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Electricity Unit Design Challenge

Wiring a Real-World Circuit

Scope:

You will choose a number of electrical components that need to be wired properly so that they all function, simultaneously, using one circuit. Imagine these components represent items in your house and if they don’t work, somebody is unhappy. Also, they must be connected so that if one stops working (or you want to unplug them), the others continue to function. All components must also be controlled by a master switch.
Design Challenge

· Design a circuit with five components.

· A motor with a two-way switch will be linked to a holiday bulb. 
· The motor can only work when the light is on, but the light can work with the motor off. (Hint: For this to work, the design current of the light bulb MUST be greater than the motor).
· The brightness of the bulb must not change significantly in either case.
· Each component MUST operate within 0.5 volts of the “design voltage” you specify (i.e. if the design voltage is 8.0 V, the acceptable range is 7.5 – 8.5 volts).
· The motor and bulb represent two components, you should have three more to complete your five.
***Honors Challenge: Your wiring should be a little more complicated and have two extra items linked for a total of 7 components.  

Helpful Hints
If you do not maintain the minimum voltage, the component will not function optimally. If you exceed the maximum voltage, you could “burn out” the component. 
Any component that requires a voltage less than 15 VDC must be protected, or they will burnout. You must determine a way to reduce the voltage across them. Your circuit cannot exceed 1.5 amps of total current. 

Available Materials 
· A DC Power Supply capable of providing 15.0 V DC at 1.5 amperes maximum

· Wire

· A switch to turn everything on or off (A circuit breaker)

· A supply of various resistors (you have a limited number of resistors and limited resistance values) 
NOTE: You can only use the resistors provided, so if you need a resistor of a different size, you will need to develop combinations of the given resistors in series and/or parallel. If you determine you need more of a specific type of resistor, you can make special requests to the teacher. Your resistors also must not overheat, so you must check power requirements for all resistors used.

Final Deliverables: 
Everything is expected to be NEAT and organized.

1. Phase 1: Preliminary Schematic drawing (groups)

2. Phase 1: Preliminary Experimental plan (individually)

3. Phase 1: Experimental data (groups)

4. Phase 2: Final Schematic drawing (groups)

5. Phase 2: All calculations for equivalent resistance. (groups)

6. Phase 2: All calculations for resistor bundles (groups)

7. Phase 3: Data and results table filled out.(groups)

8. Phase 3:  All sample calculations (groups)

9. Results and Final Report (individually)

10. Self-Reflection on your collaboration (individually)

Phase 1: Design Phase
1.   Choose 5 DIFFERENT components to wire into your home.  You need to test for the design voltage of each device and test the current that your component draws at that voltage.  (In groups)
Honors/Bonus: Your wiring should be a little more complicated and have two extra items linked (described above). The motor and bulb represent two new components, so for honors (or students wanting a bonus), you must have a total of 7 components.

My group’s components are:

	Component
	Represents
	Design Voltage
	Design Current
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2. Develop a written experimental plan of what data you need to gather to assist you in this phase of the project. (Individually) The plan should include:

a. What components do you need to measure?

b. What do these components represent in your house (lights, appliances, etc)?

c. What do you need to measure for each component?

d. How will you measure the specific items?

e. How did you choose the design voltage for each item?
f. Will your total current blow the 1.5 Amp Fuse?  Why or why not? If you answer is yes choose a different component. 
3. Develop a NEAT (either drawn with rulers, etc. or using drawing software) preliminary schematic drawing/design of your wiring plan. Make sure you put in a master switch so you can turn everything off with one switch.  (In groups)
YOUR TEACHER MUST APPROVE YOUR PLAN BEFORE YOU CONNECT ANY WIRES, START GATHERING ANY DATA, START ANY EXPERIMENTS OR CONNECT POWER. 
Phase 2: Calculating equivalent resistance needed
Complete the following steps (in groups). 

1. Calculate the equivalent resistance of all resistors that are needed (This is a hint: You WILL need resistors).

2. Determine combinations (parallel, series, or compound) of the provided resistors that will result in the proper equivalent resistance (use calculation and/or measurement). 
3. Develop a NEAT (either drawn with rulers, etc. or using drawing software) “final” schematic drawing/design of your wiring plan, including the actual resistors you plan to use. Make sure you put in a master switch so you can turn everything off with one push button.  
YOUR TEACHER MUST APPROVE YOUR PLAN BEFORE YOU CONNECT ANY WIRES, START GATHERING ANY DATA, START ANY EXPERIMENTS OR CONNECT POWER. 
Phase 3: Testing phase:
Complete the following steps and associated calculations (in groups). 
1. For safety reasons, connect all components, BEFORE connecting power, have at least two members of your team verify the wiring. BEFORE connecting power, review your circuit with your teacher. THIS IS MANDATORY FOR SAFETY REASONS.
2. Set the power supply to 15 VDC. Connect the power. Measure total volts and the current for the entire circuit.

3. Measure volts, and current for ALL components, including the resistors (NOTE: for a resistor “bundle”, you only have to measure the volts and current for the total bundle, not each individual resistor).

4. Calculate Power for ALL components, including the resistor “bundles”, and the total circuit.

5. Calculate total system resistance from the total volts and current measured for the entire circuit. 

6. Calculate the resistance for ALL components using the volts and current measured for each component.

7. Calculate the total system resistance by using the individual resistances calculated and using the rules of resistance in a series or parallel circuit.

8. Calculate the total system current from the individual component currents.

9. Calculate the total system power from the individual component powers.

10. Calculate the % errors shown in the attached tables.
Results to Report:
Put together a report that explains your process and your results. In your report, you should answer the following questions. (individually) 

1. How close were your actual voltages for each component to the desired range? Explain any errors thoroughly.

2. How close does the calculated total system current come to matching the measured total system current? If they are significantly different, why do you think this is true? What sources of error did you have and how did these influence your results?

3. How close are the total system resistances calculated using volts measured for each component and calculating individual resistances using the rules of resistance? If they are significantly different, why do you think this is true? What sources of error did you have and how did these influence your results?

4. How close does the calculated total system power in Step 4 come to matching the sum of the individual system power calculated in Step 9? If they are significantly different, why do you think this is true? What sources of error did you have and how did these influence your results? 

5. What happens to the “power” generated by the individual components? Where does all of the energy go? What different types of energy does the power convert to?

6. Explain how the information gathered in this report connects to what is happening within the walls of your house. 

Self-reflection

Write a reflection that outlines your contributions to the work and reflects on the collaboration in your group. Consider the following aspects of collaboration in your reflection. Give specific details for where you and your group were successful and where you faced challenges.

•Contribute respectfully 

•Listen and share resources and ideas 

•Accept and fulfill roles for the purpose of completing a complex task 

•Exercise flexibility and willingness to compromise

Data and Results Table 

	
	Design
	Measured Results
	Calculated Results

	Number
	
	2,3
	2,3
	4
	5,6
	7
	8
	9
	10
	10
	10

	Component
	Vi (Volts)
	Vi (Volts)
	Ii (Amps)


	Power = Ii x Vi
(Watts)


	R = Vi/Ii

 (Ohms)


	Total System Resistance 
(  Ri
(Ohms)


	Total System Current = 

(  Ii (Amps)


	Total System Power = 

(  Pi (Watts)


	% Req Differ

[( 7-5)/5] *100
	% Error Total Current

[( 8-2)/2] *100
	% Error Total Power

[(9-4)/4] *100

	Total Circuit
	15.0
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