Lab 0: Getting Started

We learn through play

Purpose

1 Note

You are typically expected to read and understand the lab description before coming to the lab. There is also
a weekly Pre-Lab-quiz on Canvas.
For this week, we are just getting started. So just follow along.

Motivation

The purpose of this lab is to become familiar with some common electronics components such as bread boards,
power supplies and resistors and to gain experience using a common electronics measurement tool, the digital
multimeter (DMM).

We are also introducing the Raspberry Pi computer this week. Soon, your Pi will be used to conduct measurements
and you will need to know how to operate and program it.

Building electronic circuits and using small computers for prototyping systems are important skills that you might
encounter in your professional career (think Internet of things - IoT).

Learning Goals

The goals of this lab are to:

e Review circuit concepts of resistance, voltage and current that you learned in ISAT 152
e Gain experience using a breadboard and digital multimeter

¢ Gain experience constructing simple circuits on a breadboard

e Measure the behavior of resistors in series vs. parallel

o Learn now to use the Raspberry Pi

e Understand that the Raspberry Pi can be use to control a physical system

— i.e. make an LED blink


https://en.wikipedia.org/wiki/Internet_of_things

Background

This lab consists of two connected activities that will help you acclimatize to the labs.

0. Set up the Raspberry Pi and install the software

1. We will do a short activity to get started with breadboards and the digital multimeter you will be using for
several labs. Doing these exercises will make lab 1 go more smoothly.

2. After that, we will familiarize ourselves with the Raspberry Pi and how to run a simple program. Starting
Lab 4 you will be working every week with the Pi and this will help you get the basics.

Materials

o Breadboard

¢ Digital multimeter

e A collection of resistors

« LED

o Wires

e 9V battery with connectors

o Raspberry Pi with cables and accessories

Procedure
Working with Breadboard and DMM

1. Using the resistor value guide at the end of this lab, obtain the nominal resistance of the resistors in front of
you. Record the colors of the bands and the corresponding nominal resistance.

2. Refer to the breadboard illustration in the (Appendix Figure 4) to familiarize yourself with the breadboard
layout and use the DMM on the continuity setting (Figure 1) to confirm the connections

Figure 1: Testing Continuity with a Multimeter



3. Set the DMM to read ohms (£2) and make sure that you have plugged the cables into the correct outlet.
When the DMM is set on (2, never insert it into a circuit! Measure the actual resistance of your
resistors and compare them to the values obtained in step 1.

@ Question:

Did you read the nominal values from the guide correctly?

4. Refer to the figure “Measuring Resistance values using 10K Ohm resistors in series” (Appendix: Figure 6) to
measure the resistance of several resistors in series.

a) What are the individual resistances of the resistors you placed in series?
b) What do you notice about the total resistance of the resistors in series?

5. Refer to the figure “Measuring Resistance values using 10K Ohm resistors in parallel” (Appendix: Figure 8)
to measure the resistance of several resistors in parallel.

a) What are the individual resistances of the resistors you placed in series?
b) What do you notice about the total resistance of the resistors in series?

6. Compare the total resistances of steps 4 and 5 and think about what this means for circuits. It may also be
a good idea to review this a bit from your ISAT 152 notes ...

7. Build a small circuit by connecting an LED and a resistor in series. Make sure that you include a resistor,
otherwise the current from the battery will fry your LED.

8. Have an instructor check your circuit and connect the 9V battery to power the circuit.

1 Note

The long pin of the LED needs to be connected to the (+) lead of the battery

e Question:

Are the power outlets in your home wired in series or in parallel?

Working with the Raspberry Pi

The Raspberry Pi is a small, inexpensive ($35) computer that was originally produced in 2009 by the Raspberry
Pi Foundation to help teach students basic computer science. It was originally intended to help developing nations
that could not afford computers.

Your Pi runs a Linux operating system with a graphical user interface similar to a Windows PC or Mac.

