Chapter 1

Sedion 1.1 Modds, Functions, and Graphs

1. Inpu: weight of |etter Output units: nore

Input variable: w

Input units: ounces

Output: first-class domestic postage
Output variable: R(w)

Output units: cents

Risafunction of w because aletter of
one weight cannot have two diff erent
domestic first-class postage amounts.

. Inpu: day of the year

11.

13.

Pisnot afunction d x because some
movie starlets changed their hair color
during the year.

Table 1.9 represents a function becaise
ead input (age) corresponds to ory one
output (percent with flex schedule

Table 1.11 des not represent afunction
becaise someinputs (53" and 6'0") are

Input variable: x li sted more than orcein the table and
Input units: day _ correspond to more than ore output.
Output: number of students with

birthday on day x 15. P(Hondulu) = 307

Output variable: B(X)

Output units; students

B isafunction of x because any one day
cannot have two numbers of students
asciated withit.

. Inpu: day of the week

Inpu variable: m

Inpu units: none

Output: amount spent onlunch
Output variable: A(m)

Output units: dollars

A isnot afunction of munessyou
always spend the same anourt onlunch
every Monday, the same anount every
Tuesday, etc., or unlessthe input isthe
daysin only 1 week.

17.

19.

P(Springfield, MA) = 107
P(Portland, OR) = 152

Graphs b and c are functions. Graphais
not afunction kecause vertical lines
cutting throughthe drcle touch it at two
points.

a. The most of 6 CDsisthe mst of 5
CDs at $12 each, pdus 1 freeCD:
(5 CDs)($12per CD) = $60.

b. Youcoud buy3 CDsfor
(3CDs)($12per CD) = $36.

c. Thegraphshows7 CDsfor $72and
8 CDsfor $84. Thus with $80 you
could buy7 CDs.

. a,b.Inpu: yeassincetheinitial d. Averageprice= Total price
investment Number bought
Inpu variable: t $36
Input units: years For 3CDs: =$12 pr CD
Output: amount in the account 3CDs
Output variable: B(t), A(t) For 6 CDs —>00_ = $10 er CD
Output units: dollars 6 CDs

Both A and B are functions of t
asauming that we are referringto a
particular account.

. Input: name of movie starlet
Inpu variable: x

Inpu units: none

Output: hair color in 2002
Output variable: P(x)
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21.

a. From thegraph,thevaueis
approximately $9000.

b. From the graph, the monthly
payment is approximately $340.

c. From the graph,the payment for a
$15,000car is about $320,and the
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payment for a $20,000car is abou
$425.The anount of increase is
approximately $425— $320= $105.

d. The graphwould pessthrough (0O, 0)
but would lie below the graph in
Figure 1.1.8 kecause the same
monthly payment would pay for a
smaller loan amourt.

23.

o

From the graph, it was 3.0%

b. Cost-of-living increase was greatest
in 1990at 5.4%.

It was2.8% in 1994.

d. The benefitsincreased ead year,
but the percentage by which they
increased decreased.

25. At birth the baby weighed 7 painds, so
(0, 7) isapoint onthe weight graph.

After 3 days (; week) the baby hes lost

7% of its birth weight, thus the weight is
93% of the birth weight: 0.93(7) = 6.51

pound, and (% 6.51) isapoint onthe

graph. At 1 week, the weight isagain 7
pounds, at 2 weeks, theweightis 7.5
pounds, at 3 weeks, theweight is 8
pounds, and at 4 weeks, the weight is
8.5 poumls. Thuswe have the points (1,
7),(2,7.9, (3,8, (4, 85). Plotting these
points and connecting them with line
segments results in the foll owing graph:

Weight
(pounds)

Weeks

27. a. Inches

b. From the graph,the length at birth
(O years) is about 16 inches.

c. At1 year of age, shewas about 27
inches long. She grew about
27 — 16=11inches during the year.

d.

29. a.

31. a.

At about 16 yeas of age, she
reached her full height of
approximately 60inches (or 5 feet).

We estimate the length at 3 yearsto
be 39inches. Shewas growing

39-16 inches . g
abou 3years 8inches per

yea duringthefirst 3 years. We
estimate her height at age 13 as 57
inches. She was growing about

60-57 inches _ 1 i
T 3veas - linch per year

during the last 3 years. She grew
faster during the first 3 years.

Height should not increase or
deaease after age 20 (until in her
later years when her height may
dedine).

From the graph, it was about 5
inches deep.

It remained the same for
approximately 4 days.

Snow fdll.
The snow settled.

The snow was deepest (52 inches)
around February 21.

Warm temperatures probably caused
the dedinein late February.

The most snow fell aroundFebruary
18 when the graph rises most

steeply.

