1. Background
This lab deals with electrical circuits. It does not provide a particularly extensive introduction to circuits — that is left to other courses in your program of study. Rather, it provides just enough details about circuits in order for you to connect circuits to a computer and write software that responds to changes in a circuit and generates output that influences how a circuit performs, e.g. turn a light on.
This lab works towards a particular goal — having you build a number of simple circuits. You may be able to build these circuit without reading or watching much of the material presented here. That being said, even if you are an old hand at wiring electric circuits, you probably want to review the material presented here. And this may be a very helpful lab book to keep live on your phone/tablet/computer if you have to refer back to some of the details here that you might have forgotten.
In order to complete all of the exercises associated with this lab you will have had to have mastered the material in the previous lab. If you had issues with the previous lab — especially in terms of creating and editing video and editing your e-Portfolio — you should review that material before beginning this lab. 
 

2. Circuit Basics
An electric circuit is a closed path along which an electric charge flows. The point at which the flow starts is known as the source — often a battery or a power supply. The point at which the flow ends is known as the ground or return. The load exists between the source and the ground.
The source of the electricity “pushes” the charges along the path at some voltage (think of it like pressure in a water hose). This pressure is measured in volts.  The amount of charge that passes through any given point in the circuit is known as the current, and it is measured in amps. If the source is not connected to the ground, no current flows, but if it is connected to ground — by a conductor — then charge will flow along this conductor. The current may be used to generate light, or it may be used to drive a motor, or some other useful action. If you are new to electrical circuits, this review may be helpful.
 

2.1 Anatomy of a Circuit
Watch this video to learn about circuits, their main components, and some basic terminology associated with them.
CC_anatomy.webm
 
You may want to explore the relationship between a short circuit and lightning. See, for example, this article.
In this course we will be particularly interested in circuits that are located on a board that communicates with a computer. You will see this device and connect it to your computer in the next lab.
 

2.2 Circuit Operation
Having understood how the key components of a circuit are connected, we now turn our attention to how electricity flows between them. Moreover, we want to be able to quantify the electric potential at various points in the circuit and the rate at which electricity flows past these points.CC_how.webm
 
Take a look at this article that examines the relationship between current and voltage.
 

2.3 Schematic Diagrams
In order to be able to describe a circuit and reason about it without actually wiring it, engineers have come up with a standard way to draw circuits. This video shows how this is done using some of the standard symbols associated with components.
CC_draw.webm
 
The video only looks at a couple of standard symbols, and we will see others as we encounter different load types. You can see some of these symbols in this article.   Although there are many standard symbols, the ones that are perhaps the most important in this course are
•A switch.
•A resistor (a fixed or a variable one).
•A diode (in particular a light emitting diode).
•A source (e.g., a battery or a power supply).
•Ground.
 

2.4 Series and Parallel Connections
When a circuit contains more than one load, the question of how these loads are connected to the power supply becomes important.  This video takes a look at two common connection schemes: series and parallel.
CC_serPar.webm
 
For a second take on this, take a look at this article.
 
Mathematically, the relationship between current and voltage in circuits can be modelled by what are known as Kirchhoff’s Laws.  In later courses you will explore these laws more fully.
 

3. Measurements
Although this course will not delve too deeply into the details of electronics, there is one standard electronics tool that you will have to master—the multimeter. The multimeter can be used to measure a wide range of different properties in an electric circuit. In this course you will use a multimeter to measure
•Current
•Voltage
•Resistance
•Circuit connectivity
A number of companies manufacture multimeters and multimeters from different companies are operated in slightly different ways. The videos here describe how to operate the multimeter provided in this course to perform the tasks described above.
 

3.1 Measuring Voltage
Watch the video below to learn how to use the multimeter to measure voltage.
MM_volt.webm
 
Keep in mind that in order to measure voltage across a load:
 
1.Set the multimeter to DC voltage measurement.
2.Connect the multimeter in parallel with the load.
 

3.2 Measuring Current
Watch the video below to learn how to use the multimeter to measure voltage.
MM_amp.webm
 
Keep in mind that in order to measure the current flowing into/out of a load:
 
1.Set the multimeter to current measurement in the mA range.
2.Connect the multimeter in series with the load.
 

3.3 Measuring Resistance
Watch the video below to learn how to use the multimeter to measure voltage.
MM_ohm.webm
 
Keep in mind that in order to measure the resistance of a load:
 
1.Disconnect the load from the circuit.
2.Set the multimeter to resistance measurement.
3.Connect the multimeter terminals to the two ends of the load.
 

3.4 Testing for Continuity
Watch the video below to learn how to use the multimeter to measure voltage.
MM_cont.webm
 
Keep in mind that in order to test for continuity within a load:
 
1.Disconnect the load from the circuit.
2.Set the multimeter to continuity measurement.
3.Connect the multimeter terminals to the two ends of the load.
 

4. The Prototyping Board
Throughout this course, and elsewhere in your training to become an engineer, you will be faced with the need to explore, build, and experiment with electrical circuits. Although it would be possible to wire such circuits together on the desk top, it turns out to be much easier to support such experimentation with a board that holds components together and, in particular, holds the components together in such a way that electrical connections are made easily and reliably. Such prototyping boards (also known as breadboards) are designed to allow you to create circuits without soldering components together.
 

