	ASSIST to Work
Open Text
	EET 113
Module 2/voltage, current and resistance in electric circuits



[bookmark: _GoBack]Deliverable B Template
To expedite the approval process, please make sure you can answer “yes” to the following questions:	
· Are your Deliverable B components (open text, assessments, media, and other instructional resources) organized in a manner that another school or instructor could easily take them and incorporate them into their learning management system?
· Does the information in your Deliverable B documents align with your Deliverable A outlines? If you make changes once you get into Deliverable B, please make the appropriate changes to your Deliverable A documents.
· Does your open text section include enough copyright-free content to provide students with information regarding the key concepts? The open text should not be a lesson plan, but does not need to be as detailed as a textbook. It should guide students through the module concepts with elements such as your original content, activities and assessments, and hyperlinks to additional content and activities that may be proprietary (see example Open Text).
· Are your objectives measurable? For example, the word “understand” is hard to measure so instead of saying “The student will understand CNC programing” the objective should have an action verb and say “The student will demonstrate correct use of G-codes…” or “The student will write a CNC program…” (see attached handout on writing objectives).
· Do your learning activities and assessments align with the stated objectives? Is it clear that each objective is being learned and assessed somewhere in the content?
· Do your learning activities and assessments offer students a variety of ways to demonstrate what they have learned (i.e. tests, discussion prompts, projects, portfolios, hands-on activities, etc.)? 
· If you already teach this course face-to-face, is the same content covered in your online course (just in a different format)? Sometimes it is easier to think of how you would teach a face-to-face class (one class from start to finish). Then think of how you can complete those same tasks in an online classroom. So if you start a class with a problem on the board, provide a problem to start each module in your online course. You could even provide a demonstration of how to solve the problem later in the module.
· Do your Deliverable B components present the content in a variety of ways to appeal to different types of learners (e.g. presentation, voice recordings, video demonstration, screen shots, etc.)?
· Did you provide a way for learners to practice the skills and knowledge within the content (student recorded demonstration, practice equations, blueprint writing/programming)?





[image: C:\Program Files (x86)\Microsoft Office\MEDIA\OFFICE14\Lines\BD14844_.gif]Voltage, Current, and Resistance in Electric circuits
2






Goal
This module will introduce students to the basic structure of an atom and the characteristics of electric current, electrical voltage, and resistance.  The students will be introduced to taking measurements of these characteristics.
Objective
Students will be able to:
· Describe the basic structure of an atom
· Explain the concept of electric charge
· Define voltage and discuss its characteristics
· Define current and discuss its characteristics
· Define resistance and discuss its characteristics
· Describe a basic electric circuit
· Conduct a basic circuit measurement
Orienting Questions  
· What is electricity?
· What is current and what is its place in a circuit?
· What is voltage and its significance in a circuit?
· What is resistance and its importance in a circuit?
· What is an electrical circuit?
· What is the proper method of measuring a basic circuit?


Introduction
Any electrical or electronic device must have a circuit in order operate correctly.  These circuits have three basic components within them.  These components are voltage, current, and resistance.  Most circuits, today, include much more; however, these three components are a must to complete a circuit.
In this module, we will look into these three components and examine how these three components make up an electrical circuit.
2.1 What is electricity?
We use electricity every day.  Home appliances, cellular phones, stereos, computers, and even vehicles use electricity.  To understand what electricity is, we need to look into the smallest basis in all matter.
2.1.1 The atom
The atom is the smallest particle of any matter.  Everything is made up of atoms.  Atoms have three main parts:
1. The proton, which is a positively charged particle, makes up part of the nucleus which is in the center of the atom.
2. The other part of the nucleus is made up of uncharged particles called neutrons.
3. The third part of an atom is a negatively charged particle called the electron.  Electrons orbit around the nucleus like the planets orbit the sun in our Solar System.

Figure 2.1 is a Bohr model of a copper atom.  The electrons on the outer ring have the highest energy and are called valence electrons.  The “ring”, or shell on the outside is called the valence shell.  These electrons are the key in a material’s electrical charge.

            [image: http://upload.wikimedia.org/wikipedia/commons/thumb/1/12/Bohr_model.jpg/120px-Bohr_model.jpg]
Figure 2.1: Bohr Model of an Atom (by jia.liu)







2.1.2 Electrical charge
If we were to take a balloon, rub it on our hair, and slowly pull the balloon away our hair would seem to not want to disconnect from the balloon.  
The balloon, being rubbed against your hair, is passing electrons from its valence shell to your hair.  This causes your hair to have more electrons than protons, or negatively charged.  The balloon, having lost some of its electrons, has more protons than electrons making it positively charged.  In the illustration presented in figure 2.2 you can see how different charges react to one another.
An electrical charge is the electrical characteristic of matter which is caused by its deficiency or excess of electrons.
[image: ]Three important rules to remember about charges:
1. Opposite charges attract.
2. Negative charges repel.
3. Positive charges repel.