Using 2% of the previous day’s
amount means that 80% of the
amount remains, thus multiply each
amount by 0.8to findthe next day’s
amount.

x| 0| 1| 2|3 4 5
y | 500 | 400 | 320 | 256 | 204.8| 163.84
b. y=500(08") mg after x days
c. xisatleast 0Odays(x=0). We

could consider an upper bound onx
to bethe number of days after which
the amount of the drugis negligible.
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y is between 0and 500mg
(0 <y <500).

y
(milligrams)

500 A

X
Day

d. Thereisno x-intercept. They-
intercept is 500(0.8°) =500mg.
The y-intercept isthe amount of the
druginitially in the patient’s body
(500mg). Thereis no x-intercept
because acoording to this moddl, the
drugis never completely eliminated.

e. Thegraphof y aways decreases.

f. Accordingto the graph, after 3.5
daysthere will be dout 230 mg of
the drug remaining. The exact value

is 500(0.8%°) = 228.97mg.

g. Thegraphin part ¢c does nat show
enoughof the function in arder to
answer this question. Using a graph
showing larger values of x, you
could estimate that it will take aout
9.5 chysto reach 60mg. To findthe
exact number of days, use
tedhnology or algebrato solve

60 =500(0.8") :

0.12=0.8"
In0.12=xIn0.8

_ In0.12
In0.8

=95 days

33. R(3) =39.4(1.998%) = 314255

R(0) = 39.4(1.998%) = 39.4

35. Q(12) = 0.32(12°%) - 7.9(12%) +

100(12) - 15= 600.36
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37.

39.

Q(3) = 0.32(3%) - 7.9(3%) +
100(3) - 15=222.54

Solve R(w) = 78.8using technology or
algebraicaly asfollows:

788=39.41.998")
2=1.998"
IN2=wIn1.98
In2

T In1.98
R(w) = 78.8when w= 1.001.

1.001

Solve R(w) = 394 using technology or
algebraically asfollows:

394 =39.4(1.998")
10=1.98%
IN10=wIn1.998

In10

" In1.98
R(W) = 394 when w = 3.327.

=3.327

We begin by graphing the function
Q(x) =032x3 - 79x% +100x - 15 to

determine how many solutions there are
to the egquations Q(x) = 515 and Q(X) =
33.045.

o)
900 4

515+

-750+

The graphindicates that we seek only
oreinput for each gven ouput. Using
technology we find the solutions as
Q(x) =515whenx=10

Q(x) = 33.045when x= 0.5



41.

43.
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An

input is given.
A(15) = 32006949219
=5,131,487.87

The crresponding autput is about
5,131,487257.

An

ouput is given. Use technology to

solve or find the solution algebraicadly

as

394In1.998

In(

39.4In1.998

2.97 =39.4In1.998)(1.98")
2.97 08"

2.97 )= xIn1.998

(1 2.97
X= (Inl.998)|n (39.4In1.998)

x=-3.203

The correspording input is about
-3.203.

Sedion 1.2 Functions. Discrete and

Continuous

1. a. Corntinuous, assumingthat ais not

restricted to an integer value

Discrete because it has output
values for only integer values of t.

Continuouws (Actually, as apractica
matter, this functionis continuaus
with discrete interpretation. Even
thoughthe interest is compounded
corntinuaudly, it isonly credited
monthly or quarterly.)

Discrete because it gives monthly
totals

Discrete

Continuous with discrete interpretation

Continuous without restriction

Continuous without restriction

11.

13.

a.

Q
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Rainfall
(inches)

10 - 3 Wind speed
3 5 8 10 (mph)

Because no vertical line passes
through two data points, the table of
data represents a function.

Because the table does nat contain
an input of 6, we cannot real this
information from the table.

Tables of data are always discrete
representations.

. P(25) =0.043(25%) - 3129(257)

+7113325) - 315524= $179.34

When 25 calls are made in ane day,
the average profit is about $170.

. Usetednologyto solve for cin

180=004%3 - 3129c? +

71133c - 315524
to dbtain c=1346 (Thereare 3
solutions to this equation, but we
consider only the one between Oand
25)

Because the number of call s must
be apositive integer, thisinpu
value does not have ameaningful
interpretationin this context.
According to the model given, the
average daily profit is never exactly
$180.When 13cdls are made, the
average profit will be alittle less
than $180and when 14 cadls are
made, the average profit will be a
little more than $180.
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15.

C.

Pl:é;)t Maximum

(dollars) pri’ﬁt

=300

Accordingto the graph, the
maximum occurs when c=18.2.
Chedking the integer input values on
either side of 18.2,we find that
P(18) = $201.85 and

P(19) =$20137. The maximum

profit of $201.850ccurs when 18
cdls are made.

Input: the number of years since
1900

Output: the number of osteopathy
students in thousands in the spring
of the input year

Inpu units: years
Output units; thousands of students

The model must be discretely
interpreted because it gives values at
one particular time e&h year.

