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ENGR 1731 – Computing for Engineers
Lab # 9 – Functions and Numerical Techniques
REPORT DUE DATE: Next Lab Meeting

[bookmark: _Hlk81140096]You must submit a formal lab report for this assignment (Modify sample template provided to put program/screenshots in the report). 

Lab Objective
To practice the concepts of basic user-defined functions lecture and the Numerical Techniques lecture and integrate them with Arduino microcontroller circuits applications.

NOTE: Create a script file (.m file) for each problem, use good programming practices (write comments and use variable names that makes sense related to the program). 

Question 1
Write a Matlab function called areavolcylinder that has two input h for height and r for the radius of the cylinder, and two outputs: A for area, and V for volume of the cylinder. The equations to calculate the area and volume are: A=( 2 π r h + 2 π r2 ), V= π r2 h. Save the function as areavolcylinder.m. Call the function from command window with the value of h=5 and r=2.

Copy/paste function code and include screenshot of function call in the report.

Question 2 (functions to operate LEDs)
Build the following circuit which will be used to test functions written to turn all LEDs OFF and all LEDs ON.
[image: image of an Arduino Uno microcontroller with a circuit with 5 LEDs with the positive side connected to pins D2-D6 respectively,  and the negative side of LED connected to 330 ohms resistors (so five resistors).]
Figure 9.1: Arduino Circuit to test functions to blink LEDs ON and OFF



Write the following two functions and test with circuit given.

a) Write a function called setDpins that has one input a which is the Arduino Hardware object you defined and no outputs. In this function, you are supposed to reset all digital pins from pin 2 to pin 13 to a value of 1 (one). Use a for loop inside the function to achieve the setting of digital pins to 1. Let the loop index be the variable k. To optimize your code, define your variable pin = [‘D’,num2str(k)] inside the for loop and then set digital pins to 1 by using the command writeDigialPin(a,pin,1).
b) Write a function called resetDpins that has one input a which is the Arduino Hardware object you defined and no outputs. In this function, you are supposed to reset all digital pins from pin 2 to pin 13 to a value of 0 (zero). Use a for loop inside the function to achieve the resetting of digital pins to 0.
c) Test the setDpins(a) and resetDpin(a) function to see if light turns on and off, respectively.

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 3 (random number generator)
Build the circuit given with one Push Button connected to digital pin D2 and one basic LED  connected to digital pin D13.
[image: image of an Arduino Uno microcontroller with a pushbutton with 10kohm resistor and an LED circuit with 330 ohm resistor. ]
Figure 9.2: Arduino Circuit to implement a random number generator application

Pseudocode to test functionality of circuit:
1. Start an indefinite loop (while 1)
2. Read the value from the push button and store it in the variable PB. (Note: you need to read from the digital pin, use appropriate function)
· If the Push Button is pressed (i.e., its value is 0) 
i. Generate a random number between 1 and 3 (use rand( ) and make sure it is in the correct range and then make it an integer, use round( ) function).
ii. Display the random number in the command window. 
iii. Wait for 2 seconds [use pause( ) ]
iv. Blink the LED the number of times displayed by the random number generator with a delay of 0.5 seconds when turning light on and off. [use for loop, writeDigitalPin( ) and pause( )]
v. If the Push Button is pressed, continue running the steps from algorithm step i to iv. If no button is pressed, do nothing.
Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 4 (Light Sensor Circuit)
A photoresistor is a sensor that changes resistance based on how much light it receives. In presence of light the resistance drops to very low, and in absence of light, in the dark, the resistance increases quite a bit. This sensor can have many applications, such as counting people entering a door, solar tracker system, light-based alarm system, emergency-stop for elevator doors, etc. Build the circuit shown below.
[image: image of an Arduino Uno microcontroller with a circuit with a photoresistor connected with a 10kohm resistor and analog pin A0, and an LED connected with a 330 ohm resistor between its negative pin and ground terminal.]
Figure 9.3: Arduino Circuit using Photoresistor to sense light and turn LED ON/OFF

Circuit operation: When working with sensors, it is good to first test them. Hence:
a. Observe which pin the photoresistor is connected to (analog or digital and the pin number)
b. Use the command window to read the value coming in from the photoresistor (using input pin it is connected to) when there is light (i.e. photoresistor is not covered with your finger).
c. Use the command window to read the value coming in from the photoresistor when the photoresistor is covered with your finger (simulating total dark condition).
d. Determine a value in between the two ranges of step 2 and 3 and use it as your threshold. You will use that threshold value to light up the LED (when it is dark) in the circuit, and when you should shut off the LED (when it is bright).

Pseudocode to test functionality of circuit:
1. Define your threshold value in the script determined from steps (a) through (d) above.
2. Start an indefinite loop (while 1)
3. Read the input from the photoresistor (Note that it is connected to analog pin) and store in variable PR.
· If PR is greater than threshold, it is bright, so write a “0” to the LED pin, display “LED is OFF”, pause one second.
· Else, write a “1” to the LED pin, display “LED is ON”, pause one second. 
Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 5
Solve the following system of equations:
  7x + 5y  - 3z  = 16
  3x -  5y + 2z =  -8
  5x + 3y  - 7z =  0
a) Using Matrix method
b) Using symbolic toolbox

For each method, once the solution is found, display the results as follows using fprintf:
The value of x is ___
The value of y is ___
The value of z is ___

Put screenshot of your program and screenshot of the results from command window in the report for both parts (a) and (b)

Question 6
Write the program with following definitions in a MATLAB script file:

1. Create symbolic objects x, b, and y using the syms command
2. Define the symbolic objects S1, S2, S3, S4, and S5, S6, S7 as below:

S1	

S2	

S3	

S4	

S5	

S6	

S7 	

3. Run the script file (check if you see the symbols in the workspace window)
4. Type the following commands in the command window and check functionality of the functions used.
· factor(S1)
· expand(S2)
· simplify(S3)
· factor(S4)
· collect(S5)
· diff(S6)
· diff(S6,2)
· int(S7)
· int(S7,0,2)

Put screenshot of your program and screenshot of the results from command window in the report.

Lab report deliverable
Update the word document template provided on Folio with results of this lab and submit it in the dropbox as a word document or pdf file format only.

Things you should have learned from this lab
1. Writing user-defined functions and testing them on Arduino.
2. Illustrate your understanding of rand( ) function using Arduino circuit – using readDigitalPin( ), writeDigitalPin( ), while loop, for loop, and if/else conditions.
3. Reading a photoresistor sensor value in MATLAB using Arduino and interfacing it with MATLAB code to turn on LED when it is dark, or turn off LED when it is bright.
4. Using matrix methods & symbolic toolbox to solve system of equations
5. Exploring other functions in the symbolic toolbox to do derivatives, integral, and simple algebra.

If you didn’t understand any of the above, please ask the instructor!

Last modified May 12, 2024

[image: Creative Commons License] This work by Salman Siddiqui & Rami Haddad is licensed under a  Creative Commons Attribution-Noncommercial-ShareAlike 4.0 International License
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