Chapter 1
Ingredients of Change: Functions and Models

Section 1.1 Models and Functions

1. a. Input description: weight of letter
Output description: first-class domestic postag
Input variablew
Output variableR(w)
Input units: ounces
Output units: cents
b. Ris a function ofv because a letter of one weight cannot have twerdifit domestic first-
class postage amount.

.
nput | Ounces/’

!
|

Rule R

/ l N Output
Riw)
Cents

3. a. Input description: day of the week
Output description: amount spent on lunch
Input variablem
Output variableA(m)
Input units: none
Output units: dollars
b. Ais not a function ofn unless you always spend the same amount on lwesk Bonday,

the same amount every Tuesday, etc., or urtiessput is the days in only 1 week.
m |

|
Input \Dd‘;‘ /.-*J

Rule A

) O

4 l b Output
Alm)

Dollars

5. The table represents a function because each (ygar) corresponds to only one output
(number of iPods sold).
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2 Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

7. The table represents a function because each (depth of dive) corresponds to only one
output (maximum dive time).

9. Graphsb andc are functions. Grapais not a function because vertical lines cuttimgptigh
the circle touch it at two points.

11. a. P(Honolulu, HI) = 295
b. P(Providence, RI) =137.8
c. P(Portland, OR) =170.1

13. a. In 1988 cotton exports had a value of $1,975,01m,0
In 1992 cotton exports had a value of $1,999,01®,0

15. a.

b. The cost of 6 CDs is the cost of 5 CDs at $18 eplcis, 1 free CD:
(5 CDs)($18 per CD) = $90.
You could buy 2 CDs for $36. Because $36/$18Gi2r= 2 CDs.
The graph shows 6 CDs for $90 and 7 CDs for $T88s with $100 you could buy 6 CDs.

17. At birth the baby weighed 7 pounds, so (0, 7) j@iat on the weight graph.
After 3 days(% weela the baby has lost 7% of its birth weight, tthesweight is 93% of the

birth weight: 0.93(7) = 6.51 pounds, a(\%, 6.5]) is a

point on the graph. At 1 week, the weight is again
pounds; at 2 weeks, the weight is 7.5 pounds;vegeks,
the weight is 8 pounds; and at 4 weeks, the wesgBi5
pounds. Thus we have the points

1, 7), (2,7.5), (3, 8), (4, 8.5). Plotting thgmints and
connecting them with line segments results in the
following graph:
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Calculus Concepts Section 1.1: Models and Functions 3

19.

21.

23.

25.

27.

29.

a. From the graph, the value is approximately $9000.
b. From the graph, the monthly payment is approxiiyeid40.

c. From the graph, the payment for a $15,000 cappsaximately $320, and the payment for
a $20,000 car is approximately $425. The amouimaease is approximately $425 — $320
= $105.

d. The graph would pass through (0, 0) but wouldé&ow the 10% interest rate graph
because the same monthly payment would pay foradlentoan amount.

a. From the graph, it was approximately 2.6%

b. Cost-of-living increase was greatest in 2001 a5¥%3.

c. In2004.

d. Benefits increased, but they increased by a Ip&erentage in 2003 than 20080ote:
The answer in the text has incorrect years.

s=5: t(5= 3(B)+6=21

s=10: t(10) = 3(10) + 6 = 36

R(3)=9.4(1.8 )= 54.820
R(0)=9.4(1.8 )= 9.¢

Solvet(s) = 18 using technology or algebraically as follows
18=3F+6
12=3
s=4
t(s) = 18 whers = 4.
Solvet(s) = 0 using technology or algebraically as follows:
0=3s+6
-6= 35
s=-2
t(s) = 0 whens = -2.

SolveR(w) = 9.4 using technology or algebraically as fokow
9.4=94(1.8
1=(1.8")
InN1=1n(1.8")
0=wiIn(1.8)
O=w
R(w) = 9.4 whenw = 0.
SolveR(w) = 30 using technology or algebraically as follows
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31.

33.

35.

37.

39.

41.

Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

30=9.4(1.8)
30
—=(1.8"
94 @.8")
In 30 =win(1.8)
94
30
In —

w= 9.4 »1.974
In(1.8)

R(w) = 30 whenw » 1.974.

An input is given.
A(15)= 326”09

» 57,857.357
The corresponding output is approximately 57,857.

