[image: image1.wmf])]

(

5

.

0

tan[

)]

(

5

.

0

tan[

B

A

B

A

b

a

b

a

+

-

=

+

-


[image: image15.wmf] 


[image: image16.wmf] 


SURVEYING: Law of Tangents
· Objective 
· Introduce computations required with the Law of Tangents 

· Demonstrate an engineering application of the Law of Tangents 

· Background 
The Law of Tangents is:

In any triangle the difference between the lengths of sides is to the sum of their lengths as the tangent of half the difference of the opposite interior angles is to the tangent of half their sum:
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(3)
If any three of the four quantities in any one of those equations are known, the fourth can be computed. As a general rule, it is easier to use the Laws of Cosines or the Laws of Sines than it is to use the Law of Tangents.
Four cases are possible with different elements of the triangle known:

1. Two angles and a side opposite one of the angles 

2. Two angles and the included side 

3. Two sides and the included angle 

4. Two sides and an angle opposite one of the sides 
For cases 1 and 4 the Law of Tangents can be solved directly for the missing angle (case 4) or side (case 1). For case 3, the third angle can be computed using the rule that the sum of the three angles in a triangle is equal to 180°; then the Law of Tangents can be used. For case 3, the third side could be found using the Law of Cosines, and then the Law of Tangents could apply.
· 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 
1. Draw a line parallel to the long edge of the paper. Near the left end mark a point on the line as point A. Measure 25 cm along the line and mark this as point B. Record the distance between points A and B on Worksheet A; this is the length of side c.
2. Place a transit at point A, sight the rod on point B and take a reading, which should be recorded on Worksheet A.
3. Add 50° to the reading of step 2. Turn the transit to the new reading and site the rod. Make two marks, one about 10 cm and the other about 20 cm from point A. Draw a line from point A through these two points.
4. Move the transit to point B and sight the rod on point A. Record the angle reading on Worksheet A as B1.
5. Add 60° to the reading of step 4. Turn the transit to the new reading and site the rod. Make two marks, one about 10 cm and the other about 20 cm. Draw a line from point B through these two points. 

6. Extend the lines from until steps 3 and 5 they intersect. Denote this point as point C.

7. Measure the distance between points B and C and the distance between points A and C; record the values on Worksheet A

· Design Problem


A new wetland is being constructed where a stream flows into a low-sloped marshy area (point A in Fig. 1). The forebay, which is an area where most of the sediment in the stream runoff will settle, will be 26-m long and 22.1-m wide (distance BC in Fig. 1). Theory indicates that most of the stream runoff that enters the wetland will pass through the 26° section ADEA. The sections ABDA and AECA are referred to as dead zones, as the water in these area are often stagnant. The environmental engineer needs to determine the proportion of the forebay surface area that will be dead zones. A surveyor turns angles of 70° and 64° for angles B and C, respectively. The surveyor also measures the distance BD as 3.5 m.
Solution
A = 180-B-C = 180-70-64 = 46°

Using Eq. 2b:
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Solving for c yields c = 27.61 m

Using Eq. 1b:
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Solving for b yields b = 28.87 m
This can be checked using the Law of Sines:
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The Law of Cosines can be used to compute distance AD, which will be referred to as length d:
d2 = (27.61)2 + (3.5)2 – 2(27.61)(3.5) cos 70°= 26.62 m

Therefore S = 0.5(27.61 + 3.5 +26.62) = 28.865 m
and


area ABDA = [S(S-27.61)(S-3.5)(S-26.62)]0.5 = 45.42 m2

Since lines AD and AE are mirror images about the vertical defined by the direction of the stream, then AE = AD = 26.62 m. Similarly, angle ADE must equal angle AED. Since the angle DAE is 26°, then ADE = AED = 77°. Using the Law of Sines:
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Therefore DE = 11.98 m. Since distance BC is 22.1 m, then distance EC is:


EC = BC-BD-DE = 22.1-3.5-11.98 = 6.62 m

Therefore S = 0.5(28.87 + 26.62+ 6.62) = 31.055 m
and 

area AECA = [S(S-28.87)(S-26.62)/(S-6.62)]0.5 = 85.8 m
Therefore, the total area of the dead zone is 171.2 m2, which is 60% of the forebay area.

WORKSHEET A

c = ___________cm
= distance between A and B 


= length of side c

A1 = __________deg
= transit reading when siting on point B
A2 = __________deg
= A1 + 50°

A =         50          deg

B1 = __________deg 
= transit reading when siting on point A 

B2 = __________deg 
= B1 + 60°
B =         60          deg 

C =         70          deg
= 180-A-B = 70°
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 = ___________cm
= distance computed using Eq. 2b 
a = ____________cm
= measured distance from B to C 

e = ____________cm
= [image: image12.wmf]a

ˆ

-a = error in estimated length of side a

Ra =___________e/a
= relative error in length of side a

[image: image13.wmf]b
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 = ___________cm 
= distance computed using Eq. 3b

b = ____________cm 
= measured distance from A to C

e = ____________cm = 
[image: image14.wmf]b

ˆ

-b = error in estimated length of side b
Rb = ___________e/b = relative error in length of side b
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