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cpc. 2.2 Special Functions

S EXAMPLE 7 Genetics Unider
o avnrdfy five oflsoring LUnde
Suppose two black guinea pigs are bred and prerliee !'re Yl r{_ l‘ ﬂ.:;,. rif fff e f fspring
certatn conditions, i can be shawn that the probability £ .'.f'r(i![ t: ﬂ’: sl -
- - . Where
will be brown and the others black is a function of 7, £ ils

riEsr i s
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FaL: |Jy@ary Jar 3 F=r
pabflitY Si(4)5(3) 5
““ = _‘_ ,__*__._ F= |'| I =y
At i3 —=r)!
sendy (he

e el IS
The letter P in P = Pir) is used in two ways. On the right S 'f-:' “..f 'r:J-;rmr of P
funciion rude. On the left side, P represents the dependent variabie. ‘ H,', !,,:,-”-,-.,;-ﬂ 4
is all integers from 0 10 5. inclusive Find the probabifity that exactly three g .

will be bronvn,

Solution: We want to find P(3). We have

st 3y 120(k)GE)

fl T e e i =
Pi3) = 3121 621 51

NOW WORK FROBLEM 35 T8

problems 2.2

s 4=, desermene whether the gtven funciion isq _ j c—1 ifx=>3
i 2. Grxy)= - 4 = 37

il Proble o o 1 : Ty =
;'rrzh.-.qmumf' funche V=3 |35 ifx<3
2 e e Y et - L !
o ) Bl i 3 Gi8), GI3), G{~1). Ci(1)
I 3/l
Y g e —— 4. w(x) =37z 2B =5 iR
e, g0 = oy ] 22 Ftéy = i g [ A2
: s — 34 -+ ' > 2
: ttermnine whether the given fiaictic -
1 58, determine whet I Crion 1y a )
In f'rn."'h:’l"? = % FG). Fl=3. F2)
ppnal flnction
r b ]
x-+x ) 3
e fixl= —:_’4 by ()= Ty =l In Problerns 23-28, determine the valiie of edch expression.
b T v+
- 23, ‘6! 24. ! 23, {4 =2)!
AR 1L 2Tk <) 8 elx)y=dx=" n X1
T sEr= 14 Hr=z53 26. & 2 27 Sos 28, —————
(m— 1)1 S5I(K —5)
ey W12, findd (e domain of each functon. T :
tn Problems 912, firid o 29. Train Trip A daily round-trip train tickel 1o the city costs
W, flxr= = $4.30. Wirite the cost of a daily round-trip ticket as a function

9, mz =19
of a passenger’s mcome What kind of funetion i< this?

_f.‘i.". fit 12 .flnl:-r4 fx=3

1. S = 14 el ' 12 ifl sx<3 30. Geometry A rectangular prism has length three more than
its width and height one less than twice the width. Write the

I Probfenis 13-16, smi devree ”."J (b) the teailing valume of the rectangular prismi as a function of the wadth

qoefficient of the giver al functian Whal kind of function is this?

13, B =140 — 2 Lk 2(x) = Tx 31. Cost Function  [n manufaciuring a component for a
machine, the iniiial cost of a die is $850 and all other

IS, flx) = =5 NGRS additional costs are $3 per unit producedl, (a) Express the

6 i)=Y m_t:.'l cost C [wn dollars) as a linear Iu_ucl it Of the number ¢
of umits produced. (b) How many units are produced if the

i Problemy 17=22, fird o Vdlaes for each fimetion. total cost 15 S16007

(. fl) =8 [, [ ST 32, Investment  [f 4 principal of J dollars 18 invesied at a

el = T £l “ i.@lutc annual interest rate of r for t vears cxpress the Lot

L & accumulared amount of the principal and interest as a
’ [IF r: f Runetion of 1, I3 your result a hinear (unction of 17
"9 Fi= if1 =
LY 33. Sales Tu encourage large group sales, a theater charges two

—1
rates. If your group is'less than 12, cach ticket costs: -
your group s 12 or more, each licket costs $8.75 el -

Fr1oy, F(=3). 10 = |
case-defined function to represent the ¢os
4 x> lickets. o
S =q .
5 itr 1 .
M. Factorials The business

fE3) Fi=4), iy grievance commities of §
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Clion,
= of i
"Il_l' 5
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-;hﬂr W;ﬂ_anﬂ ! Pi Ob
]nUL ..lg"

Can , - ]
} My ) 7
o eyl |t TP
1 grapy, 9 g 2 (8 ~H (=g =20

i (
I'1_ir]~ . l}. " .
“iy, ¢ 5.3 O (1.1 (0. =6)

I”i‘“ |
Ip 1

lt?ms 25

iy .
| 2. | 4 27(n) shows the graph of v = f(r).

petimate /(0. J(2). [(4),and f(~2),
X \;‘hut is the domain of /7
"': What i the range of 7
"
() what
3 27(hy shows the graph of y

=X Tr!ul'i.'- - ) 4
4 0 Estimale (D) and f(2).

1 figt e

is a real zero of /7

]

Fix).