0(98) = 0.02768(987) -
4.854(98) + 218.58318
= 8.8 thousand students

The model cannot be used to answer
this question.

Solving the eguation 10 = O(t) gives
two solutions: t = 754and t =999.
We @n assume that the questionis
referring to atime beyond the
interval of input values on which the
mode is based and thus can discard
the first solution. Because the
modd isvalid for only positive
integer inputs, we dcheck the output
valuesfort=99andt = 100:

0(99) =9.39 O(100 =1004
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17.

19.
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Thus the modd exceeds 10,0000in
the yea 2000. However, because
thisyear is 3 yeas beyondthe last
yea for which the model applies,
this prediction may not be vaid.

a. Inpu: the number of hours after the
market opened
Output: the price of Amazon.com
stock

b. Inpu units: hours
Output units: doll ars per share

c. Themodel can beinterpreted
without restriction within one
trading day becaise the price
changesin an approximately
continuous manner throughaut a
trading chy.

d. P(3) = -2.2953) + 1254375
= $11855per share

e. Solvingthe eyuation
100 =-2.29h +1254375for h:
—-254375=-229%
- 25437

-2295
Because the trading day islessthan
11 houslong, we conclude that the
price was never $100 per share
during thistrading day.

=h or h=11hous

a. Inpu: the number of years snce
1900
Output: annua per capita
consumption d milk
b. Inpu units: years

Output units: gallons per person per
yea

c. Althouwgh per capita mwnsumption o

milk is calculated as total milk
consumption for one year divided
by the population, it is reasonable to
asaume that the per capita
consumption d milk is constantly
changing and that the model
approximates that continuous
change. Thusthe model can be
used without restriction.
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d. Solving 25=-0.2138x + 44.8434for x yields —19.8434 = —0.2138x
_-19843#
-0.2138

If we ssaumethat x = 92 correspondsto the end d 1992,then we @nclude that the annual
per capita milk consumption was 25 gallons per person per year in late 1993.

=028

Sedion 1.3 Constructed Functions

1. a. T(X)=K(x)+L(x) =9083.859+1697.717InXx+ 2424764 + 915.025In x
=11,513623+ 2612.742In x kidney and liver transplants
where x is the number of years since 1990

b. T(5) =11513623+ 2612.742In5= 15,719%ransplants

3. N(t) = M(t) —W(t) =0.3334t —15.6333gallons of milk other than whole milk per person per
yea wheret is the number of years snce 1900

5. Let n(t) be the percent who had heard about, but not planted, hylrid seed cornt yeas after
1924.

n(t) = h(t) - p(t) = 10 10

1+1280427 0721264 1 4 913 704706074621

7. Let ¢(x) be the number of cesarean-section deliveries performed x years after 1980.
c(X) = n(x) p(x) = (=0.034x3 +1.331x? +9.913x +164.447)(—0.183x> + 2.891x + 20.215)

9. The functions can be combined because outputs from C can be used asinputsto P.
(P=C)(t) = P(C(t)) = profit after t hou's of production

t
Input \ Hours

|

Rule PoC

Output
P(C(0)
Profit in dollars

11. Thefunctions can be combined because the outputs from C can be used asinputsto P.
(P C)(t) = P(C(t)) = average tips from customersin the restaurant t hours after 4 pm.

t
Input \ Hours

|

Rule PoC
Output
P(C(1)

Tips in dollars

13. f(t(p) = f (4p?) = 3P

Copyright © Houghton Mifflin Company. All rights reserved.
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15. g(x(w)) = g(de™) =/7(4e")? +5(4e") - 2

17. g(t(m) =g(4m+17)=3

19. Input C e:'lt%

Rule W

l Output
Wir)
Weight in ounces
W(r) isthe weight in ounces of afirst classletter or parcel that costsr centsto mail.
W isnot an inverse function of r, because each value of r correspondsto arange of values for
W, so there ae multiple outputs for most inpus.

21. b
Input \ Students

Rule X
i Output
X(b)
Day of the year

X(b) isthe day of the year corresponding to the birthday of b students.
Xisnot aninverse function d b because there will almost certainly be two days that correspond

to the same number of students.

b
Dolla%

Input

Rule T

i Output
T(b)
Years

T(b) isthetimein yeas when the value of the investment was b dollars.
T isnot an inverse function of b unlessinterest is compourded and credited continuously.

Copyright © Houghton Mifflin Company. All rights reserved.
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25. Reversetheinpusand outputs.

Percent with flex Age
schedules at work
20.7 16-19
22.7 20-24
28.4 25-34
29.1 35-44
27.3 45-54
27.4 55-64
31.0 over 64
Thisis not aninverse function, because each input (percent) corresponds to arange of outputs
(ages).

