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Introduction

This handbook has been developed by the staff in Mechanical and Nuclear Engineering
Department through a grant in cooperation with the Continuing and Distance Education program
in Penn State University’s College of Engineering.

The enabling grant came from the Berks County Community Foundation and the Community
Foundation for the Alleghenies’ Metropolitan Edison Company/Pennsylvania Electric Company
Sustainable Energy Fund. The grant provided for two programs, the Renewable Energy and
Conservation Education Program (RECEP) and the Extend-a-Day Energy Program.

RECEP and the Extend-A-Day Program provided services and materials to teachers in the
community foundation counties throughout the Commonwealth of Pennsylvania. These services
included a variety of energy related programs and activities. Some of these activities included:
Energy Toolbox exchange program with activities and information; teacher workshops and in-
service programs; week-long summer Youth Energy and Science Camps for middle school youth
in Erie, Johnstown, Reading and York counties; a teacher summer workshop and optional
graduate course in Science Education; promoting a Energy Science Fair; and providing grants to
schools to test, run or develop energy curriculum programs slated for after-school or by running
an energy club in schools where after-school programs were not practical. The Extend-A-Day
Program grant lasted from the period of December 2003 through June 2004. Schools received a
grant through a Memorandum of Understanding (MOU) with the stipulation that schools would
report the findings.

This Handbook contains three sections:
- The first is an overview about teaching energy to youth.
- The second is a set of middle school energy curriculum activities.
- The third section is a set of high school energy curriculum activities. All energy-related
curriculum activities have applied to specific Pennsylvania Academic Standards.

During the spring of 2004, under no associated grant, the Penn State’s Mechanical and Nuclear
Engineering Department staff developed new science and engineering curriculum, which have
energy and technology implications. Guy E. Anderson, program staff person has developed
several new secondary lessons that are suitable for high school students. The new activities will
tested at an Young Engineers and Scientists workshop at Penn State Berks during the summer of
2004. The new activities include:

- Electricity Basics

- Watts Up Meter 2

- Electroplating

- How to Read a Resistor

- Combining Resistors

- Introduction to Radiation

- Counting Statistics

- Radiation Shield

- Thickness Gauging

- Micro density of Plastic

- Polymers in Our Daily Lives

- Polystyrene

- Testing Sunscreens
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Renewable Energy and Conservation

(RECEP) Goals
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Education Program

[*]

To support and serve schools.

@ To provide teachers and youth with energy activities and programs
@ To provide Act 48 and graduate credit opportunities.

Extend-a-Day Energy Program Goals

L]

To learn something about energy
To appreciate conservation
To have fun doing energy projects.

To have a field day with outside
experiences or special guest
To do activities that relate to energy

Community Partnerships Developed in RECEP programs 2003-2004
RECEP Interactions

Ce0OOOCOOO ©0O ©¢

Asbury Woods Greenway Trail
Carpenter Technology
Corporation

CertainTeed Corporation

East Penn Manufacturing
Company

Exelon

First Energy Company

Green Mountain Wind Farm
Harley-Davidson Motor Company
Home Depot

Honda

Lowe’s Home Improvement
Local Citizens

LWB Refractories

]

2
9
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<
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Nike, Inc.

Osram-Sylvania

Pennsylvania Department of
Education — Governor’s School
Pennsylvania Department of
Environmental Protection
LEED Green Bldg — Ebensburg
Penn State University

College of Engineering
College-Earth & Mineral Science
Office of Physical Plant

PJM Interconnection

SUNTEQ

The Hite Company

Toyota
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RECEP resources

"]
9

Energy Toolbox Loan Program

Workshops — Courses — In-service
Youth Energy Science camps
Graduate course for teachers
Summer workshops for youth
Youth Energy Fair
Pilot — Extend-a-day Program in Erie
Web site resources
In-service day programs for schools

Pilot Project Reviewed

In 2003, Penn State provided a grant to the Millcreek Township School District, Erie,
PA. The purpose of the grant was to test develop an Extend-A-Day Energy Program
and test RECEP curriculum and report findings.

