Apply the Sine Rule and the Cosine Rule to solving Triangles


Sine Rule

In any      abc: 


a
         b
                    c
        sin A
     sin B
     sin C


In words: The sines of the angles of a triangle are in the same ratio to the lengths of the opposite sides. This is known as the sine rule, and it applies to any triangle, including a right-angled triangle. It is used to find the unknown sides and angles when given:

1. The measure of any two angles and the length of any side.

2. The lengths of any two sides and the measure of one angle opposite one of these given sides.

Note: In practice we only use two parts of the sine rule, e.g.


         p

         q
        sin P
     sin Q
Example

In       abc , b = 7 cm, B = 30º, C = 80º, find c, correct to the nearest cm.

Answer

Using the sine rule:

       c

   b
    sin C
sin B

    c

    7



   7 sin 80º


sin 80º

sin 30º



     sin 30º



 7(0.9848)



      0.5

Thus, c = 14 cm (correct to the nearest cm)

Questions

Unless otherwise stated, where necessary give the lengths of sides correct to two decimal places and give angles correct to the nearest minute.

In each of the following, find the value of side x or the value of the angle θ, where applicable.
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    x



           5                                6                             2.5                                   4.2



Cosine Rule

In any      abc:

a2 = b2 + c2 – 2bc cos A


c


b
or:
b2 = a2 + c2 – 2ac cos B
or:
c2 = a2 + b2 – 2ab cos C








      a

Alternative form of the Cosine Rule

      a2 = b2 + c2 – 2bc cos A


=> 2bc cos A = b2 + c2 – a2




=> cos A = 

Similarly: cos B = 



and cos C = 

The cosine rule, in this form, is used to find angles when given the lengths of the three sides. (In this case we would not be able to use the sine rule.)

Note: If the angle is > 90º its cosine is negative.

Example

In      abc, a = 16 cm, b = 12 cm and C = 43º. Find c, correct to two places of decimals.

Answer

By the cosine rule:

c2 = a2 + b2 – 2ab cos C
c2 = (16)2 + (12)2 – 2(16)(12)(cos 43º)

c2 = 256 + 144 – 384(0.7314)

c2 = 400 – 280.8576

c2 = 119.1424

=>c = √ 119.1424

=>
c = 10.92 cm (correct to two places of decimals)


Questions

Unless otherwise stated, where necessary give lengths of sides correct to two places of decimals and give angles correct to the nearest minute.

Find the value of x and θ, where applicable, in each of the following:
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(C missing, so put that first)
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(Multiply both sides by sin 80º





= 13.7872





c =





=>





x





 8





7





4





θ





60º





  70º





30º





40º





70º





50º





50º





 33º 22’





 θ





35º





 θ
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B





b2 + c2 – a2





  2bc





a2 + b2 – c2





c2 + a2 – b2





  2ac





  2ab





  [a = 16,  b = 12, C = 43º]





c





43º





12





16





  b





a





C





10º





12





x





70º5’





15





10





θ





135º 15’
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