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The Height of the Tower

An observer is on the bank of a river at A, opposite a tower TF.  His task is simply to find the height of the tower.  He can not get to the tower because of the river and so he has to do this from where he is.  He is equipped only with an inclinometer, a marking pole and a measuring tape.  

His first thought is to try to estimate the distance AF directly.  Can you advise him how to do this by going to different points on his side of the river?   

He then measures the angle of elevation of T from A, and finds that it is 30o.  How can he then find the height of the tower? 

He has another idea, and walks back to B, 35 m behind him;  the angles of elevation from A and B are then 30o and 20 o.  What does this make the height of the tower?

Hints:
1.  
If he has not done trigonometry, the only available method is by scale
drawing.
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2.  
To estimate the length AF directly, he should walk along the bank of the river to a point D, and plant a pole there and then go to another point G in line with D and F, and measure the distance GH perpendicular to the river bank  If he also knows AD and DH, how can he calculate the length of AF?

3.  
Once he has estimated the length AF, the scale drawing or the tangent ratio is 
enough to give him the height FT.

4. 
 If he knows the sine formula, he can use the length AB to calculate AF or BF, 
and then deduce FT.

5.  
There is a better method, using the tangent (or cotangent) ratio only.  Start by
 writing h = FT. 

Solutions:

In Hint 2, similar triangles give the required length AF.  If there is room to walk back far enough, it is easier to use the properties of a rectangle, by making AD and DG equal. 

The answer by the Sine formula is : TA / sin 20o = 35 / sin 10o   and TF = TA sin 30o,

which gives TF = 34.5 m..

More quickly, if TF = h, BF = h cot 20o    and AF = h cot 30o .

But BF – AF = 35m, so h = 35 / (cot 20o - cot 30o) = 34.5 m.