27. Reversetheinpusand outputs.

Person’s weight Person’s
(pounds) Height

139 5'3"
196 6'1"
115 5'4"
203 6'0"
165 510"
127 53"
154 5'8"
189 6'0"
143 56"

Thisisafunction, kut it is not an inverse function becaise the original table did not represent a

function.

29. a. For part-time students (11 credit hours or less), multiply the number of credit hours by the
part-time academic feeof $138 per hour. For full-time students, the tuitionis $1735.

Credit hours | Cost Credit hours | Cost
1 $138 10 $1380
2 $276 11 $1518
3 $414 12 $1735
4 $552 13 $1735
5 $690 14 $1735
6 $828 15 $1735
7 $966 16 $1735
8 $1104 17 $1735
9 $1242 18 $1735

Copyright © Houghton Mifflin Company. All rights reserved.
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13& ddlars when0O<c<11
T(o) =
73H ddlars whenc=12
where c isthe number of credit hours

d. Tisafunctionof c becaise each number of credit hours correspornds to only one tuition
amount.

e. Inpus: integers 0 through 18
Outputs: {0, 138,276, 414,552,690, 828 966, 1104, 1212, 138, 1518,17353

f. g. Therulein part fisnot an inverse function
because an input of $1735 has 7 different
outputs.

31. V(9) =Ins
33. g=49T +0.04 (notethat g is positive)
o> =(V4sT +0.04)
9> =49T +0.04
g°-0.04=49T

_g’-0.04
T(g)=———,whereg=0
(9) 29 g

35. c
1034.926
O

C |:| S

In 034.9265:m(0'0062)
O ¢ O

In 034,9265:S|n0'00&

g ¢ L[

IHME

In0.0062

=0.0062°

S(c) =

Copyright © Houghton Mifflin Company. All rights reserved.
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37. a. Ciscontinuauswith discrete interpretation because it makes ense only at the end of each
month — that is, for positive integer input values.

b. m(C)= c-801
319.6
complaints were received.

c. M(2399 =5; InMay of 2001, 239 complaints were receved.

, which is anumber corresponding to a month of the yea when C

d. C(1) +C(2) + C(3) = 4321 complaintsin the first quarter of the year

e. C(m(C))=319.6 50319821% 801=C -801+801=C

3196m+801) —801 319.6m
m(c(m) = ) 801 _319.6m_
319.6 3196
9.52(15,000)

39.a r(L)= megajoules per animal, where L isthe number of livestock per hectare

L
that can be suppated by a aop of ryegrass

b. L(64,000 = 2.2animals per hectare
c. r(7) =20,400megajoules per animal

_9.52(15,000) _ r =
d. r(L(r)= S5(50W) 952150005 15000 =
_ 9.52(15,000) _ L -
LA (L) ="ssaision 95215000 g g ooy -

41. a. Piscontinuauswithout restriction.

b. Lzl.oaesgt
7.294
g P O t
|nB7.—3945_|n(1.0269 )
OoP O
nd P O
In1.026

c. t(40) = 636yeasafter 1900. Note that t = 63 correspords to the end of 1963. The

fractional part of the t-value can be mnverted to months by multi plying by 12:
(0.6 yea)(12 months per yea) = 7.2. Because morth 7isthe end of July, a month value
of 7.2issometimein August. Thus the population was 40 millionin August of 1964.

d. P(295) =162 milli onpeople

Copyright © Houghton Mifflin Company. All rights reserved.
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43. a. §(85) =121(85) — 05.4=$123.1million
S(88) = 12.1(88) — 905.4=$159.4million
S(89) =—-14.8(89) + 1414.9=$977 million
S92) =-14.8(92) + 1414.9= $533 million

c. Sisafunctionof x because eat year correspornds to only one anount of sales.

45. a. The shipping charges encourage larger orders.

b.  Order amount Shipping
$17.50 0.20(17.50) = $3.50
$37.95 0.1837.95) = $6.83
$75.00 0.1575.00 = $1125
$75.01 0.1275.01) = $9.00

c d. 0.2x ddlars  when 0< x< 20

Ha8x ddlars when 20< x < 40
S(x) =
15x ddlars when 40<x<75
FD12x ddlars whenx>75
where x isthe order amount in dollars.

e. Answerswill vary.

Sedion 1.4 Limits: Describing Function Behavior

l.a. 5 d. Doesnot exist, tIirrc]og(t)_wo
b. 0 5. a 0 )
c. 26 b 3
3.a 05 c. Doesnot exist
b. 0.5 d. Doesnot exist
c. 05 7. a. Yes, because the left andright limits

are the same.

Copyright © Houghton Mifflin Company. All rights reserved.
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9.

11.

13.

15.

17.
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b. No, becausethefunctionvalue & 3
is different from the li mit.

a. No, becausethe limit does not exist
asX —» 20ras X -» —2.

b.

c. Asxbecomesincreasingly positive,
the function approaches the
horizontal asymptotey =2. AsX
bemmes increasingly negative, the
function approaches the horizontal
asymptotey = —2.

