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Math 111 Section 1.3 Warm-up

For each function find and simplify f(—x). What patterns do you notice?

(~xt= (—@TfX@/m

a. f(x)= 3x*—6x3—10x2+x—3

(=X ) (—x)( )“)(-’\\‘
= —'X ‘

FED = 3 b - 10+ (-x)-2
= 310X -0k - x -3
=3x"+bx’ -0 -x -2

Nethan- eUen nov- odh

b. f(x) = —2x* —7x2 —3
L) = —2(=x \*—7(—7&)7—— 3
= “2x -7 xR
= £
€NEeN ‘Puncbd\u

c f(x) = 5%° + 4x . ‘
FO = SED ¥ (=D
R
= —{S'x3+ Ty
= = H Ky
40, funchowo
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Math 111 Lecture Notes

SECTION 1.3: PROPERTIES OF FUNCTIONS

A function f is even if for every x in the domain of f it holds that f(—z) = f(z). Visually, an

even function is symmetric abou( the Y- azis.

A function f is odd if for every z in the domam of f it holds that f(—z) = —f(z). Visually,

an odd function is symmetric about the origin.

Example 1. Two classic examples of even and odd functions are f(z) = z? and g(z) = z°,

respectively, as shown in Figures 1 and 2 below.

= |
) ™ 7 2= = S
LE)=X FOO=X
FIGURE 1. Grdph of y = f(z) FIGURE 2. Graph of y = ( )
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Algebraically verify that f i e\xﬂ% function and that ¢ is an odd function.
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Math 111 Lecture Notes

Section 1.3: Properties of Functions

Example 2. Algebraically determine if the following functions are even, odd or neither.

(a) h(z)=z*—2'

NEX) = ()= (-0

—

'*><g+nx
= =L
OA.A.

ev eV—
o

(b) g(t) =3t* —1x Y
9> =6 -
F il

e\ €—

(O ()

FIGURE FIGURE

© f—prxos S

@) f(a)=|c| -4

£ = }w,x.l -4

§ -2\ =]~
D) (d\

FIGURE FIGURE
5. y=J() 6. y=f(z)
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Example 3. Algebraically determine if the function f defined by f(z) = — Ere
is even, odd or neither. v *
,%'
Fd= — 2R =X
g I
SG%DTLgéx)
e
= Lf =g =K [ I
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2 x4 +S%
: ok
—
= AX —X |
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Group Work 1. Determine if the following functions are even, odd or neither.

@gw=$ (b) f(z) =5z + 32*

D = (X" £O =S ERIR3ER
(=)'t S :—3-2{3*“3;(?'
y I
- I—;E—:S_ V\f_l:b‘bx.ﬁ/r
= \j(ﬁ\

e NEeAne
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Math 111 Lecture Notes Section 1.3: Properties of Functions

A function f is increasing on an open interval I if for every z; and z3 in [ with z; < z5 we

have f(z2) > f(z1).
A function f is decreasing on an open interval I if for every z; and z; in I with 71 < 73 we

have f(z2) < f(z1).
A function f is constant on an open interval I if for every z; and x; in I with z; < z» we have

flxa) = flz1).

Example 4. Determine the following for the function f graphed in Figure 7. State each using

use open. mervals )

interval notation.

FIGURE 7. y= f(z) -
_ o T _ " (a) Increasing: (,, g} - §3\> J ( ; y & )

: -‘-  LL'VUJ wvx&lr* (b) Decreasing: (m %) “) U (\;\3‘:3\)
(c) Constant: [ Z, %‘>
(d) Domain of f: [__. 5} g)

- - (e) Range of f: (""3,) 3]
reenis PU«\& “O"\““@V\A?m&}

A function has a local maximum at ¢ if there exists an open interval I containing ¢ so that

for all z not equal to ¢ in I, it holds that f(z) < f(¢). The output f{c) is referred to as the

local maximum of f. loC a.,Q. va\ber2

A function has a local minimum at c¢ if there exists an open interval I containing ¢ so that
for all z not equal to ¢ in I, it holds that f(z) > f(c). The output f(c) is referred to as the
local minimum of f.

b

Example 5. Use Figure 7 to answer the following:

K
(a) Identify all local mammméﬂ values of f and state where they occur.

TherC s o | oca,ﬂm*o*frgdcx—- =2

(b) Identify all local minimum values of f and state where they occur.

o & o local min 01.-#\ i d=y

Instructor: A.E.Cary Page 4 of 8



Math 111 Lecture Notes

Section 1.3: Properties of Functions

o ﬁlobvt

Let f bfa a function defined on an. interval 1. - ok lo
A function has an absolute maximum at u if it holds thatv}(:c) < f(u) for all

vz
in the interval

H\j\ﬁ.w-‘r‘ or (owtetr Sowjﬁ

I. The output f(u) is referred to as the absolute maximum of f.

A function has an absolute minimum at u if it holds that f(z) > f(u) for all © in the interval

I. The output f(u) is referred to as the absolute minimum of f.

Example 6. Use Figure 8 to answer the following:

FIGURE 8. y = f(z)

(a) Identify all absolute maximum values of f and state

where they occur.

