APPENDIX D

Precalculus Review

| SECTION F/F/ Real Numbers and the RealLine |
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Real Numbers and the Real Line

Real numbers can be represented by a coordinate system called the real line or xr-axis
{see Figure A_1). The real number comresponding to a point on the real line is the
coordinate of the pomt. As Figure D.1 shows, it is customary to identify those points
whose coordinates are integers.
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The point on the real line comresponding to zero is the erigin and is denoted by 0.
The pesitive direction (to the right) is denoted by an amowhead and is the direction
of increasing values of x. Numbers to the right of the origin are pesitive. Numbers to
the left of the origin are negative. The term nonnegative describes a number that is
positive or zero. The term nonpositive descrnibes a number that is negative or zero.

Each point on the real line corresponds to one and only one real number, and each
real number corresponds to one and only one point on the real Iine. This type of
relationship is called a one-to-one-correspondence.

Each of the four points in Figure D2 comresponds to a rational number—one

L - - P Q
that can be expressed as the ratio of two mtegers. (Note that 4.5 =35 and
26 = =<} Rational numbers can be represented either by ferminating decimals
such as £ = 0.4, or by repeating decimals suchas 3 = 0333 . _ . = 03.

Real numbers that are not rational are irrational. Irrational numbers cannot be
represented as terminating or repeating decimals. In computations, irrational numbers
are represented by decimal approximations. Here are three familiar examples.

J2 = 1414213562

7 == 3.141592654
e =2 TIR281828

(See Figure D.3.)
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a < bif and only if o bes to the left of b.
Figure D4

Order and Inequalities

Omne important property of real mumbers is that they can be ordered. If o and b are real
numbers, a i5 less than b if b — ¢ is positive. This order is denoted by the
inequality

a=<h
The statement “b is greater than 4™ is cquivalent to saying that a is less than b. When
three real numbers a, b, and ¢ are ordered such that g < b and b < ¢, we say that b
isbetweenagand canda < b < c.

Geometnically, @ < b if and only if @ lies to the lefi of b on the real line (see
Figure D.4). For example, 1 < 2 because 1 lies to the left of 2 on the real line.

The following propertics are used in working with inequalities. Similar proper-
ties are obtained if < is replaced by < and > is replaced by =. (The symbols < and >
mean less than or egual te and greater than or equal to, respectively.)

Properties of inequalities

Let a, b, ¢, d, and & be real numbers.

1. fa < band b < ¢, thena < ¢

2 fa<=bande < dthena +¢c < b+ d.
3. Wa<bthena+k<b+k

4 Wa < band k > 0, then ak < bk

5 Ha < band k < 0, then ak > bk

NOTE MNote that you reverse the inequality when you multiply by a negative number. For
example, ifx < 3, then —d4x > —12. This also applies to division by a negative number. Thus,

»

if —2x = 4, themx <= —2

A set is a collection of elements. Two common sets are the set of real numbers
and the set of points on the real line. Many problems in calculus involve subsets of
one of these two sets. In such cases it is convenient to use set notation of the form
| condition on x}, which is read as follows.

X = condition on x}
For example, vou can descnibe the set of positive real numbers as
jx: x > 0}
Similarly, you can describe the set of nonnegative real mombers as

x> 0}

The wnion of two sets 4 and B, denoted by 4 U B, is the set of elements that are
members of 4 or B or both. The intersection of two scis 4 and B, denoted by 4 N B,
is the set of clements that are members of 4 and B. Two sets are disjoint if they have
no elements n COMMOR.







