Math-in-CTE Lesson Plan 

	Lesson Title: AT03-Ohm’s Law
	Lesson #

	Author(s):
	Phone Number(s):
	E-mail Address(es):

	Paul Jones

David Minott

Clark Porter
	(207) 631-7085

(603) 714-5638

(207) 725-9441
	pjones@rsu24.org

dminott@rsu1.org

cporter@brunswick.k12.me.us

	
	
	

	Occupational Area:  Automotive Technology - Electricity

	CTE Concept(s): Using Ohm's Law to calculate voltage, current and resistance in series circuits

	Math Concepts:  Evaluating and solving formulas, calculations, order of operation

	Lesson Objective:
	Students will be able to use Ohm’s Law to calculate series type electrical circuits.

	Supplies Needed:
	Writing Implement, Calculator, Paper, Circuit Worksheets, Ohm’s Law Formula, Series 
Circuit Rules


	The "7 Elements"
	Teacher Notes

(and answer key)

	1. Introduce the CTE lesson.

Today, we are going to look at applying Ohm’s Law by calculating different types of electrical circuits.  Oh, sounds fun right?  
Ask:  Why do we need this information and where will I use it?
Ask:  What types of add-on electrical accessories or equipment would you add onto your vehicle if money was not an option? 

Where do I start?

What is Ohm’s Law?

Remember that in math there are a different number of operation symbols that can be used:

Multiplication:

 *   X   ∙   ( )

Division

  /   ÷   


	Let’s say you want to add some aftermarket electrical systems to your vehicle such as: audio amplifier sub-woofer, auxiliary lighting, etc. or if you want to create your own unique electrical add on that meets a specific desire you have.  

Some very important items that come into play and to consider when adding such equipment are:  Does my charging system have enough capacity to keep up with this equipment?  What type of fuse or circuit protection is required?  Are relays required?  What size wire do I need to use?......

By applying Ohm’s Law, you can determine when you need to incorporate a relay, know what size fuse to use, what size wire is needed, etc.  This information is very important when you actually build the circuit into your vehicle.  So before melting your dash board with a switch or wishing you had installed a fire extinguisher, you can use Ohm’s Law and know what you need to build the circuit you want.

First, you have to build the circuit on paper and use Ohm’s Law to calculate voltage, current and resistance.
You must identify what type of circuit you are working with.  Because we have already reviewed circuit types you should be able to identify series, parallel and series-parallel circuits.  Once you have identified the type of circuit you will be working with you can use your cheat sheet of circuit rules I handed out during that time. 

SEE Handout AT-03-HO1
The German physicist, George Simon Ohm, established that electrical pressure (EMF) in volts, electrical resistance in ohms, and the amount of current in amperes flowing through any circuit are all related.  

Ohm’s Law states:
It requires 1 volt to push 1 ampere through 1 ohm of resistance

Ohm’s Law allows us to calculate an unknown, a variable, as long as we have at least two known values.  The formulas involved in Ohm’s Law are as follows:

E = Electromotive Force or better known as Voltage (V)

I = Intensity or better known as Current or Amperage (A)

R = Resistance or better known as Ohms of Resistance(Ω)
Note: When looking up Ohm’s Law, you are going to see the E, I and R unit designations.  However automotive technicians will be working with V, A and Ω  unit designations, so either unit designation can be used can be used depending on your preference and background.  
(Some problems contained in this lesson will use examples of all unit designations to familiarize the students with each one as they may see any of these unit designations in different service information and literature resources.)
E = I ∙ R   or   V = A ∙ Ω
(There are obviously more formulas to use, but just giving the students all equations here will not allow them to exercise their math knowledge/skill by getting the variable or unknown  by itself on one side of the equal (=) sign.)
For Instructor reference, here are the equations:

E = I(R)   or   V = A(Ω)

I = E/R   or   A = V/Ω

R = E/I   or   Ω = V/A



	2. Assess students’ math awareness as it relates to the CTE lesson. 

Let’s review the Ohm’s Law formula
[image: image1.png]



1. Which of the following is the Ohm’s Law equation for calculating current in a circuit?

a. E = I(R) 

b. I = E/R

c. I = R+E

2. Which of the following is the Ohm’s Law equation for calculating voltage in a circuit?
a. E = I(R)

b. I = E/R

c. R = I/E

3. Which of the following is the Ohm’s Law equation for calculating resistance in a circuit?
a. R = I/E

b. R = E/I

c. E = I(R)

	The picture to the left is a good representation of an Ohm’s Law Triangle.  To remove confusion about the “W” that is included the following needs to be understood.  The W is the unit designation for wattage.  Wattage can sometimes be displayed as P.  Wattage will be discussed in a subsequent lesson, so now we only want to focus our attention to the V, A and Ω displayed here.

There are a number of different variations of this representation, so use what will work best for you.

Note:  Remember that voltage is pressure to push the electrons, current is the flow rate of electrons and resistance is the opposition to the flow of electrons.
Answers:
1. b   

Note:  I = E/R

2. a
Note:  E = I(R)

3. b

Note:  R = E/I



	3. Work through the math example embedded in the CTE lesson. 

Let’s look at some sample problems.

