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RELATIONS AND FUNCTIONS

Relations and functions are sets of ordered-  function, the logarithmic function, and the circular
pair numbers. These sets of numbers represent  function (trigonometry). The study of functions
lines (the linear function), simple curves (the becomes more necessary and important as you
quadratic function), and curves of higher degree  prepare for the study of calculus.
functions. You will soon study the exponential

OBJECTIVES

Read these objectives. The objectives tell you what you should be able to do when you have suc-
cessfully completed this LIFEPAC®.

When you have completed this LIFEPAC, you should be able to:
1. Specify the domain and range of a given relation.
Determine whether a given relation is also a function.
Identify and work with rules of correspondence for given relations.
Read and work with function notation.
Find values of a given function for specified elements of the domain.
Perform the arithmetic of functions.
Find the composition of two or more functions.

Graph the constant and identify functions.

© ©® N oo o 2w DN

Find the inverse of a function.

. ORDERED-PAIR NUMBERS

An erderad-palr number 1is a4 palr of numbarz that es rtopecher, The
nulbgrs are weitlen within @ set of parentheses and separated by a comma,
{6, 2) is an ordered-psir numher; che order is dezipnated by the first
element & and the second element 2. The pair (2, 6) is not the same as
(6, Z) because of the different ordering. ©Sets of ordered-pair numbers
can repreasent relations. or functions. ofie ralavions and funstions are
defined by rules of correspondence.

RELATIONS

This sectlon discurses the concepr of yelaticns and gives its defi-
nition.



DEFINITION
A relation 18 any set of orderad-pair numbers.

Suppose that the weights of any mumber of students are recorded by
the scheal nurse.

Etudent|';|2|3|fp
Weight | 150 | 130 | 100 | 160

The pairing of the student number and his corresponding weight is
a relaticn and Ls written:

These data are wricten as & set of ordered-pair mumbers. Each
eletiert of the ser 15 an ordered-pair.

The filrst element of each pair iz the student number, and Che ser
af all firse elements fc called the Fomain of the relatiom or data set.

The domain of 4 = {1, 2, 3, &4}

The secopnd element of each pair is the weight, and the set of second
elementa s called the ranpe of the relation or data set.

Thne tange of 4 = {150, 1334, 100, 160:
WNRITE THE DOMADT AND RARGE OF THE FOLLOWING RECATIONG N LIST FORM.
.1 {5, o), (6, 13, (¥, 22}

a. Domaip

b, Range

1.2 ¥ = {(8, F2), (7, ¥, (8, ¥&), (5, /)]

w, Domain af F

b, Rapge of F

1m 2 om ol mol Wy
llj G = rtzl ﬁ}. {.El .ﬁ}l {1' 3}' {1' 2}-

a. Dpmain of &

k. Range of &




1.4

o= -{{p.2, 0., (7.3, 0.3}, (B.4, 0.3), (9.5, 0.70}

#. Domain of J

b, Hange of o

Rty TR REQUIRET FELATIONG.

1.5

i.4

of R ¥ . This set, rtead "& cross &,

Writc a relation in ordered-pair form for gix difFerent packages of fruit wvhoss
wolghts are tha domaln of the relation and ave 10, 15, 20, 30, A, and 90; and
whose cosCs are the rsmpe of che relacion and are 52, B3, §4, 56, 58, end §10.

o =

& phyeles studenc, conducting an enperiment of a falling objecc, drops a bassball
From the top of a bhullding énd roserde the distance trsveled for pach pecond of
elapsed tdme. If che distaoces recorded are 16 fr., 64 fe., l&4 fe,., 356 fe.,
aod A0F ft. meapectively for each sesond of time, write thie relation in ordered-
pair Form.

Fm

A relation bhar consists of ordered pairs of real pumbers is & subset
" is made up of all the possible

comtbinations of real numbers denceting ordered pairs. To wvisualize 7 X §,
think of a horizontal number Line extending infinftely in both directions,
crossed by 8 vertical number line extending infinitely in both directions.




Each posicive and negatlve real pumber on the hordzontal runber line
can be paired with each positive and negative real pumber om the wvercical
number line to give all possible combimatlons of two real numbers. Any
relation that cvonsists of crdered pairs of real numbers, cherefore, is =
gubset cof § X F.

