Motion Diagram Activity with Stopwatch – 2007c
Equipment: Air-Track, Car, Stopwatch, Lab-Jack.

Objective: Create motion diagrams from measured data, analyze and interpret results.

Introduction: Motion diagrams use arrows to indicate the position and velocity of an object. The tail of the arrow indicates the position of the object. The length of the arrow indicates the speed of the object at that location. The direction of the arrow indicates direction the object is moving when at that location. The number of arrows used on a motion diagram is arbitrary, but should be enough to clearly indicate the path the object actually travels. Four or five arrows is enough for an object moving in one direction only. Whenever an object changes direction, additional arrows will be needed to indicate this motion. However, for this simple activity, there will be no change in direction.
Calculations: If an object starts from rest and speeds up uniformly, its speed at the end of any time interval is twice the average speed for that interval. The average speed over any such interval is the distance traveled divided by the time interval. 
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(for uniformly increasing speed from rest)
Lab Procedure: 
1) prop up one end of the air track several inches above the table using the lab jack. 

2) place your car so that the front (downhill) end of it is at 20cm. Release the car from rest from this location and at the same instant start the stopwatch. As the front of the car passes the 50cm mark, stop the stopwatch. Write this data on scratch paper. Repeat this experiment until you have three times which are nearly the same. Record these three times in Table 1.
3) place your car back at the 20cm mark. Release the car from rest and measure the time for  the front of the car to reach the 80cm mark. As before, record times on scratch paper until a group of three similar times is measured. Record these three times in Table 1.

4) continue this procedure for the car traveling from 20cm to 110cm, 20cm to 140cm, and 20cm to 170cm.
5) Now add several inches to the incline. Repeat steps (2) through (4) for this inclination and record your final data in Table 2.
Table 1. First inclination
	final

position
	distance

traveled

(cm)
	t1
	t2
	t3
	median

time

(s)
	average

speed

(cm/s)
	final

speed

(cm/s)

	50cm
	
	
	
	
	
	
	

	80cm
	
	
	
	
	
	
	

	110cm
	
	
	
	
	
	
	

	140cm
	
	
	
	
	
	
	

	170cm
	
	
	
	
	
	
	


Table 2. Second inclination

	final

position
	distance

traveled

(cm)
	t1
	t2
	t3
	median

time

(s)
	average

speed

(cm/s)
	final

speed

(cm/s)

	50cm
	
	
	
	
	
	
	

	80cm
	
	
	
	
	
	
	

	110cm
	
	
	
	
	
	
	

	140cm
	
	
	
	
	
	
	

	170cm
	
	
	
	
	
	
	


Analysis for Table 1:
The motion diagram for your data consists of carefully drawing arrows with length proportional to the final speed at the final positions (except 20cm which has zero speed). Draw the length of the arrow using a factor of 1/100, e.g. if final speed at the 170cm location is 120cm/s then make the arrow 1.2cm long. 
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Analysis for Table 2:

Repeat the process above for your data from Table 2.

.

.

.

.

.

.

20cm

50cm

80cm

110cm

140cm

170cm

Evaluation:
Note that the length of the arrows does not scale proportionally to distance, i.e. the arrow at 80cm is not twice the length of the arrow at 50cm, etc. The length of the arrows would scale proportionally to the travel time. Prove this to yourself by trying it.
You should also note that arrows grow faster with distance for the higher inclination. The increased rate of acceleration is not quite proportional to the increase in height the end is propped up.
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