(;'; what is the domain of f2
! ((:l what
| i) ¥

je the range ol 7
yhat is a real zero of f?
¥

!

|

[ —
T

()

GURE 2 27 Diagram for Problems 3 and 4.
Fl i
pigure 2.25(x) shOWS the graph of y = f(x),
R, . . B
' a) Estimate Flo) f (1). and fl=1).
p) What is the domain af f?
(c) What is the range of f7
() Whatisa real zero of f7
4. Figure 2.28(b) shows the graph of y = f(y).
. =]
=3 (1) Es[inu{‘.r_" ‘.’.{.”]. }I[:J __'r(:“J. and I"f..lj
Y 4) What is the domain of [
e

) What is the range of

(€ ol
@o () Whai is a real zero of f?
fhﬁps ¥ )
“stion 5 I —
=3, I
S not I /-/ 7
1 the I /
h of = ':"“#‘—'
stich i =
| | !
; (a) (b}
FIGURE 228  Diagram ! blems S and 6,
} 72 PLET I lereentc o
s Prf_lﬂmm ; " [l f:l‘ -’; - Hiercepis of the graph of eqel
T | t‘ti’i"-'-'v’_-’f’"- ?‘d{!ij’f;i te g “used on vour graph, ks va

e e X, aned o 80, 1§ L i3T5 i «

ﬁ";['m;‘r:;;d'.’ S S e and wihat are the domain

ord range:

T p=2y 8 v

4 y=3r— 3 .

" ¥ Ly, L=F= 2y

s 1 a1 o 2. locate and libel cach of the points. and Ltve
et = [ poss bl tr whiehy ecely poing lies,

eg, 2.5 Graghs in Rectanguler Coordinates

5

S P_:_r,l 12 ¥y Ful
1L =t 4. y = &
15 y=x' 16, x = 'f
17. ¥ = —|y| 18 =y

9 Zr+y—-2=10 0 x+y=1
It Problems 2-34, graph eoch furcnon ond give

range. Also, determine the iniercepls.
Nos=fin=4-1 22 fery=58-2¢
23 y=hix)y=13 24, gis)= =17
25, y=thix)=x? =4y +1

26, y= fxj=a+2xr— 8
27 fl) = —¢*

28. p=hilg) =14 2¢ +¢°
Hoay=fN=Vit=9

M. Firy= .

!

I Sy =12x— 1

32 v =)= ju- 3

2B, Fiye b

M oy=flxy= —
. y—d
, !
In Problents 35-38, graph cach case-defined function and give the
domain anel runge.

P—FJ Ifrl""r.!(‘.'

5 f'-"-tli,’i,f'—'}:{ < i[';}i‘r

-

36. LM.H-_—{ Ir+2 f-lsyr<3

|20 ~x7 ffax3
37 ply) = {"H 4 ':1 =3
T I xy <3

x+1l Ul<cx<3
8. fior) = 4 if3er<s

v—=1 ie=35

A

M., Whis : : 3
Which of the graphs in Figure 2.29 represent functions of 17

)

f %1 $
| J

o | . - |

=N Adat.

fa) f (b) l

& J/ (dy IJ.

HGURE 229 Diagram far Problem 39

the ddesenent anid




136 Chapter3  Lines, Parabolas, and Systems

We have

a < 0 {the paraboia opens

The maximum value olr

occursata p'roducléon 1
function. Only that por

revenue canmot be nega

TECHNOLOGY . - —

@

‘ ini ; i ¢
The maximum (or minimum) value of a funcliof ;ar; 1;\’
conveniently found with a graphing calculator eitl ?- (0'1‘
using trace and zoom or by using the “maximum

Problems 3.3

In Problems 1-8. swte whether the funclion i guadratic.
1
1. f‘(.‘) = SXE 2. glx)= 2_1‘2_:7'4
ogn=7-0x 4 ki) =3t D)
5. hig) = (3~ qP 6 fuy=u@B-1)+H

-9

it =1p
T fm_h.——_‘,— 8 gy =0 -1

Int Problems Y-12, do not include a graph.

9. (a) Fot the parabola y = [(x) = —4x + Hx +7.‘ find the
verlex. (b) Docs the vertex correspond ta the highest point

or the lowest point on the graph?
10, Repeat Problem 9if y = {0 = Ra? 4 4x — 1.

; jon ol ¢,
i adratic funclic!
Mo Ot e e £ H05 Jownward):

is given by
- = 1000(250) - 2

Thus, the maximum revenu

FIGURE 3.25 Grap!

r=pd
— (1000 - 2007
_ 1000g =24

witha = =2

r

400, ang

y i3 AR NTIeX (g, py - Uy,

Y

b . __1_{10—0— =230 o
e AT

2500
250,000 — 125.000 = 1251

at 1he manufacturer e
h

veive is $i%s
gure 3.25(a) sh 2,0

e th :
the graph of (e &

{250 units. Fi

evel o ; 35 5 i S, .
X wthh q = 0 an = U n., Singe \‘|
u_on for q“aﬂmf
1ve. [

150,000

-

o
'
f)r'
ll‘ i \
Qximurn
=2Ei

J s T T o

Q
(b}

h of revenue function.

