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Whatcha Gunna Do When The Hulkster’s Measuring Too??
Introduction:

This lesson is designed to provide students an opportunity to measure objects using tools of indirect measurement. Students will find distances and heights of objects using simple handmade tools. This lessons place in the curriculum is algebra 2 and trigonometry but touches on integrated algebra and also geometry.  Therefore this lesson is also a good review of basic right triangle trigonometry studied in integrated algebra.  
Relevant Professional Standards:
· A2.A.55 Express and apply the six trigonometric functions as ratios of the sides of a right triangle.

· A.2.A.73 Solve for an unknown side or angle, using the Law of Sines or the Law of Cosines.

· A.A.44 Find the measure of a side of a right triangle, given an acute angle and the length of another side.

· G.G.44 Establish similarity of triangles, using the following theorems: AA, SAS, and SSS.

· G.G.45 Investigate, justify, and apply theorems about similar triangles.
Major Instructional Objectives:
Following the conclusion of the lesson students should be able to:

· Build and use a clinometer (an angle measuring device) and a transit (a distance measuring device).

· Understand indirect measurement and apply it to measure various distances and heights.

· Use proportional reasoning and right triangle trigonometry to find the heights of and distances to various objects.
Instructions:
This lesson is designed to be used in either a single class period or a block class period. The lesson will begin with a brief history of how Eratosthenes measured the earth. After the history part, materials for constructing a clinometer and transit should be handed out. Using the instructions in the lesson students will now build both of these tools. Next, the teacher can go over how to use these different devices. At this point the students should work on the practice problems, in groups or individually.  If time permits, students can now use these tools to calculate the height of an object such as a flag pole. 
Materials Needed: 

For each student: two protractors, eight inches of string, one small heavy object (washer), two pieces of cardboard, tape, a pushpin, and two straws.
Indirect Measurement in History
Methods of indirect measurement date back thousands of years. Just over 2000 years ago, Eratosthenes, using basic mathematics and a few simple tools, calculated with a great deal of [image: image1.wmf]C
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accuracy the circumference of the earth. Researchers today have found that Eratosthenes’ calculations were within 1% of the actual circumference of the earth. So, how, when many people still believed the earth to be flat, did a man so accurately calculate the circumference of the earth? Simple geometry and intuition was all it took. 

Eratosthenes approached this problem of “how big is the earth?” in an interesting way. After much research he realized that if he could simply measure one section of the earth he could calculate the rest. Assuming the earth is spherical and knowing a circle is made up of 360 degrees, he would first calculate the degrees in his section (or arc), and then calculate the distance of the section. Eratosthenes decided to use the distance from Alexandria to Syene for his calculations. He chose these cities because during his research he learned that a certain well in Syene would cast no shadows at precisely midday on June 21st and in Alexandria, shadows [image: image7.emf]A
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would be cast. So all Eratosthenes would have to do was measure the angle of a shadow in Alexandria to have the degrees in his section of earth. He found his section to have 7.2 degrees and knowing that a circle has 360 degrees knew that roughly 50 Alexandria to Syene sections would make up the circumference of the earth. Using trained pacers, Eratosthenes estimated the distance from Alexandria to Syene to be 5000 stades, or 5000 stadium lengths. Stadia are a Greek measurement equal to about 515ft. So using all these numbers he calculated the earth’s circumference to be 24,662 miles. Amazingly modern technology and methods of measurement have found this number to be within 300 miles of the actual circumference of the earth. 
This is just one example of how large objects have been measured using simple tools and basic math. 

Now, let’s create our own tools for indirect measurement…
Let’s Build a Clinometer and a Transit

Clinometer: This angle-measuring device, similar to instruments used by navigators for hundreds of years, is used to measure heights of large objects. You will need a protractor, string, tape, a piece of heavy cardboard, a small weight, and a straw.
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When building the clinometer you must cut a piece of cardboard to the length of your straw.  Place the protractor on one end of the cardboard so that the long side of the cardboard is along the 90 degree mark and tape the protractor down to the cardboard.  At the bottom of the protractor (straight side) tape a piece of string to the middle of the protractor which should also be at the top edge of your cardboard piece.  Now tape the straw along the top of the cardboard piece and attach the washer to the free end of the string.   

Transit: This device can measure distance to an unreachable object. You can make a transit with a straw, a heavy piece of cardboard, a protractor, a pushpin, and some tape.
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When building the transit you must cut a piece of cardboard large enough so that the entire protractor can be placed on top.  Next tape the protractor down to the piece of cardboard.  Now if you have protractors with holes in the middle of the straight portion push your pushpin through the straw and then through the hole.  If your protractor does not have a hole in the bottom straight side push the pushpin through the straw and then place the straw below the middle of the protractor and stick it in to the cardboard piece.
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Trundle Wheel: For the distances we walk off and measure the use of a trundle wheel is important. A trundle wheel is a simple device for measuring distances that are too long for a tape measure.  As you roll the wheel along the ground the wheel clicks when you reach a specific distance (i.e. one yard, one meter, etc.) so then by counting the clicks you can figure out the exact distance you have walked.

