
Lines that intersect Circles
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B EXAMPLE Problem Solving Application

The summit of Mount Everest is
approximately 29,000 ft above sea level.

# Algebra | ER e distance from the sumimit
to the horizon to the nearest mile?

¥ Understand the Problem

‘The answer will be the length of an
imaginary segment from the summit
of Mount Everest to Earth’s horizon.

Draw a sketch. Let Cbe the center of Earth, Ebe the
summit of Mount Everest, and H be a point on the
horizon. You need to find the length of EH, which is
tangent to ©C at H. By Theorem 11-1-1, EH | CH. So

m ACHEis a right triangle.

Eons s~ H sone
4000 mi ED = 29,000 ft Given
- 2;’;;? ~549mi Change ft to mi.
EC=CD + ED Seg. Add. Post.
= 4000 +5.49 = 4005.49 mi  Substitute 4000 for CD and 5.49 for ED.
EC*= EH? + CH* Pyth. Thm.
4005.492 = EH + 4000% Substitute the given values.
43,950.14 ~ EH? Subtract 40007 from both sides.
210 mi ~ EH Take the square root of both sides. &

pone. G
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5280 ft =1 mi
Earth’s radius ~
4000 mi

Dane.

‘of Mount Everest to Earth's horizon.

a Make a Plan

Draw a sketch. Let Cbe the center of Earth, Ebe the
summit of Mount Everest, and H be a point on the
horizon. You need to find the length of EF, which is
tangent to ©C at H. By Theorem 11-1-1, EH | CH. So
ACHEis atight triangle.

+H sonve

ED=29,000 ft Given
- 259;;%0 5.49mi Change ft to mi.
EC=CD+ED Seg. Add. Post.
— 4000 +5.49 = 4005.49 mi  Substitute 4000 for CD and 5.49 for ED.
EC*= EH* + CH* Pyth. Thm.
4005.49 = EFE + 4000° Substitute the given values.
43,950.14 ~ EH? Subtract 40007 from both sides.
210 mi~ EH Take the square root of both sides.

X ook Back

‘The problem asks for the distance to the nearest mile. Check if your answer
is reasonable by using the Pythagorean Theorem. Is 2102 + 40002 ~ 4005%
Yes, 16,044,100 ~ 16,040,025.

3. Kilimanjaro, the tallest mountain in Africa, is 19,340 ft tall.
‘What is the distance from the summit of Kilimanjaro to the
horizon to the nearest mile?
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To=Trm—=orr Ty =
5] 4005.492 = EH? + 40002 Substitute the given values.
43,950.14 ~ EH* Subtract 40002 from both sides.
210 mi~ EH Take the square root of both sides.

X Look Back

‘The problem asks for the distance to the nearest mile. Check if your answer
is reasonable by using the Pythagorean Theorem. Is 2102 + 40002 ~ 40052
Yes, 16,044,100 = 16,040,025.

3. Kilimanjaro, the tallest mountain in Africa, is 19,340 ft tall.
‘What is the distance from the summit of Kilimanjaro to the
horizon to the nearest mile?

Theorem 11-1-3

THEOREM HYPOTHESIS CONCLUSION

If two segments are tangent

10 a dirdle from the same

external point, then the

segments are congruent. A
(2'segs. tangent to ® from

3
3|
I3
Al

same ext. pt. — segs.

T

AB and AC are tangent to ®P.

‘You will prove Theorem 11-1-3 in Exercise 30.

11-1 Lines That Intersect Circles

Dane.
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‘You can use Theorem 11-1-3 to find the length of segments drawn tangent to

acircle from an exterior point.

EXAMPLE Using Properties of Tangents
DE and DF are tangent to ®C. Find DF.
DE=DF  2segs. tangent to ® from
same ext. pt. — segs.
5y—28=3y Substitute Sy — 28 for DE
and 3y for DF.
2y-28=0 Subtract 3y from both sides.
2y=28 Add 28 to both sides.
y=14 Divide both sides by 2.

DF=3(14)  substitute 14 for y.
simplify.

Unknown Zone:
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THINK AND DISCUSS

1. Consider ®A and ®B. How many different lines are
common tangents to both circles? Copy the circles
and sketch the common external and common
internal tangent lines.

