Indirect Measurement Project
Geometry

Name:  

        #:

Indirect measurement is used to find the height of an object that you might not otherwise have the tools to measure. 
Station 1: The Mirror Method 
Find a tall building, tree, flagpole, etc to measure.  Place a mirror on flat ground.  Standing straight up (do not lean forward or backward) move forward or backward until you can see the top of the object in the mirror.  Measure the distance from to the mirror and the mirror to the tall object. Then measure the height of your eye.  Set up a proportion to solve for the height of the tall object, x. 
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Station 2: The Clinometer Method
Find a tall building, tree, flagpole, etc to measure. Get a clinometer (tool that measures the elevation angle) and tape measure. Use your tape measure to measure your distance from the base of the tall object. Then, measure the height of your eye.  Use the clinometer to measure the angle of elevation from your eye to the top of the tall object.   If you are using the Altitude Finder, line up the cross hairs with the top of the tall object and pull the trigger. Then, use the angle it provides.  It you are using the protractor clinometer, look through the straw and line it up with the top of the tall object. Use the small angle it provides.  Apply the ideas of right triangle trigonometry to solve for x and the height of the tall object, y.
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Station 3: The Scale Method
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Use your tape measure to measure your distance from the base of the tall object. Then, measure the height of your eye. Create a similar triangle by lining up your thumb with the top and bottom of the tall object.   Set up a proportion to solve for x then add your height to get the height of the tall object, y.
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Station 4:  The Shadow with Similar Triangles Method
Find a tall building, tree, flagpole, etc to measure.  Find a smaller object and set it at a right angle to the ground.  Measure the height of the small measurable object and the length of its shadow.  Then, measure the length of the shadow of the measurable object.  Set up a proportion to solve for the height of the tall object, x. 
Station 5: The Shadow with Trigonometry Method 
Find a tall building, tree, flagpole, etc to measure.  Find a smaller object and set it at a right angle to the ground.  Measure the height of the small measurable object and the length of its shadow.  Then, measure the length of the shadow of the measurable object.  Apply the ideas of right triangle trigonometry to solve for ϴ(*inverse).  Use this ϴ and apply the ideas of right triangle trigonometry to solve for the height of the tall object, x. 

Station 6: The Photo Method 

Stand next to something tall, take a photo that shows the top and base of you and the tall thing. Write two proportions to solve for the missing height. You know your real height(x) and can measure yourself in the photo(a), compared to the object’s photo height(b), solve for the real height(y). 
Real height(x)  = photo height (a)
Real height(y)    Photo height (b)
Station 7: Triangles for distance
Trig setup: Create a 90 degree angle across the water, walk some perpendicular distance “b” away and observe the angle created to look to the same spot across the water. Write a trig equation to solve for the distance across the water.

[image: image11.png]



Similar Triangle Setup: Set up the following situation, ensuring that the length of one full side is measurable. Use the measures of sides a, b, and y with proportions to find the measure across the pond(x).
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Bonus:

Find the height of the H on the mountain, given the angle of elevation from highland high is 10 degrees, and 1 mile down the road at Smith’s the angles of elevation is now 15 degrees.
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Reflection Questions
1. Where could some margin of error occur?  (not mathematical mistakes)

2. In your opinion, which method was easiest and most accurate to use?  Why?  

3. What postulate or theorem allows you to claim that the triangle formed by the small object/shadow and the triangle formed by the tall object/shadow are similar?  (look at station 4)

4. Can we conclude they are congruent?  Why or why not?
Indirect Measurement Project
Geometry/Informal Geometry

Use this project after teaching Right Triangle Trig and Similar Triangles.  

Materials Needed

· Measuring tapes for each group

· Clinometer (see below for simple directions for creation)

· Hypsometer (see below for simple directions for creation)

· Mirror

· Objects too tall to measure

· A sunny day 

How to make the Tools
Clinometer:  

Attach string to the hole on a protractor. Add a weight to the string so gravity pulls it straight.

Attach straw at perpendicular to the base 0 line.  


Hypsometer:
  Use a 10 in by 5 in rectangle.  

Mark ½ in increments. Label inches starting from the side with the string. 

Attach string to top right corner and add a weight so gravity pulls it straight.

Attach a straw to the top edge to look through.  

Answer Key

From my TPT Store, download: Indirect Measurement Calculator Free
https://www.teacherspayteachers.com/FreeDownload/Indirect-Measurement-Calculator-Free-3027695?aref=yu0k5661
Station 1: The Mirror method

    Your eye height_______ =                       x                             
         Distance from you to mirror
      Distance from mirror to tall object

Students should cross multiply to solve the proportion

x=distance from mirror to tall object* eye height


distance from you to mirror
Station 2: The Clinometer Method

tanϴ =x/distance to tall object

Students should solve for x then add this value to their eye height


y= your eye height + distance to tall object*tanϴ
Station 3: Hyposometer

hypsometer triangle base =            x                   

                 5 in 


distance to tall object

Students should solve for x and then add this value to their eye height


y=your eye height + hypsometer triangle base 8 distance to tall object






5 in
Station 4: Shadow with Similar Triangles

    
     x   
       =   height of measurable object

shadow of tall object    shadow of measurable object

Students should sove for x.  There are multiple ways to set up the initial proportion.


x=shadow of tall object* height of measurable object


shadow of measurable object
Station 5: Shadow with Trigonometry
Students should use the same values that they used in station 4.


tanϴ = height of measurable object/shadow of measurable object

Students should use tan-1 to solve for theta.  Then they should use this theta to solve for x.


ϴ =tan-1(height of measurable object/shadow of measurable object)

tanϴ=x/shadow of tall object

tan[tan-1(height of measurable object/shadow of measurable object)]=x/shadow of tall object
x=shadow of tall object * tan[tan-1(height of measurable object/shadow of measurable object)]
Reflection Questions
1) answers will vary  (Look for ideas like: sun moving changes shadow lengths, ground not level makes measurements not 90 degrees, tools have some inaccuracy)

2) answers will vary, based on opinions


Look for detail, not just “it was easiest for me” 

3)AA~


The sun and the 90 degree angle are the same.  Once the triangles are similar, you know the sides are proportional. 

4) no, answers will vary
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