Indirect measurement with a clinometer

It is not feasible to measure the height of a tall object by running a tape measure along its length and so we must measure it indirectly by measuring other quantities directly and using the proper mathematics to calculate the height. 
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We are going to make a clinometer and use it to measure angles of elevation from our line of sight to the top of a tall obect.   Suppose we wanted to measure how tall a tree is, consider the following diagram:

                                                                                         





^^^^^^^^^^^^

1.  The angle of elevation, e, is the quantity that we can measure with the clinometer.  What other quantities can we measure directly?  Label these on the diagram.

2.  Using right triangle trigonometry, write down the trig ratio(s) that involve e.  

3.  Look at your answers to #1 and #2, which trig ratio involving which quantities will allow you to measure the height of the tree?

Class discussion

  Since the angle of elevation plays an important role in your calculations you must measure it carefully.   Let’s see what happens if we messed up the angle calculation by 5 or 10 degrees. 

Activity 2

Now you are ready to find height with your clinometer.  Pick out 2 objects from the list below that you wish to measure and go to it!  Make sure to record your information carefully and take into account what we discussed about measuring the angle of elevation.

Find the height of…

              (insert appropriate items for your school)


Item #1:_________________________________

Measurements:___________________________________________



___________________________________________

Calculations:

Height:________________________________

Item #2:_________________________________

Measurements:___________________________________________



___________________________________________

Calculations:

Height:________________________________

Making a clinometer.

By definition, a clinometer is an optical device for measuring elevation angles above horizontal (angles of elevation).  A metal tube allows the user to sight the top of an object and a protractor-like device on the side measures out the elevation angle. Before the adoption of more accurate devices, surveyors used clinometers to measure the heights of objects.  The Abney level is a clinometer that is still in use today because of its accuracy. We are going to construct a clinometer that has a drinking straw instead of a metal tube and that uses a piece of kite string to sweep out our elevation angle. 

Materials:

Protractor            1 heavy piece of paper          12 inch long piece of kite string                  1 washer                                         tape                      drinking straw

Construction:

[image: image2.wmf]
observer





e





Assembling your clinometer





Attach the drinking straw to the top straight edge of the compass.





Attach the compass to the heavy sheet of paper or file folder as shown above. 





Attach the washer to the end of the string and attach the string to the 0 marking on the top edge and let it hang at least 2 inches below the edge of the paper- so that it can swing freely. 





Using your clinometer.





Start out by holding the clinometer so that the straw is parallel to the ground.  





Slowly tilt the straw up until you can see the very top of the object through the straw. 





Have your partner record the angle measure that the string passes through.  Recall, since you start the string at 90 degrees, you must subtract the recorded angle measure from 90 to get the angle of elevation e. 
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