Chapter |

Functions and Graphs

1.3 More on Functions and Their Graphs




Chapter |

Homework

1.3 p172 2, 14, 16, 22, 26, 28, 34,
39, 42, 44, 50, 56, 66



Chapter L3

Objectives

[dentily Intervals on which a function Increases, decreases, or IS constant.
Use graphs to locate relative maxima or minima.
[dentily even or odd functions and recognize their symmetries.
Understand and use piecewise functions.
W )ﬂﬂ and simplily a function’s difierence (lllﬂllem
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Increasing; Decreasing, and Constant: Functions

1. A function is increasing on an open interval, I, if f(x,;) < f(x,)
whenever x, < x, for any x, and x, in the interval.

2. A function is decreasing on an open interval, I, if f(x;) > f(x,)
whenever x, < x, for any x, and x, in the interval.

3. A function is constant on an open interval, I, if f(x,) = f(x,) for
any x, and x, in the interval.




Increasing; Decreasing, and Constant Funcdons
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Increasing; Decreasing, and Constant: Functions
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In I, f(x;) < f(x,) In I, f(x,) > f(x,) In I, f(x,) = f(x,)
whenever x; < x, whenever x; < x, whenever x; < x,
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E\.|||||ble- Inter\mls on “'llltll 13 FiIIILIIGDII Incres ASES,

Ibeu'c ISES, Or IS (]cmst.mt e 2 | :

State the intervals on which the given function is increasing, decreasing,
or constant. v Y

Increasing on (-co, -1)

Decreasing on (-1, 1)

Increasing on (1, oo)




Iietlnllmns of Ilel.nl\ve E\trelllal (Ilele iive M.n\lmllm .

dnd Ilel.ul\ve \llmmllm)

1. A function value f(a) is a relative maximum of f if there exists an
open interval containing a such that f(a) > f(x) for all x # a in the
open Interval.

2. A function value f(b) is a relative minimum of f if there exists
an open interval containing b such that f(b) < f(x) for all x # b
in the open interval.




Use Graphs (o 'chcalte,llcln'ti\vc Maxima or Sinima

Identify the relative maxima and minima for the graph of f.

f has a relative maximum at
X = -2 and x = 2.

f has a relative minimum at
X = -5, x =0, and X = 5




Reklative exarema

Definitions of Relative Minimum and Relative Maximum

A function value f(a) is called a relative minimum of f if there exists an
interval (x,, x,) that contains a such that

xX; < x < x, implies f(a) < f(x).

A function value f(a) is called a relative maximum of f if there exists an
interval (x,, x,) that contains a such that

X, < x <x, implies f(a) = f(x).
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> Using your calculator, graph f(x) =-3x? —2x +1 to estimate the relative

extrema.
B8 o, SE) <o SNEYESOH )
[:(CALCJ Y 4:Maximum ij* '::\‘,‘;g'e:;ebzz:::y ]
e oving the curcor. GO cuess: (GUED

x=-3333314 y=1.3333333

> The relative maximum is 1 1/3 at the point (-1/3, 1 1/3)
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Definitons of Even and Odd Functions

The function f is an even function if f(-x) = f(x) for all x in the
domain of f. The right side of the equation of an even function
does not change if x is replaced with -x.

Even: f(-x) = f(x)

e ——

The function f is an odd function if f(-x) = —f(x) for all x in the
domain of f. Every term on the right side of the equation of an odd
function changes its sign (becomes the opposite) if x is replaced with -x.

0dd: f(-x) = -f(x)

: T,



Example: Bdentdifying Even or Odd Functions

Determine whether the function is even, odd, or neither.

h(-x) = (-x)° +1=ExX54D  —h(x)=—(x"+1)=Ex7=1
h(—x) # h(x) h(—x) #—h(x)
The function is not even. The function is not odd.

The function is neither odd nor even.