An output is given. Use technology to solve or fihnd solution algebraically as shown:
3.65=3(1.04 )
3.65

In %65 =xIn(1.04)

3.65
In ——

X=——»5.000
In(1.04)

The corresponding input is5.000.
a. Profit = Revenue — Cost = $5.3 million — $4.2 moifli= $1.1 million

b. P(X)= R X - T 3 million dollars gives the profit from the produmii and sale of
units.

a. Manipulating the expression Profit = Revenue — @bsts us Cost = Revenue — Profit.
Therefore, Cost = $35 million - $19 million = $16llion

b. T(X)= R X- H % million dollars gives the total cost for the compaluring thexth
quarter.

a. Average Cost ﬂ =$0.13 per bottl

150 bottles

b. A(X) :% dollars per unit gives the average cost for protyx units.
X

P(y)
a. r(y)=100x—=

D(y)
b. percent
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Calculus Concepts Section 1.1: Models and Functions 5

43. a. Because th&t) is measured in dollars a@ft) is measured in thousands of dollars, we
must convert one of them to match the other. Weshdo multiplyC(t) by 1000 in order
to convert it to dollars:

Y(t) = § ) +1000C(t)+ 650,000

=69,37% + 380,208 1000( 31.6# 137t35 233.5) 650,
=-31,67@°+ 206,525 1,263,708 dollars

gives the VP's total yearly salary packagears after 19960 £t £ 2.
b. T(l)=-31670(1f+ 206,525@) 1,263,768 $1,438

45. a. The average credit card debt per cardholder caaloalated as

average debt per card holder= totaldebt .
numbetof cardholdes

So average debt can be expressed by the fanctio

Aly) = 42.4y + 219.5 billion dollars
1.7y + 140.3 million cardholde!

_42.4y+ 219F

= thousand dollars per cardholder
1.7y +140.3

gives the average credit card dglpears after 1990, 8y £ 15.
b. In 2005, the average debt of a cardholdéx(i) $5.16 thousand per cardholder.

47. c(X)=n(® @ Y =(-0.034% + 1.331% + 9.913+ 164.447)(-0.183+ 821 x+20.215

cesarean-section deliveries performed durind 889sx years after 1980 on women who were
35 years of age or older.

49. The functions cannot be combined by function cositpmn, because neither function has
output that can be used as an input to the otmetifun.

51. The functions can be combined because outputsRom
can be used as inputso

(D R)(X¥ = DR %) =revenue in dollars from the
sale ofx soccer uniforms

4

_ $08y__ *
53 h(p()) = M1+3¢™7) =5

55. c(x(t) =c(4— @) =3(4—-@YF —2(4—6 ) !
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One possible answefrf=or us to combine functions using addition, muiliglion, or division,
the input units must be the same. For us to coenfinctions using addition, the output units
must be the same or must be able to be convertie ttame unit (i.e., dollars and thousand
dollars). For us to combine functions using miiktgtion or division, the output units must be
such that when combined, they have a practicalpreéation. For us to combine functions
using composition the output units of one funciomst match the input units of the other
function.

Section 1.2 Linear Functions and Models

1.

11.

13.

15.

a. 3 dollars per year
b. f(0) = 3(0)+5 =5 dollars

a. 2 thousand dollars per hundred units or 20 doparsunit
b. r(0)=2(0) - 4.5 =-4.5 thousand dollars

. the slope is negative (-2)
f(x) is deceasing
-4

O T oo

a. the slope is negative (-3)
b. Kk(r) is deceasing
c. 7

C(x) =0.30x+ 1.5( dollars is the total cost forunits.
S(h) =0.25h+ 3inches of snow on the grouhdours since noon.

a. The profit function is decreasing. The slope @&f ¢inaph is negative.
0 — 2.5 million $
5-0years
= —%$0.5 million per year
The corporation’s profit was declining by a halhdlion dollars per year during the 5-year
period.
The rate of change is50.5 million per year.

b. Slope=

d. The vertical axis intercept is approximately $&lion. This is the value of the
corporation’s profit in year zero. The horizontaisaintercept is 5 years. This is the time
when the corporation’s profit is zero.

a. The rate of change is positive ab@) is increasing.

b. 382.5 donors per year
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Calculus Concepts Section 1.2 Linear Functions and Models 7

The slope of the graph is 382.5 donors per.year
d. D(0)=5909. In 1988, there were 5,909 donors.