NOW WORK pRDELH‘ s
Y

“minimum’) feature. Figure 3.25(0) shows the g ‘\
the revenue function of Example 6, namely, thy g,

y= 100{),r—2xz_ Note that we replaced h”mﬂi

11, For the parabola y = f{x) = T Ay
yeintercept, (b} the x-intereepts, and (¢} the ver
12. Repeat Problem 11 fy= fixy=5-x-32
In Problems 13-22, graphi each funciion, Give the voray
intereepts, and state the range.
a3, y= f) =2 —6x 45
+15, y=glx) = —2x% - 6y
A, s = k=26 Y

14,y = flx)=-4
16, v = flxy=d-|

19, y= fix)=—9+8x— 252
W0 y=Hxp=1-y—x
971, 1= fis) =s% ~ By 14

2 1=l =s 405+ 11

18. & = Al =213

{ L o
blems 3326, stare wiether fi1 ! b a et
1 eIS S35 0T ;

m'ir::mm Ve, annd finel that vedue L
nik : . ey )

A fiv) T\ R i S :
z iy = R
’ > ? 26, ftx) =Xl

4y — 50 =01 2

a8, f)= g —3
f e Hrerse N

trici e ,fm:dmri(' furneiion .
of the vertey ol i
1 funcpon. Graph

¢ 27 and 28, res
oblens £
mf}””ﬁ ¢ = o where v s e v-coordmndle
atisfying X = T
. hola. Determine the inverse of e restricico .
re d ; , . 5
“;u f1,_‘.,,.,1.".{:ﬁmr'rmn ane iIs fnverse int the sane pleiie
e

fag = =t Fdr—3
a7 fl 25 flag vt o Ay

W= -2uTd
‘The demand [unction for 2 manulacturers

f{q) = 200 — 5¢. where pis the price tm

i are demanded (per day). [ind
1e manulacturers

2y, Revenut
product 5p=
dollars) per unit when ¢ units .
1he level af production that maximizes tt
(otal revenue and determine this revenue.
we  The demand function [or an office supp}}-
company’s line of plasuc rulers is p = t_J.H5 = f],[)il(l-}:\q.
where p is the price (in dollars) per unit when g unils are
demanded (per day) by consumers. Find the level of
production that will maximize the manufacturer’s total
revenue, and determine Lhis revenue.

30, Reven

31. Revesue The demand function for an clectronics

’ company’s laptop computer line is p = 2400 — 6¢. where p is
the price (in dollars) per unit when g units are demanded
(per week) by consumers, Find the level of production that
will maximize the manufacturer’s total revenue, and
determine this revenue

N
32, 'Marketing A marketing firm estimates that n months after
= the introduction ol a client’s new product. f(n) thousand
households will use it, where

10
fln) = Fn:lz—m, O<n=12

Estimate the maximum number of households that will use
the product

33.'Profit  The daily profit for the garden department of a store
from the sale of trees is given by P(x) = 7 + ISy + 144
where v is the number of trees sald. Find the furction’s )
vertex and intercepts, und graph the function.

3. Psychology A prediction made by early psychology
reluting the magnitude of a stimulus, x. 0 the magnitude of a
response, v, is expressed by the equation v = Iu'f: where k i;
a :'(m.sl"dnl of the experiment. In an experimcnt on pattern
recognition. & = 2. Find the funetion’s vertex and graph the
cquaton. (Assume no restriclion on )

35, Biology  Biologists studied the nutritional effects on rats
thant were fed a diet containing 10% protein 3 The protein
L;ms;slud of yeast and corn flour. By varying the percentage

- Ol yeast in the protein mix, the ¢ i '
3 i ; roup estimated that the
average weight gain (in gro R Fat over ¢ ———
o gain {in grams) of u rat aver a penod of

: 1
IR =-gPrare0. 0sp<

Find the maximum weight gain.

"}l\d:upltd from R. Bressam, “The LUse
Stnigle-Coll Proveiy, od. R 1 Mateles o
MAMIT Pross, 1968).

ol Yeast in Human Foods ™ {
! S, iR
nd 8. R. Tannenbaum {Cambridge,

-

FIGURE 2.26 Dol thrown
upward { Prohlem 36).

37. Archery A boy standing on 8 hill shools an arrow strght
up with an initial velocity of 85 feet per second. The ?14?-111!11.
/i, of the arrow in feet. r seconds after it was released, is
described by the function k(r) = —16r% + 851 + 22, What is
the masimum height reached by the arrow? How many
seconds after relcase does it take to reach this height?

38. Toy Toss A G-year-oid girl standing on a toy chest throws a
doll straight up with an initial velocity of 16 leet per second.
The height /t of the doll in feet ¢ seconds alter it was released
is described by the function bt = — 1667 4 161 + 4. How
long does it take the doll to reach its maximum height? What
is the maximum height?

39. Rocket Launch A toy rockel is launched straight up from
the roof of a garage with an initial velocity ol 80 feet per
second. The height, ir, of the racket in feel. r seconds after
It was released. is described by the function A{r) =
—16¢% + 80r + 16, Find the function’s vertex and intercepls,
and graph the function.