Figure 2.2- Charge interaction Illustration (by Farhad Mohajer)






2.1.3 coulomb’s law
Charles Augustin Coulomb was a scientist to which the unit of charge was named. Coulomb’s Law states:
A force exists between two point-source charges that are directly proportional to the product of the two charges and inversely proportional to the square of the distance between the charges.
A coulomb is the unit of charge, symbolized by C.  One coulomb is the total charge carried by 6.25 X 1018 electrons.
A formula to find how many coulombs of charge a certain amount of electrons have is shown below:
Q = 
EXAMPLE:
How many coulombs of charge do 65.5 X 1031 electrons have?
	Q = 
[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section.


2.1 TEST YOUR SKILLS

1. How many coulombs of charge do 97.5 X 1021 electrons have?


2. How many electrons would it take to have a 2C charge?


2.2 voltage
Since there is a force between two opposite charges, there is an amount of energy needed to move them a given distance.  In electricity, voltage is this driving force.
2.2.1 What is voltage?
Voltage (potential difference) is the amount of energy per unit of charge.  Think of a pump pumping water through a pipe.  The pressure it takes to push this water would represent voltage.
The unit for voltage is the volt symbolized by V.  The formula for voltage is below:

W is energy in joules and Q is charge in coulombs.
EXAMPLE:	
If 100 joules of energy are required to move 20 C of charge, what is the voltage?
	V = 100J/20C = 5V


                                                        [image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activity before proceeding to the next section.

2.2.1 TEST YOUR SKILLS
1. If 200 joules of energy are required to move 25 C of charge, what is the voltage?


2. How much energy is required to move 20 C of charge from two different points when the voltage is 15 V between the points?


2.2.2 DC voltage source
  A DC voltage source schematic seen in figure 2.3 is a device that creates electrical energy or more commonly known as voltage.  Production of voltage is by means of chemical, light, or magnetic energy in combination mechanical movement.  

[image: ]
Figure 2.3- The symbol for a DC voltage source (by Farhad Mohajer-multisim)


There are many different types of DC Voltage sources.   Some types include batteries, fuel cells, solar cells, generators, and power supplies. 
Batteries are the most common DC voltage source.  A battery is a voltage source that uses chemical energy to create electrical energy.  

[image: ]
Figure 2.4-Battery (by OCAL)




Fuel cells are devices that use electrochemical energy to produce dc voltage.  The most common fuel cells use hydrogen and oxygen.  Similar to batteries they use oxidation-reduction; however, fuel cells have water as a bi-product.

A process that uses a light source to convert to electrical energy is solar cells.  A basic solar cell consists of two different forms of semiconductors (usually silicon) which are laid on top of each other with a small gap between them.  Once the top layer absorbs the energy from the light, the electrons jump to the other material and cause it to be negatively charged and the top to be positively charged causing a potential difference, or voltage.
[image: http://on3dprinting.com/wp-content/uploads/2012/06/20120616-Photovoltaic-PV.png]
Figure 2.5- Solar Panel Diagram (by Ron Curtis & MrSolar.com)
Generators are devices which uses electromagnetic induction to produce electrical energy.  Basically, a conductor is rotated in a magnetic field to produce voltage across the conductor.
A power supply produces DC voltage by converting AC voltage through a standard wall outlet.
[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section.
2.2.2 TEST YOUR SKILLS


1. Draw the symbol for a DC voltage source.


2.3 current
When voltage is applied to a circuit, it causes the electrons to move.  This is known as the current. The following section will include a description of current and how electron movement causes current.
2.3.1 movement of electrons
When the free electrons move from atom to atom of conductor or semiconductor, they typically bounce around randomly.  Once a voltage is applied to the material they move from the negative towards the positive.  
Remember that electrons have a negative charge.  Since the negative side of the voltage source repels the electrons, they move away from it and head towards the positive side which they are attracted to.This is illustrated in figure 2.5.
[image: ]
Figure 2.6-Illustration of current flow with a voltage source (BY Farhad Mohajer)
Electrons always flow from negative to positive.
Current, in electrical terms, is the rate of the flow of charge.   The current in a conductor is measured by the amount of charge (number of electrons) that flow past a certain point in a unit of time:
I =Q / t
An ampere, or amp, is the unit for current.  This is symbolized by A.
A current source can provide a constant current to a load.  Even though power supplies are most commonly known as a voltage source, they can be current sources too.  
The transistor, in most transistor circuits, can act as a current source.  
The symbol for a current source, in a schematic, is shown in figure 2.6:
[image: ]
Figure 2.7-Current source (by Farhad Mohajer-multisim)

EXAMPLE:	
25 C of charge passes a certain point in 2.5 seconds.  What is the current?
	I = 25 C / 5 s = 5 A

[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section.


