
Demonstrate knowledge of electrical/electronic series, parallel, and series-parallel circuits using principles of electricity (Ohm’s Law).
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	Introduction/Context
	This lesson will instruct students to demonstrate knowledge of electrical/electronic series, parallel, and series-parallel circuits using principles of electricity (Ohm’s Law).
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	Task

	
	Demonstrate knowledge of electrical/electronic series, parallel, and series-parallel circuits using principles of electricity (Ohm’s Law).



	No.
	Objective

	1
	Given the proper tools and instructions from a vehicle manufacturers shop manual, Automotive Technology Textbook, or vehicle computer software program, students will be able to demonstrate knowledge of electrical/electronic series, parallel, and series-parallel circuits using principles of electricity (Ohm’s Law), and pass a written exam on the task with 100% accuracy by the end of the course.











Connections	
	Skills Standards:
OH  001  
OH  002 
OH  003
OD  002
OD  003
OD  005
New Common Core Standards:
RST 11-12 3
A-CED-4
N-Q.1
Common Core Technical Standards:
TD-OPS 2
TD-SYS 2
New Generation Science Standards:
HS-PS2-5.
HS-PS3-3.
HS-PS3-5.



INSTRUCTIONAL MATERIALS/TECHNOLOGY 
Teacher Designed Materials and Other Handouts
	Instructor may copy the content section of this Lesson Plan, and use it as a handout/outline for students to follow.




Textbooks and Workbooks
	Author
	Title/ISBN No.
	Edition
	Publisher
	Pages

	 
	Automotive Excellence Volume One 
	2004 
	Glencoe/McGraw Hill 
	E-5 

	Duffy 
	Modern Automotive Technology 
	2004 
	Goodheart-Willcox 
	98-99 

	Barry Hollembeak 
	Automotive Electricity/Tomorrows Technician 
	Third Edition 
	Thomson/Delmar 
	32-38 






Content/Presentation/Demonstration Outline
	   Instruct students that the three basic elements of electricity are current, voltage, and resistance. Current is measured in amps. Voltage is measured in volts. Resistance is measured in ohms.

	   Current is the flow of electrons through a conductor. Just as water flows through a garden hose, electrons flow through a wire in a circuit. When current flows through a light bulb, the electrons rub against the atoms in the bulb filament. This produces "electrical friction." The friction heats the filament, making it glow. Current is abbreviated I or C.

	   Inform students that two theories have been used to explain how current flows through a circuit: the conventional theory and the electron theory. The conventional theory states that current flows from positive to negative. The electron theory, on the other hand, states that current flows from negative to positive. The electron theory is more widely accepted than the conventional theory. Therefore, it will be used in this lesson

	   Voltage is the force, or electrical pressure, that causes electron flow. This is similar to how water pressure causes water to squirt out the end of a garden hose. An increase in voltage causes an increase in current. A decrease in voltage causes a decrease in current. Automobiles normally use a l2V electrical system. Voltage is abbreviated V or E.

	   Resistance is the opposition to current flow. Resistance is needed to control the flow of current in a circuit. Just as the on/off valve on a garden hose can be opened or closed to control water flow, circuit resistance can be increased or decreased to control the flow of electricity. High resistance reduces current. Low resistance increases current. Resistance is abbreviated R.

	   Explain Ohm's Law to students: The three electrical values-voltage, current, and resistance-are mathematically related. This relationship is defined in Ohm's law. Ohm's law makes it possible to calculate anyone of the three values if the other two values are known. In Ohm's law, E or V = Voltage, I or C = Current, and R = Resistance. Voltage is equal to the current times the resistance (E = I X R). Current is equal to the voltage divided by the resistance (I =E / R). Resistance is equal to the voltage divided by the current (R = E / I).

	   INSTRUCT STUDENTS ON THE DIFFERENT TYPES OF CIRCUITS.

	   SERIES CIRCUIT: A series circuit has more than one load connected in a single electrical path. For example, inexpensive Christmas tree lights are often wired in series. With only one electrical path, if one bulb bums out, all the bulbs stop glowing. The circuit path is open, or broken, and current stops.

	   PARALLEL CIRCUIT: A parallel circuit has more than one electrical path. When Christmas tree lights are wired in parallel, one bulb can burn out without affecting the others. The other bulbs have their own leg, or path, to receive current. A SERIES-PARALLEL circuit contains both a series circuit and a parallel circuit.

	   Inform students that there is also a type of circuit called a one wire or frame ground circuit. In a one-wire circuit, or frame-ground circuit, the vehicle's frame or body serves as an electrical conductor. A cable is used to connect the negative battery terminal to the frame. Insulated wires are used to connect the frame to the load's ground wire and the positive battery terminal to the load's hot wire. Current from the negative battery terminal travels through the vehicle's frame. From the frame, current travels through the load and into the positive battery terminal.