40, A'rea Express the area of the reclangle shown in
Fl'gure 3.27 as a quadratic function of . For what value of x
will the area be a maximum?

! |14 —x

FIGURE 327 Diagram for Problem 40,

41 E i ildi
nclosing Plot A building contractor wants 1o fence in a

;gcumgular plot adjacent to a straight highway using the

F:ghwny for one side. which will be left unfenced, (See
gure 3.28.) If the contractor has 500 feet of fence find th

maximum enclosed area. ‘ )

dimensions of the

e

FIGURE 1.28 Diagram for Prablem 41.
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Chagter 1 Exponential and Logarithmic Function

For  would expecr A00(0.072) -

1> eans E]!ill in Jﬂﬂsquare_s e “(-’I:IJUU stjuares the -|J.x2 5‘Ilﬁl
' csamp}f- o 4" ‘:”‘i [II‘! the CXPSTII'I]CI}[. H L 4&“1{1] "'-"'l rt".
fo [‘Oﬂiﬂiﬂ t.‘,\"’li.‘ll'\' CCHs l‘r

observedd was 30.)
Hidipstive Doy 1 of the element decreases Wit
- ¢ are such that the amour g athip,
adivactive elements are such o shiwn tht, i iV i Pec
1R ul('irlr:::“:.:f:\'av that the clement decavs. 1t can be shoy the Moy, 1:
O 1irne. 54} 3
nme 7. then -
W he™ f
w b
” i C pOSIive Constan(s, Nog:
: < letter read “Jambda™) are posi Olige
there Ay and 4 (a Greek tetfer rea g SO i e
“icr% | u». exponential function of £. We say that ¥ follows _’" ﬂ",ﬂn‘fmilll la
N involves an LOPI o N = M = - 1 = My, Thus, the coml;mt M re Tesey
of decay. [ 1 = 0. then - = 0 and is catled the initia) omg I

[amia esemd @it time [ = "

the amount of the clement present ; e mi,
Ihg‘ccm*m”' 2 depends on the particular element iny olved and is called (o decy,
constant, ase we let T he the Je

Because N decreases as lime pmgrcsscs: sup{.mslt we let 7 h_.ni‘liu.. }.Lngth ““ime
it takes for the element to decrease to hall of the imtial amount. Then at time, =7
we have N = N, /2. Equation {3) implies that
) J=i

2

We will now use this fact to show that aver any time mierval of fength T haty of the
amount of the element decays. Consider the lnli_:ﬂ'nl frilfm time ¢ loy # & \‘t'_hi!:h hag
fength 7. At time ¢, the amount of the eiement is Npe /. and at time © + Tilig

=

= ,-\""t

TS ~afy.—2
; m‘,_m., ,n:__ N]‘,-AJ!_J—:T___ [Nut' ?,r ]
@y—lr 1

2 2

which is half of the amount at time 7. This means that if the inttial an ung Presen.
No. were | gram. then at time T, { gram would remain: at time 27, Jram woujg
remain: and so on, The value of 7'is called the half-life of the eadionct ve clemen
Figure 4 13 shows 4 eraph of radicactive decay,

(Me™™)

A

FEUAT Y15 Radiouchive decav,

SEXAMPLE 11 Radioactive Decay

Aradiwactive elemen: decavs stich that afior £elavs e

nimber af milligrams prose
oogven by f RTINS present

N oz [} -t

T TR,

& How many

i Solution: This
Ny = 100 and A

Thus, 100 milligrams are inj

b. How tHany il

Aty Solulion: When

{ ;
U 4 Graphol .
GURE Y . gecay functior
rq.liﬂ-’%’ el
W | e

n,;n’-yﬂ"" fal' Zy=flo=3
T Iﬁ_f’[,\‘);({ . doy=fu=(})
x 3 fLe) _uelP B y= Jir)= 130y
T 8 v=flx)=21
b 1'5,f(.\lf; ~ 1 10. y=Jixi=3-1_

. ¥ _ 14 Fl’f“- o Fi‘fnr(' 4.15, which showy the graphs
pletnS 1 w2 and y =35
4 -

il curves A B, and C. which is the graph of y =57

1 ofthe carves A B, and C, which is the graphof y = g 4t0
ofthe

e

A a8 &

FIGURE ¢ 15 Diagram for
Problems 13 and 14,

tion The projected population of a city 15 given by
7 E 3

o8, POP"::S o0l | 19921 swhere 1 s the pumber of years after

¢ what is the projected populalion in 20157
1995, What IS

Jtion  For a certain city, the population p
i the rate of 1.5% per year. The formula
Fal EE[” 000(1.015) gives the population ¢ years afer
Iq;&li-r-:,:]}hc populaton in (&) 1999 and (b) 2000.