2.2.3 TEST YOUR SKILLS
1. 20 C of charge flow past a point in a wire in 5 seconds.  What is the current?


2. There are 8 A of direct current through a wire, at a given point.  How many coulombs have flowed through the point in 2 seconds?


[image: video-icon by Farmeral - a button I made for choosing video download]



Click the video icon to view a video about Voltage and Current

The transcript for this video is available below:
 “In this segment, I am going to deal with the basics of electricity. It is easy to think of electricity as a river or creek. A fundamental quantity in a river is how much current is flowing, in other words, how much water is passing through a point in a second. With electricity, current is also really important, but now we are talking about charges that passes through in a second not water. We measure that charge passing a point in seconds in “coulombs”. So the current that is giving that is giving the symbol (I) should be measured by the number of coulombs , to pass a point in a second. Just like in a river we might measure the amount of water that is flowing past a point in the number of buckets of water that are passing a point in a second, say fifteen buckets a second. In a wire we will count the number of coulombs that go past a point and that is the value of current, say three coulombs per second. A Coulombs per second is given a special name, that is “amps”. You must never forget that an amp means a coulombs passing a point in a second. So if there is a current of five amps flowing that means five coulombs are passing a point per second. Current is the easiest part of electricity, because it is not too difficult to think of the number of coulombs that are passing a point per second. Voltage is a little bit different, voltages are potential difference, the best way to think about that is to think about a lake. If we had a lake there would be no current flowing. Why is that? The reason is because the bottom of the lake is flat. If you pick up one side of a lake, the water would start flowing down toward the other side. What you have done is created a difference in potential, gravitation potential energy. The side you have lifted up has more gravitation potential energy than the other side.  In electricity is a very similar thing, the way we make current flow is to reproduce a potential difference in the wire. Not a gravitational difference this time, but an electrical potential difference, the way we can do that is with a battery. It is like picking up one side of the wire putting it at a higher electrical potential than the other side of the wire, so electrons will tend to flow from the higher potential down to the lower potential and the greater potential we apply the more the electrons will flow, the greater the current will get. So why do we use the word “potential”? What does it mean? It refers to the potential to do work.  The potential to do work is given in units of “joules per coulombs” that is the energy creates a  charge but one “joules per coulomb is given another name is called a “volt” but you must remember, if someone tells  you there is a potential difference across a wire ten volts, that means one coulombs is higher at the potential end can do ten joules of work, on its way down to the lower potential end. So let’s think about this example, with a one –five volt double A battery. What does that mean it’s a one point five volt battery? It means that if one coulombs charge came out of one side, it could do one point five joules of work before re-entering the other side of the battery. So if you hooked each side up to a light bulb each coulombs that came out of the top of the battery would give off one point five joules of light and heat before it entered the other side. So there are two fundamental quantities of electricity current and voltage. Current is the easy one, it is just the number of coulombs that are passing to a point in a second, it is given the letter (I) and its units are amps. Voltage is a little bit trickier refers to the difference in potential to do work in a wire, the difference in an electrical potential is measured in the number of joules per each coulombs with a special name “the volt”.The greater the amount of voltage that is applied across a wire, the greater the current will flow in that wire.”




2.4 Resistance
When electrons are flowing through a circuit, they can collide with other atoms.  This causes the electrons to lose some of their energy and restricts their movement.
2.4.1 What is resistance
Resistance is the restriction of the flow of electrons.  Resistance is the opposite of current.  As an analogy, think of a river flowing fast with no obstructions (current through a wire).  When the water comes to a point where there are huge rocks and trees (resistance), the water loses its speed and energy.
If the resistance in a circuit increases, the current will decrease.
Resistance is designated with R and its unit is the ohm (Ω).  Below is the symbol of resistance on a schematic:
[image: ]
Figure 2.8-Resistor symbol (by Farhad Mohajer-multisim)
Conductance is the reciprocal of resistance.  Conductance is the ease of current to flow and is symbolized by G.  The unit of conductance is the Siemens, symbolized by S.  The formula is below:
G =1 / R
EXAMPLE:
For example, the conductance of a 500Ω resistor is:
G =1 / R
         G=1/500 = 2mS

[image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activity before proceeding to the next section.

