Name: Mister Fallon
Lab Partners:Albert Einstein and Isaac Newton
Course: AP Physics
Instructor: Mr. Fallon
Period: 1
Date: 9/3/16
AP Physics Lab #1- Graphing Motion: Position and Velocity
Purpose: To analyze the position and velocity graphs of constant motion and changing motion.
Materials: 10 flags, tape measure, and stopwatch
Experimental Design & Procedure:
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One flag was stuck perpendicularly into the ground in the field.  A tape measure was used to measure 5 meters from that flag (flag zero) to the next flag (flag 1) and from that flag (flag 1) to the next flag (flag 2) until all 10 flags had been placed 45 meters apart in a straight line.  See diagram below (Fig. 1):









2. One group member, Albert Einstein (the Mover) moved at a constant pace close to the flags and parallel to an imaginary line connecting the flags together.  Albert started moving before flag zero and continued moving past flag 9 so that the speed started and ended constant without speeding up or slowing down.

3. A different group member, Isaac Newton (the Timer) followed the Mover on the other side of the flags at the same pace.  Using the stopwatch feature on his phone, the Timer kept up with the Mover and recorded the time each time the Mover passed a flag.  The Timer watched the Mover during this process and pressed the “lap” button (without looking at it, to be sure the button press coincided with the passing of each flag) whenever the flag was positioned between them.  See diagram below (Fig. 2):








Observations & Data: 
Constant Speed Motion (from close flag to far flag)

	Interval #
	Displacement during this one interval (m)
	Duration (time) of this one interval (s)
	Average speed during interval (m/s)
	Total Displacement (m)
	Total Time

(s)

	1
	(the table 
	
	
	
	

	2
	would all 
	
	
	
	

	3
	be filled in)
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	      
	
	
	

	10
	
	      
	
	
	


Analysis: 
1. Calculate the average speed for each interval and record the results in your data tables as featured above (Show all the math and work here— under Analysis #1 in your lab write-up—see "Reminders" section at the top) –i.e. fill in both data tables

**All the work would be shown here for the calculations: a sample calculation would also suffice if all other calculations are exactly the same**
(Show the calculations here, including initial equations— under this question in your lab write-up)

2. On graph paper and in pencil, plot the average speeds during each interval (y-axis) versus total time (x-axis). The total time for the graph at the end of any given interval is the sum of all the previous interval times plus the current interval time. Record these values in the table to help you with your graph.

See page 3 (Graph Paper) – Graph #1:Average Speed vs. Time Graph for Constant Speed Motion

3. Draw the best-fit line or curve for the data on your graph. What does the graph show?
See Graph #1 for best-fit line.  

The data plotted on this graph, roughly a straight horizontal line, show that the speed is always the same value.  For any value of time on the graph, there appeared about the same value of speed.

4. Calculate the total displacement for each interval (you need not show your work for this). The total displacement at the end of any given interval is the sum of all the previous interval displacements plus the current interval displacement (i.e., the total displacement for the third interval is the sum of displacement #1, displacement #2, and displacement #3). Record these values in the table.

(See table)

5. For your constant speed motion: calculate (show your work! Here!) the average speed for the entire event (hint: the average speed for the entire event is NOT the average of the individual average speeds; rather it is the TOTAL displacement for the entire event, flag "0" to flag "10", over the TOTAL time). Draw a horizontal red line (with a red pen or pencil) representing this average velocity on your graph. How does this compare to the previous best-fit line/curve and why?

**All the work for the average speed calculation will be shown here.  There’s not much to show, but it will include the total values and the divisions**
(show your work! Here!) calculate the average speed for the entire event 

See Graph #1 for average velocity line in red

This horizontal line is very similar to the best-fit line.  The best-fit line was roughly horizontal and the average speed line was horizontal.  Also, both lines were in approximately the same place on the Average Speed axis, meaning that they were about the same value.  This is expected, because the best-fit line on the graph represents the average speed.

6. On another sheet of graph paper, plot total displacement (the position from the first flag) versus time. Remember that the total displacement at the end of any given interval is the sum of the displacements during each preceding interval plus the current displacement measurement (i.e., the total displacement for the third interval/data point is the sum of displacement #1, displacement #2, and displacement #3).

See Page 4 (Graph Paper) – Graph #2: Total Displacement vs. Time Graph for Constant Speed Motion

7. Draw the best-fit line or curve for the data on your graph and calculate its slope. What is the name of the quantity that the slope of the best fit represents

See Graph #2 for best-fit line.  
**Calculation of slope goes here – both points on the graph used to calculate slope are clearly indicated on the graph itself**

The slope of the best fit line is linear.  Its slope, in units of meters/seconds, represents the average speed of the moving object.

8. Calculate the standard deviation of the average speeds.  What was the average speed? (Report average speed with the standard deviation as + values after it.)

**Calculation of standard deviation goes here – include all values used plugged into the original equation and all appropriate units**
The standard deviation will be the + that comes after the average value listed here.
9. Calculate the percent difference between the average speed you found on your displacement versus time graph and the average speed you found in step 5.

**Calculation of percent error goes here – include all values used plugged into the original equation and all appropriate units**
10.   **Extra calculations needed to describe values in the Error Analysis section can go here – instead of including the question, make your own, similarly worded, that describes what it is you’re doing**

Discussion and Conclusion:

The constant motion data collected in this lab showed that a constant speed appears horizontal on an average speed versus time graph.  Position and time data plotted from the same motion appears linear and not horizontal on a total distance versus time graph.  The slope of the total distance versus time graph was similar to the value of average speed calculated using total displacement and total time between consecutive flags, differing by insert % difference calculation here.  This suggests that the average speed of an object’s motion can be calculated by either using the slope of the total distance versus time graph or by using overall displacement and time values to find an average directly.
Error Analysis:

Small variations in each of the Mover’s steps caused randomly varying accelerations in the “constant velocity” motion, limiting the precision of time measurement.  The standard deviation of the time measurements between consecutive flags was + insert std. dev. calculation here using time values (let’s assume 0.17s).  These time variations of insert same std. dev. calculation here (0.17s) between consecutive 5meter distances caused variations in speeds of 5m / [average value (let’s assume 1.9s) + insert same std. dev. calculation (0.17s)] = +2.4 meters per second.  Furthermore, the Timer pressed the button on the stopwatch when the flag was directly aligned with the Mover’s center, which caused further fluctuations in time values because of the estimation.  Considering Albert’s width to be around 30 centimeters, and the Timer’s estimating ability to be well within ½ of Albert’s width, these random fluctuations would have varied by 15 centimeters either way.  At an average speed of 1.23 m/s (see calculation in Analysis #5), this variation in time would have been (0.15m)/(1.23m/s), which amounts to 0.12 seconds of variation in timing (see calculation in Analysis #10).  Since the Timer and Mover were unable to move in exact synchronization with each other, one was always either ahead or behind the other, resulting in a skewed view from the Timer’s perspective.  When the Timer was in front, it looked like the Mover had passed the flag before it happened, for example.  Because the Timer was sometimes ahead and sometimes behind, this resulted in a third variation in the time values by an estimated +0.2 seconds.  

Variations in distance values also limited the precision of the calculated 
speeds because the distances between the bottom of each flag were 
measured to the nearest centimeter, but the flags were not uniformly 
straight, resulting in some flags bending slightly forward and others bending 
slightly backward. The bending of the flags created a range of possible flag 
locations (see Fig. 3).  This caused differences in the distances between 
the flags at the top as well.  Because the Timer used the tops of the flags to 
determine the Mover’s positions, the distance measurements differed 
by an estimated 10 centimeters in either direction.  


Considering a +0.1m variation in distances and a +0.17s variation in
times, calculated speed values will fluctuate widely if using distances 
near or less than 0.1m and times near or less than 0.17s.  Because
of the 5-meter spaces between flags, the +0.1m was a small effect
and because of the relatively low speeds, the times were long enough 
(typically around 2s – 3s) to result in a similarly small effect from 
the +0.17s variations.  In repeating this experiment, increasing
the distance between flags while traveling at similar speeds would 
automatically increase the measured time between flags.  With this enhancement, both distance and time values would increase, allowing the variations in distance and time (which would not change significantly) to cause more narrow fluctuations in calculated speed values.

Distance and time data were used to calculate speed and were plotted in graphs that were used to analyze average velocity using a best fit line.  Variations in distance and variations in time resulted in the observed variations in position, time, and speed values.  This was responsible for the variations in plotted points used in estimating the best-fit lines and in calculated average speeds, since all numerators (distances) and all denominators (time intervals) both 
varied.
Don’t forget to read the “Reminders for ALL Labs” section at the beginning of the lab and to follow the directions – pay particular attention to the last part!
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Fig. 1:�Flags marked 10 positions (positions 0-9) over 45 m, not shown to scale in the diagram.
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Fig. 2:�The Timer kept up with the Mover and hit the lap button when Timer, flag, and Mover were aligned, as shown in orange.
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Fig. 3:�There was a range of flag locations where the Mover could be considered to be beside the flag.








