1-D Linear Motion Lab

Introduction:

The motion of objects can be represented both mathematically and graphically very simply if the motion is considered uniform.  Uniform motion pertains to objects that move at a constant velocity or accelerate at a constant rate. Under uniform conditions a simple group of formulas will suffice, depending on what is known or measured.  The following group of formulas will satisfy most problems that describe the motion of objects.
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For an object that starts from rest (vi = 0) and undergoes uniform acceleration, we can set equations (1) and (2) equal to each other and solve for the final velocity (vf) as follows:
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Knowing that 
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 we can take equation (3) and substitute it in for vf to arrive at:
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Purpose:

To examine the mathematical and graphical relationships between distance (d), velocity (v), acceleration (a), and time (t) for vehicles under uniform motion.

Materials:

	Spark timer

	Spark timer tape


	Meter stick
	Ruler





	Graph paper
	Constant Velocity  Cart

	Dune Buggy or VW Pullback Car
	


Procedure:

1. Obtain a 1-meter piece of spark timer tape and a timer.  Mark one end with “start” on the non-aluminized side.  Write your name as well.

2. Feed the end of the tape in step 1 through the timer such that the aluminum-coated side is facing up.  Note that there is an arrow on the spark timer to assist you with this step.

3. Attach the end fed through the spark timer to a Constant Velocity Cart.

4. Set the spark timer to 10 Hz and then turn on.

5. Start the cart and allow it to roll freely along a flat surface (THE FLOOR) until the tape has been fully pulled through the spark timer.  Make sure that you have enough space to perform the lab without the cart running into anything.
6. Repeat steps 1 – 5 with a Dune Buggy or Volkswagen Beetle wind-up toy.

When you have obtained two pieces of tape, you are ready to begin your analysis of the data.

7. Create eight columns on a sheet of paper for the two tapes.  The time interval will be 0.1 s since the frequency of the spark timer is set at 10 Hz.  The third, fourth and fifth columns will be used for the distance measurement and calculated interval velocity for each time/distance interval for one vehicle, and the sixth, seventh and eighth columns will be used for the distance and calculated interval velocity for the other vehicle.  Refer to the table below for the format.

	Time (s)
	Interval
Time

(s)
	Constant Velocity Cart
	Dune Buggy or Volkswagen Beetle

	
	
	Total Distance (cm)
	Interval Distance (cm)
	Interval

Velocity (cm/s)
	Total Distance (cm)
	Interval Distance (cm)
	Interval

Velocity (cm/s)

	0.0
	0.1
	0
	0
	0
	0
	0
	0

	0.1
	0.1
	1
	1
	10
	
	
	

	0.2
	0.1
	2
	1
	10
	
	
	

	Etc.
	0.1
	5
	3
	30
	
	
	


8. Measure the distance between each set of dots on the spark timer tape and fill in the third and sixth column of the table.  Note that the space between each set of points is 0.1 second.






9. Summarize the data in the table.  You will need to apply the formulas given in the introduction to determine the average interval speed for each segment.  Make sure you use the interval time and distances for your calculations.
10. Measure the total distance between all of the points and divide by the total time to get an overall value for the average speed of the Constant Velocity Cart. Enter this result in the cell at the bottom of the table.
11. Use equation (4) above to get an overall value for the average acceleration of the Dune Buggy or VW Beetle. Enter this result in the cell at the bottom of the table.
Analysis:

1. Plot the total distance vs. time and velocity vs. time for each vehicle.  Draw an appropriate best-fit line or curve for each graph.  Do not force the data through (0, 0).   (This step should result in 4 graphs.)

2. Measure the slope of the distance vs. time graph for the Constant Velocity Cart.  Show the work for this calculation on the graph.  Be sure to include the formula with substitution and units.
3. Measure the slope of the velocity vs. time for the Dune Buggy or VW Beetle.  Show the work for this calculation on the graph.  Be sure to include the formula with substitution and units.
4. What does the slope of the position vs. time graph represent? i.e. what is the significance of the slope?
5. What does the slope of the velocity vs. time graph for the Dune Buggy or Volkswagen Beetle represent? i.e. what is the significance of the slope?
6. What information does the area under a velocity vs. time graph provide?

7. How does the slope of the distance vs. time graph compare to the value for average velocity determined in step 10 of the procedure?  You calculated the latter at the bottom of the last column in the chart for the Constant Velocity Cart?
8. How does the slope of the velocity vs. time graph compare to the value for average acceleration determined in step 11 of the procedure?  You calculated the latter at the bottom of the last column in the chart for the Dune Buggy or VW Beetle.
9. Measure the area under the velocity vs. time curve for the Dune Buggy or VW Beetle and compare it to the total distance traveled.  Show your work on your graph.  Are they similar or different?

Error Analysis & Conclusions:
In your conclusion, make a general statement comparing the graphical and mathematical methods of analyzing uniform motion. Your answer should take into account your answers from analysis questions #7 - #9.
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	Tot. / Avg:
	
	vavg = dtotal/t
	
	
	aavg = (2dtotal)/t2
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- Where:


v = average velocity


vi = initial velocity


vf = final velocity


d = distance


a = acceleration
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Spark Timer Tape





Time Interval


t = 0.1 second
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