2.4.1 TEST YOUR SKILLS

1. Calculate the conductance of a 10 K Ω resistor?


2.4.2 Resistors
A resistor is a device designed to produce resistance.  They can be used to limit current, divide voltage, or generate heat.
There are two main types of resistors: fixed and variable.
Fixed resistors have a certain amount of resistance and cannot be changed.  They are available in a wide range of varying resistances.  Different types of fixed resistors include carbon-composite, metal film chip, chip array, resistor network, and radial-lead for PC board.  The most commonly used resistor is the carbon-composite resistor, pictured below.

[image: File:Carbon-film Resistor Construction.svg]
Figure 2.9: Carbon film resistor construction (by jibeard)


2.4.2 Resistor values
Each fixed resistor has its own unique value, as well as a tolerance value of either 5% or 10%.  Depending on the type of resistor you can check a resistor’s value by the coding on the outer shell. 
The color coded carbon-composite is the most popular.  There are four color bands.

1. Start with the band closest to one of the terminals of resistor.  The first color is the first digit of the value
2. The second color represents the second digit of the value.
3. The third band represents how many zeros follow the second digit. AKA the multiplier.
4. The fourth band represents the tolerance in percentage. This is usually gold or silver. If a fourth band does not exist, then the tolerance would be 20%.
Figure 2.9 is a diagram with the color codes and the digits they represent, including five and six band color codes:







Figure 2.9: Diagram explaining how to read color-coded resistors(by Michael)[image: http://www.michaels-electronics-lessons.com/images/resistor-color-code-all.gif]

Another type of labeling that is encountered on resistors is with numbers and letters.  Examples of how to read these are presented in table 1.

Table1 :Resistor Labeling
	LABEL
	1st digit
	2nd digit
	3rd digit
	Decimal and multiplier
	value

	123
	1
	2
	-------
	000 (k)
	12k Ω

	22R
	2
	2
	--------
	--------
	22 Ω

	2M2*
	2
	decimal
	2
	M
	2.2M Ω

	220k
	2
	2
	0
	k
	220k Ω


* Notice that the M in between the numbers marks the decimal place as well as the multiplier.

2.4.3 variable resistors
To change the values of a resistor easily, there are variable resistors.  The two main uses of a variable resistor are as a potentiometer and a rheostat.  
A potentiometer is a device with three terminals used to divide voltage in a circuit. Two of the terminals have a fixed resistance between them, while the third is connected to a wiper, or moving contact.  Figure 2.10 is the schematic symbol for a potentiometer.

2.10 –Potentiometer (by Farhad Mohajer-multisim)
[image: ]
A rheostat is used to control the current in a circuit.  Figure 2.11 is the schematic representation of a rheostat.
[image: http://people.sinclair.edu/nickreeder/eet114/PageArt/rheostatSymbol.gif]
2.11-Rheostat (by Farhad Mohajer-multisim)

[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section.


2.4  TEST YOUR SKILLS
Identify the values and the tolerances of the following resistors:
1. [image: ]___________________ 


2. [image: ]___________________

3. [image: ]___________________



Identify the values of the following resistors:
4. [image: ]_______________________
5. [image: ]________________________
6. [image: ]________________________



Activity: A good tool for finding values for resistors can be found at this link, 
Click on the Hyperlink

Resistor Code calculator

2.5 Electric circuits
Now that we have examined the key components of an electrical circuit, let’s look into what an actual circuit is.
2.5.1 What is an electrical circuit?
Basically, an electrical circuit is a group of components that use voltage, current, and resistance to perform a function.  An electrical circuit consists of three main characteristics: a voltage source, a load, and a means for current to travel between the source and the load.
A load is any device that requires work for current to travel through it.  For example if we had a flashlight, the load would be the bulb.  In the same example, the batteries would be the voltage source.  Since the positive side of the battery is in contact with the bulb, we only need to have a means for the current to flow on the negative side of the battery.  This is usually a piece of metal stretched through the length of the flashlight. Figure 2.12 is a schematic of this same flashlight example. 
[image: ]
Figure 2.12- Schematic of a flashlight(by Farhad Mohajer-multisim)


In this example of the flashlight, there is something important missing.  What we have here is a light that would continuously stay lit.  We need something to turn it off when we wish not to use the light: a switch.