No. If afunctionis continuaus, then the

limit existsfor all input values.

7.04

2 _ a4t — -
lim t°-4t-21_ lim (t-7)(t+3) _
t--3 t+3 t--3  t+3
lim(t-7)=-3-7=-10
t--3
”mzﬁ—z%+x_afyaaﬁ+2
X2 4x*-x° 42%) - (2%)
_16-8+2_10_5
16-8 8 4

SSG: Calculus Concepts

19. a. A numericd investigation suggests

21.

b.

that lim (2! - 4) =-4.
t - —o0

lim g(t) = lim (2" - 4)
t—>2_ t—'z_
=4-4=0
lim g(t)= lim 0=0
t.2" t.2"
Because the left and right limitsin
parts b and c are the same,

lim g(t) =0.
t-2

limg(t)=1lim0=0
t—>4_ t—>4_

. . t°-16
limg(t) = lim
t—»4*g() t-4" t—4
—lim (t+4)(t-4)
t—>4+ t_4

= Iir?(t+4)=4+4=8
t—> +

Does not exist because the limit
from the left is O but the limit from
theright is 8

Theright end behavior of g is
determined by the end behavior of
the quotient of dominant terms.

. . t2-16
Thus limg(t) =lim
too0 tooo -
2
=lim—=Ilimt
tooo tooo

This limit does not exist, and we
writelim g(t) - .

too0

y = -4 isahorizontal asymptote on
the left

i. Yes, becausethefunctionis
defined at x = =5, and the limit as
X approacdhes -5 isthe same & the
function value at x = -5.

. Yes, because the functionis
defined at x = 2, and thelimits as
x approaches 2 from the left and
right are the same & the function
value & x = 2.

Copyright © Houghton Mifflin Company. All rights reserved.
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iii. Yes, because the functionis defined at x = 3, and the limit as x approaches 3 is the same
asthefunctionvaueat x = 3.

iv. No, becausethe functionis not defined at x = 4.

X—-3 X—-3
2.9 -10( 3.1 10
2.99 -100] 3.01 100
2.999 -1000] 3.001 1000
2.9999 | -10,000 | 3.0001 | 10,000
. 1 . 1 o 1 .
lim —— o —c0; lim —— 5 o lim ——= doesnat exist
x-3" X—-3 x_3t X—=3 w3 X—3
1+ 7%t
10 0.01346
20 9.07991107°
30 6.1180107
40 4.122311107°
50 2. 777601071
. 14
lim—— =0
foe] 4+ 705
27. y -1 X3 + 6x y __1+ X3 + 6x
3X+1 3 3x+1
-0.35 42.858( -0.32 -48.819
-0.34 103.965| -0.332 507149
-0.334 1020.630| -0.3332 -5090482
-0.3334 10,187.296| —0.33332 -50,23.814
3 3 3
| x+6x_)°o; . x+6x_)_oo;|. X+6Xdoesnot@(ist
- 3X+1 ot 3X+1 w1 3x+1
Xo— Xo— 3
3 3
29. . 2~ 3x% +16x-24 . o* 3x% +16x—-24
73 11x - 6 — 3x2 73 11x - 6 — 3x2
0.66 0.79487 0.67 0.802575
0.666 0.79949 0.667 0.800257
0.6666 0.799949 0.6667 0.800026
0.66666 0.799949 0.66667 0.800003
32 +16x-24

m >
x~ 2 11x - 6 - 3

Copyright © Houghton Mifflin Company. All rights reserved.
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31. a. $3.95 $6.35
b.

c. i. $395 i. $3.95 ii. $395
iv. $3.95 v. $5.15
vi. Does naot exist

vii. $3.50 viii. Doesnot exist

5
1+ 5 0409)

=0.932 thousand ddlars
or approximately $982

33. a. C(05)=

b. As x - o0, e 2% _ 0 and
lim 5 = 5 =5
x—01+5¢704  1+5(0)

Inpu values greaer than 1 (or 100%
of the spill cleaned up) have no
interpretationin this context, so the
end behavior of the functionis
meaningless

_ 5

=1.149 thousand dbllars
or approximately $1149

35. a. R(6)= 38(1— e 07472(6) ) ~3757

Abou 37 6% of graduates respord
after 6 weeks.

b. Iim38(1—e_0'7472t):
t>o0
38(1-0) =38%
37. a. Iirr& P(x) =1.0324(1.5184°)
X
=1.0324 = $1.03/ share

b.

39. a.

41. Ilim

Mo*o M’ -3 m-*o m

43. lim

SSG: Calculus Concepts

lim P(x) =1.0324(1.51848)

X-8

= $29.17 per share

Doesnot exist, lim P(X) - o

X — 00

Out of the modeling context,
|in3_ P(x) =1.0324(1.5184°) .
X —

=1.0824
In the ntext of the price of
Microsoft shares, the limit does not
exist because the model does not
apply to theleft of O.

