There are eleven axioms that apply to adding and muitiplying real num-
bers. These are called the Field Axioms, and uare listed in the following
table. If you already feel familiar with these axioms, you may go right to
the problems in Exercise 1-2. If not, then read on!

[HE FIELD AXIOMS
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CLOSURE ‘

{real numbers} is closed under addition and under multiplication.
That is, if x and y are reak numbers, then

x + yis a unique, real number;

Xy i8 a unique, real number.

COMMUTATIVITY

Addition and multiplication of real numbers are commutative op-
erations. That is, if x and y are real numbers, then

x + yand y + x are equal to each other,
xy and yx are equal to each other.

ASSOCIATIVITY :

Additionr and. multiplication of real numbers are associative op-
erations. That is, if x; ¥, and z are real numbers, then

(v + y)+ zand x + (y + zJy are equal to eacly other.
(xy)z and x( yz) are equal to each other..

DISTRIBUTIVITY

Multiplication distributes over addition. That is, if x, y, and z
are reak numbers, then-

%(y + zy and xy + xz are equal to each other.

IDENTITY ELEMENTS

{real numbers} contains:

A unique identity element for addition, namely 0. (Because
x+O=x for any real number x.}

A unique identity element for multiplication, namely 1. (Because:
x- 1 = x for any real number x.)

INVERSES

{real numbers} contains: !

A unique additive inverse for every real number x. (Meaning
that every real number x has a real number —x such that

t+ (—x)=0)

A unique multiplicative inverse for every real number x except

zer0. :
. b cue
{Meaning that ¢very non-zero number x has a real number ¢ such

thatx- L = 1)

Notes:

Any set that obeys all cleven of these axioms is a field.

The cleven Field Axioms come in 5 pairs, one of each pair being tor
wddition and the other for multiplication. The Distributive Axiom ¢x-
presses a relationship between these two operations.

The properties x + 0 = xand x- 1 = vare sometimes called the
“Addition Property of 0 and the “Multiplication Property ot 1.7 re-

spectively, for obvious reasons.

5

(he number — v is called, “the opposite of x.” “the additive inverse of

t,
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or “negative v.”
e L enllad the muitinbicative inverse of ¢ or the
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examples first, then checking to be sure you are right. Correct any
which you left out or got wrong.

Explain why 0 has no multiplicative inverse.

The Closure Axiom states that you get a unique answer when you add
two real numbers. What is meant by a “unique” answer?

You get the same answer when you add a column of numbers “up” as

you do when you add it “down.” What axiom(s) show that this is
true?

Calvin Butterball and Phoebe Small use the distributive property as
follows:

Calvin: 3(x + )x + 7) = GBx + 12)(x + 7).
Phoebe: 3(x + 4)(x + 7) = (3x + 12)(3x + 21).

Who is right? What mistake did the other one make?

Write an example which shows that:

a. Subtraction is not a commutative operation.

b. {negative numbers} is not closed under multiplication.

c. [{digits} is not closed under addition.

d. {real numbers} is not closed under the va operation (taking the
square root).

e. Exponentiatig)n (“raising to powers”) is not an associative opera-
tion. (Try 4%°.)

For each of the following, tell which of the Field Axioms was used,
and whether it was an axiom for addition or for multiplication. As-
sume that x, y, and z stand for real numbers.

a. x+(y+z=@x+y +z

b. x-(y + z) is a real number

c. x(y+z=x-z+y

d. x(y+zy=(y+2)-x

e. x(y+z)=xy+ xz

f. x(y+z)y=x-(y+2)+0

g. x(y+a+(-[x-(y+2)=0
h. x-(y+z2)=x-(y+2)1

i x-(y+z)-x_(y1+z)=

Tell whether or not the following sets are fields under the opera-

tions + and . If the set is not a field, tell which one(s) of the Field
Axioms do not apply.

a. {rational numbers}
b. {integers} ’
c. {positive numbers}
d. {non-negative numbers}
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L3 Variables and Expressions it

|

| ORDER OF OPERATIONS

. Do any operations inside parentheses first.

1
2. Do any exponentiatin
3

. Do multiplication and division in the order in which they occur,

from left to right.

4. Do addition and subtraction last, in the order in which they oc-

cur, from left to right

g next.

EXAMPLE 2

Carry out the following operations:

a. 3+4X5
=3+ 20
-3

h. 3_+4X5+2
=34+20+2

3+ 10

-1

i

o 3 —4x5+2+9
3-20+2+9
23— 10 +9

2 =7 +9

i

b

\n cxpression might contain th
eans the distance between the number x and the origin

Ui, For example, | 3] and |
ae focated 3 units from the o

S

Multiply first.

Add last.

Muitiply and divide from left to right.
Divide before adding.
Add last.

Multiply and divide from left to right.
Divide before + and —.

Add and subtract from left to right.

Add and subtract last. 1

e absolute value operation. The symbol | x|
of the number
3| are both equal to 3, since both 3 and =3
rigin (Figure 1-3).
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1-3 variables and Expressions 15

Q7. Write the multiplicative identity element.
Q8. If3x equals 42, what does x equal?
Q9. Multiply: (2.3)(4)
Q10. Divide and simplify: @ + &
For Problems | through 10, carry out the indicated operations in the
agreed-upon order.
5+ 6x7 2. 3+ 8%

1

3. 9—4+5 4. 11 —6+4

5. 12+3XxX2 6. 18 +9x2

7 7-8+2+4 8. 24—-12X2+4

9 16—4+12—‘.-6><2 10. 50—30X2+8—1—2

For Problems 11 through 24, evaluate the given expression

(a) forx =2

(b) forx = -3.

1. 4x—1 12. 3x-—5

3. |3x -~ S| 14, |4x — 1|

5. 5—-T1x—8 6. 8—-5x—2

17. |8 -5x| -2 8. |5 7x|—8
9. P —4x+6 20, x*+6x—9
1. 4x? - S5x— 1 7. 5xt—Tx+ 1
3. 55— 2-x 24, 3t 4-x

lor Problems 25 through 40, simplify the given expression.

g 6-(5—- 0~ 0] 16. 2x — [B3x + (x — 2]
7. e = 23— x)) 28. 3(6x — 5(x — 1))
w7203 -2+ A 0. 8 + 4[5 — 6x = D]
W, dx —[2x F (x — 9 3. 4x — [3x — (2x — x)]

i, 6-2[x—3-(x+4)+3(x-2)]

W 2 -3 =4 e 6)]
5. 6fx — e — D) 16. 8(2x — 4(6x + 9]
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3.2 pProperies of Linear Fanchion Graphs 31

ear graphs.

In the following exercise you will practice drawing lin

EXERCISE 3-2

i

For Problems | through 20
‘ th 20, plot the yraph neatl I ‘ 3
slope and y-intercept, where possible. P Y On BEAPh piper. Lhe the

. y=1x+3 20y =t -1
3. y=—3x—+4 4. y:"—}x*“}
5. y= ,’%,x -5 6. y =3c—2
7. y=-=3x + 1 B. y=-2¢x+6
9. Tx +2y = 10 10, 3¢+ 3y =10
., x—4y =12 12. 2x - S5y =15
13, y = 3x 14, y = ~2x
15, y =3 16. y = -5
52 Clhapter 30 e Lring ot ‘* /(V/"
Lol
D =4 8. x=2
o =0 0. =0

s 15 through 20 where

91. Relations such as in Problem



