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Motion and Calculus


Equipment List

	Qty
	Items

	1
	2 m PASCar Rail

	1
	PAScar

	1
	Wooden Block

	2
	Stopping blocks 

	1
	Motion Detector

	1
	PASCO 850


1. Introduction
The purpose of this activity is to explore velocity and calculus.

2. Demonstration Activity 1: Measuring Position, Velocity, and Acceleration
2-1. Setup
a. Place a PASCAR onto the 2 m rail with the motion detector setup to observe its motion down the rail.  Place two stopping blocks at the end to restrict the movement of the car and protect the motion sensor.
[image: ]
Photo 1. Setup of Motion and Calculus Demonstration

b. Put a wooden block on top of the car to increase its visibility to the motion detector.
c. Align the line of sight of the detector with the path of the car.
d. Create a table in PASCO Capstone that will record the time, position, velocity, and acceleration of the object being tracked by the detector.  Set the sensor rate of the detector to 10.0 Hz.
[image: ]
Figure 1. Screenshot of Capstone and Motion Data Tables
2-2. Procedures
Push the car down the rail and record its motion until it hits the final stopping block.
Transfer the information in the data tables into an Excel file for analysis.
Remove the few data points at the end of the data table when the car is colliding with the stopper.
Remove the few data points at the beginning of the data table if the car is not moving.
Build a Scatter Plot of the position of the car as a function of time.
Create a linear trendline of the position’s data in Excel.

3. Results and Calculations
1. Write the linear equation of the car’s movement calculated in Excel.




1. Calculate the average velocity of the car with a derivative.



1. Build a second graph with the velocity of the car as a function of time with a linear trendline.  Write the linear equation for the velocity graph.




1. Calculate the average acceleration of the car with a derivative.





1. Build a position equation for the car in the format of x-x0=vxot+1/2axt2 (the same format as the PRC).





4. Analysis Questions 
4-1. Describe how accurately the final position equation built predicts the motion of the car.






4-2. Compare the calculated average velocity to the measured velocity in the data table.





4-3. Compare the calculated acceleration to the measured acceleration in the data table.







4-4. Describe why the acceleration must be included in the final position equation.
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