
Section 12.1	Circle Review and Tangent lines

Objective 1:  Review Circles and Arcs




In a plane, a circle is the set of all points equidistant from a given point called the center.  We name a circle by its center.  Circle P is shown below with diameter , radius , and central angle .
[image: A circle with center P, diameter A B from one side of the circle to the other and containing point P, and radius P C. Angle A P C is a central angle.]   

A diameter is a segment that contains the center of the circle and has both endpoints on the circle.  A radius is a segment that has one endpoint at the center and the other endpoint on the circle.  The plural of radius is radii.  Note the relationship between a diameter, d, and a radius, r, of a circle:  .

Congruent circles have congruent radii.  

A central angle is an angle whose vertex is the center of the circle.

An arc is a part of a circle.  A semicircle is half of a circle.  A minor arc is smaller than a semicircle.  A major arc is larger than a semicircle. We name a minor arc by its endpoints.  We name a major arc or semicircle by its endpoints and another point on the arc.
[image: A circle with points T, R, and S on the circle labeled clockwise and such that arc R S is a minor arc and arc R T S is a major arc.]
The measure of a semicircle is 180°.
The measure of a minor arc is equal to the measure of its corresponding central angle.
The measure of a major arc is equal to the measure of the related minor arc subtracted from 360°.

Coplanar circles that have the same center are concentric circles.
  
The measure of an arc is in degrees while the arc length is a fraction of a circle’s circumference. 
Theorem:  Arc Length

The length of an arc of a circle with diameter d  and radius r is the product of the ratio  and the circumference of the circle. 

This means the length of .
Congruent arcs are arcs that have the same measure and are in the same circle or in congruent circles.  It is important to note that it is possible for two arcs in different circles to have the same length but different measures and for two arcs in different circles to have the same measure but different lengths.
a.  Use the circle shown below to find each of the following:

	i.   

	ii. 


	iii.  length of  in terms of π given  meters 
	[image: Circle A with the points B, C, D, E, F, G, and H labeled on the circle in order clockwise such that B F is a diameter.  The measure of angle H A B is 45 degrees.  angle B A D is a right angle.  The measure of angle C A D is 29 degrees.  The measure of angle E A F is 10 degrees.  The measure of angle F A G is 52 degrees.]
Objective 2:  Use Properties of a Tangent Line to a Circle

A tangent to a circle is a line in the plane of the circle that intersects the circle in exactly one point.  The point where a circle and a tangent intersect is the point of tangency. Segments and rays can also be tangents to a circle.
	[image:  A circle and line A B are shown.  The line intersects the circle at exactly once, at point B.]
Theorem:  Tangent-Radius Theorem
If a line is tangent to a circle, then the line is perpendicular to the radius at the point of tangency.
	[image:  A circle with center O and line A B are shown.  The line intersects the circle at exactly once, at point B. Radius O P is perpendicular to the tangent line A B.]
a.  Find the value of x.  Point O is the center of the circle.  Assume rays and segments that appear to be tangent are tangent.

	i. 
	[image: Circle O is shown with a central angle of 123 degrees.  The ends of the sides of the central angle are at points P and Q.  segments P R and Q R are tangents to the circle.]
	ii. 
	[image: Circle O is shown with radius O K intersecting tangent ray B K at point K. Segment B O is drawn.  Point M is the point of intersection of B O and the circle.  The measure of angle O K M is 59 degrees.]	
b.  Find the exact value of x.  Point O is the center of the circle.  The side of the triangle with length 12 inches is tangent to the circle.
	[image: Circle O with radii of length x is shown.  Triangle A B O is shown such that O B is a radius, B K is a tangent segment to the circle, and side K O intersects the circle at point C.  The length of segment K C is 8 inches.]

Theorem:  Converse of Tangent-Radius Theorem
If a line in a plane of a circle is perpendicular to a radius at its endpoint on the circle, then the line is tangent to the circle.

c.  In the diagram below, assume the point that appears to be the center of the circle is the center.  Is a tangent shown?  Explain.
	[image: Circle O with radii of length 1.4  is shown.  Triangle A B O is shown such that O B is a radius, B K has length 4.8 and appears to be a tangent segment to the circle, and side K O has length 5.]
Common tangents are lines (or segments or rays) that are tangent to more than one circle. 

Given two distinct circles in a plane, the circles will have 0, 1, or 2 points of intersection.  
· If the circles have 0 points of intersection, then the circles have either 0 or 4 common tangents.
	[image: On the left a pair of circles that do not intersect and with one circle inside the other are shown.  There are no common tangents.  On the right a pair of circles that do not intersect and with neither circle inside the other are shown.  There are 4 common tangents:  two outside of the circles and two that form an X crossing between the circles.]
· If the circles have 1 point of intersection, then the circles are tangent to each other and the circles have either 1 or 3 common tangents.
	[image: On the left, one circle is inside the other and they intersect at one point.  There is one common tangent outside the circles.  On the right, the circles intersect at one point and the circles do not overlap.  There is one common tangent between the circles and two common tangents outside circles.]

· If the circles have 2 points of intersection, then the circles have 2 common tangents.
	[image: The circles overlap at exactly two points.  There are two external common tangents.]

The line that passes through the centers of two circles is called their line of centers.  If two circles are tangent, internally or externally, then their common point of tangency is on their line of centers, and these circles are called tangent circles.

Theorem:  Congruent Tangent Segments
If two tangent segments to a circle share a common endpoint outside the circle, then the two segments are congruent.
	[image: ]



	If  and  are tangent to circle O, then . 
d.  Write a proof of the Congruent Tangent Segments Theorem.



e.  Find the value of x given E is the center of the circle and  and  are tangents.
	[image: Circle E is shown with two tangents:  Segment P Q with length 4 x plus 32 and segment P R with length x squared.]

In the figure below, the sides of the triangle are tangent to the circle.  The circle is inscribed in the triangle.  The triangle is circumscribed about the circle.
	[image: A triangle with a circle in the center such that the circle intersects the triangle exactly 3 times, once on each side of the triangle.

]
f.  Find the perimeter of the polygon circumscribing the circle in the figure below.
	[image: A circle is inscribed in polygon A B C D such that the two figures intersect at point E on side A B, point F on side B C, point G on side C D, and point H on side D A.  The length of segment A E is 7 centimeters.  The length of segment E B is 16 centimeters.  The length of segment C G is 9 centimeters. The length of segment G D is 5 centimeters.]
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