$2484.8-%$2128.1 millio
2004-2003

17. a. Rate of change of revenue = $356.7 million per year

356.7
b. BecauseT =89.175 the revenue increased by $89.175 million durincheguarter of
1998.

c. Add $356.7 million to each revenue amount to fimel next year’s revenue.

Revenue
Year (millions of dollars)
2003 2128.1
2004 2484.8
2005 2841.5
2006 3198.2

d. R(y)=356.% + 2128.1 million dollars gives the revenugears after 2003, 0y £ 3.

$112,006 $97,50
2007- 2000
_$14,500
7 years
» $2071.43 per year
That is approximately $2071 per year.
b. $112,000 + (3 years)($2071 per year}118,214

c. Lett be the number of years after the end of 2000. Thempredicted value is given by
V(t) = 2071 + 97,500 dollars.

We begin the investigation by solving the follogrequation:
V(t) =100,00C
2071.42%9+ 97,508 100,0(
2071.429= 2500
t»1.207

19. a. Rate of change

We continue by solving the following equation:
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8 Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

21. a.

23. a.

V(t) =150,00C

2071.42%9+ 97,506 150,0(
2071.429= 52,500

t» 25.345

The value was $100,000 in early 2002 (assurning is the end of 2001) and was
$150,000 in mid-2026 (assumihg 25 is the end of 2025).

V(t) = 2071.429+ 95,000 dollars gives the value of the hougears after the end of 2000,
O£tE7.

2005:V(5) = 2071.429(5) + 95,000$105,357

The model assumes the rate of increase of the maakes remains constant. This
assumption is not necessarily true. (In some markeime prices fluctuate wildly.)

$2040-$1719 billion
2003-2000
_ $321 billion
-3 years

$2040 billion + (3 years)($107 billion per year$2361 billion

One possible answelNo, the rate at which consumers are willing tardarmoney will
fluctuate with changes in the sate of the natiecahomy.

If t is the number of years after 2000, tl&t) = 107t+ 1719 billion dollars. Because
$3 trillion = $3000 billion, solv€(t) = 3000.
107+ 1719= 3000

107 = 1281
t»11.972

The linear model predicts that consumer creditreach $3 trillion approximately 12 years
after 2000, in the year 2012.

78 million people per year

Rate of increase

=$107 billion / yeai

P(t) = 6 + 0.078billion people gives the world’'s populatibyears after the beginning of
2000.

Setting the model in paltequal to 12 and solving foryieldst » 76.9 years after the
beginning of 2000, which corresponds to near tltkadr2076. The article estimates the
world population will be 12 billion in 2050.

The prediction in part assumes that the world will grow at a constarg cdt/8 million
people per year between now and 2076.

25. Note: Answers in text for this activity are ircorrect.

a.
b.

The points in the scatter plot appear to lie ime.

The first differences (or changes in output) @63 — $0.39 = $0.24,
$0.87 — $0.63 = $0.24, and so on. The first difiees, listed in order are {0.24, 0.24, 0.24,
0.28, 0.2, 0.24, 0.24, 0.24}.

Using technology yields the mod&w) = 0.24v + 0.154 dollars is the first-class domestic
postage rate for weights not exceedmgunces, £ w£ 9.
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Calculus Concepts Section 1.2 Linear Functions and Models 9

27.

29.

31.

a. Two possible models are:
SL(X) = 499.X% - 976,088.3 students is the enroliment in yedr965£ x £ 1969.

(X)) = 499.% + 5036.2 students is the enrolimearnyears after 1965, Dx £ 4.
b. The enrollment in 1970 can be estimated as

S1(1970)» 7533 students
(5)» 7533 students

c. Because 7533 — 8038 = -505, the estimate is basts lower than the actual enrollment.
Answers vary on whether the error is significarte Brror represents approximately 6% of
the actual enrollment. For a school the size obiein this activity, an error of 500
students could mean a significant increase in siudieusing and faculty loads.

d. These models should not be used to predict enealiim the year 2000, because the data
are too far removed from 2000 to be of any valusuich a prediction.

a. 1990:e(0)=0.107(0) + 5.11 = 5.11 million gigagrams
1997:¢(7)=0.107(7) + 5.11 = 5.859 million gigagrams
2022:¢(12)= 0.107(12) + 5.11 = 6.394 million gigagrams

b. 0.107 million gigagrams per year

c. e(22)=0.107(22) + 5.11 = 7.464 million gigagrams

One possible answelThe equation makes it possible for us to use madktiesto answer
numerical questions concerning the situation beiogeled. The units of measure on the
output and the description (including units of mea} on the input makes it possible for us to
interpret the numerical answers in the contexhefdituation. The interval of inputs helps us to
know when we are extrapolating.