2.5.2 Switches
The example in the previous section is an example of a closed circuit.  A closed circuit is a circuit that has a completed path for current flow.  If there is a break anywhere in the circuit in which current could not flow, we would have an open circuit.
Switches are used to control the opening and closing of circuits.  Figure 2.13 and 2.14 are the flashlight schematics with a switch included.
[image: ]
Figure 2.13-Schematic of a flashlight with an open switch (by Farhad Mohajer-multisim)
[image: ]
Figure 2.14-Schematic of a flashlight with a closed switch-(by Farhad Mohajer-multisim) 

There are a variety of different types of switches. The switch on a flashlight, as in the above pictures, is called a toggle switch.  Toggle switch refers to a switch that is manually operated using a lever or handle.  Figure 2.15 shows a variety of toggle switch contact types.  A pole is the movable arm in a switch. Throw is the term indicating how many contacts are affected by a single switch action.  For example, the toggle switch in the flashlight is SPST (meaning a single arm changes the state of a single set of contacts).
Other examples of switches are push button switches and rotary switches.  A push button switch (shown in Figure 2.16) works the same as a toggle switch; however, instead of a lever or handle, the switch is manually operated by pushing a button.  A rotary switch (shown in Figure 2.17) has a handle that can be turned to one of several positions to close various contacts.

[image: File:3 way switch right.svg]                                      [image: File:Schema - Drukknop NO-NC.PNG]
  Figure 2.15 - toggle switch(byYsangkok).		  Figure 2.16- push button switch by(Fluppe37)

[image: File:Tap changing switch.gif]
 Figure 2.17 - rotary switch(by BillC)

2.5.3 fuses and breakers
Fuses and breakers are used in the path of current for protection.  They are designed to intentionally open if the current exceeds a specific rating.  For example if a fuse or breaker is rated at 15 amperes, and the current in the circuit goes above 15 amperes, they would “trip” or open causing a break in the circuit.
Fuses are different then breakers in that once they trip, they have to be replaced.  A circuit breaker can be reset and used repeatedly.

2.5.4 Wires
Wires are the most common connection between components in an electrical circuit.  With many different sizes and diameters they are categorized by gauge in AWG (American Wire Gauge) size.  
A circular mil (CM) of a wire is the cross-sectional area of a wire.  One CM is the area of a wire with a diameter of .001 inch, or 1 mil.  To find the cross-sectional area in circular mils of a wire, you could use the following formula:
A = d2
EXAMPLE: 	Find the cross-sectional area of a wire with a diameter of 0.006 inch.
			 Our diameter in mils:  d = 0.006 in. = 6 mils
A = (6mils)2 = 36 CM

[image: Stop by paulo_tavares - Stop traffic sign]
Complete the following activity before proceeding to the next section
2.5.4 TEST YOUR SKILLS

1. Find the CM of a wire that has a diameter of 0.025 in.

			

2.5.5 Ground
In an electrical circuit, a ground is a reference point.  The name ground actually came from a metal rod that was put deep into the ground connected to a circuit.  We call this an earth ground today and the wire is usually green or bare exposed copper wire.
An actual reference ground is used for a reference for voltage.  Anytime, there is a voltage reading it is in respect to ground.  It has a voltage of 0V.  This is also called common and labeled COM or COMM.
The symbol used to represent ground in a circuit can vary.  Figure 2.18 shows the symbol for Earth (or reference) ground.  Figure 2.19 represents digital ground, and is usually only found in electronic circuits.


            
           Figure 2.18 (by Farhad Mohajer- mutisim)               Figure 2.19(by Farhad Mohajer- mutisim)
[image: ]
[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section.
Click on the Hyperlink to Review Learning Objects:  

Common on a SPDT Switch 2-6e

 Circuit Protection 2-6f

 Wires 2-6a
2.5.4 TEST YOUR SKILLS
2. Suppose there were two SPST switches in the circuit (Figure 2.16).  If one was closed and the other was open, would this be considered an open or closed circuit? Why?



2.6 circuit measurements
Meters are used in measuring current, voltage, and resistance.  These are one of the most important tools to have when troubleshooting, testing, and working with electrical circuits.

2.6.1 Meters
A meter that measures current is called an ammeter.  
A voltmeter measures voltage. An ohmmeter is used to measure resistance.
A meter which can be used to replace all three meters into one is called a multimeter.  With a multimeter, you have a selector to choose which type of measurement you wish to make (amps, volts, or ohms).  
A portable multimeter is pictured in figure 2-20 :
[image: File:Digital Multimeter Aka.jpg]figure 2.20- Digital Multimeter (by André Karwath)A portable multimeter is usually capable of replacing more than the typical three meters, depending on the type and model. They can also have a wide variety of multiple prefixes.

