1.1 The Coordinate Plane
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Just as points on a line can be identified with real numbers to form the
coordinate line, points in a plane can be identified with ordered pairs of
numbers to form the coordinate plane or Cartesian plane.

To do this, we draw two perpendicular real lines that intersect at 0 on each line.

Usually, one line is horizontal with positive direction to the right and is called
the x-axis; the other line is vertical with positive direction upward and is called
the y-axis.

The point of intersection of the x-axis and the y-axis is the origin O, and the
two axes divide the plane into four quadrants, labeled I, II, Ill, and IV in Figure
1. (The points on the coordinate axes are not assigned to any quadrant.)
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Any point P in the coordinate plane can be located by a unique ordered pair of
numbers (&, b), as shown in Figure 1.

The first number ais called the x-coordinate of P; the second number b is
called the y-coordinate of P.



We can think of the coordinates of P as its “address,” because they specify its

location in the plane. Several points are labeled with their coordinates in Figure 2.
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7-8 m Points in a Coordinate Plane Plot the given points in a
coordinate plane.
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Describe and sketch the regions given by each set.
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10. {(x,y)|y = 2}
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14. {(x,y)|0=y=2}
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20. {(x,y)|3=x=3and-1=y=1}
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The Distance Formula

We now find a formula for the distance d(A, B) between two points A(x,, y;) and
B(x,, ) in the plane.

We know that the distance between points a and b on a number line is
d(a, b)=|b-al

So from Figure 4 we see that the distance between the points A(x;, y;) and C(x,, ¥;)

on a horizontal line must be |X2 - X1|, and the distance between B(x,, y,) and
C(x,, y4) on a vertical line must be |y, - y,|.
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Since triangle ABC is a right triangle, the Pythagorean Theorem gives

d(A B) =%~ x[ +[y - vif =% =% ) +(v2-y:)
Distance Formula

The distance between the points A(x,, y;) and B(x,, ¥,) in the plane is

d(A B)=(x-x) +(v.- )’
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Find the distance between the points A(2,5) and B(4, —1).

(A= | (e (g9
) \j(q-z)t 4 (=1-9) = (QQ“L (-¢)
\‘q+3€ - \Etg =.‘\_/\)q x|0 = gi((_@\

Which of the points P(1, —2) or QX8, 9) is closer to the point A(5, 3)7?
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The Midpoint Formula Casplya 5

Now let’s find the coordinates (x, y) of the midpoint M of the line segment that
joins the point A(x,, y,) to the point B(x,, y.).

In Figure 7, notice that triangles APM and MQB are congruent because d(A, M) =
d(M, B) and the corresponding angles are equal.
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Midpoint Formula " /2
The midpoint of the line segment from A(X,, ¥;) to B(x,, ¥.) is

+
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Find the midpoint of the line segment that joins (=2, 1) and (4, 5).
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25-30 = Distance and Midpoint A pair of points is given. (a) Plot
the points in a coordinate plane. (b) Find the distance between them.
(¢) Find the midpoint of the segment that joins them.




48. If M(6,8) is the midpoint of the line segment AB and if A
has coordinates (2, 3), find the coordinates of B.
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EXAMPLES5 = Applying the Midpoint Formula

Show that the quadrilateral with vertices P(1,2), Q(4.4). R(5.9), and S(2,7) is a
parallelogram by proving that its two diagonals bisect each other
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43. Show that the points A(—2,9), B(4,6), C(1.0), and
D(—35, 3) are the vertices of a square.
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