Section 1.3 Exponential and Logarithmic Functions ad Models

1.

3.

11.

13.

15.

f(x) =2(1.3%)is the black graph.f (x) =2(0.7)is the teal graph.

f(X) =3(1.2%)is the teal graphf (x) = 2(1.4")is the black graph.

f (x) = 2In Xis the teal graphf (X) = - 2In Xis the black graph.

f (X) = 2In xis the teal graphf (x) = 4In Xis the black graph.

Because 1.05 = 1 + 0.05s increasing with a 5% change in output for ewerit of input.
Because 0.87 = 1 — 0.138is decreasing with a 13% change in output forywueit of input.

Because 0.61 = 1 — 0.39, the number of bactechire:s by 39% each hour.

a. With starting valuea = 4.81 quadrillion Btu and the paramebezalculated as
b =1+ 0.0547, the model ’{t) = 4.81(1.0547 quadrillion Btu is the projected amount of
petroleum product importsyears after 2005, Dt £ 15 .
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17.

19.

21.

23.

Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

Solving the equation0= 481(1.0547 fprt yieldst » 13.7 years after 2005. Thus
petroleum product imports will exceed 10 quadnillBtu for the first time in 2019
(assuming = 13 is the end of 2018).

P(t) is an increasing exponential function so thegutgd petroleum product imports
increase without bound as time increases.

. Using starting valua = 3.3 and calculatingasb = 1- 0.0146 = 0.9854 produces the

modelW(t) = 33(0.9854 orkers per Social Security beneficidryears after 1996
between 1996 and 2030.

. W(34) » 2.00 workers per beneficiary. Fewer workers peefieiary will mean that Social

Security will have to find other means of suppletmenpayments rather than relying
solely on Social Security withholdings from workessages.

310000

. Sales declined by 520,000 — 210,000 = 310,00Gtap@ch is a———— X100% »59.6%

520,000
decrease. The monthly decline was 59.6%.

Because 1 — 0.596 = 0.404, the moded($ = 520,000(0.40t4 videotapes sold per month
t months after publicity was discontinued.
3 months:
S(3)= 520,00(@ o.4o§1)
» 34,288 tapes per mon
12 months:
S(12)= 520,00(§ o.401&)

» 10 tapes per mon

. T(y)=0.002(1.397 million transistors in Intel processor chipgears after 1970,

1£y £ 35.

(1.39746 1)106 39.746% each y

Yes, the data seem to support Moore’s Law. Itling the number of transistors has been
doubling faster than every 2 years.

L(x) =0.84%+ 0.79(gallons per person per year

gives the per capita consumption of bottled water i
the United States years after 1980, HDx £ 23.

E(X) =2.714(1.099 gallons per person per year
gives the per capita consumption of bottled water i
the United States years after 1980, Dx £ 23.

The exponential model appears to better destn#be
per capita bottled water consumption on the given
interval.
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Calculus Concepts Section 1.3 Exponential and Logarithmic Functions and Models 11

25.

b. The linear model describes a rate of increase fcgmately 0.845 gallons per person per

year. The exponential model describes a (1.09910Q%) 9.927% per year percentage
increase.

Linear: L(25)= 0.845(25% 0.79® 21 gallons per person per year
Exponential: E(25)= 2.714(1.098 » 28. gallons per person per year

SolvingL(x) = 25 yieldsx  28.651
According to the linear model, water consumpganeeded 25 gallons per person in 2009.

SolvingE(x) = 25 yieldsx  23.521
According to the exponential model, water congtiom exceeded 25 gallons per person in
2004.