Some relations ¢an be specifiad eor defined by a rule ecabling vou
Lo determine the element or elements of the range palved with each element
of the domain, For example the sclucion szet opver § X F of an ocpen sen-
tence such as x =y = 4 is & relation © that you can specify:

r

F=dAde, yle dz, gy E R X Eand z - 5y = 4}
ur
L= {{r, pl: p =2 -4 oE Rl
The domain of the relation L iz the set of real mmbers.
domain of date = {Real numhers]

The range of the relation [ 1s che sec of mumhers = - &, where = is
any real oumber.

range of data = {# - L; = £ 7/}

Whenever an open senience specifies a relation whose domain amd
range are not explicitly stated, we agree to include in the domain and
range those real numbers and onily these real numbers for which the cpen
gentence 1a Etrue.

STUDY THESE EXAMPTES:
Determine (a) the domain and (b) the range of
H= {(x, y): y = ¥T = z2).

Solucien: a. BSince each value of » i3 to be a real number,
each value of 1 - z* must be a nonnegative
number. Since z* = |z[*, 1 = * = 0} means

1=-leg|*200r [z]? <1. Then |[z]| = 1.

Therefore, the domain of # is {z: -1 = = < 1].

b. [z]| = 1 implies 0 = = = 1.
Then 0 = 1 - =% < 1,

Therefore, the range of 5§ is {y: 0 = y = 1}.

I 1
(g = Z)i2 + 5]

Since each value ©of y is to be & real pumber,

(zr = 2){x + 5) # 0; sinece if (= - 2){x + 5) = 0,
then y would be undefined. (z = 23{x + 5) = 0
when = = 2 gr » = =5, Therefore, che domain of
7 consists of all the real numbers except 2 and
-3,

State the domain of F = ({z, g): y =



STATE THE DOMAIN OF BACH OF THE POLLOWING RELATIONS.
1.7 {dx, 30: 2 = /)

Eomain

1.8 {(r, s}i g = 2 Ef

1ir
Dofzaln

1.9 {{z, &)t ab = 12}
Temain

ETATE THE DoMATN AND RANGE OF BACR OF THE POLLOWTNG RERATIONS.

1.10 (@, it ¥ =2+ 1, ¢ ia some even integer)

g. Domeln
h. Hange
L1 ffz, @)y = =]}
a. Domain
b. Renge
FUNCTIONE

DEFINITION

A Funotion la a relation in which no two ordered pairs
have the same firstc element.

A function, therefore, &ssociztes each element in its domain with
one and only one element in its range.

SPUDY THESE EXAMPLES:
po= (L, 2}, (2, B, (3, &), (4, 3}

P is a funcrion becauss sach element of the domain i3 asso-
ciated with a unigque element of the range.

= {{_ll 3}- t'ul- E}r {Ef 3:'- (‘5, 3}}

& is & function because each first element is not paired wich
mpre than one second element.

#={(1, &, (2, 7}, (1, B), (3, NI

g is not a fumetion because the first alement, 1, does not have
& unique second element. In other words, the alementc 1 is
double valued; hence, ¥ is not a2 funetion.




A function cen he identified from a graph. If beth of two points
lie on rthe same vertical line, rChet r if deuble valued and hepce the
relation Ls nor a function. Aif any vertical line drawnm through the grapgh
cuts the graph at mere than eme peoiznt, then the relacion is ner: a Fune-
tiom.

These graphs are relationms, {(&, ¥)}}, which gre alseo Fupctione.

3 I

These graphs are relations, {(r, y)), which are not functione.

—
—
- J

AROKER TRESE GUEETIS
LL2 = ':':'Ffl :1]1 ':—r"l 'I|.I'-| l:'l'-l ,=-:|. '\..!'r 6]. {EI F.:'-I

Ee T& o Fonckrion!

be T1 mot. why?




i.13 ({1, 1), (1, 2), (2, B, (1, 43])

L]
n

8. Is ¢ a funccdond

. If net, why?

.16 & o= {{2, 8), (3, 5), (4, 5, (5 51, (6, 53}
8. Ia if a funcilon?

h, 1f not, why!

1.1% ¥ = [{-3, =3, (=&, =4}, (-5, -5}, (=6, -6)}
a., Ts & a functleo?

b.  If not, whyt

116 &= 1
a: Ig o o Functdon?

b. Tf not, whyl

WHICH OF THE FOLLOWING CRAFHS ARE PUNCTIONS? POR a., #RTIE ves OF no; FOR k., EXPLAIR
KT Of KWWY VT,

1.17 K .18 :
= _— =l i T
. B
b. b




1.19 1.11

Te-

RULES OF CORRESPOMNDENGE
Many relations and functions sre defiped by an algebraic rule

whereby any ordered pair wirhino the relation or function may be ealeu-
LaLed,

STUDY THESE EXAMPLES:
A= {(, 2), (2, 4}, (F 6., . . .}
In this relation the second element is always double the first
element, If we cgll the first element r and the second elemant