ired-Associate Learwing — Ina psychological experimen
1% Paﬂ'@" o leamning.” subject. were asked to 2ive particular
mm!\::;c after lr;ing she= o ceriamn stimuli. Each stimulus
n.ﬁﬂa;ai_roflﬂ‘l”‘-'h and ©. response was eilher the digit
:':'H 2, Adter each respoi e subject was told he correct
¥ J +ussocuate leaming

is so-calle.
answer, In this so-c3 : : |
;xpen'ment, the theore Nability P that a subject
makes @ COMTECT respans s¢ nth trial is piven *
l
P:l*;?if ”iln’]<“<1

L "
where ¢ s a constant. T 5 and find P whenpy = |,

a=2andn =3

ez York Acadermac Press, Inc.,

‘D, Laming, Maviteratical Pyveo
1973},

milligramy gre

LQuation has the form of Equstion {3). N =

173

Se¢ 41 Exponential Functions

ittty prevent?
= Ny ', where

= D062 & i the initial amount and corresponds to @ = 0

tially presemt (Sec Figure 4.14.)

s are present after 10 iays?

=10,
N = 100008200 _ 008 -2 53 8

Mherefore, approxintately 3.8 milligrams are present after 10 days.

NOW WORK PROBLEM 47 - 90

18. Express y = 2% a5 an exponential fanction in base X

n Prablems 19-27, find {aj the compand amaron and (h) the
campound iserest for the giver inyesiment and annial rase

=19, SA000 tor 7 years at 6% compuounded apnually

20, $5000 for 20 years at 3% compounded annually

21. S700 for i5 years at 79% compoundead semiaanually
22, $4000 for 12 years al 74 % compounded semiannually
23, 33000 for 16 years a1 82 % compounded quarterly

24, 52000 for 12 years at 7% compoundud quarterly

25 85000 for 2§ years at 9% compounded monthly

26. 3500 for 5 years at [1% compounded semiannually

27. 38000 (or 3 years al 63 % compounded daily. { Assume thal
there are 365 days in a year.)

28, favestment Suppost: 5800 is ploced in a savings nccount
that earns interest at the rate ol 4.5% compounded
Semiannually. (a) What is the value of the aceount at the end
of five years? (b) I the aceount had carned imterest al the
rate of 4.5% componinded annually. what would be (he value
after five years?

g

Investment A certificate of deparit is purchased for
$6500 and is held for six years, If ihe certificate carns 4%
compounded quarterly, what is it warth at the end of

SIX yeudrs?

30. Population Growth  The population of a lown of 5000
Brows at the rate of 3% per year. (a) Deternune an eguation
that gives the population ¢ years from now. (b) Find the
population thiee years from now. Grive your answer to (b) 1o
the nearest integer.

"I Bacterla Growth  Bacteria are growing in a culture, and
their number is increasing at the rate of 5% an hour.
Inittally, 400 bacteria are present. ta) Determine an
equation that gives the number. N, of bacteria present after
1 hours. (h) How many bactena are present after one hour?

() After four hours” Give your answers ta (b} and (¢) to the

nearest mleger.