See AT-03-WS1– Sample Problems


	Note:  If a circuit has more than one resistor or load, then those need to be added together to find the total resistance (Rt) in a series circuit.  As found on your handout#1.

Answers to AT-03-WS1

1. S

V = 3(4)   

V = 12V

2. P

E = .3(1.8)

E = .54V

3. F

12 = 3(R)

12/3 = 3/3(R)

R = 4Ω

4. G

12 = A(4)

12/4 = A(4/4)

A = 3A
5. F

R1+R2 = 2Ω

12 = A(2)

12/2 = A(2/2)

A = 6A



	4. Work through related, contextual math-in-CTE examples.

Remember it takes 1 Volt to push 1 Amp through 1 Ohm of resistance.
Given what we have seen thus far using Ohm’s Law, see if you can answer, at this time, the following questions.  If not, complete AT-03-WS2 and use the information contained therein to answer these following questions.

1. Assuming that resistance stays constant in the circuit, which of the following statements are correct?

a. If voltage decreases, resistance increases

b. If voltage increases, current increases

c. If current increases, voltage decreases

2. Assuming that voltage stays constant in the circuit, which of the following statements are correct?

a. If voltage decreases, resistance increases
b. If voltage increases, current increases

c. If resistance increases, current decreases

	Give the students who are not able to answer the questions AT-03-WS2.  Have them complete that worksheet to completion showing all work, then ask them to answer the following questions.

Answer to questions:

1. B – voltage affect on current
Note:  The more pressure you have to push, the higher the flow rate will be.  If you increase your water pressure in your faucet, you increase the amount of water flow.

If resistance remains the same, voltage directly affects current.  Current increases proportionally with voltage increase; in Math terminology this is known as direct variation.
2. C – Resistance affect on Current

Note:  The more resistance there is to flow, the lower the flow rate is.  As you close your faucet handle, the flow rate of the water decreases.  The more you open the faucet handle, the flow rate increases; therefore, inversely, the less resistance or opposition there is to flow, the higher the flow rate will be.

When it comes to resistance and current in a circuit, you have a teeter-totter effect; in Math this would be known as an inverse relationship.  As resistance increases, current decreases and as resistance decreases, current increases.

Current values are a byproduct of resistance values.  Resistance is not determined by current values in a circuit, resistance dictates the current value in the circuit.

	5. Work through traditional math examples.

Here are some similar problems you may see in you Math class.
Solve for the unknown:

1. A = b(h)

a. Find A if b = 4, and h = 6

b. Find b if A = 36, and h = 9

2. V = πr2h   (use 3.14 for π)

a. Find V if r = 2, and h = 5

b. Find h if V = 56.52, and r = 3

c. Find r if V = 301.44, and h = 6
How do we find r if r2 = 16?

	1. Same formula used to find the area of a rectangle or a parallelogram.  Area = Base (Height)
a. A = 6(4)   A = 24
b. 36 = 9(h)     36/9 = (9/9)h      h = 4
2. Volume of a cylinder, r is the radius and h is the height (stroke, distance from top dead center to bottom dead center). 

a. V = 3.14(22)5     remember to do exponents first.   3.14(4)5 = 62.8 = V
b. 56.52 = 3.14(32)h     simplify and combine           32 = 9,  9(3.14) = 28.26,  28.26(h) = 56.52,  
h = 56.52/28.26,   h = 2
c. 301.44 = 3.14(r2)6     combine, simplify then solve,   3.14(6) = 18.84,  301.44 = 18.84(r2)     
r2 = 301.44/18.84,  r2 = 16,  We still need to find R.  How do we do this?  We need to find the square root.  What number multiplied by itself is 16?  Because this is a simple problem, we will not need to use the prime factorization method, but if it were more difficult, we would unless we were to use a calculator. 
4(4) = 16,     r = 4


	6. Students demonstrate their understanding.

Now that we are familiar with Ohm’s Law and have proven, on paper, the theoretical laws that govern series circuits, let’s put this into practice by going back to our original opening discussion of what fuse to choose for our circuit and what gauge wire to use.
Draw your own series circuit.  Be sure to include in your circuit all the items required for a proper circuit, this information was contained in your cheat sheet, handout #1.  

Using all your circuit rules and Ohm’s Law to find the total values for your circuit.  Referencing the wire gauge chart, make sure to be specific to the size wire needed to safely operate this circuit.  Make sure you label the size fuse that will be needed to protect the circuit.  Remember that this will be going into your vehicle.  

When the vehicle is not running, the battery voltage may be around 12V, but when the vehicle is running there is a charging voltage value which can be around 14.5V.  Take this into consideration.  Calculate out the circuit with each value and show what size wire you would use when building the circuit for each voltage value given above.
Depending on the resistance values in your circuits, the current rates will vary.  When current levels get too high we would normally incorporate a relay into the circuit to protect the switching device, but since we have not covered this yet we will not incorporate any relays even though they may be used in real world applications.

	

	7. Formal assessment.

See AT-03-FA1


	


    NOTES:

