Vector Darts

Name: ___________________________				Score: _____ / 15

Partner(s): ________________________			Date: _____________

Goals: To express the displacement of darts relative to the bullseye position.
To determine the horizontal and vertical accuracy and precision of a set of dart throws.

Theory: Many quantities in physics are vectors, having both magnitude and direction. One example of a vector quantity is displacement. The displacement of a dart on a dartboard has a magnitude measured as the distance from the bullseye. The direction of the dart can be measured  0° to 360° if one selects to the right as 0° and up as 90° according to the standard coordinate plane degree representations.

By finding the horizontal and vertical components of the dart displacements the horizontal and vertical location of each dart can be calculated, allowing us to assess the horizontal and vertical accuracy and precision of a set of dart throws. The x and y components of a vector A are given by:          



Your horizontal and vertical accuracy will be assessed by finding the average x and y components of the dart displacements. 



The horizontal and vertical precision will be assessed by finding the standard deviation of the x and y components of the dart displacements.




We can then determine the displacement (magnitude and direction) of the average dart for a given set of dart throws. 



“Average magnitude” has two different possible meanings for this lab so be careful what you say.

1) The “average magnitude” of dart throws, refers to your measured hole distances. This is the best measure of your ability to play darts. 5 extra credit points will be awarded to the team with the smallest average magnitude (gray box).

2) The “magnitude of the average dart” position relative to its x and y position, which is likely to be 1 cm or less, regardless of how good or bad you are at darts! 2 extra credit points will be awarded for any average dart displacement magnitude (from calcs) less than 2 cm.

[bookmark: _GoBack]Materials:

8 ½  x 11 Paper  
Tape
Dartboard
Darts (steel tip) – Yes, these are weapons. Treat them with respect or the fun will end. Safety first!
Ruler
Protractor

Procedure:

1. Fold a sheet of paper in half both horizontally and vertically. Fold carefully so your folds are perpendicular.
2. Using your folds and a ruler, draw lines of the axes for the shorter x horizontal distance and the longer y vertical dimension.  
3. Tape your paper with axes to the flat side of the dartboard such that the origin of your paper aligns with the bullseye of the dartboard and your y axis is vertical.
4. Lean a large whiteboard on the floor at about a 75-80 angle and secure to the floor with tape.
5. Lean the dartboard against the whiteboard with the y-axis vertical and step back a few paces, 1 – 1.5 m. Make sure there is no one near that may accidently be hurt.
6. **Safety First** Toss darts downward at your paper, trying to hit the bullseye. A valid toss is one that hits the paper and succeeds in making a hole in the paper, documenting the location of the dart. Continue tossing darts until you have created 10 holes on your paper. Darts that don’t hit the paper will be considered failed trials that don’t generate data and can be ignored. Each partner should make an equal number of holes.
7. Remove your paper. 
8. Draw a line from the origin of your axes to each of the 10 dart holes. Label the holes 1 – 10.
9. Using a ruler, measure the displacement of each hole. Record to 0.05 cm both on the paper and in the data table.
10. Using a protractor, measure the angle of each dart displacement with respect to your positive x axis. Record to 0.5 degree on both the paper and in the data table.
11. Attach the paper with holes to one partner’s report.



Calculations
1. Find the average magnitude of your dart locations. (first gray box)
2. Find the standard deviation of your magnitudes. (second gray box)
3. Resolve each dart displacement into its horizontal and vertical components.
4. Find the average horizontal and vertical dart locations.
5. Find the standard deviation for the horizontal and vertical dart locations.
6. Find the magnitude and direction of the average dart displacement from the average horizontal and vertical dart locations. (calculation #4)

Data/Calculations:

	Data Table
	Calculations

	Dart
	Displacement magnitude (cm)
	Displacement direction (degree)
	Horizontal Component, Ax
	Vertical Component, Ay

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	Ave
	
	   
	
	

	STD
	
	
	
	



Magnitude of the average dart location. (Show your work.) 


Direction of the average dart location. (Show your work)

Questions:

1. Express your average horizontal displacement with its uncertainty.


2. Does your horizontal range include the bullseye origin?


3. Express your average vertical displacement with its uncertainty.


4. Does your vertical range include the bullseye origin?


5. Using the errors stated in #1 and #3, propagate that error through  to determine the uncertainty in the average dart displacement. (Help is posted online, but try it yourself first.)



















6. Express your average dart displacement magnitude with its uncertainty.



7. Express your average magnitude with its uncertainty.




8. Investigate if the average dart displacement is equal to the average magnitude. a) Find their absolute difference and b) their percent difference. c) Do their uncertainties overlap? d) Discuss why they do or do not agree.














9. Do either your average dart displacement range or your average magnitude range include the origin? That is, on average, did you hit or miss the bullseye? (No percent error is possible because the known = 0.) 








10. Cite at least three sources of experimental errors that are responsible for your results.
image1.wmf
x

y

AAcos

AA sin

q

q

=

=


oleObject1.bin