The program was led Jason and Christine Buto, pilot teachers

Time and Duration of Sessions-

(*]

9

Asbury~ Elementary~ School- Students met on Mondays after school from 3:30-
5:00p.m. The program started on January 13th and ended on March 3rd. (7
sessions)

Grandview Elementary~ School- Students met on Tuesdays after school from
3:30-5:00 p.m. The program started on January 7th and ended on March 4th. (10
sessions)

Millcreek Township School District Science Fair- Students from both elementary
schools presented energy related science fair projects that were constructed
during the last 4 sessions of the energy classes. The science fair was held at
McDowell Intermediate High School on Saturday March 9th from 9:30-11:00 am.
All students received certificates of participation.

Pilot Activities:
Activities Completed During~ Sessions-

¢ ©e00O © ©COoO0OOOGCOCOCOOO

six different forms of energy and explored each through experiments

set up batteries and light bulbs in different circuit configurations

manual generator to make electricity light a light bulb

combustion of peanut to heat water

reaction to hydrochloric acid with zinc to see the temperature increase

Geiger counter

explored friction by rubbing blocks together

drawings of power plants

learned fuels used to run power plants

searched the Internet to find 4 alternatives to producing power including
hydroelectric, wind, solar, and geothermal power

predicted which appliances would use the most electricity out of a given list of
appliances

tested different types of insulation while learning about energy conservation

Watt Meter to examine the cost of using electricity

measured the intensity of light using a light meter

measured voltage using a multi-meter

explored the scientific method and applied the scientific method to solve energy
related problems

created science fair projects on energy related topics using the scientific method
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Teacher Evaluation of Pilot Program-

L*]
[*]
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The energy program was a big success!

Students, parents, and teachers were all excited about the activities performed,
science fair projects created, and overall result of the program.

The Pre-Test given during the first session and Post-Test given during the last
session clearly demonstrate that the students learned a lot about energy during
the program.

The Pre-Tests indicate that students knew little about energy before the program
but, knew much more afterwards.

Teachers of the energy program received many compliments from students,
parents, and teachers throughout the course of the program. The thing the
energy program teachers liked most about the program is the fact that they saw
students getting excited about energy and science.

Students took time after a long school day to stay and learn more.

Students wanted to stay and enjoyed learning about energy.

The Energy Toolbox was extremely helpful. Teachers of the energy program
used several of the lesson plans included in the box. Much of the equipment was
also utilized including the insulation, rings stands, multi-meter, watt meter, and
light intensity meters.

The only suggestion the teachers have for the toolbox is that it would contain
some thermometers, perhaps digital thermometers that are very durable and can
withstand temperatures above 100°C.

Student Evaluation of Pilot Program:
Student Comments-

[*]

Some of the student comments were taken verbally and some are written on the
back of the Post- Tests. The following is a summary of student comments: 75%
of the students who participated would recommend the program to other
students.

Some of the activities students liked the most:

(*]
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o
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Using a hand generator to light bulbs

Seeing zinc react with hydrochloric acid

Drawing the power plant and seeing how it works
Creating the science fair project

Burning the cheese balls (or peanut) to heat the water
Finding alternative energy sources on the Internet
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Energy is a very important tool or catalyst.

FIVE KEY CONCEPTS

@ Energy
Understanding the basics of potential and kinetic energy and the types of energy in our
world including heat, light, gravity, mechanical, chemical, atomic, and electrical energy.

@ Risk/Toxicity
Understanding that all energy forms have a certain degree of risk or even danger
related to poison or other related danger.

@ Conservation
Understanding that the only way to improve energy use is to not only conserve it, but
also improve the way we develop and apply energy. Through common sense
application, science, engineering and technology, we can make conservation work
better.

@ Ecology
Understanding that daily, everyone impacts our environment, i.e., water-air-land. This is
the field trip day. We go out to experience how we as humans interact with the
environment in SO many ways.

