: logarithmic function 4.8

These are the functions where the base is a positive constant. They are the /nverse functions of
the exponential functions, Figure below shows the graphs of four logarithmic functions with
.various bases

: Transcendental Functions 4.9

These are functions that are not algebraic. They include the trigonometric, inverse trigonometric,
exponential, and logarithmic functions, and many other functions as well. A particular example
of a transcendental function is a catenary.lts graph has the shape of a cable, like a telephone line
. or electric cable, strung from one support to another and hanging freely under its own weight

In Exsrctses 14, nd the domatn and rangs of exch Mnction

Lfx)=1+x* 2 fix)=1 x
3. Ay sx o+ 10 4 g0 -
S ft) =— 5. G\f) = ——
e 3 —1 L) = 6

Functions and Graphs
FInd the domain 2ad gzaph the flunctioas In Exercises 15-20

15, fix) =5 - x 16 flx) =1 -2r - x°
17. plx) x 18, z(x) x
19. F1) = 18t 0. G{r) = 11
21. Fnd the domain of 3 e
-9
2. Pndtheangeof y = 2 + ——
a r+4

Precewizs-Defined Functbhon
Grapix the fimctions | Exercises 25-2%

R [x, o=x=1
5 {2 -x, lcx=2
1-x, 0=x=1
26. pix {
> 2-x, l<x=2
. = x=1
27. Fix) 3
i + 2x, x>1
fai

Inasasing and Degsanng Fan n

Geaaph the functions in Exercises 3746, What symunetries, of 2y,
the araphs have? Specily the miervals over which the function is
creasing and the miervals where i i decreastng

7 y=-x 3.y =
»y ;- o, L
& y= Vil oy x
o y=xY3 M oy=-a\vy
&S y= -z %. ¥ ¥

van and 0dd Fumcticn
In Exercises 47-58, sxy whether the function s even, odd, or netthe
Give reasons for your answer.

47 flx) =1 & fix)=x"
® fix)=x"+1 2 fi)=x +x
SLgix)=x" +x 2 gix) =x*+ ¥ -1
o gr) == s pln) = ——
-1 -1
1 1
S8 M) =— S6. Mt !

1
SLAN=2aA+1 S8 M) =2+ 1



Combining Functions; Shifting and Scaling Graphs .5
Sums, Differences, Products, and Quotients
Like numbers, functions can be added, subtracted, multiplied, and divided (except
where the denominator is zero) to produce new functions. If f and g are functions, then
for every xthat belongs to the domains of both f and g we define
A )
(fghix} = fixlglx].

\, flx)
({r:)l_tl = % {where g(x} = 0)

EXAMPLE 1  The finctions defined by the formulas

fii=vx md gi)=+vT-x
hawe domains 1 f] [[I.w:l and g = [—oe, 1]. The points commaon to these do-
mains are the points
[0, =} —ee, 1] = [0,1].
The following table summarizes the fommulas and domains for the vaziows algebmic com-
binations of the two functions. We also write [+ ¢ for the product function fg.

Fumction Formula [omain

f+g if+ait) = v+ l-x [0,1] = D{f) N D(g)

f-g {f - gl =vZ—v1-x 1o, 1]

g-f (g-fir)=+1-x- v 1]

iz (f-ghx) = flxlglz) = vail —x)  [01]

£ fix) T , )

e E[’-‘ gir] - WT-% [, 1} {x = 1 excludsd)
; g, gt T-=x ) )

&/f B == 0, 1] {x = 0 excluded)

Compasite Functions
Composition is another method for comibining, functions.

DEFINITION  If f amd e Fimctions, the composiie fimction f = g ™ f com-
posad with g7) is defimed by
if = ghix) = figix)).

The domain of f » g consists of the rumbers x in the domain of g for which gix)
lies in the domain of f.

EXAMPLE 2 Iffix) = “Tadplx) = x + 1. find
i (f+glx) b (gefix) G0 (e fHE) G (g e gD

Zolution

Compasite Domain
iah (f = ghix) = jlglx)) = Vel = v+ [-1. =)
m) (g = fix) = g{fx)) ,f-:JrZ'_- 1=vE+1 [0, =)
i€l (F = flix) = A = iz = v ox = 2 [0, &)
) (g=glix) =glelx)) =glx + 1 =+ 1)+ 1=x+2 (- )

To see why the domain of f » gis[—1, o), notice #at g(x) = x + | is defined for all
real x but belongs to the domaim of fonly if © + 1 = 0, Sot s tosay, whenx = -1, nm

Notice that if fix] = x* and gix) = T.then IF = gliz) [ ;:F x. However,
the domain of f » gis [0, 22), ot {— oo, o), sinoe ' x equines x = 0.



Shifting a Graph of a Function

A common way to obtin a mew finction from an existing one is by adding a constant 1o
each output of the existing finction, or bo its impot variable. The graph of the new finction
is the graph of the oniginzl fimction shifted vertically or horzontally, as follows.

shift Formmlas

Viertical Shifs

¥=flx) + k Shifts the graph of [ up k wnits ifk = 0
Shifts i down | &| wnits if & = 0

Hartrantad Shifls

¥ = fix + k) Shifts the graph of [ k9 h units ifk > 0
Shifis: it righe| | mits i & = 0

EXAMPLE 3

(m)} Adding | to the right-tand side of the formula ¥ = ¥ o get ¥ = x° + | shifis the
graph up | unit (Figure 1.79).

(b} Adding —2 to the right-hand side of the formula ¥ = 1% to get y = x° — 1 shifis the
graph down 2 units (Figure 1.29).

ic) AddingItoxiny =3 o gety = (x + 3} shifis the graph 3 wmits to the left (Figure
1.0}

{d) Adding —2 toxim ¥ = |x|, and then adding —1 o the result, gives y = [x — 2| — 1
and shifts the graph 1 units by the right and 1 it down (Figure 131} n

fy=2'v2

Scaling and Reflecting a Eraph of 2 Function
To scale the graph of 2 function ¥ = f{x) is to stretch or compress 1, vertically or hon-

dly. This is plishad by multiplying the function f, or the independ ble x,
i . Reflections across the coordinale axes are special cases

C.

¥

by an app
wherzc = —1.

S a prmiive Add o seymiive
LA & sxmeani a1 L
-

yulx fz.:.!"nll
\