2.6.2 measuring current
[image: ]Let’s take a look at the following circuit.  Remember that the current flows from negative to positive.

[image: ]The meter is placed in the current path with the polarities matched.

2.6.3 measuring voltage

[image: ]In this example, the voltage across the resistor in the same circuit is being measured.  
When measuring voltage, the leads of the tester need to be placed so the polarities match the circuit. This can be done anywhere in the circuit.



2.6.4 measuring resistance
When measuring resistance, the resistor needs to be removed from circuit.  Polarity does not matter.

[image: ]
[image: Stop by paulo_tavares - Stop traffic sign]

Complete the following activity before proceeding to the next section. 


 
[image: video-icon by Farmeral - a button I made for choosing video download]


Click on the video icon to view a video on MAKE presents: The Multimeter.

The transcript for this video is available below:
 “Since we can’t exactly see electricity it can be kind of hard to keep track of what’s going on inside of a circuit sometimes. Terms like voltage, current and resistance area helpful for describing it but if we want to actually measure those qualities ourselves we need something to act as our electrical eyes and ears, something we call a mulimeter.
Multimeters have been around in one form or another since the nineteen twenties. Though the design has been updated and improved since then, the basic way we use them has pretty much remained unchanged. Two probes, one negative and one positive are put in contact with the circuit and then a measurement is displayed on the body of the device.
Analog multimeter are still made but digital multimetes are far more common now days and they offer a lot of handy features The two typed of digital mulitmeter your mostly likely to run into are auto ranging and non-auto ranging or Manuel range.  Manuel range meters require you to know the approximate amount you will be measuring and set the dial to that appropriate range. Auto range meters take a little bit longer to settle on a final measurement but in general they are much easier to use just set the dial to the type of measurement you want to make and it will get the range automatically as the name implies.
There are a lot of different brands and models out there designed to measure a wide variety of different things but when working with electronics you will likely only need to measure a few basics , continuity, resistance, voltage and current. Let’s go over how to do that.
The simplest and most useful thin to test the multimeter is continuity, where or not two points are connected to one another. Continuity testing is super helpful for troubleshooting sottering work, circuit boards traces or even if an old cable needs to be repaired. First switch the control dial to conduit setting, this is usually marked with an audio symbol, most meters can produce inaudible bleeps to indicate continuity which is handy when you need to keep your eyes on your work. Connect the black probe to the common ground terminal and the red probe to the voltage ohms terminal. Make sure whatever you are testing is unpowered then connect the two leads to each test point , for example, the positive voltage and ground traces on my proto board should be separate and not produce a beep, but they did so that means I have a short somewhere, but where? Exactly, Oh! Maybe this giant sotter bridge breaks right here. I will have to desotter that later.
Technically when I measure continuity the multimeter was checking for very low electrical resistance. Anything below about one hundred ohm’s would give a positive continuity reading to measure resistance, I just turn the controller to the resistance setting marked with the omega symbol ( the symbol for ohm’s) as with measuring continuity it does not matter which way I connect the probes to my test point either orientation will work fine. This resistor is marked as one thousand ohm’s with a five percent manufacturing tolerance, which means it is actual resistance could be five percent more or less than one thousand, well it is actually pretty close, one thousand –six ohm’s, that is pretty precise resistor. 
To measure voltage, I will once again check to make sure my probes are connected to the proper terminals, and then simply switch the dial to voltage some meters might have separate settings for AC/DC voltage. So let’s test a battery, black probe goes to the ground (negative) and red to the positive terminal. Eight point nine five volts. 
Measuring current is quite different from measuring voltage or resistance, electricity needs to be routed through the multimeter itself, which makes the setup a bit more complex for starters even though this is an auto ranging meter, I need to choose a basic range for current measurement, the milliamp setting will work fine for a small LED test, then I will move the positive probe to the milliamp terminal. I would use the terminal rated for amps if I thought I might be measuring anything more than five hundred miliamps. Finally I will break the circuit at the point I would like to test and connect the positive probe to the side supplying positive voltage and the negative probe to the side connecting ground. It looks like my LED is drawing eighteen miliamps, well under the maximum amount it is designed to handle 
You will also find multimeters is designed to test transistors, frequency, temperature, a long list of other things but for my purpose simply resistance, voltage and current have gone a long way. Well I guess I will check more sotter bridges here. Happy testing. “


