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Two separate athletic events may be held simultaneously in this
prototype design for a double stadium.
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Numbers
and Variables

Naming Numbers

OBJECTIVES for Sections 1-1 through 1-4:

1. Simplify numerical expressions which involve arithmetic operations, powers,
or grouping symbols.

2. Evaluate variable expressions.

3. Graph numbers, and state the coordinates of points, on the number line.

4. Express measurements by means of directed numbers.

1-1 Numbers and Variables in Expressions

One kind of symbol used in algebra is a numeral, or numerical expres-
sion. A numerical expression is simply a name for a number. The
number is called the value of the expression. For example,

4 % 9 is a numerical expression for the number 36.
36 is the value of 4 x 9.

You can use the equality symbol, =, and write
4 X 9 = 36.

Whenever you replace a numerical expression with the simplest, or
most common, name of its value, you say that you have simplified the
expression.

Numbers and Variables | 1



In simplifying a numerical expression, you use the following fact:

Substitution Principle

Changing the numeral by which a number is named in an expres-
sion does not change the value of the expression.

Below are several expressions and their values:

Numerical Expression Value You write:
15 + 12 27 15 + 12 = 27
5-1 4 5—-1=4
7 % 8 (or 7-8) 56 7 X 8 =56
42 - 6 7 42 - 6=17

Another kind of symbol used in algebra is a variable, or a variable
expression. A variable is a letter such as n, a, or x, or a symbol such as
?_, used to stand for a number or numbers. A variable expression is an
expression containing at least one variable, but it may also contain other
symbols, including numerals. The set of numbers that a variable can
stand for is called the replacement set, or domain, of the variable. The
members of the domain are the values of the variable. For example, if
n can stand for 2 or 5, then you write n = 2orn = 5. 3 X nis a variable
expression.

Ifn_—_Z,then3><n:3X2:6.
If n =5 then3xn=3x5=15.

This is called evaluating the expression. In a variable expression like
3 x n, the multiplication sign is often omitted.

3 X n may be written 3n.

EXAMPLE  Evaluate each expression for the given value of each
variable.
a. x —3;x=7
b. 5y; y =8
c. 9 — 1—2; n=23
n

d a+b—-—2,a=4and b =11

SOLUTION x—3=7-3=4

®

b.Sy:SXy=5X8:40
n 3

da+b—-2=44+11-2=13

2 | Chapter 1
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Oral Exercises
Give the simplest name of the value of each expression.

1. 12 4+ 31 2. 57 — 31 3. 120 - 4 4. 8 x 24

Evaluate each expression when x = 4.

5. x -2 6 Tx 7.8 12 8. 10 + x

Evaluate each expression when a = 3 and b = 5.
a+b
2

13. If y = 5, write four variable expressions using y that have a value
of 10.

14. If m = 1, how many variable expressions can be written using m
that have a value of 1?

9. a+ b 10. b —a 11. 12. ab

Written Exercises

Give the simplest name of the value of each expression.

1. 352 4 226 2. 537 + 138 3. 1642 — 853 4. 1980 — 1974
5. 1185 + 5 6. 9690 + 19 7. 215 X 13 8. 57 X 348
9. 3+ 12 + 413 10. 8753 — 985 11. 9 X 12 x 21 12. 5656 + 56

Evaluate the expression.

13. x + Swhen x =7 14. 7 — xwhen x =0
15. 10 + x when x = 3 16. 3x when x =9
17. 5x when x = 1 18. £whenx—:?:
X
l9.%whenx=0 20. x — 9 when x = 11
2l. c+dwhenc=5and d =8 22.d —cwhenc=4andd =7
23. c—dwhenc=1andd =0 24. cd whenc =9and d = 8
25. %whenc=l4anda’:2 26. iwhenc:75andd:25
c
27. c+d —4whenc=9and d = 3 28. c—d+5whenc=18and d =9
29. c+dwhenc=4%and d =3 30. c+d—1whenc=2and d =3
31. ¢ —d + 1 when ¢ = 1.25 and 32. ¢ —d + 1 when ¢ = 0.65 and
d =0.33 d =0.27
33. cd + 1 whenc =%fand d =% 34. cd — 1 whenc =2land d =4

Numbers and Variables | 3



Evaluate the expression.

35.%whenc=%andd=;} 36.%—1whenc:l.25andd=0.5
37. i+1whenc=l.25andd=0.5 38.e+f+gwhene =14 f=1,

g andg:zl
39. efgwhene =% f=3 and g = 16 40. gfe when e =%, f=3and g = 16

41. Show that the expressions x + yand y 4 x have the same value when
x=43andy =1
+y

x x
42. Show that the expressions and — + % have the same value

2
when x =4and y = 1

43. Find values for x and y that make the expressions x — y and y — x
have the same value.

44. Find values for x and y that make the expressions x 4+ y and xy have
the same value.

1-2 Grouping Symbols

When more than one operation must be done to find the value of an
expression, parentheses () are often used to make clear the order in
which the operations are to be carried out.