‘ arithmi punction® . 3 ,:
i N E,poncﬂl'8|3"d Log 5ec. 4.3 Properties of Logarithms 181 i
| Laprter
180 O f upits sug - od g
mber © 4l 3 Pric,
! js the 1Y acly! ® o Vi L1 . "
| problems 4.2 y et 2 e mansfactsorly gy oyl 0pIECT!Y 4.3 froperties of Logarithms
ro ) ,,Jpnlii'ﬂ"‘r ¥ AL e m'\gnlilld& Ai 11 earth 0L dy basic it T ) - e 4 =k s ges R
i ag _ 1 ]} 3 ic v . . - . .
1 Problems 18, expres euch bogartibr " 0. Farthat™he :clzlldd by the cyu Hiake gy | ;3::::0:& ! ) e legarithmic function has many important propertics. For example.
I\ ;:lrl et rtFr;nrﬂll‘Jﬂ-’ Jarm faparithnt® : 144 cnergy: £A )
‘ 2, 221051 = log = 1 log,(mn) =1 i
! fp.sM= 108} 5 i | g, (mn ag, i +log, n
STl (AL W= L2 [y | 2
iy ™ % g M =0 ’ gl = | 4 {
| = i 0, ( 7 o erms of Jic “prefe i )
nin erreg ‘ e e .
|i 5, ¢t 200H55 o lag5 = (690 where M l;_ “”1: rps, Solve the ¢ on for '_f‘d alg . :[htlt:h says that the logarithm of a product of two numbers is the sum of the logarithms
At .- } = s ¢ s thi ! s .
| %, In3 = 1IN6! osBand B ertain populat 1 calls, iy ! & cau o equ 1T'mmm zn e prove b penm s ion deinn duapen i ERTOEES
, 1l For #6€ ’ e A P ahion:
‘ ‘ Jn Problems 910, graph the fure _ (o = o 2F o ¢ time | 15 BIVET by N =Nt ), where N, ighe'!li: Make sure (1 7l
‘| ' oy o= Lo o= = logy 4t el of cellsat ! = Oand kv aitive congy,, the | understand i I-% They N
I i o DL 12, v= Jin = OB ' number _ k. (by What is the s Lanee of gy Il (3”;4 do not 2p17's 1o 4 s - -
‘ Sff v () ' 14 PR fto = Joga =¥ N when f_r;l' “ takes to have pou tion N (_dn(b:}g% (o= il Gt sing first a familiar rule for exponents, we have
s e flx) = lapp (e - : Hime | e - £ e e
T 13, ¥& i 1) ilnl 6 y= J01= Inix+ 21 (hat Lhe j i Wnuql cllrfolngi;\co}liln 0 the plosmstonn _ plog, miplag, n
! g; i) =R 1= klop % productof [ =
N J * W i I (fene TS i iz
| =  the pxprission. i 2 [Hogy, e e 0T
g Problens 1728 pvaluate the exp il [ dessryan | = mn
1 In 'roble I8, g 19. log; 27 god 10 a discussion < an inferiop 4] quotient of tvac o ‘ o i .i s e e _ .
| 17, oy, 30 i 22. log 10,00 2. Inferior ! ation of the form Enoqlp% loowg o | Sastion 42- = nd equality uses two instances of the fundamental equation (2) of
|‘ | 2. logy, 4 a1, Iup., o 35, logs | solves an ¢4 3 it of.P.m © ::llilnr)t prove the next two properties, since their proofs are similar
¢ L log; 3 x @ erty 1.
\ . 23. lopd 0! i: l”l-' ! 8. logy Ja g = Alnton -+ \32 P
P | L logs
L 26, lofls = = "
b . : ?
A a0, find X sre ) #nd A2 are quantitics of two py, 2. log, — = log, m —
\ ‘ i Prolets 2448 J =R e A ility. and Ais 2 positive cnnsnn': s b " n % = logy
|| 29, logy v =+ W, log v = measure Of WHIY:E o ‘ ant. Dey i Thal is, the logarithm of a quotient is the differe { the | ithm of
If 1 e 32, logy ¥ =1) cive Decay -gram sample of radiogeqy, . - numer 5 - nce et (ne logarithm o the
il A1, loge =3 M, Iy =l i ;’:’:gﬂ pby decays according Lo the cquation NTTW{ ator and the logarithm of the denominator.
‘ a3, lops = -1 e : ber of grams present ok
b , 252 e Nis the number o & after { i
P 35 lax =3 36. log, E’; ; ;l::ﬁhe half-life of 2/ Pb 1o the nearest tenty oFuy i 3. log,nt =rlog, m
R - . log 3=1 i i That i ;
| . lop, 8=13 d : Y A 100-milligram sa al s, the logarithm of a pow { : i
i : - dioactive Decay am sample of ryg, power of a number is the exponent times the logari
| i », log, = -1 40. Iog.A,\2 1‘“ ] o4 :t;mium 577 (227 Ac) decays according 1o the eﬂlua:ai,,- of the number. F garithm
4 i a2 log, 21 -9= - -
P 41, logx = —- o N = 100e 0.03194¢ i
c , (- x) =2 M, Jogg A =5— ; = .
| L 43, log, (6 - 1) e . & TABLE 4.4 Common Logarithms Table 4.4 gives the values G ;
1 I 45, 24 logyd = v - ! i S 32 9 where N is the nunltz'g of milligrams present aiter, yea; g imate, For exig;nPle log :]’EES wa;lkwh‘:ommﬁn iOgaJLLI;mLs. Most entries are approx-
i 47, log, (A +By =2 48. log, (6.+4x - X0 == Find the half-life of 2/ A€ 10 the nearest tenth of g - = logx ¥ logx  properties of logarithms, we shall u::t;flt tn 1;;1;1; O e DRIRIEE B
L ; e —2 finda R s able in some of the
| \ ] 1t Problens 49-52,find  wd express your answer i (€705 of g g, e B find a formula for 74549 2 03000 0.8451 be exaniples that follow.
| ; i tion of ) . ; 5
] natural logasidhos, B e 3 04 8 o @EXA b
Cl it ) 50, 0.1¢" =U-|5 66, Solve for y as an explicit function of xif & i gEn 3 i MPLE 1 Finding Logarithms by Using Table 4.4
| 1 W P rl=d 52 - 1=3 Y43 —8=0 H 5 06990 10 A findlog 56.
! . » : = j . 1.0000
{ ’ !
I .53 @ 3 ! 1 the approximale ) 6 0.7782 & B Solution: . .
In Problems 5356, use your caleulater 10 fina ; ‘ o F 04343 on: Log 56 is not in the tahl s
[ : el 1 1o five decimal @67, Suppose v = fix) = In x. (a) For what values of ; e table. But we can write 56 as the
P valie vf each expression. Rownd your answer 10 ji l P Determine when the graph is below the z-sk3 Thus, by Property 1, product § - 7.
P places. (Hi ¥ Xig|
| ine the range of f. . e
l i o s4 10427 (b) Dett'.rm.mf: g A g log 36 =1log(8- 7) = log8 + log 7 ~ 0.9031 + 0.845] = | _—
I\ 58, In 7.39 56. 1n 998 ﬁﬁ& Find the x-intercept of y = ¥ In x. g Although the logarithms in Example ) b. Findlog 2. :
S | can be found with a calculator, we waill -
1
|

57. Appreciation Suppose an antique gains 10% in value
every year, Graph the number of yearsil is nw'n;ed asd
function of the multiplicative increase in its original value.
Label the graph with the name of the function,

58. Cost Equation  The cost for a firm producing ¢ units of a
pioduct is given by the cost cquation

c=(3q Ing)+12
Evaluate the cost when g = 6. (Round your answer (0 two
decimal places.)