2.6 TEST YOUR SKILLS

In the following figures, draw a line connecting the leads of the multimeter in the proper place for the measurements indicated, completing circuit as necessary: 

1.	[image: ]
2.	[image: ]


3.	[image: ]


Major Concepts 
KEY CONCEPTS
· In electric charge, the electrons always flow towards the positive.  Free electrons are what make current possible.
· A voltage source supplies the voltage necessary for the force to move electrons.
· An open circuit occurs when there is no current flow, and a closed circuit is when a current is present.
· Resistance is anything that limits current.
· An electric circuit consists of a load, current, and a path for the current.
· When measuring it is important to know the current flow and have the correct polarity on the leads of the tester.  Polarity is not important for testing resistance.


key terms glossary

	Atom

Proton

Nucleus

Neutrons

Electron

Electrical charge

Coulomb

Voltage

Volt

Battery

Fuel cells

Solar cells

Generators

Power supply

Current

Ampere

Resistance

Conductance

Resistor

Variable resistors

Potentiometer

Wiper

Rheostat

Electrical circuit


Closed circuit

Open circuit


Switch

Pole

Throw

Ground

Ammeter

Voltmeter

Ohmmeter

Multimeter



	the smallest particle of any matter

a positively charged particle

center of the atom

uncharged particles

negatively charged particle

Electrical characteristic of matter which is caused due to its deficiency or excess of electrons.
Unit of charge

(potential difference) is the amount of energy per unit of charge

Unit for voltage

a voltage source that uses chemical energy to create electrical energy

devices that use electrochemical energy to produce dc voltage

A process that uses a light source to convert to electrical energy

Devices which uses electromagnetic induction to produce electrical energy.  

produces DC voltage by converting AC voltage through a standard wall outlet
the rate of the flow of charge

the unit for current

the restriction of the flow of electrons

the ease of current to flow

a device designed to produce resistance

a type of resistor designed to change the values of a resistor easily

a device with three terminals used to divide voltage in a circuit

 moving contact of a potentiometer

a resistor used to control current in a circuit

A group of components that use voltage, current, and resistance to perform a function. 
 
circuit that has a completed path for current flow

a circuit with a break anywhere within the circuit in which current could not flow

used to control the opening and closing of circuits

movable arm in a switch

Term indicating how many contacts are affected by a single switch action.

Reference point of a circuit

Meter that measures current

Meter that measures voltage

Meter used to measure resistance

meter which can be used to replace all three meters into one














KEY TERMS CROSSWORD ACTIVITY

Key Terms Crossword
Complete the crossword below using the key terms from this module.



	
  
	  
	  
	  
	  
	  
	  
	  
	  
	1
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	2
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	3
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	4
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	5
  
	  
	  
	6
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	7
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	8
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	9
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	10
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	11
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	12
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	13
  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	14
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	15
  
	  
	  
	  
	16
  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	17
  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	18
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	19
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	20
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	21
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	22
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	23
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	24
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	25
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	26
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	27
  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	


Across
1. the amount of energy per unit of charge
2. a reference point in a circuit
5. negatively charged particle
7. movable arm in a switch
8. smallest particle of any matter
9. a circuit in which current does not flow due to a break
11. a voltage source that uses chemical energy to create electrical energy.
12. moving contact on a potentiometer
14. an electrical characteristic of matter which is caused due to its deficiency or excess of electrons.
17. uncharged particle
18. measures voltage
20. a device with three terminals used to divide voltage in a circuit.
22. the unit for current
23. measures resistance
24. the unit of charge
25. devices that use electrochemical energy to produce dc voltage
26. used to control the opening and closing of a circuit
27. term indicating how many contacts are affected by a switch action
	


Down
1. resistors that make it easier to change a value or divide voltage
3. the ease of current to flow
4. measures current
6. a circuit that has a completed path for current flow
10. positively charged particle
13. a device which uses electromagnetic induction to produce electrical energy
14. a group of components consisting of a voltage source, current, and a path for current.
15. the restriction of the flow of electrons, or current
16. the rate of the flow of charge
19. A process that converts a light source to electrical energy
20. produces DC voltage by converting AC voltage through a standard wall outlet
21. controls current in a circuit
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Labs 

RESISTOR MEASUREMENT LAB


Purpose:  	The purpose of this lab is to identify (using color codes) and measure resistance values of several arbitrarily pulled resistors.