Shadow Measurement: Shadow measurement is a very common way of indirect measurement. By measuring lengths of shadows and comparing them to different heights we can set up proportions. The trundle wheel is a great way to measure the length of shadows. 
How to use

Transit

To use the transit, stand at each endpoint of the base of your imaginary triangle and hold the transit horizontally at eye level. Move the straw to line up with the object under scrutiny, and read the angle measure off the protractor. 
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In order to use your transit you must find out the distance from your 90 degree angle to your measured angle.  To obtain a 90 degree angle we must set the transit to 90 degrees and point the straw towards the object we are measuring the distance from, then we can walk off a specific distance by using the trundle wheel.  Now we read the transits degree measure at our new location and once we have our degree measure and distance of the base of your triangle (A) by using simple trig, we can find the distance from The Hulk to the Statue of Liberty.  So we can use 
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 and then solve for C.  
Clinometer

To use the clinometer, you must stand a known distance away from the object (A) of which you intend to find the height (X).  Pointing the clinometer at the top of the object you are measuring read the angle measure off of the protractor.  Now using trig, solve for the side of your right triangle.  DON’T FORGET to add in you height!! 
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Now solving for X:
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How to use (continued)
Mirror
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To use a mirror to measure heights you must place the mirror on the ground a set distance away from the object you wish to measure.  Then walk away from the mirror placed on the ground and record this distance as well.  Now look through the mirror so that you can see the top of the object you are measuring.
In the diagram above, "h" is the height of The Hulk’s eyes above the surface of the mirror, and "d" is the horizontal distance from the Hulk to the center of the Mirror. "H" represents the height of Lady Liberty, and "D" is the horizontal distance from Lady Liberty to the mirror. The 3 distances h, d, and D are easy to measure.  D and d can be measured using our trundle wheel.  In the case where you are unable to walk the distance from the mirror to the object you are measuring you can use a transit to find the distance.

From above the proportion setup is as follows:
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Shadow Measurement
Shadow measurement can be used outside on a sunny day. To use this method you simply need to know your height, the length of your shadow, and the length of the shadow of the object whose height you are trying to find. The following proportion shows how to solve for the missing height. 
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Practice Problems

1. Hulk Hogan stands six foot seven inches tall and casts a shadow of two feet. If a flag pole casts a shadow of seven feet, how tall is the flag pole? Calculate your answer to feet and nearest whole inch.

2. Using his trusty clinometer, the Hulkster, whose eye level is at 6ft, finds that when he stands 75ft away from the WWE headquarters, that the top of the building is 30 degrees above eye level. Using this information calculate the height of the WWE headquarters.
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A.  The Hulkster wants to find out how tall Lady Liberty stands but is not on Liberty Island. Using his transit he finds that he is standing at a 37 degree angle from Lady Liberty. He then paces using the trundle wheel until his transit reads 90 degrees which is 400 ft away . How far away is Lady Liberty?

B. The Hulkster’s clinometer reads that the height of the Statue of Liberty is 30.9 degrees above his eye level. Using the answer from question 3, how tall is the Statue of Liberty?
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Practice Problems (Continued)
4. [image: image17.png]


In the first ever steel cage match between Hulk Hogan and King Kong Bundy to get the upper edge on his opponent the Hulkster went to the arena early and measured the height of the cage using only a mirror.  Since his eye level is 6 ft. off the ground determine how high the steel cage stood (he placed the mirror 20 ft. from the cage and stood 5 ft. from the mirror)?

Exercise
Using our tools lets measure the height of our flag pole at our school (use which ever method you want).  After you get your measurements compare your measurements with a partner and explain the differences!
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New School Tools
Most of these tools are used in measuring tree height
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Abney Level: An engineering instrument that can be used to determine height. Degrees or percentage slope are read from the scale.
It is moderately expensive and of medium size and weight. The Abney Level is relatively robust but the bubble tube can be knocked out of alignment. Periodic checking of alignment by siting and back sighting to a reference height is needed.
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Spiegel Relaskop (Relascope): Commonly referred to as a Relaskop. A sophisticated, compact and robust device for measuring range, tree height and diameter, and stand parameters. It is relatively expensive.

Heights can be read from an internal scale if the user is 20, 25 or 30 m from the tree. However, there are a number of scales visible and novice users are often confused by the apparent reading complexity.
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Vertex: A height and range measuring instrument of medium size and weight. It is robust and only moderately expensive. A transponder (temporarily attached to the tree at breast height) and the hand unit use sonic pulses to determine range from the tree. The hand unit contains an angle reading device and a simple computer chip to calculate height above the transponder.
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Suunto Clinometer: A small, light, robust and inexpensive instrument for measuring height. An internal scale normally indicates percentage slope. Height above or below the operator is calculated by multiplying the percentage slope by the distance from the object. Thus, there is no fixed distance for common use.
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