@ Competition
Understanding “egg-drop team effort” and the solo effort of building a solar car and
racing it within the rules to achieve the best that one can do. Understanding that
working together as well as individually is important to fulfill what contributions we can
make now and in the future.
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RECEP - Equipment/Vendor/Price List

Activity
Cheese
Calorimetry

How Efficient

Insulation

Garbology

Concept Map

How Does
Potato Clock Work

Electricity Basics

Activity

Iltem
Food Samples

Soft Drink Cans

Stirring Rods (pkg. of 10)
Ring Stand

Support Ring

Balance

Large Paper Clips
Thermometers

Soft Drink Bottles

Thermometers

Test Tubes (25X200 mm)
24

Plastic Samples

Paper/Markers or
Inspiration Software

Potato Clock

Lemons
zinc electrode (pkg. of 10)
or galvanized washers

copper electrodes (pkg.
of 10)

or Pre-1982 pennies
Clip Leads (pkg. of 10)
Multi-Meter

Multi-Meter

D-Cell Batteries
"Dead Batteries"

Clip Leads (pkg. of 10)

1000 Ohm Resistors
(pkg. of 10)

Battery Holders
Iltem

RECEP - Equipment/Vendor/Price List

Activity

Item

Source
Local Purchase

Local

Science Kit
Science Kit
Science Kit

Local Purchase
Science Kit

Recycled Bottles

Science Kit
Science Kit

Empty Containers

Local Purchase
www.inspiration.com

Science Kit

Local Purchase
Science Kit
Local Purchase
Science Kit

Science Kit
Science Kit

Science Kit
Local Purchase

Science Kit
Science Kit

Science Kit
Source

Source
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Number

61965-08F
63080-01
63085-04

63320-00

633020-00
63256-10L

64373-00

63680-00G

61235-00G

47889
63785-00

63785-00

47889
64532-00F

47223-03
Number

Number

October 2003 prices
Price

4.20
8.95
7.25

4.75

4.75
28.56

59.00

23.95

11.88

11.40

6.75
59.00

59.00

6.75
3.50

0.99
Price

Price



Penn State College of Engineering Energy Activities and Curriculum Handbook

Energy
Sunlight

Energy from Fuel

Cells

Measuring
Electrical Power

Using a
Meter

Finding
Fuels

Mining for Coal

Light

Fossil

From Solar Cells

Multimeter

Clip Leads (pkg. of 10)
Black Construction Paper
Gray Plastic Sheets
Desk Lamps
Incandescent Light Bulbs
Fluorescent Light Bulbs

Methanol Fuel Cells

Air/Al Fuel Cell
Multimeter

Watts Up? Meter

Electrical Appliances

Lamp - Regular Light
Bulb

- Fluorescent Light Bulb
Power Strip

Digital Light Meter

Lamp -
Bulb

- Fluorescent Light Bulb

Measuring Tape or Meter
stick

Brightly Colored Paper

Regular Light

Pennies

Masking Tape

"Soft Bake" Cookies
Frosting - Tinted Green
Plastic Tooth Picks
Wax Paper

RECEP - Equipment/Vendor/Price List

Activity

Appliance Survey

Activity

Item

Clip Boards
Item

Science Kit

PITSCO
Science Kit
Science Kit
Local

Local

Local Purchase
Local Purchase
Local Purchase

Fisher Scientific

Fisher Scientific
Science Kit

Sargent Welch

Local
Local Purchase

Local Purchase
Local Purchase

Science Kit
Local Purchase

Local Purchase
Local Purchase

Local

Local

Local

Local Purchase
Local Purchase
Local Purchase
Local Purchase

Source

Local Purchase
Source

9 of 141

62971-05

U56851-188
63785-00
47889

S63151

S63152
63785-00

WL1998

46255-00

Number

Number

9.95

4.95
59.00
6.75

49.00

41.75
59.00

115.00

135.00

Price

Price
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How Much Does It
Cost?