Materials:	10 random resistors
		Ohmmeter or multimeter
Procedure:

1.  Pull 10 resistors from the junk box in the supply room and place in your work area.  
2. Write down the color codings on each resistor and determine its marked value.  
3. Place each resistor on the the breadboard.
4. Obtain two DMM probes and connect to the digital multimeter at your workstation.  
5. Turn on the multimeter, and make sure it is in the resistance measurement mode (Ω).
6. Measure the value of each of your 10 resistors.  Write down in the measured value
7. Compare the marked value with the measured value.  Is the resistor within tolerance?
8. Fill out the provided spreadsheet with your results.



Marked         Measured           %               Within
  Resistor	        Color code           Value	           Value         Difference      Tolerance?
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Assessment
Module Reinforcement

True or False: Read the following questions and determine whether the statement is true or false.
1. T F	             The unit for charge is the amp.
2. T F	             Fuel cells are the most common type of voltage source.
3. T F  	In a four-band color code, the fourth band of a resistor represents the tolerance.
4. T F   	Both a rheostat and potentiometer are voltage sources.
5. T F  	In order for there to be current in a circuit, it must be closed.
6. T F  	A switch must be in the open position to let current pass through it.
7. T F	             A Siemen is the measure of the resistance.
8. T F	             A multimeter can be used to measure voltage, current, and resistance.
9. T F	             In order to measure voltage the circuit must not be connected to a voltage source.
10. T F	             Once a resistor has been removed from a circuit, it is safe to test it with an ohmmeter or multimeter.
Multiple Choice: Read the following questions or statements and select the best answer.
1. The smallest particle that makes up all matter is:
a. Electron
b. Proton
c. Atom
d. Nucleus
2. When two materials are put close together and one is positively charged and the other has a negative charge they will:
a. Attract
b. Repel
c. Stay stationary
d. Eventually expire
3. Potential difference is another term for:
a. Current
b. Conductance
c. Voltage
d. Potency
4. The unit for energy is:
a. Watt
b. Volt
c. Ampere
d. Joule
5. Which one is NOT a voltage source:
a. Battery
b. Potentiometer
c. Generator
d. Fuel cells
6. How many coulombs of charge do 60 X 1028 electrons have?
a. .96mC
b. 960 C
c. 96 GC
d. 9600C
7. 400 joules of energy is used to move 100 C of charge through a resistor. What is the voltage across the resistor?
a. 40 V
b. 4mV
c. .4µV
d. 4 V
8. How long will it take (in seconds) for 20 C to flow past a point if the current is 5 A?
a. 4s
b. 4ms
c. 40s
d. None of the above
9. If you were to need a resistor that was 220 Ω and a 10% tolerance, what would the color bands be?
a. Red, red, brown, gold
b. Red, brown, red, silver
c. Red, red, brown, silver
d. Red, brown, red, gold
For the next few questions identify the components of the circuit, by selecting the corresponding letter:
[image: ]
10. Resistor
a. A
b. B
c. C
d. D
11. Ground
a. A
b. B
c. C
d. D
12. Switch
a. A
b. B
c. C
d. D
13. Voltage source
a. A
b. B
c. C
d. D
14. Which schematic shows the proper placement of the voltmeter to find the voltage across the resistor:
a. [image: ]
b. [image: ]
c. [image: ]


d. Both a and b



Answer Key
	True or False
	Multiple Choice

	1.f
2.f
3.t
4.f
5.t
6.f
7.f
8.t
9.f
10.t





	
1.c
2.a
3.c
4.d
5.b
6.c
7.d
8.a
9.a
10.b
11.d
12.a
13.c
14.a 





TEST YOUR SKILLS ANSWER KEY

	2.1
	2.2.1      
	2.3          2.4.1
	2.4
	2.5
	2.6

	1. 15.6 X 103 C

2. 12.5 X 1018  e

	1. 8V        

2. 300J


  2.2.2     

 [image: ]
	1. 4 A   0.1 mS

 2. 16 C

	1. 100 ohms 5%

2. 27k ohms 10%

3. 5.6M ohms 5%

4. 25 ohms

5. 2.5M ohms

6. 25 ohms

	1. 625 CM

2. Open. Current cannot flow.
	1. wires connected to bot leads of resistor.

2. wires connected to resistor from battery, and voltage measured
across resistor.

3. red wire to positive terminal, black to resistor, resistor to negative terminal.



Further Study
Textbook Webpage: http://wps.prenhall.com/chet_floyd_electfun_7/0,11675,3005689-,00.html 
 Free textbooks in electronics can be accessed http://www.ibiblio.org/kuphaldt/electricCircuits/ 
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