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SURVEYING: The Law of Sines
· Objectives 
· Introduce calculations for oblique triangles 

· Show engineering applications of oblique triangles 

· Background 


A oblique triangle is one that does not contain a right angle. This includes triangles in which all angles are acute (angle < 90°) and those that contain an obtuse (angle >90°) angle. For these triangles, the laws of  cosines, sines, and tangents are useful for determining the unknown lengths of sides or angles.



The law of sines states:


In any triangle, the sides are proportional in length to the sines of the interior angles of the opposite angles:
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(1)

If any three of the four quantities of any pair of ratios in Eq. 1 are known, the one remaining value can be determined.
· Preparation 
1. Obtain a transit and a rod (see SURVEYING: Horizontal Angles).

2. Tape a piece of paper (22 in. x 17 in.) to a table top, preferably with the long side very near one side/end of the table.

· Procedure 

Given:  A = 25°, C = 135°, b = 12 cm
Find:  a, c, B

1. Draw a line parallel to the long edge of the paper. Near the left end, mark a point that will be vertex A.
2. Measure side length b of 12 cm along this line and indicate the end point as point C.

3. Place the transit at point A, sight the rod on point C, and take a reading, which should be recorded on Worksheet A.

4. Add angle A of 25° to this reading and turn the angle. At distances of about 10 cm and 20 cm along this line make marks. Connect a straight line between point A and these two points.
5. Move the transit to point C. Site the rod on point A and note the transit reading. Note this on Worksheet A. Add 135° to this angle to determine the transit reading for angle C.
6. At distances of about 10 cm and 20 cm from point C make marks. Connect a straight line between point C and those two points.

7. Label the intersection of the two points from steps 4 and 6 as point B.

8. Measure sides a and c and record the lengths on Worksheet A.
9. Place the transit at point B. Site the rod at point A and note the reading on Worksheet A. Turn the angle with the rod at point C and note the reading on Worksheet A.
· Computations 

1. Compute Worksheet A to determine the relative errors in the measurements of sides a and c.

· Post-Laboratory Questions 

1. If a = 13 cm, A = 35°, and B = 80°, what is the length of side c?

2. Given: A = 25°, a = 12 cm, c = 21 cm, 
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BB

 = 6 cm, what is length CC` ? Assume sides a and a` are parallel.
3. Pipe AC is 250 m long. A second pipe ABC is in the shape of an isosceles triangle with the internal angle being 30°. How long is pipe ABC? Use the law of sines. 
· Design Problem 

An engineering firm is hired to install a skateboard ramp. The existing location currently has a 15-m-long, 65° slope. The new training facility will make a 35° incline (see Figure 1). The engineer-in-charge must determine the length of the new surface and the volume of fill material that will be required. Compute these values.
Solution:
Figure 2 shows the notation used to mathematically represent the problem. The interior angel for part A is 180°-65° = 115°. Therefore, the interior angle for vertex B is 180°-115°-35° = 30°. The length of side c is 15 m. Therefore, the law of sines can be used to determine the length of the proposed surface:
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  =  23.70 m

The bottom length of the fill area (side b in Fig. 2) can also be computed using the law of sines:



[image: image5.wmf]C

c

B

b

sin

sin

=

 
[image: image6.wmf]÷

ø

ö

ç

è

æ

°

°

=

÷

ø

ö

ç

è

æ

=

\

35

sin

30

sin

15

sin

sin

m

C

B

c

b








 =  13.08 m

The area of triangle ABC can be computed using 



S = 0.5 (a +b + c) = 0.5 (23.70 + 13.08+ 15) =25.89


Area = [S(S-a)(S-b)(S-c)]0.5


        = 88.94 m2
The required fill material is equal to the product of this area and the width of the hill, which is 60 m:



volume = area * width = 88.94 m2 (60 m ) = 5336 m3
WORKSHEET A
Given: A = 25°


C = 135° 

b = 12 cm

A1 = ___________° = transit reading when siting on C
A2 = ___________° = A1 + 25°

C1 = ___________° = transit reading when siting on A

C2 = ___________° = C1 + 135°

B = ____________° = 180°-A-C

Rb = b/sin B__________
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 = Rb sin C = Rb sin 135° = ___________cm
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 = Rb sin A = Rb sin 25° = ____________cm

c = ____________cm = measured length of side c

a = ____________cm = measured length of side a 

ea =____________cm = error in length of side = 
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ec = ___________cm
= error in length of side c = 
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Era = ____________
= relative error in a = ea/a

Erc = ____________
= relative error in c = ec/c
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