> Determine whether the function is even, odd, or neither.

f(x)=x*-|x g(x) = ZX
x°+1
; (~X)=——— =% = _g(x)
F(=x)=(—x)* —|-x| = x* —|x gi=x (Cx)+1 I
f(—=x)=1(x) 9(—=x) =—-g(x)
The function is even. The function is odd.

: T,



Even Funcaons and y=AXIS Sym’mi:try.

The graph of an even function in which f(-x) = f(x) is symmetric with
respect to the y-axis.

A graph is symmetric with respect to the y-axis if, for every point
(x,y) on the graph, the point (-x,y) is also on the graph. All even
functions have graphs with this kind of symmetry.




Odd Functions’ iind Origin Symmemny

The graph of an odd function in which f(-x) = -f(x) is symmetric with
respect to the origin.

A graph is symmetric with respect to the origin if, for every point
(x,y) on the graph, the point (-x,-y) is also on the graph. All odd
functions have graphs with origin symmetry.

Ny

Note that the 1st and 3rd quadrants of odd functions
are reflections of each other with respect to the
origin. The same is true for 2nd and 4th quads.

L J
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Also note that f(x) and f(-x) have opposite signs,
so that f(-x) = -f(x). (%,Y)
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Piccewise Funcdons

A function that is defined by two (or more) equations over a specified
domain is called a piecewise function.




Example: Evaluating a Piccewise Fllllctinll

Given ‘|’h€ F“"C'l’ion C(f) — <\20 —

find C(40)
0<40<60 so €(40)=20

find C(80)

80 > 60 so €(80)=20+0.40(80-60)
=20+ 0.4(20)

=20+8=28

160




Example: Graphing a Piecewise Function

Graph the piecewise function defined by

3 if x < -1

C(x) = «
(%) x-2 if x>-1

We will graph C in two parts, using a partial table of coordinates for

each piece of the graph.

x | C(x)=3| (x,C(x)) X [C(x)=x-2| (x,C(x))
-1 3 (-1,3) -1 -3 (-1,-3)
-2| 3 (-2,3) 0 -2 (0,-2)
-3 3 (-3,3) | -1 (1,-1)




Example: Graphing a Piccewise Function

The graph of

f . ) '}
C(t) = <3 if x < -1
x-2 if x>-1
X | C(x)=3| (x,C(x))
-1 3 (-1,3)
-2 3 (-2,3)
-3 3 (-3,3)
X |[C(x)=x-2
-1 -3




> Some piecewise functions are called step functions because their
graphs form discontinuous steps. One such function is called the
greatest integer function, symbolized by int(x) or [x], where inf(x)
equals the greatest integer that is less than or equal to x.

> for example:
>mt(l) = 1, nt(1.3) = 1, int(1.9) = 1
> Int(2) = 2, Int(2.15) = 2, int(2.78) = 2




Example: Seep 'Funcuaons

» The USPS charges $0.42 for letters 1 o0z or less. for letters 2 o0z or
less they charge $0.59, and 3 o0z or less they charge $0.76.

> Graph this function and then find the following charges.

> a. The charge for a

letter weighing 1.5 o0z $1.00

> $0.59

> b. The charge for a
letter weighing 2.3 oz

> $0.76
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Difference Quodent

The expression Fx+h) = F(X) g5 1y & 0, is called the difference quotient
of the function f. h

f(x + h) - f(x)

If f(x) = -2x*+ x+5 find and simplify the expression. .

f(x+h)=-2(x+h)+(x+h)+5
=-2(x°+2hx +h*)+(x +h)+5

f(x)=-2x*+x+5
f(x+h)=-2x°-4hx - 2h* + x + h+5




Iixaminliz: E\Vallllaliillc'l and Simplifyving .al ,lbiffei*mice |

Quodient, oS . & gon . .

f(x + h) - f(x)
h

If f(x)=-2x*+ x+5 find and simplify the expression.

f(x)=-2x°*+x+5
f(x+h)=-2x°—-4hx —-2h*+ x + h+5

oot (2

h
 —4hx —2h* +h h(—4x—2h 1)
h h
=—4x-2nh+1,h=0
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