., then the rule of eorrespondence will be

yo= 2a;



Bom €1, &Y, (2, BY, L3 Bree s 3

The rule in thie relation iz a little more difficult ro find;
however, the rule is

yom Ala + 1),

Verify the Set B and add a few solutions of your own. Would
{=4, =6) be a solution to Set B! The answer is yes.

cow {(-2, 3), (-1, 0), (1, O}, (2, 3), (3, 8, . . .}

The rule in this relation is also & little more difficult co
find; however, the rule is

3 = et =]

D= {{1. 3}- {21 l}l {31 2-5}}

Don't try too long on this one, because it has no rule that
will compute the ordered-pair numbers.

FEITE 4 FULE OF OORRESCONDENCE FOR FACK OF THRESE RAELATIONS.

1.22 A= {{m, g¥: (1, 2), €2, 5), (3, B0, - . .1

1.23 B={(z, y): (2, 1, (4, &), (65 5}y « &« .]

1.24 &= {(z. ¥): (b, 15}, (8, 21}, (10, 27}, . . .}

125 D= {{x, ¥): (3, 90, {5, 25}, =2, &), « . .}

1.26 £ = {iz, w): {2, 15), (5, 30), (8, 43), . . .]
WFPLETE THESE ASTIVITTES,
127 fhe diagonels of a palygon are lines that join ary two acaediscent veriices:
The aquare has two diagopals; the pentagon has Eive, snd the hexageon has nine.
Urite a rule of corvespondence for the nusher of dlapgonals of eny x-aided poiyzon.

-li e {{."i ﬂ'}= {ﬂ'l E}I :jl 5}1- 'I-'I q}b LI '}

1.28 If che Ffirat elsment of rhe Ffollowing peirs of acshers s a measute of houss ané
the pecond elementc 15 a measute of distance fnm milsa, write & rule of corTos-
rondence Eor [

B={{t, Dz (1, 500, (2, 100} €% 3500, . ...}

1.1 Wite g tule of nn:re:;lm'l.duhul.- o 5,

o= {fe, 8 (0, B, (1, 16}, (2, 64), (3, 144, . . .1




1.3

1.1

AN

Given: 5 = %I:FI: + 1). Findsk cthise takle of valoms.

Ta {ny e s D (il be 9y Foes Nl 76K, (100, a3}

A rectangulsr area of 2,000 sg. k. Is e be feaced oo theee sidee wifh fenoe
conting 3¢ per Toot and on the fourph wlde with feoce cosclng 50c per Eool.

1f T denctes the lepgth of the fourth side end ¢ = i) denntes the corcespond-
ing cost of the fecce inm centa, (&) ewxpross ¢ o o fupction of 2. (b)) What le
tha domala of the fuastion?

b

Rewiew the material in this section in preparation for the Self Test. The Saif Test will
check your mastery of this particutar sectlon. The items missed on this Sel Teat will
indicate specHic areas where restudy in needed for mastery,

MRITE
1.0
1.02
1.03
1.04
1.05
1. 06

TELL

SELF TEST 1

THE RRGUIRED INFORMATTOW (ssoh mmawer, & points),

If=={(2, 3}, [2, 4], L2, §), (2, B}}, i5 = a Tunction?
If == 002, &), (3, 4), (4, 4), (5, 4}, 15 = & function?
If = =43, &, 4, 1, &}, the range of = =

I« = {{2, 6). (3,1, 8}, (1). {56. €)3, 15 » & Function?

The domain of 1.01 4%

Tne range of 1.02 is

WEICH OF THE FOLLOWTNG GRAPRS FEPRETENT FUNCTIONZ dF WrfTiRG yes OF no TW THE

SPACE PROVIIED (eazk aramr, o pointal,

1.07

l 1 7.08 i

10



1.09

1” 1.010 §

WRITE A RULE FOR FACH OF THE FOLLOWING RELATIONS (each emewer, & potnte).
10T P = {{=, u}: (1, O), (2, 1), (3, B), (4, 12}, . . .}

1.002 ¢ = Iz, ¥): (2, 8), {3, 27), (4, 64), (5, 125), . . .]

1-{"3 N {{:‘. y}: [E. 3}. {'.. .}| {Ej E}| {Ei E‘]|. v 8 r}

1.014 5 = {{z, y): (4, §), (8. 7). {12, 9), (26 1), . . .}

40

50

Score
Teacher Check
Initial

11

Date