59. Supply Equation A manufacturer’s supply equation is

p=|og(1(l 1%}

69. Use the graph of y = ¢* 10 estimate In 3. Round yom-
1o two decimal places. 5
Ji70. Use the grapi of y = Inx lo estimate ¢, Round your
1o two decimal places.

71. Determine the x-values of points of intersection nfth;i',-'
graphs of y = (x —2)* and y = Inx. Round youranﬁ#
two decimal places. L

Y
'l

i

K. E. Bullen. An Introduction to the Theory of Seismology ( 4
{1K.: Cambridge ar the University Press, 1963).
*A L. Persy, "An Inferior Good aad a Novel Indierencs M’}

American Economist, XXIX, no. 1 (Spring 1985).

make use of properties of logarithms.

Solution: By Property 2,
9
log 7% log 9 — log 2 = 0.9542 — 0.3010 = 0.6532
¢ Findlog 64.
Solution: Since 64 = 82, by Property 3

log 64 = log 8 = 2 log 8 = 2(0.9031) = 1.8062
d. Find log /3.

Solution: By Property 3, we have

logw@:l 5!"'2=l ""1
og 3 logs &~ 5(0.6990) = (.3495
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problems 4.4

3 I”S“'(‘
i Problems 1-36, find & Reund you! i

places
#q, log3x ¥ 2y = og(2x + 5)
3. log7? —logls — 1y = log4

ons
. m‘thmic punctiof

A have
.ptial for™ B 2 ) ’
In cxpo-nw L (X +4 =7 3 viarket Peneteation  Ina discussion of market penetration
o, 32 3 sow produets, Hurter and Ruhenstein'? refer to the
A 4 L Atic Cquanon) Jeelion
=Y
2 3 e

y claim that if
X iy =t then
=8 O . 4. as can be veri 1
X fy € | 15 J:-. 5 - ellf\ﬁdb“ Cos=m=s Iy a
o> 0.the onty ¥ o inlog, v giveslog, 4 ptq
P, Lalacii " = . o
Recause W (must ha ‘x’io dec:d'“{p Ay oS 5 — loga(A+4) = 5.5 oy that their cluim s true.
# & X 2 . ¢ . o "
o the Gf":”jlal' Cpy 410 g~ dits e 10E came. & is asolution gy ¢ Demand Equation  The demand equalion for a consumer
while fepmcm}]- & " 5 since {he ves L s gnm'- idea 10 check o 8- produetis ¢ = 80 — 27", Solve for pand express yout Answer
5 _ logs pad—e sthmic © quatiott: i terms of common logarilhms, s in Example 4. Evaluate p
B solving 2 loga! k- (0 two decimal places when g = 60
ol ;‘5 NOW WORK PRogji
solution=

rs fo 1€ d:'rimnf

4. logod ¥ lopp 2= 00

18, Gros® Nmimml

Ll Capbdd
. o — pe
Fu) = i—fi‘——*—*‘
,f“ 4 rmm(;u—qnl
i shere pog.and Care constants, The
-8 E,
st

A, Investment The equation A=
Al the end of £ years of an iny
cmnpmmdcd annu

}{ow many years wi

estment of P dollars
product  Inan article, Taapen 4

i Give your answer 1o the nearest year.
n equation of the form

" Haves referto @ W 45, Sales
. ‘ 0.2068og P — 0133405 .t vear is give = 108
g T = 1.7+0 QeI per year is given by ¢ = 1000 (5)
& , Q called a Gomperiz equa
. Tisthe percemage of & COuntry's pross g
Heo‘;uct (GNP) that corresponds to foreign g
r

. Such an equation is

many areas of study. Solve this equation for 7 in the same

(1.105)" gives the valu

ally at an annual interest rate of 10.5%.
I it take for an investment 1o double?

Alter r years the number of units of a product sold
f

sior and deseribes natural growth in

46. Learning Equation

e 475 19

Reviews

Also, for any sAand cupable frand a sobve y = A for 1
and explan how 1he pravious

solution s & specal cme

Suppone that the dmly vutpat of unils

of a new product on the rth tay of i production Fan e

given hy

i

Such un cquation is called a learning Fqfiratuin amh 1

P R

malicates

1hat @s time progresses, (utput pev dav will increase. The

may be due toa gain in

(a) the first day and [b)

H:ﬂ. Verify thal

joh. Determig, ta the n

a worker's proficiency 2 s (if bet

curest complete upil. the output of
(he tenth day alter the siarT of a

production rus. (c) Afier how
production run of #K units e reached? Give
¢ the nearest day.

many days wifl  daily

JOUT answer 16

{ £ is the only solution 1o the loganthmc cquation

in Example 6 by graphing the function

i 48, Solve 22"

y=5—log.(x + 4 - logs ©
and observing when y = 0.

