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Blockly Extension: Vector display
How can you use Blockly coding to create a vector display of velocity and acceleration of a Smart Cart? 
Objectives 
Create code that responds to Smart Cart Position sensor data.
Create code with outputs that visualize magnitude and direction of a vector.
Modify working code to improve user interface and add features.
Materials and Equipment
	Data collection system
	Dynamics Track

	Smart Cart
	End Stop (2)


Safety
Follow regular laboratory safety precautions.
Procedure
1.	Start your data collection system and turn on the Smart Cart.
2.	Connect the Smart Cart to your data collection system and set the sample rate to 50 Hz.
3.	Using the data collection system, create a graph display of velocity. Start recording data and move the Smart Cart back and forth on the track. Stop recording and determine from the graph your value for a low speed, a medium speed, and a high speed. Record your decisions below.
	Low speed  m/s	     Medium speed  m/s	 High speed  m/s
4.	Open the Blockly coding window on your software. Create code that will output text based on the value and direction of the velocity measured by the Smart Cart position sensor. One idea would be to use a series of " > " for positive velocity and " < " for negative velocity. The higher the magnitude, the more arrows are displayed.
5.	Create a digit display that shows your text output from the code. Start recording data and try it out by pushing the cart back and forth. Double-check your code if it doesn't work the way you expected.
6.	Your code might not have an output for all possible situations. Add to your code a text output for when the cart is at rest and when it exceeds your high velocity value.
7.	Figure 1 shows an example code. There are many different ways to write code for this task. If yours works, it as good or better than this example code. One feature of the code in Figure 1 is it creates variables for the low, medium, and high values. This makes it easier to change them compared to being embedded in the "if" blocks. Another is the "repeat while" block that forces the code to run until data collection is stopped. Another feature worth noting is the code in Figure 1 sets the variable "VelValue" equal to the velocity from the Smart Cart position sensor at the start of the loop. This speeds up execution because the code does not have to keep reading the velocity value from the sensor.
8.	Now that you have a working code that displays a text output for the velocity vector, add a feature to your code to also display the acceleration vector in a similar way. There are 5 different acceleration outputs from the Smart Cart. Four are from the acceleration sensor in the cart. These need to be used if the cart is not on a track. The 5th acceleration is called "Acceleration" on the "value of" block in the Hardware menu. It is measured by the position sensor in the wheel and is always in the cart's x direction. Use this when the cart is being used on a track. 
9.	After you complete your code, create a second digits display so that both the velocity and the acceleration output can be seen together. Start recording and test it out. Spend some time debugging until you get your code to work. Remember, acceleration is always in the direction of the net force, not necessarily in the direction the cart is moving.
10.	Figure 2 shows the code that also displays acceleration. The ability to duplicate blocks makes it much less difficult to create after the velocity code was done.
Questions and Analysis
1.	What is the purpose of the repeat while loop in the code?


2. 	Why is using a variable for the outputs from the Smart Cart a good idea?


3.	Is the direction of the acceleration always the same as the direction of the velocity? Why or why not?


4.	Prop the end of the track up with a couple of books. What would be displayed by your code if you give the cart a short push up the ramp, then let it coast to a stop before it reaches the top. Predict the direction of the velocity and acceleration of the cart at the top of the ramp. After writing your prediction below, try it out. Was your prediction correct? Explain why or why not.


5.	Observe the text displays as the cart goes up and down the ramp. Describe the velocity display and acceleration display while the cart is coasting up. Describe them while the cart is coasting down. Explain any differences below.
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