	   DIAGNOSING SERIES AND PARALLEL CIRCUITS: Instruct students on how to find total resistance in a series circuit. Inform students that the characteristics of a series circuit are: The total resistance in the circuit is the sum of all resistances, and the current is the same at all points of the circuit. An example would be that if a series circuit has three light bulbs; and one bulb has 2 ohms of resistance and the other two have 1 ohm each. The total resistance of this circuit is 2 + 1 + 1 or 4 ohms.

	   Instruct students on how to find the total resistance in a Parallel Circuit. Instruct students that a parallel circuit provides two or more paths/legs for electricity to flow. The legs of a parallel circuit are also called parallel branches or shunt circuits. In a parallel circuit, current can flow through more than one parallel leg at a time. In this type of circuit, failure of a component in one parallel leg does not affect the components in other legs of the circuit. The characteristics of a parallel circuit are: 1. The voltage applied to each parallel leg is the same. 2. The voltage dropped across each parallel leg will be the same; however, if the leg contains more than one resistor, the voltage drop across each of them will depend on the resistance of each resistor in that leg. 3. The total resistance of a parallel circuit will always be less than the resistance of any of its legs. 4. The current flow through the legs will be different if the resistance is different. 5. The sum of the current in each leg equals the total current of the parallel circuit.

	   Inform students that figuring total resistance is a bit more complicated for a parallel circuit than a series circuit. Total resistance in a parallel circuit is always less than the lowest individual resistance.

	   To calculate total resistance in a Parallel Circuit, use the following example. Set up a scenario where a Parallel Circuit has 3 legs/paths for current. In the first leg, the resistor has 4 ohms. In the second leg, the resistor has 6 ohms, and in the third leg, the resistor has 8 ohms. To calculate the total resistance, have the students use this formula. 1 divided by (1/4 ohms+1/6 ohms+1/8 ohms) = Total Resistance. This can be written as a fraction.


	   Instruct students to find a common Denominator for the bottom half of the equation (which in this case, would be 24), and recalculate the bottom half of the Equation. The formula would then look like this: 1 divided by (6/24+4/24+3/24) = Total Resistance

	   Have students add up the bottom half of the equation. It will look like this: 1 divided by 13/24.


	   To find the value of 1 divided by 13/24, have the students invert and multiply. This will give you the total resistance in the circuit. The equation will look like this: 1 x 24/13 = Total Resistance. You can also write it like this: 1/1 x 24/13 = Total Resistance. You should end up with 24/13, which is the same as 24 divided by 13. The total resistance would be 1.85 Ohms.

	   Inform students that there is another way to also find total resistance, and that is to get the total current first. Often it is much easier to calculate total resistance of a parallel circuit by using total current. Remind students that Voltage stays the same through all legs/paths in a parallel circuit. Instruct students to begin by finding the current through each leg of the parallel circuit; then add them together to find total current. Have them use basic Ohm's law to calculate the total resistance. Using the circuit mentioned in this plan, calculate the current through each branch: Current through the first leg = E/R = 12/4 = 3 amps Current through second leg = E/R = 12/6 = 2 amps Current through the third leg = E/R = 12/8 = 1.5 amps If you add all of the current flow through the branches together, you’ll get the total current flow: Total amperage = 3 + 2 + 1.5 = 6.5 amperes. Instruct students that since this is a 12-volt system and total current is 6.5 amperes, total resistance is: R = 12 volts/6.5 amps = 1.85 ohms.

	   Instruct students that to find the total resistance in a Series-Parallel Circuit, Calculate the total resistance from the Parallel legs/paths first, then add that total to the total resistance from the Series part of the circuit. Remind students that once you have these values, you can plug them into the Ohms Law Formula/Formulas, and find whichever value you are looking for.




Applications/Practice
	1
	Students can apply this task by using practice scenarios created by the instructor, or from a student workbook that contains practice equations for using Ohms Law.




Evaluation and feedback Prior to Testing or Lab Work
	1
	Instructor should create some practice questions dealing with Ohms Law, and have the students work on figuring out the answers. This will let the Instructor know whether they have properly relayed how Ohms Law works, and if the students understand how to apply the formula/formulas.




STUDENT ASSESSMENT: (Assess student progress with performance criteria.)
	1
	Multiple choice test featuring questions relating to Diagnosing electrical/electronic integrity for series, parallel and series-parallel circuits using principles of electricity (Ohm's Law). Sample Question: If a circuit has 12 volts, and the current is 4 amps, what is the resistance in this circuit? a. 2 ohms b. 2.5 ohms c. 3 ohms d. 6 ohms. Correct answer: C.



	IMPACT--Reflection/Analysis of Teaching and Learning: (How did student’s progress in relation to the state objectives? Was the instruction successful? Analyze samples of student work particularly that which is unsatisfactory, for the purpose of planning further instruction.)



	REFINEMENT--Lesson Extension and Follow-up: (To be filled in as the lesson is modified during initial planning and/or during the teaching learning process.)