1. Start the Raspberry Pi by connecting the power cable (and any other cables that might be missing).

2. The Connect the Raspberry Pi to the JMU-Guest wifi network. Dr. Gerken will share login credentials with
you. You will need to open the web-browser to complete the sign-in. Navigate to www.google.com and your
browser will likely warn you of an insecure connection. This is fine, go to advanced and accept the connection
to wifi sign-in window.


https://www.raspberrypi.com/

3. Keeping files and folders organized is important. Open the Terminal (also on the top left of the screen) and
create a new folder names ISAT_Labs in your home directory, navigate into the folder and create another
folder named Lab0.

You will see a prompt like this ~$ that allows you to enter commands.
The command to create a folder is mkdir followed by the folder name.

You change directories with the cd command followed by the target folder.

~$ mkdir ISAT Labs
~$ cd ISAT Labs
~/ISAT_Labs $ mkdir LabO

1 Note

Linux commands have the general structure of a command like cd followed by one or several arguments
separated by spaces. See the examples for mkdir or cd above.

You can check the terminal cheat sheet on the resource page for more handy terminal commands.

4. Write your first program:

! Important

This and the next step require a working python-3 installation, which should come as a standard with
the Pi. You can confirm that by checking whether the lower window of Thonny shows something like:
Python 3.9.2. (/usr/bin/python3)

Check with your instructor, if you don’t see this. Or if the first python program does not run.

a) Open the Thonny Python Integrated Development Environment (IDE). You can find it in the
Programming tab on the Pi-Start Thonny menu in the top left corner.

You can also start it from the terminal like this:

~$ thonny

b) Write your first Python program on the Raspberry Pi and check whether the python installation is
working properly.

c¢) It is custom to start with a very simple program that will print out some text.

1. Type or copy the below text into the editor.
print('Hello ISAT 300')

2. Save the file with the name hello_isat.py into the LabO folder.

3. Click the play button and check whether your program worked and Hello ISAT 300 is printed into the
shell window below.

5. Next we will do something a bit more interesting. We will use the PI to switch on and off an LED.

| Important

In addition to a working Pythond installation, the next program also requires you to import the RPi.GPIO
module.
If running the program produces an error message like this




Traceback (most recent call last):
File'"<string> ...
ModuleNotFoundError: No module named 'RPi.gpio'

we need to install the RPi module first. Your instructor can help with this.

a) Your Piis equipped with General Purpose Input and Output pins (GPIO) that enable easy communica-
tion with external sensors and controllers.

b) Connect the LED to the RPi as shown in the diagram below (Figure 2)

4 )
3V3 power o (1)(2) o 5V power
GPIO 2 (SDA) o (3)(4) o 5V power
GPIO 3 (SCL) © (5)(6) o Ground
GPIO 4 (GPCLKO) o (7)(s) o GPIO 14 (TXD)
Ground o (5)(10) o GPIO 15 (RXD)
GPIO 17 o (11)(12) o GPIO 18 (PCM_CLK)
GPIO 27 o (13)(14) o Ground
GPIO 22 o (15)(16) o GPIO 23
3V3 power o (17)(18) o GPIO 24
GPIO 10 (MOSI) o (19)(20) o Ground
GPIO 9 (MISO) o DS o GPIO 25
GPIO 11 (SCLK) o ®\D o GPIO 8 (CE0)
Ground o (25)(26) o GPIO 7 (CE1)
GPIO 0 (ID_SD) o 3D o GPIO 1 (ID_SC)
GPIO5 o (29)(30) o Ground
GPIO6 o G1)(32) o GPIO 12 (PWMD)
GPI0 13 (PWM1) o (33)(34) o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO16
GPIO 26 o (37)(38) o GPIO 20 (PCM_DIN)
Ground o (39)(20) o GPIO 21 (PCM_DOUT)
1\ J

Figure 2: GPIO pin configuration and numbering, Credit: Raspberry Pi Ltd, CC BY-SA 4.0

i Note

GPIO = General Purpose Input / Output —used to connect external devices (we will use these in
this lab). ANY of the pins with GPIO designation could be used to operate the LED.

c¢) Switch off the Raspberry Pi and wire the LED as shown in the figure below (Figure 3).

