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                      Graphing Motion Lab 
Introduction: 
Motion occurs when an object goes from one reference point to another. Motion can be described using various factors. One of these factors is distance, which is how far something has moved. The longer the distance, the more time is required to move that distance. Not all motion is in a straight line, either. Sometimes, turns are involved. This is described as displacement. Displacement describes the distance and direction of an object’s position, relative to the starting point. Motion can also be described by how fast something is moving, or speed. Speed is the distance an object travels in a certain amount of time. Typically, speed is measured in meters per second (m/s), but sometimes, it is easier to measure in larger or smaller units, depending on the need. The speed of an object can be calculated by dividing the distance an object traveled by the time it took to travel that distance. Here is the formula below:

Speed can be constant or not constant. If you are traveling at a constant speed, than this means you are not speeding up or slowing down. If you are traveling at a constant speed, then you can measure your speed over any distance. Things, however, do not usually travel at a constant speed. Sometimes it is necessary to speed up, slow down, or stop during the journey. In cases like this, you can determine the average speed, or the speed of motion when speed is changing. Average speed is the total distance traveled divided by the total time of travel. It is calculated using the relationships among speed, distance, and time.



Motion can be graphed using distance-time graphs. Look at the graph to the right. Notice that time is plotted on the horizontal (x) axis, and distance is plotted on the vertical (y) axis. Each axis has a scale (series of numbers) that covers the range of the data. When drawing or interpreting these graphs, if an object moves with constant speed, this results in a straight line. The steepness of the line (or slope) indicates faster and slower speeds…the steeper the line, the faster the speed. 
Pre-Lab Questions: Answer the following pre-lab questions.
1. What is the difference between distance and displacement?

2. What two values must we have to calculate speed? 

3. What is the difference between constant speed and average speed?

4. When reading a distance-time graph, what does a straight, horizontal line mean?

5. When comparing two lines on a distance-time graph, how can you tell which object had the faster speed?

Purpose: To construct a graph for the motion of an object and interpret the results. 

Materials: Ball or Car, Small Board or ramp, Book(s), Stopwatch, Meter Stick, Tape, Smooth surface
Procedures:

1. Gather your materials.

2. Slant the ramp by resting one end on top of a book. 

3. Use the meter stick to mark off distances on the table or floor of 0.0m, 0.25m, 0.50m, 0.75m, and 1.00m away from the lower edge of the ramp. 

4. Use small pieces of tape to mark each distance. 

5. Place the car at the top of the ramp and practice rolling it down the ramp and timing how long it will take to reach each tape mark. 

6. Release the car and begin timing when the car reaches the end of the ramp. Stop the timer at the tape mark for each distance and enter it into the data table. 

7. Repeat step 7 for each distance, and complete two trials for each distance. Record the data in your data table.
Calculations: 

1. Determine the average for each trial by adding the time for trial 1 and trial 2, then dividing by 2. Write the average in the column labeled “Average of Both Trials” in your data table. Show each of your calculations below. Be sure they are organized and labeled so that they are easy to follow. 
2. Calculate the average speed. Remember that average speed is calculated by dividing the total distance traveled by the total time it took to travel that distance. Show all of your work in the space below. Be sure your calculations are organized and labeled so that they are easy to follow.  Record your answers in the data table, in the correct column / rows.

Data and Graphing: 

Create a distance-time graph showing the average motion of the car. Remember that the distance is plotted on the y-axis, and the time is plotted on the x-axis. Make your scale / intervals as large as possible for a more accurate graph. Remember to give your graph a title, and to label both axis, including the units!

Analysis Questions: 
1. Using the data from your graph, describe specifically (in words) what happened to the speed of the car from the beginning, middle, and end of your trial?

2. Why was it necessary to perform two trials of the experiment?

3. How did you determine the average speed of your car?

4. Suppose you performed the same experiment on a different track. The new track has a small hill between the .5 and .75 meter marks. Based on this new information, sketch a new line that illustrates how this addition would affect your distance-time graph. 

5. Based on the new track in #4 above, describe specifically (in words) what happened to the speed of the car from the beginning, middle, and end of the new trial. 

Conclusion: 

Write a brief summary, discussing the following points:
a. How is motion dependent on speed and distance?

b. The use of distance-time motion graphs to analyze or compare the speed of objects.

c. How various factors, such as going up and down hills, can affect the average speed of an object.

Graphing Motion Lab – Student Answer Sheet

Pre-Lab Questions: Write your answers to the pre-lab questions in complete sentences.
1. _________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

2. _________________________________________________________________________________

_________________________________________________________________________________

3. _________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

4. _________________________________________________________________________________

_________________________________________________________________________________

5. _________________________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________

Data Table: 

	Distance (m) 
	Time Trial 1 (s) 
	Time Trial 2 (s) 
	Average of Both Trials

	0 
	  0
	0
	0

	0.25 
	  0.81
	0.84
	 0.825 

	0.5 
	  1.68
	  1.54
	  1.61

	0.75 
	  3.49
	  2.81
	  3.15

	1 
	  3.96
	  4.14
	  4.05

	Average Speed 
	0.25
	0.24
	0.25


Calculations: Show all calculations for 1 and 2 on your instruction page. Be sure that all calculations are neat and organized so that they are clear to see.

1. Calculations for the Average of Both Trials:

For distance 0.25m : 0.81 + 0.84 = 0.825s
                                          2

Repeat for the other distances. Show ALL work!

2. Calculations for the Average Speed for both trials.

Average Speed = (total distance) ÷ (total time)
For Trial 1 = (1m) ÷ (3.96s) = 0.25m/s

Repeat for ‘Trial 2’ and the ‘Average of Both Trials’. Show ALL work!

Graphing: 
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For speed’s sake, I’ve created a graph using a different grid size, but I think you get the gist. I hope it is clear how the points were graphed, and a best-fit line created. The only thing I would change here, is to make sure the line starts at (0,0). Use this as an anchor point, since you know it for sure. With this graph you should be able to answer the rest of the questions. Good luck!
Analysis: Answer the following in complete sentences.

1. Using the data from your graph, describe specifically (in words) what happened to the speed of the car from the beginning, middle, and end of your trial?

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

2. Why was it necessary to perform two trials of the experiment?

______________________________________________________________________________________

______________________________________________________________________________________

3. How did you determine the average speed of your car?

______________________________________________________________________________________

______________________________________________________________________________________

4. Suppose you performed the same experiment on a different track. The new track has a small hill between the .5 and .75 meter marks. Based on this new information, sketch a new line that illustrates how this addition would affect your distance-time graph. 

5. Based on the new track in #4 above, describe specifically (in words) what happened to the speed of the car from the beginning, middle, and end of the new trial. 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

Conclusion: 

Write a brief summary, discussing the following points:

a. How is motion dependent on speed and distance?

b. The use of distance-time motion graphs to analyze or compare the speed of objects.

c. How various factors, such as going up and down hills, can affect the average speed of an object.

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

Speed (in meters/second) = distance (in meters)   ,    s = d/t


			          time (in seconds)





Average Speed (in meters/second) =  total distance,    s = d/t


			         		  total time 
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