces. So we write the
functions in terms of the variable p. (Note: You should always give some thought to how you are going to model a given
problem and then use whichever variable makes more sense for that problem.)

The total cost C(q) doesn’t depend on q (or p) and is equal to the fixed cost – i.e. there are no variable costs. So
C = 1078000 for all values of q and p. Therefore, the marginal cost is zero, and the marginal profit is simply equal to the
marginal revenue, π′ = R′. Revenue R is give as a function of p as follows:

R(p) =
2000000p

p2 + 1
=
f(p)

g(p)
,

where I have defined f(p) = 2000000p and g(p) = p2 + 1. Therefore, by the quotient rule for differentiation, we have

R′(p) =
d

dp

f(p)

g(p)
=
f ′(p)g(p)− g′(p)f(p)

(g(p))2
=

2000000(p2 + 1)− 4000000p2

(p2 + 1)2
.

To find the price which maximizes revenue, and hence maximizes profit, we set R′(p) = 0 and solve for p. This might look
difficult from the expression for R′(p) given above, but it is really easy – just find the p that makes the numerator 0. Then
(since the denominator is never 0 for this function) this p will be our optimal price. The numerator is

2000000(p2 + 1)− 4000000p2 = 2000000p2 − 4000000p2 + 2000000 = −2000000p2 + 2000000.

Setting this equal to 0, we have 2000000 = 2000000p2, so p = 1 is the optimal price.

3. (b). π(1) = R(1)− C(1) = 1000000− 1078000 = −78000.

4. (a).

5. (c).

6. (c). There are 6 critical points: x2, x5, x6, x7, x8, and x9. Critical points occur where the derivative either does not exist
or is zero. Note that endpoints are not defined to be critical points and critical points can only occur where the function
exists.

7. (a). There are two local minima. They occur at x7 and x9. Note that local minima do not occur at endpoints; x1, for
example, is not a local minimum point.

8. (b). There are three local maxima. They occur at x2, x5, and x8.

9. (b). (see explanation below)

10. (b). (see explanation below)

11. (a). (see explanation below)

12. (b). (see explanation below)

13. (a). (see explanation below)



Explanation for 9–13: To find critical points of the function f(x), take the derivative of f(x), set it equal to zero, and
solve for x. That is, set f ′(x) = 3x2 − 12x = 0. Equivalently, 3x(x − 4) = 0, so x = 0 and x = 4 are critical points. To
check whether these are max or min points, take the second derivative of f and plug in the critical points. If f ′′ is positive
(resp., negative) at a critical point, the function is concave up (resp., down) there, so the critical point is a minimum (resp.,
maximum) point for f .

For this function, we have f ′′(x) = 6x − 12. Since f ′′(0) = −12, and f ′′(4) = 12, we see that x = 0 is a maximum point,
and x = 4 is a minimum point. These are at least local max/min points. To determine whether they are global max/min
points, we must plug the end points of the interval into f(x) and check whether the values we get are greater or less
than the values of the function at x = 0 and x = 4. Plugging in the endpoints of [−3, 5], we see that f(−3) = −80 and
f(5) = −24, whereas f(0) = 1 and f(4) = −31. So, since f(0) > f(−3) and f(0) > f(5), we see that x = 0 is a global
maximum point. Since f(−3) < f(4), we see that x = 4 is a local minimum point but not a global minimum point.

Inflection points of f(x) occur only at points where f ′′(x) is zero. For this function, f ′′(x) = 6x− 12, so the only possible
inflection point is x = 2. Looking at the graph we see that x = 2 is, indeed, an inflection point. (Note: just knowing that
x = 2 is a zero of the function f ′′(x) is not sufficient to tell us that there is an inflection point at x = 0. We must look at
the graph – or possibly come up with another test, possibly involving the third derivative – to know for sure. For example,
the function f(x) = x4 has f ′′(0) = 0, yet this function has no inflection point at 0. See also Problem 1 above.)

14. (a) If MR −MC > 0, then MR > MC. This says that, as production increases revenue is increasing faster than cost, so
profit is increasing. In other words, marginal profit is increasing with production.

15. (c). See http://www.math.hawaii.edu/~williamdemeo/SmokeStackProblem.pdf for the complete solution. (This prob-
lem was used in Math 215 at University of Hawaii, which is that university’s Math 122 equivalent; i.e. applied/business
calculus.)

http://www.math.hawaii.edu/~williamdemeo/SmokeStackProblem.pdf


Answers to Chapter 5 problems:

1. (b). Between 1.25 and 1.75 minutes, because the area under the two curves is about equal at some time during this interval.

2. (a). In both graphs, taking more rectangles will decrease the values of A1 and A2 , with the area of the rectangles in both
figures becoming closer to the area under the curve.

3. (d). Note that all continuous curves have this property.

4. (c). Recall that area above the x-axis counts positively and area below the x-axis counts negatively in an integral. Therefore,
the integrals for the functions in (a), (d), and (e) are all positive, and the integral for (b) is negative. In (c), it appears
that the area above the axis is approximately equal to the area below the axis, so the integral for the function in (c) will
be very close to zero.

5. (e).

6. (b).

7. (c). Since f(t) is the rate at which fuel is used, the integral gives the total quantity of fuel used during a particular time
interval, here 0 to 30 minutes.