S(4) = 220 - 4443703944

= $210.7 fillion
|in;11 S(t) = 220 - 44.4370-3912(4)
t-

= $210.7 bllion
Because the functionis continuous,
thereis no difference between a
limit and a function value.
lim S(t) = 220 -44.43(0) =$220

| )

billion; Thislimitisthelevel that
sales of electronics will never
exceed. Inredity, thisvalue
probably has no significance in this
context because the model is based
on sales between 1986 and 1990.

y = 220is ahorizontal asymptote
for agraph of thisfunction asthe
input becomes increasingly large.

3m+m_ . 3m
5
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t?+73 . t?
= lim

45. lim —
tot016—2t t_+o—2t

. t

= lim —

This limit does not exist. Astincreases

without bound, lim—% _. - andthe

too0—

function decreases withou bound.Ast

deaeases without bound, lim t -

t-—co—
and the functionincreases withou
bound.

Sedion 1.5Linear Functionsand M odels

—$25 million
S5yeas
=-$0.5million per year
The corporation’s profit was
dedining byapproximately a half a
million dollars per year during the
5-year period.

1. a. Slope=

b. Therate of changeisapproximately
-$0.5million per year.

C. Thevertical axisintercept is
approximately $2.5million. Thisis
the value of the crporation’s profit
in year zero. The horizontal axis
intercept is5 years. Thisisthetime
when the corporation’s profit is
zero.

3. a. 382.5 dorors per year

c. Thevertical axisintercept is5909
(whent =0). Thisisthe number of
donasin 1988, the starting yea.

Copyright © Houghton Mifflin Company. All rights reserved.
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5. Thisquestion cannot be answered
because the model does not include a
description of the input variable.

Rate of change of revenue
_ $824.1-$744.0million

1998 - 1997
= $80.1million per year

801
Becaise e =20025, the revenue

increased by $20.025million during
eadt quarter of 1998.

Add $80.1millionto each revenue
amount to find the next yea’s
revenue.

Y ear Revenue
(millions of dollars)

1997 744.0

1998 824.1

1999 904.2

2000 984.3

Revenue = 7440 + 801t million
ddlarst yeas after 1997

The rate of changeis—400gallons

per day.

400 galons
day

2800 gallons

(7 days) =

Let t be the number of days after
January 1. The amount of oil onday
tisA(t) =-400t + 30,000 lons.
On January 30, t =29, sothe
amount is
A(29) = -400(29) + 30,000

= 18,400gallons
The assumptions are that the usage
rate remains constant and that the
tank is not filled more than oncein
January.

. A(t) = 30,000 — D0t gallons t days

after January 1
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11.

Solving A(t) = 0 givest = 75.
Asauming that the usage rate
remains constant, the tank will be
empty 75 days after January 1,
which corresponds to the middle of
March.

Thefirst differences are 14, 15,18,
and 14.Thesefirst differences are
nealy constant.

. Answersmay vary. Three possible

models are;

Al =155x- 30,7998 milli on
ddlars, where xisthe yea

A2 =155x —1349.8million
dollars, where x is the number of
yeassince 1900

A3 =155x+ 107.2 million dllars,
where X is the number of years since
1994

The amourt colleded in 2000can
be estimated using any one of the
three modelsin part b:

A1(2000) = $200.2million
A2(100) = $200.2million
A3(6) = $2002 million

Solving A3(x) =300yieldsx=12.4
yeassince1994. Notethat this
moded is continuows with discrete
interpretation, because the tax
amounts are totaled and reported at
theend o each year. Thusthe
models make sense only at integer
input values. An input of x =12
corresponds to the end of year

1994+ 12 = 2006. At the end of
2006,the amount collected will be

Chapter 1: Ingredients of Change: Functions and Linear Models

13.

15.

SSG: Calculus Concepts

A3(12) = $2932 million. At the end
of 2007, the amount coll ected will
be A3(13) = $308.7million. Thus
the amount collected will be alittle
less than $3@® million in 2006and a
little more than $300 millionin
2007 hut will never exactly be $300
million. Thisconclusionisvalid
only if the amount of taxes coll ected
continues to grow between 198 and
2007at the same rate at which it
grew between 1994and 198.

. Answersmay vary. Threepossible

models are;

S1(X) = 499.3 — 976,088.3students
in year X

2(x) = 499.3x — 27 418.3students x
yeas after 1900

S3(x) = 499.3x + 50362 students
t years after 1965

The enrollment in 1970 can be
estimated as

S1(1970) = 7533students
S2(70) = 7533students
S3(5) = 7533students

Because 7533 —8038= -505 the
estimate is 505 students lower than
the actual enrollment. Answersvary
onwhether the eror is sgnificant.
The eror represents about 6% of the
adual enrollment. For aschool the
size of the onein this activity, an
error of 500students could mean a
significant increase in student
housing and faculty loads.