. The model for the amount of radon gas dftesurs whenRyis the initial amount of radon

is R= Ry} . Using R=0.8R, whent = 30, we have
0.8R, = Ry 15"
0.8=b*
In0.8= Inb*

In0.8= 30Inb

In 0.8: Inb
0

In0.
b=e %0 »0.99258¢

(in O.S)V
So we haveR= Ry e 30 SubstitutingR = 0.5R, gives

(In0.8)

0.5R, = Rye 30
(In0.8)t

0.5=e 30
In OS:M
30
t= 30In0.5» 93.2 hour:

In0.8

(Ino.8)t
R=Rye Aoafter t hours. The output units are the same aetbbdthe initial amount

Ry.

(In0-8): 0.007438
lim Rye 0= Rlim &> =0
¥ oY

Given enough time, there will be no more radmsent in the building.

27. We solve% Do = Dge” 00198 £ t to obtain a half-life of = 35 hours.
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29.

31.

33.

35.

Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

p

D(t) = 406.401(0.906 is the number of days that milk will keep wherrstbat a
temperature of degrees FahrenheB0£t £ 70.

D(40)- D(37» - 2.7, The milk will spoil approximately 2.7 days sooner
t(D) =60.547- 9.913IM degrees Fahrenheit is the temperature at whidhshiuld
be stored in order for the milk to keep fdidays,0.5£ D £ 24.

t(7)=60.547- 9.913In(7» 41.257; The refrigerator should be set at 41.3 degrees
Fahrenheit.

R(y) =8 435- 0.639 Iny percent gives the New Zealand bond rate for a riyatime
of t years,0.25£ y £ 10

The model estimates 15-year bond rate®Rfsb) » 6.70Q, which is 0.3 percentage point
less than the fund manager’s estimate.

T(p) =461,733.212(0.213 years is the time to maturity for a New Zealanddwith
ap%rate, 7.10£ p£ 9.40

R(T(9.4))» R(0.228169p 9.
R(T(7.5))» R(4.294381p 7.
R(T(7.1))» R(7.966118p 7.
T(R(2))» T(7.992363)p 2
T(R(4)) » T(7.549248) 4
T(R(10))» T(6.963482)» 1

These calculations suggest tReandT are inverse functions becauB¢ T( p)) » g and

T(R(Y) » .

. C(d)=1182+ 2216nd ng/mL is the concentration of a drug in the blooelsin afted

days,1£d £17.
lim C(d)®¥ and lim C(d) ® -¥
dey d®0*

Note: Answer in text has incorrect limit notation.

One possible answerThe context tells us that the amount of concéintrawill continue to
increase. The logarithmic model also indicategarease and fits the end behavior
suggested by the context.

C(2)=1.182+ 2.216In:
»2.7 g/mL

p(x) =-9.79% 10° - 0.434Ix is the pH of a solution, wheras the HO" concentration
in moles per liter5.012x10° £x £ 3.981x10
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37.

39.

b. p(1.585<10°%)=-9.79x1F - 0.434In(1.5856 10 3
c. Solving the equatio.0=- 9.79% 10° - 0.434Irfor x givesx »1.0x10° moles per liter.

d. The pH of beer is approximately(3.162x10° ) » 4.}, which means it is acidic.

One possible answerfor an exponential model the length of the inptdrval over which the
output values either double or halve will be thesano matter where the interval starts. For a
linear model the length of the input interval owdtich the output values double or halve is
directly affected by the starting endpoint of thierval.

One possible answerThe end behavior of an exponential model in sieshéorm

(f(x) = ab")isthat f(X) increases or decreases without bound in one iire¢asx

approacheg ) and approaches zero in the other direction. @yrast, a logarithmic model
increases without bound in one directionXapproaches ) and decreases without bound in
the other direction.

Section 1.4 Logistic Functions and Models

1.

3.

5.

11.

The concave-up, decreasing shape could be eitpenential or logarithmic.
The increasing, concave-down shape is that ofarithmic function.

The scatter plot is none of these types. It exhitthange in concavity, so it cannot be linear,
logarithmic, or exponential. It does not level @, it is not logistic.

Note that f (X) :;B where
1+ Ae ™

L =100,A=9, andB = 0.78. Becausk, A, andB are positivef is increasing to a limiting
value ofL = 100.

L
Note thath(g) =—— where
(O L ac®s
L =39.2,A=0.8, anB = -3. Becausk andA are positive an@ is negativeh is decreasing
from a limiting valueL = 39.2.