4.1 Why Prototype?
This video speaks to the need for prototyping.
PB_why.webm
 
 

4.2 Board Layout
This video gives an overview of the main sections of the prototyping board.
PB_layout.webm
 
It should be noted that while all breadboards have connected pinholes that allow us to construct circuits, they come in a variety of sizes and connection layouts. Hence, the breadboard in your tackle box may differ slightly from the one shown in the video. In particular, the power rails on some breadboard are connected halfway across rather than all the way as shown in the picture below.
[image: IMG_20150702_131457.jpg]
 
In general, when in doubt about the extent of a power rail, use the continuity testing function of your multimeter to verify.
 

4.3 Making Connections
Each lab kit contains a number of wires and other connectors that you will find very useful. Male to male patch cord wires (aka machine pin wires) are designed to connect holes found on the prototyping board. Alligator clip wires allow you to connect different  components together. Finally, jumper wires are wires pre-cut to lengths that match up with the spacing of the holes on a breadboard. Which one is the best way to make a specific connection on a breadboard depends on the task at hand.
PB_connect.webm
 

4.4 Power Supply
Circuits require power. Power can be provided through a number of different mechanisms including batteries, a power supply, or power obtained from your laptop’s USB port. In this lab you will use an AC adapter that provides 5 volt DC power to your circuit. This device plugs into a standard AC power adapter. It can provide substantive power. One lead from the power adapter is positive, the other end provides a ground. 
Although you have probably used power supplies similar to the one in the course before (to charge home electronics for example), it is important to remember that all electrical devices are potentially dangerous. Always inspect a device for visual damage before plugging it in to an electrical circuit. 
 

4.5 An Example
Here is an example that puts together the ideas presented earlier. Note that the components shown in the video may differ slightly (in looks) from the ones in your tackle box. 
PB_example.webm
 
 

5. Exercises
Each lab in this course must be properly documented using the e-Portfolio site provided. Rich media content (e.g., videos) should be converted for publication using YouTube, Vimeo or some similar online video system. You should be aware that all material you publish on these sites will be visible to a large number of people, including people outside of the class and the university. Inappropriate publication can result in penalties beyond those associated with your academic record.
Lab exercises are broken down into three sections, pre-lab, in-lab and advanced. pre-lab exercises must be completed before entering the lab.
 

A. Pre-lab
A Moodle quiz associated with the pre-lab must be completed before attending your lab session. The lab TA will not allow you to participate in the lab without passing this quiz prior to the lab. Check the course website and/or ask your instructor to find out:
 
1.How to access the quiz.
2.The deadline for taking the quiz.
3.How to present proof to the lab TA that you have passed the quiz.
 

B. In Lab
1.Inspect the tackle box that was given to you for this lab and check its inventory. It should contain the items listed below. Let the TA know if anything is missing because you will be asked to return these items when you finish your session): 
A.A box containing 16 resistors, 16 LEDs, 8 buttons, and a variable resistor.
B.A box containing jumper wires of various lengths.
C.A bundle of machine pin wires.
D.A bundle of alligator clip wires.
E.A power supply plug.
F.A prototyping board.
2.Pick a 10kΩ resistor from the box. To determine the resistance, decode the coloured bands on it using a chart of resistor colour bands. Verify the findings by a direct measurement using the multimeter. Document this dual resistance finding approach in your e-Portfolio.
3.Pick a second resistor from the box making sure it is identical to the first; i.e. has the same resistance. Mount both resistors on the prototyping board and then connect them in series as one load L. Measure the overall resistance of L. Hint: you may find it easier to use alligator clip wires connected to the multimeter on one end and connected to machine pin wires (which can be inserted into the prototyping board) on the other end.
4.Pick a third identical resistor and connect it in series with the other two. Measure the overall resistor of the three-resistor load. Repeat with four identical resistors. Using Matlab, create a plot of load resistance versus the number of resistors in the load. Extrapolate to n identical resistors. 
5.Build a load on your prototyping board consisting of two identical resistors in parallel. What is the combined resistance of the load?
6.Build a load on your prototyping board consisting of three identical resistors in parallel. Using Matlab, create a plot of load resistance versus the number of resistors in the circuit. Extrapolate to n identical resistors.
7.Build a circuit on your prototyping board with the schematics shown below. It consists of a power supply, one LED, and the load L that you have built earlier by connecting two identical resistors. Make sure the LED is inserted with the correct polarity. The LED should light up when the circuit is closed. Measure the voltage drop across the load and the current passing through it. Record your findings and explain them.
[image: Screen Shot 2014-09-13 at 12.00.25 PM.jpg]
 

C. Advanced
1.Pick two different resistors from the box; determine the resistance of each; and mount them on the prototyping board. Build a load L made up of these two resistors connected in parallel and measure its overall resistance. 
2.Repeat the above process using three, four, or more different resistors. Can you express the overall resistance as a function of the resistances of the constituent resistors?
3.How would you verify Ohm’s law experimentally? Build a circuit and perform some measurements to make a case that Ohm’s law holds.  
 

6. Further Reading
•http://www.physics.uoguelph.ca/tutorials/ohm/
•https://learn.sparkfun.com/tutorials/voltage-current-resistance-and-ohms-law
•Mims III, F. (2003). Getting Started in Electronics. Master Publishing.
•Platt, C. (2009). Make: Electronics. Make.
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