It would not be wiseto use these
modelsto extrapolate 31 yeas
beyondthe last data point.

P(t) = 0.762t + 10.176 ddlarst

. yeas after 1981

Roundto the nearest dollar since the
original datawere rounded to the
neaest dollar.
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1984 P(3) = $12
1992 P(11) =$19 extrapolation
1999 P(18) =$24 extrapolation

The model predictionis $1 less than
the actual price That'sfairly
acarate.

interpolation

d, e Answerswill vary.

f.

17. a.

19. a.

Copyright © Houghton Mifflin Company. All rights reserved.

When alinear modd is used to
extrapolate, the underlying
asumptionisthat the output will
continue to increase at a constant
rate. Oftenthismay beavalid
asaumptionfor short-term
extrapolation but not for along-term
extrapolation.

Extrapdating from a model must
always be done with caution. In
order for the extrapolationto be
acarate, the model must accurately
describe the situation, and the future
behavior of the output must match
that of the model. Longterm
extrapolations are always risky.

F(y) =—0.152y + 19.514percent
whereyis 81 for 1981-82school
yea, 82for the 1982—83school
yed, etc.

Becaise—0.152 ismultiplied by yin

the equation, the rate of changeis

abou —0.152 grcentage points per

yea.

F(93) =-0.152(93) + 19.514
=5.%

Solving F(y) =5 gvesy=95.7,

which corresponds to the 199697

school year.

Rateof _ $97,500-$73,000
change = 2002199

_ $24,500

12 yeas

= $2041.67 per yea
or about $2042per yea

$97,500+ 3($2042) = $103,600

Section 1.5: Linear Functions and Models 17

21.

C.

Let t be the number of years after
the end d 1990.Then the predicted
valueisgiven by V(t) = 2041.66% +
73,000 dllars.
V(t) = 75,000
2041.667t + 73,000 = 75,000
2041.667t = 2000

t=0.98

V/(t) =100,000
2041.667t + 73,000 = 100,000
2041.667t = 27,000
t=1322

Thevaluewas $75,00 in late 1991
(t=0.98) and $100000in early
2004(t =13.22, shortly after the end
of 2008).

V(t) = 2041.667t + 73,000 dbllarst

yeas after the end of 1990

1999 V(9) = 2041.667(9) + 73,000
= $91,400

The model assumes the rate of

increase of the market value remains

constant. This assumptionis not

necessarily true. (In some markets,

home pricefluctuate wildly.)

The points in the scatter plot appear
tolieinaline.

The first differences (or changesin
output) are $0.55 —$0.34= $0.21,
$0.76 — $(B5=$0.21,and so on.
They are dl equal to $0.21.
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23.

25.

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

c. P(w)=0.13+0.21w dollarsfor [(+7.35x+676.30

weight not exceeding w ounces, Bhousand people  when 0<x<6

wherewisaninteger (1< w<9). p(xX) =

[P.122x +619.730

Extrapdationfrom amodel is predicting Hhousand people when 6< x<11
values beyondthe interval of theinpu
data, whereas interpolationis usinga X years after 1985.
model to estimate what happened at c. The model estimates the population
some point within the interval of the to be P(12) =2.122(12) + 619730

input data. I nterpolation often yields a

goodapproximation of what occurred. =645 thousand people

Extrapolation must be used with caution Thisis an overestimate of about

becaise many things that are not 4000 people (about 6% error). This

acounted for by the model may affect extrapolationis only oreyea

future events. beyondthe data given. The
extrapolationin Activity 24is4

a. yeas beyond the data given (and

resultsina1.7% error). These
adivitiesillustrate the principl e that
the closer an extrapdationisto
known data, the more accurate it
probably will be.

27. a. Seepart ¢ for the scatter plot. The
scatter plot does reflect the
statements about atmospheric

release of CFCs.

, , : b. Answersmay vary. One possble
1991|sthe last year in which the modd is gi\%n. L)ét X betrile number
data decline. In 1993the data bean of years after 1900.
torise. We dhoose 1991 asthe
dividing padnt for a piecavise The linear regressionmodel for
cortinuous model. 1974-198is

y =-1537x + 1554.B million kg.

b. Lett bethe number of years after _ _

1985.For the years 1985to 1941, The linear regression model for
the linea regression mode! is 1980-198 s N
y = —7.3t + 676.3thousand people. y =9.166x — 412.5million kg
For the years 1991to 1996, the The linear regression model for
linear regression model isy =2.122 1988-19Q is
*619.73) thousand people. The = —34375x + 3413283 million kg
first equation gvesapopulation of
632.2thousand peoplein 1991, and Note that —15.3(80) + 1554.19=
the second equation gives a 324.6and 9.165(80) — 4125 =
popuationof 6325 thousand 320.7,s0 the linear regression
peoplein 1991.Because the second model provides the best estimate for
equationis closer to the adual 1980top, and we include the
popuation of 633thousand people, equality x = 80in the top pation of
we define the 1991 pgoulation using the function.
the second equation. The piecewise Similarly, 9.165(88) —412.5= 391.7
continuaus functionis: and —34375(88) + 3413283 =

