m Exercises

SECTION 1.2 MATHEMATICAL MODELS: A CATALOG OF ESSENTIAL FUNCTIONS EX]

1-2 Classify each function as a power funchon, root function,
polynomial (state 1ts degree), rational function, algebraic funchion,
trngonometric funchon, exponential fanction, or loganthmie

function.

1. () flx) = logyx
(c) hlx) = 1:"_;‘ T
(e} ols) =5

2Ey=m"

() y=rx2 - ¥}
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) gix) = Ix
) ol =1— 11r+ 2548
(f) wli) = sin ¥ cos’®

®) y =2
(d) y=tant —cos ¢
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V=1
(f) y= 1+ 3%

A

3-4 Match each equation with its graph. Explam your choices.
{Deon’t use a computer or graphing caleulator.)
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4 (a) y=3Ix () _y=3.'_
@y=x d y=Jx

5 (a) Find an equation for the family of hinear finctions with
slope 2 and sketch several members of the family.

(b) Find an equation for the family of linear finctions such that

f12) = 1 and sketch several members of the fanuly.
() Which function belongs to both families?

Graphing calculator or compuater regquired

6. What do all members of the family of linear functions
flx) =1 + mlx + 3) have in common? Sketch several mem-
bers of the famly.

1. What do all members of the family of linear functions
flx) = ¢ — xhave in common? Sketch several members of

the family.

B Find expressions for the quadratic functions whose graphs are
shown.

9. Find an expression for a cubic function £ if f(1) = 6 and
A-1)=f0)=A2) =0

10. Eecent studies indicate that the average swface tempera-
ture of the earth has been nsmg steadily. Some scientists
have modeled the temperature by the linear fimehion
T=002¢ + 8.50, where 713 temperature in “C and ¢
represents years smee 1900,

(a) What do the slope and [™-intercept represent?
(b) Use the equation to predict the average global surface
temperature n 2100,

11. If the recommended adult dosage for a dmg 1z [7{in mg), then
to determmine the appropnate dosage «© for a cluld of age a,
pharmacists use the equation ¢ = 0.04178a + 1). Suppese
the dosage for an adult 15 200 mg.

(2) Find the slope of the graph of . What does it represent?
(b) What 15 the dosage for a newborm?

12, The manager of a weekend flea market knows from past expe-
rience that if ke charges x dollars for a rental space at the mar-
ket. then the number y of spaces he can rent is grven by the
equation y = 200 — 4x
(2) Sketch a graph of this lmear function. (Remember that the
rental charge per space and the number of spaces rented
can’t be negative quantities.)

(b} What do the slope, the y-intercept, and the v-intercept of
the graph represent?

13. The relationship between the Fahrenheit () and Celsius ()
temperature scales i1s given by the linear function F' = %C‘ + 32.
(2) Sketch 2 graph of this function.

(b) What is the slope of the graph and what does 1t represent?
What iz the intercept and what does it represent?

14. Jason leaves Detroat at 2:00 PM and drives at a constant speed
west along [-96. He passes Ann Arbor, 40 mu from Detroat, at
2:50 ML
(2) Express the distance fraveled in terms of the fime elapsed.
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CHAPTER 1 FUNCTIONS AND LIMITS
(&) Draw the graph of the equation 1o part (a).
() What 15 the slope of this line? What does 1t represent?

Biologists have noticed that the charping rate of erickats of a

cerfain species is related to temperature, and the relationship

appears to be very nearly hinear. A encket produces 113 chups

per minute at 70°F and 173 chirps per minute at $0°F.

{a) Find a Linear equation that models the temperature as a
fanction of the number of chirps per mimmute /.

(&) What 15 the slope of the graph? What does it represent?

() If the erickets are chirping at 150 chirps per minute,
estimate the temperature.

The manager of a finniture factory finds that it costs S2200

to manufacture 100 chairs in one day and 34800 to produce

300 chairs in one day.

(a) Express the cost as a funchon of the number of chairs pro-
duced, assunming that 1t 15 linear. Then sketch the graph

(b) What 15 the slope of the zraph and what does 1t represent?

() What 1= the y-intercept of the graph and what does ot
represent”

At the swrface of the ocean, the water pressure 15 the same as

the air pressure above the water, 15 Ib/in”. Below the surface,

the water pressure increases by 4.34 Ib/in’ for every 10 ft of

descent.

(a) Express the water pressure as a function of the depth below
the ocean surface.

(b} At what depth is the pressure 100 Ib/in®?

The monthly cost of driving a car depends on the number of
miles driven. Lynn found that in May it cost her $380 to dove
480 o and in June it cost her 5460 to drive 800 mi.

() Express the monthly cost ' ac a function of the distance
driven o assuming that a linear relationship grves a suitable
model.

(b) Use part (a) to predict the cost of driving 1500 mules per
month.

() Draw the graph of the lmear function. What does the slope
represent?