37.195 L . .
a. C(t)= o1s3 countries in Europe, North America and South Acariyears
1+21.374~

after 1840,0 £ s£ 40. The model is a good fit.
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13. a,b. 3015.991
N(t) =
® 1+119.25@ +*
Navy deaths weeks after
August 31, 19180 £t £ 13.

20,492.567
At) = -
® 1+518.86@ "***

Army deathd weeks after Sept. 7, 1918,
OEtE£12.

Answer in text has different alignment
and input description. Either model is
correct.

91,317.712
c(t) = ’
O 176 272700518

Civilian deathg weeks after Sept.14,
1918,0£t £ 11.

Answer in text has different alignment
and input description. Either model is
correct.

c. No. The models given in pdrthave limiting values less than the number of deathhe
table for November 30. The models are not gooctatdrs of the ultimate number of

deaths.

The data are concave down from January throygh &nd concave up from April through
June. This is not the concavity exhibited by astgimodel

15. a. The limiting value is approximately 2U/1@®. The inflection point occurs at approxi-
mately 9 minutes. (Answers may vary.)
1937

1+ 29064e 0-421110n
O£ m£ 18. The limiting value is approximately 1.94 U/168.
c. AQ1)- A(7» 151 0.37 0.74 U/10Qy

b. A(m= U/100ng gives the reaction activity aftarminutes,
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17.

19.

21.

23.

25.

27.

29.

11.742

1+154.54@ 002
4£ x £ 271. The equation is a good fit for the later (198071) data but a poor fit for the
early (18001960) data.

b. According to the model, the world population vi&Vel off at 11.7 billion. This is probably
not an accurate prediction of future world popwiati

c. 1850: P(50)» 0.26¢€ billion people

1990: P(190)» 5.32C billion people

The model does a poor job of estimating the 185fufation and a good job of estimating
the 1990 population.

a.P(x) = billion people gives the world’'s populatioryears after 1800,

a. g(t) is concave up.

b. lim g() =0; limg() =¥

c. Ast decreases without boungiapproaches zero. A#ncreases without bound,also
increases without bound.

a. Y(X) is concave down

b. limy(X)=-¥; limy(X) =¥
x® 0* X®¥

c. Asxapproaches zero from the right-hand sjd#gecreases without bound. A@creases
without boundy also increases without bound.

a. I(t) is concave up from¥ to approximately = 0 and then is concave down.
b. tlgy I(t) =0; 1|®rl1l(t) =52

c. Astdecreases without bouridapproaches zero. Asncreases without bount,
approaches the limiting value of 52.

a. n(k)is concave up

b. lim n(k) =¥

k®+¥

c. Askincreases or decreases without boum() increases without bound.

a. C(q)is concave up from¥ to approximatelyqg » 0.8 and then is concave down.

b. J(I@rg C(g =¥; Ll(gg C(q) =-¥

c. Asqdecreases without boun@,(q) increases without bound. Ayncreases without
bound, C(q) decreases without bound.

One possible answerA logistic equation of the forrfi (X) =WL€_BXis unlike either the

exponential or logarithmic equations in that ib@inded above and below so that wigr O,

lim f(x) =0 andlim f(x) =L, orwhenB<0, lim f(x) =L andlim f(x) =0. An
X®-¥ X®¥ X®-¥ X®¥
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exponential equation is bounded only in one dicectind is unbounded in the other. A
logarithmic equation must have positive input amztéases or decreases unbounded as its input
increases without bound.

Section 1.5 Polynomial Functions and Models

1. Concave up, decreasing froox 0.75 tox = 3, increasing from = 3 tox =4
3. Concave up, decreasing fronx 13.5 tox = 18, increasing = 18 tox = 22.5
5. Concave down, always decreasing

7.

11.
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13.

15.

17.

a.

Calculate the first and second differences forhtbight data:

128 140 144 140 128 108 80
12 4 -4 - 12 - 20 - 28
-8 - 8 - 8 - 8 - 8
Second differences are constant, so the data adrajic.

Work from bottom to top to continue the patternvaho
108 80 44 0

- 28 - 36 - 44
-8 -8
After 3.5 seconds the height is 44 feet. After 4 sdsdhe height is O feet.

