Spring Break: A Lesson in Circuits: Problem Handouts
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You should be on a plane about to land in Cancun this Saturday morning, the first day of your spring break, but instead you're in a van heading into another part of your college town with several of your friends. You think to yourself, "What have we gotten ourselves into? We should be heading for the beach!"
Late last fall, a group of you started to talk about where to go for spring break. Someone suggested Cancun, another the Bahamas or Daytona Beach. Then Sara and Chris, two friends who live in your dorm, started talking about a "Homes for the Homeless" project that encourages college kids to use their spring vacations helping to build or renovate homes for low-income families. Before long, they had persuaded 15 friends (including you) to join them spending spring break renovating an old house a few miles from the university.
Once you reach the site of the house, you are greeted by two people, Sharon and Stan, who introduce themselves to you saying, "We'll be working with you on this project and will orient you on the work ahead."
Sharon explains, "The house you'll be working on has three bedrooms, a living room, dining room, two bathrooms, a utility/wash room, and a combination kitchen/breakfast area. It needs a total renovation. Right now, we've torn off the drywall in several rooms so that the electric wiring can be updated."
Stan asks if anyone has any knowledge of electricity and circuits, since the electrician needs an assistant. Most of your friends, including Chris and Sara, start murmuring, "Not me—I'll paint," and "What's a circuit?"
You finally reply, "I just finished studying circuits in my science course. Maybe I can help." Sharon introduces you to Jason, the electrician. Jason pulls you into the kitchen and starts to quiz you about what you actually know about electricity and circuits.
How would you answer his questions? If you're not sure of the answers, you'll need to ask Jason where you can find them by tomorrow. Some of the questions you might need to be able to answer are:
1. What is a circuit?
2. What is a short circuit?
3. How does a circuit breaker function?
4. What is the difference between a circuit breaker and a fuse?
5. How are houses wired?
6. What voltage lines are used in typical house?
7. Why do you need more than one type?
8. How are the ratings on the circuit breakers determined?
9. How do you decide the number of circuits that are needed in a house to be safe?
10. Besides the above, what else should you know about electrical circuits?
Jason then assigns you to interview the prospective homeowner, Mr. Melvin, to determine the wiring needs of the family, particularly in the kitchen. List the questions you should ask Mr. Melvin to get the information Jason needs.
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Spring Break: A Lesson in Circuits
Part 2: The Ways of Wiring
Mr. Melvin begins by explaining, "We hope to have many appliances in the kitchen, such as a microwave, refrigerator, blender, toaster oven, toaster, can opener, electric fry pan, mixer, clock radio, crock pot, coffee maker, dishwasher, and stove. In the morning, I usually cook breakfast while my daughter does her hair in the bathroom. And in the evening, while my wife cooks dinner, my children and I watch TV in the living room. On Sunday mornings, we like to cook a big breakfast before going to church, and would like to use the toaster oven, coffee maker, electric fry pan, and microwave at the same time. Right now we're just blowing fuses every Sunday! I usually just switch a penny for the fuse so we can finish cooking breakfast." Later, Mr. Melvin asks you why Jason was going to install three-prong electrical outlets to replace the two-prong ones that were currently in the house.
The next day, Jason shows you a sketch of the floor plans for the house. The dimensions of the kitchen are 12 feet by 15 feet, with a three-foot wide doorway on the south wall that leads to the dining room. He tells you, "I travel around the country with different projects for Homes for the Homeless. I want you to research the building codes for this city—especially any regulation about minimum numbers of circuits in kitchens or maximum distance between outlets in kitchens. Once you've done that, I'd like you to work with one of the Melvins to sketch out how they'd like the kitchen arranged. Then sketch the wiring diagrams for the kitchen showing all the circuits you've planned."
You gulp, then tell Jason, "I guess I need to figure which appliance could be used on which circuit without overloading the circuit. But what about circuits for the lights and stove?" Jason tells you to include the lights with switches and stove. Several of the questions you have to consider are:
1. Which appliances require a 240V line?
2. How can I decide which appliances can be used in a circuit without overloading it and causing the circuit breaker to open?
3. How are circuit breakers wired in a circuit?
4. What is the town's building code, especially with regard to kitchens?
5. Do kitchens require special outlets? If so, why?
After you have done your research, sketch the kitchen and wiring diagrams. Indicate maximum amps in each circuit and demonstrate that using several appliances will not trip the circuit breaker.
1. What happens when Mr. Melvin replaces a fuse with a penny? What should you tell Mr. Melvin about the safety of this practice?
2. What is the difference between and two and a three-prong electrical outlet? Why is Jason planning on installing three-prong outlets?
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