388.3,s0 the middle linear
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regressonmodel provides the best ii. At what rate was the release of
estimate for 1988 and we include CFCs dedining between 1974and
the equality x = 88in the middle 19807

portion of the function. Because the - :
middle model provides the closest 15.37million kil ograms per year
estimates to the output at the between 1974and 1980.
breskpoints, we include both iii. On the basis of the data accumu-
inequalities on the middle portion of lated since 1987,in what yea will
the function. The pI ecewise there no |onger be ay CFCs
continuaus functionis: released into the amosphere?

[+15.37x+1554.19 Determining where the far right

e when x< 80
ér;“” ionkg portion of the function is zero
_ 7.985x-311.02 yieldsx = 99.3.This answer
R(x) %ﬂill ionkg when 80 < x <88 indicates that according to the
[-34.375X + 3413.283 when x > 88 model there should have been no

Emillionkg release of CFCs by ealy in 2000.

where x is the number of yeas after
1900.(Note that in computing the
middle model, the 1980data point
was not included, but in computing
the bottom model, the 1988data
point was included. Thiswas done
to improve the fit of the modd. You
will have to use your own dscretion
to determine whether or not to
include the points at which the data
isdivided when finding a piecewise
moddl.)

d. i. What wasthe amourt of CFCs

released into the amospherein
19752 1995?

C(75) = 401.4millionkg,
C(95) = 147.7millionkg
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29.

78 milli on people per year
P(t) = 6 + 0.078t hillion peoplet

. yeas after the beginning of 2000

Setting the model in part b equal to
12 and solving for t yieldst = 76.9
yeas after the beginning of 2000,
which corresponds to near the end
of 2076 The article estimates the
world popuationwill be 12 hillion
in 209.

. The predictionin part c asaumes that

the world will grow at a constant
rate of 78 million people per yea
between now and 2076. In making
their prediction, the Census Bureau
must have asumed that the growth
rate will i ncrease so that the 12
billion population will be reached
soorer than aur prediction based on
the linea model.

Chapter 1 Review Test

1. a. Becaisethegraphshowsthegainin

wetlands, and al the outputs values
are positive, the number of wetlands
increased every year. Thusthe
number of acresincreased between
1991and 1992but by asmaller
amount than the number increased
between 1990and 1991 a 1992and
1993.



b. Between 1989and 1991 theyearly

gain of wetlands wasincreasing by
approximately
140-75

T isafunctionof d because for
every possible day, thereisonly one
asciated number of tickets.

If theinputs and outputs are
reversed, the result is not an inverse
function because one number of
tickets could have more than one
day associated with it.

Rate of increase =

23%-18% _ 5% _
1995-1973 22yeas
percentage point per year
Percentagein 20@ =

05 percentage ptC

23%+ (7 yrs) > peryea E
=246%in 2002

This estimateisvalid only if therate
of change remains constant through
2002.

4. a. . Iirr11_f(x)=2(1)+5=7 and
X

Iirr11+ f(x)=-2)+9=7,
X
thus lim f(x)=7.

X-1

= 33 thousand aaes per yea.

20 Chapter 1: Ingredients of Change: Functions and Linear Models SSG: Calculus Concepts

i, lim f(x)=-2(2) +9=5and
X =
lim f(x) = lim 2x=2)(x+1)
X—>2+ X—>2+ (X_Z)(X+3)
2(x+1) _6
x-2" X+3 5

thus lim f(x) doesnot exist.
X2

2(x° -x-2)

iii. lim f(x)=1lim
X — 00 X — 00 X2+X—6
2%

=lim—-

X — 00 X2
=lim2=2

X — 00

The functionf is not continuous at

' x =1 because f(1) does not exist

(that is, the function is not defined
for x=1). Thefunctionfisnat
continuous at x = 2 because the limit
of f(x) as x approaches 2 daes not
exigt.

C(t) =0.0342t + 11.39 million
square kilometerst years after 1900

C is continuous without restriction.

The rate of change of the modd is
the dope of the equation: 0.0342
million square kil ometers of
cropland per year. The anount of
croplandincreased by
approximately 0.034million square
kil ometers, or 34,000 square

kil ometers, per yea between 1970
and 1990.

. Answerswill vary. One passible

answer isthat because the data ae
linear in nature, the rate of increase
is“steady” as stated.

C(95) =0.032(95) + 11.39=14.64
million square kil ometers
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