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The Sine Ratio and 

Applications 
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The Sine Ratio and Applications 

In this section, we deal exclusively with similar right 

triangles. 

 

In Figure 11.1,     ABC ~    DEF and   C and    F are right 

angles. 

Figure 11.1 

(a) (b) 
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The Sine Ratio and Applications 

Consider corresponding angles A and D; if we compare the 

length of the side opposite each angle to the length of the 

hypotenuse of each triangle, we obtain this result by the 

reason CSSTP: 
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The Sine Ratio and Applications 

In the two similar right triangles, the ratio of this pair of 

corresponding sides depends on the measure of acute    A 

(or    D, because m   A = m   D); for each angle, the 

numerical value of the ratio is unique. 

 

 

 

 

This ratio becomes smaller for smaller measures of    A 

and larger for larger measures of    A.  
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The Sine Ratio and Applications 

This ratio is unique for each measure of an acute angle 

even though the lengths of the sides of the two similar right 

triangles containing the angle are different. 

 

In Figure 11.2, we name the measures of the angles of the 

right triangle by the Greek letters  (alpha) at vertex A,  

 (beta) at vertex B, and  (gamma) at vertex C.  

Figure 11.2 
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The Sine Ratio and Applications 

The lengths of the sides opposite vertices A, B, and C are 

a, b, and c, respectively.  

 

Relative to the acute angle, the lengths of the sides of the 

right triangle in the following definition are described as 

“opposite” and “hypotenuse.” 

 

The word opposite is used to mean the length of the side 

opposite the angle named; the word hypotenuse is used to 

mean the length of the hypotenuse. 
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The Sine Ratio and Applications 

Definition 

In a right triangle, the sine ratio for an acute angle is the  
 

ratio 
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Example 1 

In Figure 11.3, find sin  and sin  for right    ABC. 

 

Solution: 

 a = 3,  b = 4, and  c = 5. 
 

Therefore, 

 

 

and 

Figure 11.3 
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The Sine Ratio and Applications 

Where  is the measure of an acute angle of a right 

triangle, the value of sin  is unique.  
 

Although the sine ratios for angle measures are readily 

available on a calculator, we can justify several of the 

calculator’s results by using special triangles.  
 

For certain angles, we can find exact results, whereas the 

calculator provides approximations. 
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The Sine Ratio and Applications 

We know the 30°-60°-90° relationship, in which the side 

opposite the 30° angle has a length equal to one-half that 

of the hypotenuse; the remaining leg has a length equal to 

the product of the length of the shorter leg and 
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Example 3 

Find exact and approximate values for  

sin 30° and sin 60°. See Figure 11.5. 

 

 

Solution: 

Using the 30°-60°-90° triangle shown in Figure 11.5, 

 

 

while 

Figure 11.5 
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The Sine Ratio and Applications 

Although the exact value of sin 30° is 0.5 and the exact 

value of sin 60° is       a calculator would give an 

approximate value for sin 60° such as 0.8660254.  

 

If we round the ratio for sin 60° to four decimal places, then  

sin 60°  0.8660. Use your calculator to show that 

       0.8660 as well.  

 

We will now use the Angle-Bisector Theorem to determine 

the sine ratios for angles that measure 15° and 75°. 
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The Sine Ratio and Applications 

We know that the bisector of one angle of a triangle divides 

the opposite side into two segments that are proportional to 

the sides forming the bisected angle.  
 

Using the resulting triangle shown in Figure 11.7, we are 

led to the proportion 

Figure 11.7 
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The Sine Ratio and Applications 

Applying the Means-Extremes Property, we have 

 

 

 

 

 
 

The number 0.4641 is the length  

of the side that is opposite the 15°  

angle of the 15°-75°-90° triangle in  

Figure 11.8. Figure 11.8 
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The Sine Ratio and Applications 

Using the Pythagorean Theorem, we can show that the 

length of the hypotenuse is approximately 1.79315. 

 

In turn, sin 15°                0.2588. 
 

Using the same triangle, we get sin 75°               0.9659. 
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The Sine Ratio and Applications 

We now begin to formulate a small table of values of sine 

ratios. In Table 11.1, the Greek letter  (theta) designates 

the angle measure in degrees.  

 

The second column has the  

heading sin  and provides the  

ratio for the corresponding angle;  

this ratio is generally given to four  

decimal places of accuracy.  

 

Note that the values of sin   

increase as  increases in  

measure. 
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In each right triangle shown in Figure 11.9, let      an acute 

angle with a side that is horizontal. In the figure, note that 

the length of the hypotenuse is constant—it is always 

equal to the length of the radius of the circle. 
 

However, the side opposite     gets  

larger as  increases in measure. 

 

In fact, as  approaches 90°  

(  90°), the length of the leg  

opposite     approaches the 

length of the hypotenuse. 

The Sine Ratio and Applications 

Sin   =                 in each right triangle 

Figure 11.9 
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The Sine Ratio and Applications 

As   90°, sin   1. As  decreases, sin  also 

decreases. As  decreases (  0°), the length of the side 

opposite     approaches 0. As   0°, sin   0.  
 

These observations lead to the following definition. 
 

Definition 

sin 0° = 0 and sin 90° = 1 
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Example 5 

Using Table 11.1, find the length of a in Figure 11.10 to the 

nearest tenth of an inch. 

 

Figure 11.10 
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Example 5 – Solution 

 

  sin 15° = 

 

From the table, we have sin 15° = 0.2588. 

 

   = 0.2588 

 

          a = 2.588 

 

Therefore, a  2.6 in. when rounded to tenths. 

(by substitution) 

= 
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The Sine Ratio and Applications 

In an application problem, the sine ratio can be used to find 

the measure of either a side or an angle of a right triangle.  

 

To find the sine ratio of the angle involved, you may use a 

table of ratios or a calculator. Table 11.2 provides an 

expanded list of sine ratios; for each angle measure , the 

sine ratio is found to its immediate right.  

 

As with calculators, the sine ratios found in tables are only  

approximations.  
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The Sine Ratio and Applications 
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The Sine Ratio and Applications 

In most application problems, a drawing provides a good 

deal of information and affords some insight into the 

method of solution. 
 

For some drawings and applications, the phrases angle of 

elevation and angle of depression are used.  
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The Sine Ratio and Applications 

These angles are measured from the horizontal as 

illustrated in Figures 11.11(a) and 11.11(b).  

 

 

 

 

 
 

In Figure 11.11(a), the angle  measured upward from the 

horizontal ray is the angle of elevation.  

 

In Figure 11.11(b), the angle  measured downward from 

the horizontal ray is the angle of depression. 

(a) (b) 

Figure 11.11 


