Physics 123 - Minilab 1


DISPLACEMENT, VELOCITY, AND ACCELERATION

Purpose 

Learn to use the ultrasonic ranger and the LoggerPro program and improve understanding of displacement, velocity, acceleration, and their relationships.

Discussion
  An ultrasonic ranger is a device that sends out a burst of ultrasonic sound and then detects the reflection of this sound off the nearest object.  It is connected to the computer, which measures the time it takes for the sound wave to travel round trip and then calculates the distance to the object.  The ranger sends sound bursts at short time intervals so the computer is able to make a detailed plot of the displacement of the object versus time.  It then numerically differentiates the plot to calculate the velocity and finally numerically differentiates the velocity plot to produce a graph of the acceleration. 

For the experiment the computer will present you with various plots of displacement, velocity or acceleration versus time.  (Part 1)You should try to understand the shapes (and particularly the signs) of v vs t and a vs t for various types of motion. The ranger will record the motion and plot x, v, and a vs t.   (Part 2) One challenge will be for you to move a cart to reproduce a position vs time plot. The computer will plot the cart’s motion on the same graph  so that you can adjust the motion to better match the computer's plot.

Procedure

Your instructor will show you how to boot the computer and start the LoggerPro program, by selecting Part 1 for the first minilab in the 123 course folder.  The first step is to play around with the apparatus to familiarize yourself with what it does.  

Three graphs appear on the screen: distance, velocity, and acceleration versus time.  You can click on the upper and lower limits on each graph to set the appropriate range.  

1. Set the cart near the sensor, and hit the “Collect” button.  You should hear a clicking sound from the sensor, and see the three graphs appear simultaneously.  Since the car is not moving, all three graphs should be straight flat lines.   Is this the case?  Note that, for the velocity and acceleration graphs, extraneous room noise can add jitter to the curves.  Hit the “Collect” button again, but this time move the cart and note the curves that result.  Can you move the cart at a constant velocity? (If time permits) obtain one plot which includes regions of both constant + and – velocity.  Show it to your instructor and explain the corresponding acceleration vs t curve. 

2. Now open the file for Part 2.  You should see a graph of distance versus time, with a blue curve on it, as well as a v vs t plot with no curves.  Hit the collect button, and then position the cart and move it to match the blue curve reasonably well.  Note the resulting v vs t curve. 
Names:  _____________________________   ________________________________

Table for Part 2

	segment
	velocity
	acceleration

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


3. Fill in the table by calculating all values based on the blue curve shown in the upper graph of Part 2  of the lab manual.  Segment 1 is from t = 0 to 1 s, segment 2 from 1 s to 4 s, segment 3 from 4 s to 6 s, segment 4 from 6 s to 7.5 s and segment 5 from 7.5 s to 10 s.  Fill in the table with appropriate values of velocity and acceleration during the time interval in each line segment.
Does the curve for v vs t match reasonably well the values of velocity in the table? If not, why not?

At what points on the blue curve does the car accelerate? How large is the acceleration?  

Is this possible in reality?

