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How do you find the tangent ratio for an acute angle?
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Locker

Investigating a Ratio in a Right Triangle

In a given a right triangle, AABC, with a right angle at vertex C, there are three sides. The side
adjacent to ZA is the leg that forms one side of ZA. The side opposite ZA is the leg that does
not form a side of ZA. The side that connects the adjacent and opposite legs is the hypotenuse.
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@ In ADEF, label the legs opposite and adjacent to ZD. Then measure the lengths of
the legs in centimeters and record their values in the rectangles provided.
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‘ What is the ratio of the opposite leg length to the adjacent leg length,
rounded to the nearest hundredth?
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@ Using a protractor and ruler, draw right triangle AJKL with a right angle at vertex L
and ZJ = 40° so that AJKL ~ ADEF. Label the opposite and adjacent legs to ZJ and
include their measurements.
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@ What is the ratio of the opposite leg length to the adjacent leg length,

rounded to the nearest hundredth?
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Reflect

1. Dis on Compare your work with that of other students. Do all the triangles
have the same angles? Do they all have the same side lengths? Do they all have the
same leg ratios? Summarize your findings.

2. If you repeated Steps A-D with a right triangle having a 30° angle, how would your
results be similar? How would they be different?

Finding the Tangent of an Angle

The ratio you calculated in the Explore section is called the tangent of an angle. The tangent
of acute angle A, written tan ZA, is defined as follows:

_ length of leg opposite ZA
~ length of leg adjacent to ZA

tan

You can use what you know about similarity to show why the tangent of an angle is constant.
By the AA Similarity Theorem, given ZD = /] and also ZF & /L, then ADEF ~ AJKL.

This means the lengths of the sides of AJKL are each the same multiple, k, of the lengths of the
corresponding sides of ADEF. Substituting into the tangent equation shows that the ratio of the
length of the opposite leg to the length of the adjacent leg is always the same value for a given
acute angle.
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Example 1 Find the tangent of each specified angle. Write each ratioasa

fraction and as a decimal rounded to the nearest hundredth.
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Reflect

What is the relationship between the ratios for tan A and tan B? Do you believe this
relationship will be true for acute angles in other right triangles? Explain.

Why does it not make sense to ask for the value of tan L?

Your Turn

Find the tangent of each specified angle. Write each ratio as a fraction

and as a decimal rounded to the nearest hundredth.

5. ZQ 6. ZR

When you know the length of a leg of a right triangle and the measure of one of the acute
angles, you can use the tangent to find the length of the other leg. This is especially useful in
real-world problems.

Example2 Apply the tangent ratio to find unknown lengths.

@ In order to meet safety guidelines, a roof contractor determines that

she must place the base of her ladder 6 feet away from the house,
making an angle of 76° with the ground. To the nearest tenth of a foot,
how far above the ground is the eave of the roof?

C

76°
6 ft

A

Step 1 Write a tangent ratio that involves the unknown length.
_ length of leg opposite LA~ BC
length of leg adjacent to ZA ~ BA
Step 2 Identify the given values and substitute into the tangent equation.
Given: BA = 6 ft and mZA = 76°

Substitute: tan76° = —B6—C

tan
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Step 3 Solve for the unknown leg length. Be sure the calculator is in degree mode
and do not round until the final step of the solution.

Multiply each side by 6. 6 - tan76° = % . %

Use a calculator to find tan 76°. 6-tan76° = BC

Substitute this value in for tan 76°. 6(4.010780934) = BC

Multiply. Round to the nearest tenth. 24.1 = BC

So, the eave of the roof is about 24.1 feet above the ground.

For right triangle ASTU, what is the length of the leg adjacent to £8? S
(o]
Step 1 Write a tangent ratio that involves the unknown length. >4
e length of leg 48
ard length of leg to £S T — U
87
Step 2 Identify the given values and substitute into the tangent equation.
Given: TU = and m/§ = o
Substitute: t 0= ==
ubstitute: tan ST
Step 3 Solve for the unknown leg length. |
Multiply both sides by SU; then divide both sides by 54°. SU= ———— @
o
Use a calculator to find 54° and substitute. SU = :
Divide. Round to the nearest tenth. SU~
Your Turn Pé L?O
7.  Aladder needs to reach the second story window, which is 10 feet above the ground, 3 /
and make an angle with the ground of 70°. How far out from the building does the
base of the ladder need to be positioned? —— 2
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In the previous section you used a given angle measure’and leg measure with the tangent v - 1©
ratio to solve for an unknown leg. What if you are given the leg measures and want to find the 4%~ _~ , @
measures of the acute angles? If you know the tan A, read as “tangent of ZA,” then you can use 1 L
the tan™ A, read as “inverse tangent of ZA,” to find mZA. So, given an acute angle ZA, if va Q12 JJ
P e ) O ]

tanA = x, then tan™' x = mZA. A\
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