- 17. Round your answe7 1o 00 decimal

places.
} panner as in Example 4, and 4 5 =
5 =72Wx ue o), and P {he country's populati manner 4s in Example 4, and show that 4. Sohe Ingx +2) =5 — x, Round your ansyer 10 twn decomal
| .. 6 -1 n2 p&_ustl}gg) 12 yerify the claim that 5 o (3 —log r,r) places.
1 & Iy = =0 ¥ k
%‘ \ 45, In(=x) = inix 23 9, (81 =& 9 100 Te 50P‘“2“f‘“"”33“°2*’) i s log2 isﬂ Graph the cquanon (3)2 — dx = 5. (Hnr Solve for yasa
Lo wp, et = s B r= awed - \g log 0.8 function of x.)
. Y R i o5 =9 1260 ™ ; atJog 30 = 7. Alsoveiyhd
l‘l 1l o =z M° 5. 1075 =6 You may B;blf;‘fihmg, &mg»x). " 4 —,___;"R*‘—:*_—
P! . 2t =23 18T pase b, 108+~ = ~ 44.5 Review
\ \ o e ; = 5 Rndiuncﬁvity The number of milligransotigd ———
‘ 5 e
| 40" _ 5 17 555 w cubstance preseot aiter ¢ yearsis giveaty @ Important Terms and Symbols Examples
; R, 1=~y - 19. 28 =5 0= 100e~ 00 Section 4.1  Exponential Functions - S SR e
\ L 18, 2000 4 Gl = of 731),_ _5 exponential function, &*, for b > | andfor0 <& <t Ex 2.3 p. 164163
i o - . o compound interest rincipal S AR
| 2. ™ =9 . v milligrams are present aft : ; principa compound amount Ex 6 b 167
| . 23, 9-nild = ¢ (a How many ) b nterest period periodic rate nominal rate < b, P
‘ | n &7 = 20 . _5_1_ . ) Afier how r_ﬂanY yca'rs \::1!.:\‘1;:;::: e natural exponential function, s
l\ ‘1 24 5CF Gl 25, (95 ’ presem? Give your answeé exponential law of decay  initial amount  decay constant half-life E"‘ «‘ﬁp- ”‘71'1
| Ln . . 21, loglx =3 = i 40. Blood Sample On the ;;;Iasz ;:i s: 51;: :.ogn_rti:.hn_ﬁchmr.m.s x . p 172
B6:: w5 0 = T ik surface inlo 222 ¢ ogarithmic function, log, x ¢ logari
\5 28. ?‘ rrh=*% 29, log 0% Y 12 w-3=2 m»;\dﬁ: ‘ct:;taining N red cells i spread ol natural logarithm, In v - rieenon R, (42 Ex 3. pi78
08 N v e Py TogE 2T sa ok . 5 o
i Yors(x +4) ~ 3 =logy3 31, logl3x 1) —log cel'lf are random!y d:smbmcd'. Then the Properties of Logarithms Ex 5.p 178
\ LS 5 " ntaining 00 cells S (approximately) change-of-base formula )
\ ‘ 1 32, loglx — 3y 4 loglx — 5) = 1 100 of the squares contain e cells, e ection 44  Logarithmic and Exponcatial Equutions Ex 8 p. 185
oA 33 loga 5% + 1) =4-108 @Ex—2 cells the biood sample contained- logarithmic equation  exponential equation E
\1 \ \ 34 102,()(4—2}2 =2, wherex = 0 x Lp 187
) - ~14+3 g e - P
\ 35, logs (E) =3 +log* ¥ hix— e 3 o n exponential function has the form f(x) = 4% The graph of WTI:T—;Th 2=l " S —
N . 4 £f(x) = b* has one of two general s| ¥ . here § is the compound amount of a priacipal of £ at 1h
: {s in & certain : general shapes, depending on the val g— e P the end of
l 17. Rooted Plants nd study of romf:d plan. st g N ; of the base b. (See Figure 4.3.) Anexponential l‘uuct::m is il;’c:l u; ninterest periods at the periodic rate £
1 - o ean ML was delemmed that on P ° SR (ko eammannd lnteres Ve
\ L el h age number of species thal Jati In one city, the populatiot 5 pavnd nferest lonriua
s ars). AVET? 41. Populal on i i
A (in square meters), the

log A the result was 2 straight line given by
log S =108 12.4 4+ 026log A

i A trequently used base in an exponential function is the irra-
tional numhf:r e 2.71%28. This base accurs m economic analysis
and many situations involving growth or decay, such as popula-

tion studies and radioactive deca t
. y. Radwactive elements i
the exponeatial law of decay, ents follow

ion P=1
of 2% pex year- The equation
population { years alter M)&Fmd 1?;?“.
{he population is 1,500,000, (Give yours
tenth.

oecurred was S. When log < was graphed as function of

S= Pl +n"

Solve for 8.
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