H(s) = - 165+ 32s+ 12¢ feet is the height of the missile aftesseconds0 £ S £ 4.

Solving - 1652 +32s+12€= Oyieldss=-2 ands = 4. Because negative times values do
not make sense in this context, we conclude thatnibsile hits the water after 4 seconds.

The first differences in the ages are 20.8 — 20036522 — 20.8 = 1.2, and

23.9 -22 =1.9, so the second differences are 0.3 = 0.7 and 1.9 — 1.2 = 0.7. Because
the input data are evenly spaced and the secofedatites are constant, the data are
perfectly quadratic.

The next first difference should be 1.9 + 0.7 5 8®%the median age for 2000 should be
23.9 + 2.6 = 26.5 years.

A(X) = 0.0035¢ - 0.405 3years is the median age at first marriage of fesngehe
United States years after 190060£ x £ 90.

A(100)= 0.0035(10@) ) 0.405(108) .= 26.5years of age. Yes, this answer is the same
as the answer to pait

D(x) = 0.025x2 - 2.021x + 4378deaths per thousand people is the death rate & fb®9

the United States for an agexofears,40£ X £ 65. The equation appears to be a good
fit.

Age | Model prediction | Actual rate
51 D(51)» 4.6 4.7

52 D(52)» 5.2 5.1

53 D(53)» 5.7 5.6

57 D(57)» 8.4 8.1

59 D(59)» 10.1 9.7

63 D(63)» 14.0 14.1

70 D(70)» 22.7 25.5

75 D(75) » 30.5 38.0

80 D(80) » 39.4 59.2

c. The model is more accurate when used for interprldtian when used for extrapolation.
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19.

21.

23.

Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

The scatter plot indicates an inflection poimtl @oes not indicate a limiting value.

A(t) =0.4273 - 5.286°+ 22.82F 3.0:million dollars spent years after 1990,

O£t£8.

1993:A(3) » $35million

1999:A(9) » $92million

The 1993 estimate is more likely to be accubaiause it is an interpolation rather than an
extrapolation.

The 1993 estimate exceeded the actual amount byil§dn. The 1999 estimate is $7
million short of the actual amount. These figureafoem the statements in part

. The scatter plot suggests an inflection poinglative maximum, and a relative minimum.

G(X) = (5.051x.0 °)x> - 0.007x? + 0.085x + 105027 males per 100 females is the gender

ration in the United Statesyears after 19000 £ x £ 100. The graph ofG rises beyond
2000. Answers will vary, depending on whether the genatio will rise as indicated by
the model.

. The number of females and males is approximatehalefgpr 40-year-olds.

Using “under age” as 0 and “100 and over” as 10@rfodeling, but not prediction
purposes, we get the following:

Cubic modelC(a) =(-19.59% 10> @° + (18.42x 10 & + 0.037 + 104.¢ males per

100 females gives the gender ration in the UnitedeStfor individuals who aieyears old,
O£ a£100.
104.3

1+(9.817x10" §°%2
ration in the United States for individuals who angears old,0 £ a £ 100.

Logistic model:L(a) =

males per 100 females gives the gender

The logistic equation fits the data better thachbic equation, especially for ages above
60.

SolvingL(a) = 50 givesa » 85.6 years of age. Among 86-year-olds there areoappately
twice as many women as men. This implies that megaliager than women.
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25. One possible answeA graph of y = axX + bx+ ¢ will be concave up wheais positive. It
will be decreasing to a minimum, after which it wid lncreasing. Whea s negative, a graph
of y=ax + bx+ cwill be concave down—increasing to a maximum and tiecreasing.

A graph of y = ax’ + bX + cx+ ¢ could take on one of four forms. dfis positive, a graph

could be concave down, increasing to an inflectioimpand then concave up, increasing; or it
could be concave down and increasing to a maximuditaan decreasing to an inflection point
after which it would be concave up and decreasirggrtonimum and then increasing. On the
other hand, if1is negative, a graph could be concave up, decrgésian inflection point and
then concave down, decreasing; or it could be cahogvand decreasing to a minimum and
then increasing to an inflection point after whitkvould be concave down and increasing to a
maximum and then decreasing.

Chapter 1 Concept Review

a.
b.
C.
d.

2. a.

The scatter plot is concave up.
The scatter plot appears to be increasing withouh) as< approaches

Quadratic

lim f(x) =¥

X®+¥
The scatter plot is increasing, concave up.