25 + 8 could mean

Either Or
2-5) +8 = 25+ 8) =
10 + 8 = 2-13 =
18 «—— different ——— > 26
values

A pair of parentheses is a grouping symbol. Brackets and braces may
also be used as grouping symbols:

Parentheses Brackets Braces
2-(5+98) 2-[5 + 8] 2-{5+ 8}

The product 2 - (5 + 8) is usually written without the multiplication dot
simply as 2(5 + 8). A product like 2+ 13 may be written

2(13) or 213 or (2)(13)
Variables are grouped in the same way as numbers. But:

2n + 8 always means (2n) + 8
3n — 5 always means (3n) — 5
19 + 4n always means 19 + (4n)

4 | Chapter 1



3+70rn+2
11 9
347 10

sign and a grouping symbol. Thus, T = ir

Notice that in a fraction like , the bar is both a division

n+2 _542_ 7
9 — 9 9

In the numerical expression in Example 1, below, you see a pair of
parentheses inside a pair of brackets. Notice that to simplify such an
expression, you first simplify the numeral in the innermost grouping

symbol, then work toward the outermost grouping symbol.

When n = 5,

EXAMPLE 1 Find the value of 5[24 — 3(7)].
SOLUTION 5[24 — 3(7)] = 5[24 — 21]
= 5(3)
=15
EXAMPLE 2 Find the value of 3(x + 4) — 2x when x = 5.
SOLUTION 3x+4) —2x=35+4) — 205

= 3(9) — 2(5)
=27-10
=17

EXAMPLE 3 If n has the replacement set {2, 3, 4}, find the corre-
sponding values of 5n — 7.

SOLUTION When n = 2, When n = 3, When n = 4,
5n —7=52) -7 Sn —7=53) -7 Sn —7=54) —7
=10-7 =15-7 =20-7

=3 =8 =13

Oral Exercises

Find the value of each expression.

1. 6(3) +5 2. 56 — 3(8) 3.43+4+7) 4. 98 — 4)
23 + 4 5(6)

5 (4-4 5-5 6. (7-6) —(5-4 7 e

449 +(G5-5) (7-6) —(5-9 316 8 2(15)

5x9 18 18 — 4
9. 10. 2(5 — 11. N —

217 ()+6 ) 12. (7 — 43 +5)
13. 2x + (x + 1) when x = 4 14. 3(x — 1) —xwhenx =6
15. 5x — 3 when x = 3 16. x + 2(x + 3) when x =5

17. If y has the replacement set {1, 2, 3}, find the corresponding values of
3y — 2.

18. Can you find the replacement set for 2x + 3 if the corresponding
values are 3, 13, and 19?
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Written Exercises

Find the value of each expression.

1. 20(5)(3) 2. 17 + (5 + 15) 3.234+4)+7
4. 8(3) + 30(3) 5. 5(25 + 15) 6. (17 + 8)9

80 — 10 G*7N+5 (6)(6) + (8)(8)
" 15720 N CRE > @@+ 00
10. [18 — (9)(2)]3 11. 4[3(3) + 4(5)] 12. [35 — 3(4)] + 25
13. [(8)(7) — (2)(3)] = 2 14. [5(5) + 4(6)] = 7 15. [9(7) — 8(0)] =~ 9
16. 2(x + 2) — 2 when x = 2 17. 16 — 3(y — 5) when y =7
18. 5(a + 5) + 5 when a = 10 19. 15 + 6(w + 1) when w =6
20. 2u + (u + 3) when u = 8 21. 9v — 10 when v = 25
22. (7x — 5) + 3 when x = 12 23. 154+ (59 — 5) wheny =1
24. If x has the replacement set {2, 4, 6}, find the corresponding values of 4x — 1.
25. If y has the replacement set {1, 3, 5}, find the corresponding values of 5y + 3.
26. If ¢ has the replacement set {2, 3, 5}, find the corresponding values of 100t — 10.
27. [7(2) — 4] + [9 + 8(4)] 28 2[3(5) — 7] 4+ [10 4+ 4(6)]  29. [5(9) + 8][8 + 9(5)]0
30. 5[(8)(4) + 8] — (8)5 31. {6 + 2[3(2) + 1] + 1}3 32. 2{[3(2) + 5] + 3}
33. {(6-250) — [8(8) ~ (4-4)]} + [25(12 = 6)]
34. {[(23 — 7)(6 + 4)] + 340} — {(48 = 4)[24(7) =~ (18 — 4]}
35. 2(x — 1) + 3(x + 2) + 1 when x = 10
36. 3(2y + 3)(y — 2) when y =3
37. 5[Bw — 4) + 2w + 4)] when w = 2
38. Bw — D@Bw + 1) + 2w + 1H)2w — 1) when w = 2
39. M+2u+1whenu:6

2u + 3
40. If x has the replacement set {10, 20, 30}, find the corresponding

values of 10x + 2(x + 10).
41. If y has the replacement set {0, 2, 4, 6, 8}, find the corresponding

values of Y+ 4.

2

42. If ¢ has the replacement set {10, 100, 1000, 10,000}, find the corre-

sponding values of 4(t — 1) + 2(t — 1).
43. If u has the replacement set {1, 2, 3,4, 5, 6,7, 8 9}, find the greatest

corresponding value of el

2u

44. 1f v has the replacement set {4, 4, 1 1}, find the corresponding values

of % Which is the least corresponding value?
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