A Warning

Always switch off the Raspberry Pi before connecting and disconnecting wires from the GPIO.
Always have an instructor check your wiring before switching it back on, or otherwise you might
damage the Pi or the sensors.

d) Have an instructor check your work and switch the PI back on.

e) Download and save the python program to the Lab0 folder.


www.raspberrypi.com
https://creativecommons.org/licenses/by-sa/4.0/
../Code/Lab0/lab0_gpio_led.py

This wire must connect to a 3.3V power pin
Qbbb i ottt Use only GPIO pins on the 3.3V side

ETHERNET

== Ny s edlh “1 3.3v GgPIO
[ -]

Wiring diagram to connect the LED to the RPi for automated control

Figure 3: Wiring diagram for LED connection



f) Run the program and see whether the LED lights up. The LED light might be very faint and you might
need to shield it with your hand to see (or you might have the LED connected the wrong way around).

g) Remember back to your programming class and create a loop that makes the LED blink several times.
Below is an example of a for loop with will execute 10 times.

for i in range(10):
<do something>

h) Look at the program line by line and try to understand what each line is doing.

Deliverables

There is no deliverable for this week.

| Important

There are no deliverables for today, but you will see all of the things done today again and again and your
lab experience will be much smoother if you remember how to do them. This is also a good time to review
some of your python coding.

Here are some things that you should know or know how to do:

e Build simple circuits of resistors in series or parallel
e Measure resistance of a resistor in a circuit

o Navigate the Raspberry Pi to open Thonny

e Create folders using the command line

o Write and execute a simple program on the Pi

Acknowledgements
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Appendix 1 Resistors
Function

Resistors restrict the flow of electric current; for example, a resistor is placed in series with a light-emitting diode
(LED) to achieve a certain specific current passing through the LED. Resistance is measured in ohms, and the
symbol for ohm is an omega (€2). One €2 is very small, so resistor values are often given in k2 or MQ: 1 k2 = 1000
Q and 1 MQ = 1000000 = 106 £2).

Resistors are indicated in circuit diagrams as:

Circuit Symbol: /\/\/ or Jl _rl



Resistor values - the resistor color code

Resistor values are normally shown using colored bands. Each color represents a number as shown in the table.
Most resistors have four bands:

e The first band gives the first digit of the resistance.
e The second band gives the second digit of the resistance.
e The third band indicates the number of zeros after the 2nd digit.

e The fourth band is used to show the tolerance of the resistor; that is, the &% deviation from the
nominal value of the resistor.

e If there are five bands, then the first three bands give the first, second and third digits, the fourth band
gives the number of zeros after the third digit, and the fifth band gives the tolerance of the resistor.

Examples of different resistors with different numbers of bands and color chart for decoding resistor values (note
the multiplier can be either in the 3rd or 4th position)

3Band 100002

}: 100002 £ 5%
): 10.3kQ 5%

10.3 kQ
+5%,100 ppm/°C

4Band

1*DIGIT | 2“DIGIT | 3™ DIGIT | MULTIPLIER | TOLERANCE | TEMP.Co

+1% (F)
2% (G)
ORANGE
YELLOW
BLUE M0 ES ﬂ 25% (C) 10
m!il---_-u'jﬂﬂ--_
GREY 8 8 100M0 +0.06% (A)
WHITE 9 9 9 160
GOLD 010 5% (J)
SILVER 0.010 +10% (K)

Appendix 2: Breadboard Basics

We will use these in several labs.
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Figure 4: Illustration of a breadboard



Resistors in Series

Schematic
diagram
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Real circuit using a solderless breadboard
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Figure 5: Circuit with resistors placed in series
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Figure 6: Measuring resistance values using 10K Ohm resistors in series



Resistors in Parallel

Schematic
diagram
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Real circuit using a solderless breadboard
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Figure 7: Circuit with resistors placed in parallel
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Figure 8: Measuring resistance values using 10K Ohm resistors in Parallel
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