(d) What does the (-intercept represant?

(e) Why does a hnear funchon grve a suitable model m this
sitnation?

19-20 For each scatter plot, decide what type of funchion you
might choose as a model for the data. Explain vour choices.
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m 21, The tzble shows (lifetime) peptic ulecer rates (per 100 popu-
lation) for vanous family incomes as reported by the Mational
Health Interview Survey.

Ulcer rate

Income {per 100 population)

54,000 14.1

56,000 13.0

58,000 134
12,000 125
514,000 120
520,000 124
$30,000 10.5
545,000 04
560,000 82

{a) Make a scatter plot of these data and decide whether a

linear model 15 appropnate.

(k) Find and graph a linear model using the first and last data

points.

() Find and graph the least squares regression hne.
{d) Use the linear medel in part (¢) to estimate the ulcer rate

for an income of 525 000.

{e) According to the model, bow likely 1= someone with an
income of $80,000 to suffer from peptic ulcers?

{£) Do you think it would be reasonable to apply the model to
someone with an income of $200,0007

Biclogists have observed that the chuping rate of crickets of a

certaln spectes appears to be related to temperature. The table
shows the chiping rates for vanous temperatures_

Temperatare | Chirping rate || Temperature | Chirping rate
CF) {chirps /min) CF) (chirps,/min)
50 20 15 140
55 46 B0 173
&0 9 85 193
65 91 o0 211
70 113

{a) Make a scatter plot of the data.
() Find and graph the regression line.
{2} Use the hnear model 1n part (b) to estimate the chuping rate

at 100°F.



m 3. The table gives the winnmg heights for the men’s Olympie
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pole vanlt competifions up to the year 2004.

TYear Height {m) Year Heizght {(m)
1804 330 19460 4.70
1900 330 19464 5.10
1004 350 19468 540
1008 3 1972 5.64
1912 393 1974 5.64
1920 408 1280 578
1024 393 1984 5.75
1928 420 1938 590
1832 431 19492 587
1934 435 1996 592
1948 430 2000 5.90
1852 453 2004 593
1954 456

{2) Make a scatter plot and decide whether a linear model 15

appropriate.

(k) Find and graph the regression line.

{2) Use the linear model to predict the height of the wmning
pole vault at the 2008 Olympics and compare with the
actual winning beight of 596 meters.

{d) Is it reasonable to use the model to predict the winning

beight at the 2100 Olympics?
m 2. The table shows the percentage of the population of

Argenfina that has lrved in rural areas from 1955 to 2000,
Fmd a model for the data and use it to estimate the nual per-

centage m 1988 and 2002,

Percentagze Percentage
Year Tural Year ural
1955 30.4 1980 171
1960 246.4 1985 15.0
1965 23.6 1880 13.0
1970 21.1 1885 11.7
1975 19.0 2000 10.5

5. Many physical quantifies are connected by inverse square
laws, that is, by power fanctions of the form Myl = kv “ In
particular, the illumination of an object by a light source 1=
inversely proportional to the square of the distance from the
source. Suppose that after dark yvoun are in a room with jast
one lamp and you are trying to read a book. The hght 15 too
dim and so you move halferay to the lamp. How mmch

brighter is the light?

26. It makes sense that the larger the area of a region, the larger

the rumber of species that inhabit the remon. Many

ecologists have modeled the species-area relation with a

15

power function and, in particular, the number of species 5 of
bats living 1 caves m central Mexeo has been related to the

surface area A of the caves by the equation § = 0.74™%

(2} The cave called Misicn {mposible near Puebla, Mexico,
has a surface area of A = 60 m*. How many species of
bats would vou expect to find in that cave?

(&) If vou discover that four species of bats live in a cave,

estimate the area of the cave.

{] 77. The table shows the number Vof spacies of reptiles and
amphibians inhabiting Canbbean 1zlands and the area 4 of

the island in square miles.

Island A N
Saba 4 5
Monserrat 40 o
Puerto Fico 3450 40
Tamaica 4411 30
Hispaniola 29418 B4
Cuba 44218 ]

(a) Use a power function to model V' as a fanction of A.

(b) The Caribbean island of Dominica has area 291 m*. How

many species of reptiles and amphabians would vou

expect to find on Domimea?

m 28, The table shows the mean (average) distances d of the plan-

ets from the sun (fakmg the unit of measurement to be the

distance from the earth to the sun) and their penods T (tme

of revolution 1n years).

Planet d T
Mercary 0.387 0241
Wenus 0.723 0.615
Earth 1.000 1000
Mars 1.523 1881
Tapitar 5.203 11 861
Saturm 9.541 20457
Uramms 19180 84008
Heptune 30.086 164784

(a) Fit a power model to the data.

(o) Eepler's Third Law of Planetary Motion states that

“The square of the penod of revolution of a planet
15 proporfional to the cube of its mean distance from

the sun.”

Does your model corroborate Kepler's Third Law?