End behavior to the left is not apparent fromgbatter plot. Ax increases, the scatter plot
appears to be increasing without bound.

Either quadratic or exponential (shifted up 8)
Quadratic: I(iDrrl f(X)=¥

Exponential: XIgg f(x) =8, and le(gg f(X)=¥

a. The scatter plot does not indicate any curvature.

The scatter plot appears to be increasing withouht as< approaches —and decreasing
without bound ag approaches .

Linear

lim £() =¥, andlim f(x) = -¥

X®-¥

. The scatter plot is increasing from 0 to 2 andnfebto 6. It in concave down over 0 to 3

and concave up from 3 to 6. It appears to haviafettion point nearx = 3.

The scatter plot appears to be decreasing withmutdhas< approaches —and increasing
without bound ag approaches .

Cubic
lim f(x) =-¥ ,andli(gg f(X) =¥

X®-¥
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a. The scatter plot is concave up frams O tox = 3 and concave down frore 3 tox = 6.

b. The scatter plot appears to be increasing towamsA@pproaches and decreasing
toward zero ag approaches —

c. Logistic

d. lim f(x) =0, andlim f(x) =40

X®-¥
a. The scatter plot is increasing, concave up.

b. The scatter plot appears to be decreasing withmutdhask approaches 0 from the right
and increasing without bound but more and more slaskapproaches .

c. Logarithmic

d. le([)réf(x)=-¥ ,andIX|®rQ f(X) =¥

b. Composition

c. (C9=dq %X

d. Input: hours; Output: cars

b. Subtraction
c. F(@)=S(1)- M(}

d. Input: none; Output: applicants
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b. The profit function can be constructed from theereie and cost functions.
c. P(x)=1,000,00(R )} 100@ & (Answers may vary.)

d. P(x)=1,000,00(R )} 100@ & dollars is thecompany’s profit after it has been in
businesx years.

10. a. Multiplication

40p
b. P(p)=———F+
(P 1+ 0.0
c. P( )—& million dollars is the revenue wh@dollars is the price of a pound
' P 1+0.03>* P P
of beef.

11. a. C(x)=2.2(1.021 million children living with their grandparenksyears after 1970,
O£ xX£ 27.

b. Approximately 2.1% each year

c. C(X) =5whenx» 38.717. According to the model, the number ofdrkih living with
their grandparents will reach 5 million in 2009.

d. C(X)=4.4 whenx» 32.689 years; The number of children living witkit grandparents
in 1970 will have doubled by 2003.

12. a. decreasing; The number 0.88 is less than 1 whiticates a decreasing exponential
function.

b. $7: D(7)» 2.5E trillion pounds
$14: D(14)» 1.04 trillion pounds
$21: D(21)» 0.4% trillion pounds

c. Logarithmic

d. P(d)=14.336- 7.823Ird dollars per pound is the market price widerillion pounds
of fish is demanded.

13. a. The scatter plot indicates a single concavity, Wiiclicates that a quadratic or exponential
model could be used. In this instance, an exp@aenbdel will not fit the original data set
well because the output data are not approachirmg zer
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14.

Chapter 1: Ingredients of Change: Functions and Models Calculus Concepts

J(m) =0.546nT - 141.763+ 21,382 dollars is the 2002 private-party resale value of
a 2000 Jeep Grand Cherokee Laredo withousand miles on i20£ m£ 120
J(52)» $15,48’

M (X) = 4x+ 68 thousand miles on the 2002 Jeep by the end ottheonth of 2002,

O£ x£12.
Slope: 4 thousand miles per month
Rate of change: 4 thousand miles per month

J(M(X)) =0.546(4x+ 68} - 141.7630&% 68) 21,38:dollars is the 2002 private-

party resale value of a 2000 Jeep Grand Cherokesglbat the end of theh month of

2002,0£ x£12.

. The scatter plot is concave up to the left of 8 aancave down to the right of 8. There is

an inflection point near (8, 21,200).
Logistic

. Asx decreases the data approach 0.x Ak&reases the data approach a limiting value.

Logistic

P(m) =
1+21,484.25

diagnosed in the United States by thtb month of 1949.

42,183.911 . . . .
g 12 polio cases gives the cumulative number of pddises
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