2. Isit possible for a line to be tangent to two
concentric circles? Explain your answer.

3. Given @P, is the center Pa part of the circle?
Explain your answer.

4. In the figure, RQ is tangent to @P at Q. r £t
Explain how you can find mZPRQ. v
Q

5. GET ORGANIZED Copy and complete the graphic organizer below.
In each box, write a definition and draw a sketch.

7%

((internally tangent Externally tangent )

Urknown Zone:
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Lines That
Intersect Circles

*

Objectives
dentify tangents, You can use circle theorems to solve

secants, and chords. problems about Earth. (See Example 3.)
Use properties of
‘tangents to solve

problems. This photograph was taken 216 miles above

\
Earth. From this altitude, itis easy to see the B
curvature of the horizon. Facts about circles
can help us understand details about Earth.

Vocabulary
interior of a circle
exterior of a circle
chord

secant

tangent of a circle
point of tangency

Recall that a circle is the set of all points in
aplane that are equidistant from a given point,
called the center of the circle. A circle

with center Cis called circle C, or ®C.

congruent circles _— o Exterior
concentric circles The interior of a circle is the

tangent circles set of all points inside the circle. L

common tangent The exterior of a circle is the set oy

of all points outside the circle

LCLU71t! B Lines and Segments That Intersect Circles

1.

_chard_ it wih A

@ unkoown zone
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Lines and Segments That Intersect Circles

P TERM DIAGRAM
A chord is a segment whose endpoints lie on
acircle. A ‘
a Also G2.A, G2B A secant is a line that intersects a circle at B
wo points. e
Secant
A tangent is a line in the same plane as a
circle that intersects it at exactly one point.
m
The point where the tangent and a circle Tangent C™-Point of tangency
intersect is called the point of tangency .

EXAMPLE Identifying Lines and Segments That Intersect Circles
Identify each line or segment that intersects ®A.

chords: EF and BC

tangent: £

radii: ACand AB

secant: BF

diameter: BC

pore @ Lo zone A
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m 1. Identify each line or segment that
intersects ©P.

Remember that the terms radius and diameter may
refer to line segments, or to the lengths of segments.

Pairs of Circles

TERM

Two circles are

circles if and only if they
have congruent radi.

QA= OBIfAC .
AC = BD if OA = @B.

are
coplanar circles with the
‘same center.

Two coplanar circles that
intersect at exactly one point

are caled tangent cires

Internally
tangent circles

© O

tangent circles
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EXAMPLE Identifying Tangents of Circles

Find the length of each radius. Identify the
point of tangency and write the equation
of the tangent line at this point.
radius of @A:4  Center is (—1, 0). Pt. on ®
is (3, 0). Dist. between
the 2 pts. is 4.
radius of @B:2  Centeris (1, 0). Pt.on ®
is (3, 0). Dist. between
the 2 pts. is 2.

point of tangency: (3, 0) Pt. where the ®s an¢
tangent line intersect

equation of tangent line: x=3  Vert. line through (3, 0)

m 2. Find the length of each radius.
Identify the point of tangency
and write the equation of the

tangent line at this point.

d
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A common tangent is a line that is tangent to two circles.

Lines ¢ and 7 are common
external tangents to @A and ©B.

Construction Tangent to a Circle at a Point

Draw @P. Locate a point on the Draw PQ.
circle and label it Q.

D<)

Lines p and g are common internal
tangents to @A and @B.

Construct the perpendicular ¢ to
Pd at Q. This line is tangent to

Dane.

@ Lo zone A
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PG at Q. This line is tangent to
©PatQ.

Notice that in the construction, the tangent line is perpendicular to the radius at
the point of tangency. This fact is the basis for the following theorems.

o D
THEOREM HYPOTHESIS CONCLUSION

4 If a line is tangent. B

t0a dirdle, then it is
perpendicular to the
radius drawn to the
point of tangency.
(line tangent to ® —
Theorem 11-12 line L to radius) £ is tangent to ®A
is the converse of
Theorem 11- Ifalineis D
perpendicular to
a radius of a ircle
at a point on the m is tangent to ®C.
circle, then the line is
tangent to the circle.
(line 1 to radius —
line tangent to @) mis L to CD at D

‘You will prove Theorems 11-1-1 and 11-1-2 in Exercises 28 and 29.

pore '@ Univownzone A