Abosolwke max of- Y oL x=-|

(b) Identify all absolute minimum values of f and state

where they occur.

Abso\uie MRV oajr—-[ Ak x=Y

Group Work 2. Use Figure 9 to answer the following:

FIGURE 9. y = g(z)
1 yi o1

']
[ ! ]

S o

(a) Identify all local maximum values of g and state where

they occur.

LocaR may of- > at x=—|

(b) Identify all local minimum values of ¢ and state where
they occur.

Local mun A -S o K= |

(c) Identify all absolute maximum values of g and state

where they occur.

Albsolutr mak o} & at A=

(d) Identify all absolute minimum values of g and state
where they occur.

Absoluke min of ~$7 &b X = |

Instructor: A.E.Cary
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Math 111 Lecture Notes Section 1.3: Properties of Functions

CONCAVITY

So far, we have looked at where a function is increasing and decreasing and where it attains max-
imum and minimum values. We will now study the concept of concavity. This concept involves

looking at the rate at which a function increases or decreases.

The graph of a function f whose rate of change increases (becomes less negative or more
positive as you move left to right) over an interval is concave up on that interval. Visually,

the graph “bends upward.”
The graph of a function f whose rate of change decreases (becomes less positive or more

negative as you move left to right) over an interval is concave down on that interval. Visually,

the graph “bends downward.”

Figure 10. Concave UP © Ficurk 11. Concave DOWN ©

Example 7. The function defined by f(z) = 2? is concave up on its entire domain. Notice that it
is decreasing on the interval (—oo,0) and increasing on the interval (0, c0). The function defined
by f(z) = —z* is concave down on its entire domain. Notice that it is increasing on the interval

(—00,0) and decreasing on the interval (0, oo).

FIGURE 12. Graph of y = z? FIGURE 13. Graph of y = —22
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EXAMPLE 3: Determine the interval(s) on which the functions graphed below are concave
up or concave down.

a. b.
Flgure 8 P O(x)
7 .»n%FJ a\e_ Od - ; o, O ) CDMJ.JC_ . C —P ) ""2:) 1
oncaut t 3 e SN CANT f.,lﬁ«w*-an_,f }
Solution: a. is éoncave up on the interval (b "y and concave dowr‘i on the
interval (—o0, 0).
b. g is concave up on the interval (—, —2) and concave down on the
interval (-2, ).
EXERCISES:

1. Determine the interval(s) on which the functions graphed below are concave up or concave
down.

b.
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Math 111 Lecture Notes Section 1.3: Properties of Functions

Example 8. The graph of y = h(z) is shown in Figure 14. Use this to answer the following.

F1GURE 14. Graph of y = h(z)

[

<
|

(a) State the interval(s) where hol\é positive.

(b) State the interval(s) where h is negative.
(“ L SR 2#3
(c) State the interval(s) where h is increasing. )
(.,,_.,;5,{(.3) 13 v ( L‘-’)) C;@>
(d) State the interval(s) where h is decreasing.
(2,6)

(e) State the interval(s) where h is concave up.

(4,2
(f) State the interval(s) where h is concave down.

(-2, k'*)

(g) State any absolute maximum or absolute minimum values for /& and where they occur.

i——

Nend_ -

I

(h) State any local maximum or local minimum values for A and where they occur.

local may of & at o\
loca . mwn d’% ‘—k ok b

Instructor: A.E.Cary Page 7 of 8




Math 111 Lecture Notes Section 1.3: Properties of Functions

Example 9. Graph the function defined by k(z) = 2z* — 62% — 622 + 222 + 2 on your calculator.
(a) Determine an appropriate window that shows the important features (such as the z-

intercept(s), y-intercept, and any local maxima or minima).

Amn =-S5 (jmﬂf\':w;?;cl
Awmay =S ljvvum( =20
X 5| =\ 5ScJL =5

(b) Use the MAXIMUM and MINIMUM features to find any local maxima and minima
d th . ~ = -
and where they occur IC)C.A.,Q M o/(,, 12,612 G A= m\,\"k—l

LSl @R =2,%77
lOca/QVY\A.‘LV_&» 4 ok = |

(¢) (Review) Use the ZERO feature and the VALUE feature to determine the z-intercepts and

y-intercept. Z‘CIPOS 0‘%, = l-%k _}
and- — . 0%89

:j—lﬁw't of &
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