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LASER RANGE FINDER
Introduction: Lasers can be used to accurately measure distances without having to use a ruler or even touch the object you are trying to measure. Such measurements can be made using only geometry and basic properties of light propagation. Today, you will test such a system and assess it’s performance. 
Materials: 
1. Laser pointer
2. Microscope slide
3. Mirror
4. Protractor
5. Popsicle stick
6. One, slim textbook
7. Meter stick
8. Electrical tape
9. An object to act as a target
Instructions:
1. Lay the meter stick on a table. Tape the protractor to the table so that it’s flat edge is parallel to the far end of the meter stick. At the other end, place the microscope slide at about a 45o angle to the axis of the meter stick (this will be adjusted later).  
2. Tape the laser to the top of the textbook and orient it so the beam shines through the microscope slide and into the mirror. 
3. Two beams should form; one that goes to the mirror, the other that bounces off the slide at an angle (why would this happen? Think about reflection and refraction). Adjust the microscope slide until the spot shooting away from the axis of the laser appears to be leaving at a 90o angle (you may want to lay down some tape to mark out where the slide should be). This will be your reference beam. The light that reflects off the mirror is the test beam. The beam between the slide and the mirror is the baseline.
4. Place the object an unknown distance away from your apparatus such that the reference beam creates a spot on it. 
5. Adjust the mirror so that the beam reflecting off it creates a spot on the object. Adjust the beam until the spot coincides with that of the reference beam. 
6. Place the popsicle stick in the test beam path close to the protractor to measure the beam’s angle with respect to the baseline.
7. Using trigonometry, estimate the distance the object is from the microscope slide using just the laser set-up. 
8. Ground truth the estimate by measuring the distance between the slide and the object with the meter stick. 
9. Repeat steps 5-8 for 10 different distances. Be sure to use some distance that require the mirror to be oriented at both small and large angles.

DATA TABLE
	run
	beam angle
	distance measured with meter stick
	distance estimated from beam angle

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	



Analysis Questions:
1. What kind of shape did this set up result in when the two beams intersected at the object? Draw a picture of the experiment. Be sure to label all the components and beams.
The set-up is a right triangle, with the angle between the reference beam and the slide mirror-beam at 90o. The test beam is then the hypotenuse. Make sure the students draw the set-up with beams representing the direction of propagation.  
2. What equations did you use to estimate the distance? What trigonometric relations did you have to use?
tan(θ) = opposite/adjacent. Here the length of the adjacent side is 1 meter, the distance between the slide and the mirror. To solve for the object distance from the slide, use:
adjacent*tan(θ) = opposite 
The math here is very simple, but I found that my students struggled with getting this relation. I thought it was a good exercise to get them to think creatively about how to apply the math they have been learning outside of physics class. 
3. Did certain angles seem to work better than others? Where did the estimates stop being accurate?
The upper bound of a system like this is limited by the quality of the laser and the beam splitter. A highly coherent laser beam with a quality 50/50 beam splitter, will have much better range. The lower bound is geometric; once the object gets too close to the slide, the test beam and the reference beam can no longer coincide.
Discussion questions:
1. Can you think of any applications of a device like this?
Laser range finders are used in construction surveys, forestry management, military applications, LIDAR, etc. These technologies tend to rely on time-of-flight techniques for coarse measurements. But for sub-millimeter accuracy, geometric methods are used.  

2. How would you redesign the laser range finder? It need not use any of the same set up. . .
[bookmark: _GoBack]I was looking for a time-of-flight answer here. Send out a light beam, measure how long it takes to come back. There were some cool creative answers too. Really anything goes.  