Saving Humpty
Dumpty

Solar Car Races

General Materials

Vendor Websites

Glue Sticks

Nike "Air to Earth" Kit

refill kit
milk jugs
Measuring Cups

Spatulas or mixing
spoons

Hard Boiled Eggs

Measuring Tape or Meter
stick

Newspaper

Sunzoon Kar Pak
(25 kits)

Pails - for clean up
Power Strips
Extension Cords

www.sciencekit.com
www.PITSCO.com
www.sargentwelch.com
www.inspiration.com
www.fischersci.com

Local Purchase

www.airtoearth.com

www.airtoearth.com
Local

Local Purchase
Local Purchase

Local Purchase
Local Purchase

PITSCO U23665-185

Catalogs - Science Education

24.00

11.00

295.00
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Energy Education Curriculum Outline:
Awareness of the Materials Cycle, Everything we do affects THE LAND, WATER, and AIR

Total Materials Cycle

Resources - Applications - Consequences
BULK MATERIALS

RAW MATERIALS - EXTRACTION
s

MANUFACTURE
ASSEMBLY

Arena of

Mineral R Arensof
;“d_ i c Materials

ricultua Y :
Sg‘ 4 Sciences +_ b
ciences L and

‘ ‘0

and' . Engineering
Engineering

PRODUCTS & STRUCTURES
EQUIPMENT

EARTH
HUMAN
WANTS/NEEDS

Basic Questions
* What is energy?
* What are the two types of energy?
* What are the 7 forms or ways we transfer energy?

Awareness and Applications of the 7 forms

« HEAT LIGHT GRAVITY MECHANICAL
+ CHEMICAL ELECTRICITY ATOMIC

* How can we change the way we use and conserve energy?
+ Habits
* Purchases
* Awareness
« Education
» Laws
* Technology
* Requiring efficiencies
* Supporting sustainable fuels
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Who can make CHANGE?
Federal Government
State Government
Local Government

Business
Industry

Ex. Power Plants
Schools---but the most important change agent is US — YOU & ME

12 of 141

Energy Topics to Study via Class — Library — Special Guests — Internet

+ Air systems » Green buildings Qil

* Bio-mass * Insulation Product manufacturing

* Clean-coal » Lighting Recycling & recovery
technology * Hydroelectric-low & Renewable/Sustainable

» Cogeneration high head Solar-passive/active

» Efficiencies * Mass transportation Synthetic Fuels

» Electricity— * Motor efficiencies Vehicle design
production & * Natural gas Water
distribution * Nuclear energy- *  Wind

* Fuelcells fission & fusion Wood

* Geo-thermal » Ocean technology

Key parts to energy use:
* Sources and Resources
» Conversions
» Efficiency and Effectiveness

Learning about Energy through local history

INTRODUCTION

Energy can be made more interesting by inviting or assigning students to interview or
study people who have lived in the past. We encourage this activity and the many
possibilities of accomplishing it. The Youth Energy and Science Camp example:

At the York County Youth Energy and Science Camp Mr. J. Kerr Anderson was invited
to speak to youth. Mr. Anderson was born in 1913, therefore, recounting what life was
like as a 12 year old youngster in York County.

Notes from his talk:

Time: 1925

Margaret and Ross Anderson and their son, J. Kerr Anderson, lived on a farm south of
Red Lion, Pennsylvania, near Winterstown, Pennsylvania.

Historical Outline: Areas of life and the implications of use, application and status of
energy uses at that time.

Lighting Heat Water Communication
School Transportation Food - Clothing Sanitation
Entertainment Work




Penn State College of Engineering Energy Activities and Curriculum Handbook 13 of 141

In 1925, there were only two types of communities--RURAL and TOWN in York County.
Early in Mr. Anderson’s life, the Anderson family lived in Winterstown, PA where his
father was a storeowner. Later his father took over a store in Airville and by the age of
12, his parents moved to a farm near Winterstown. The area had few residents. The
largest town in York County was York, PA. It was the center of activity and business for
the area.

Example of one topical area:

FOOD - Food was chore in those days. “We had to be self-sufficient then. We used
wood for fuel and heat, raised our own animals, canned meat such as sausage or beef
and used a cellar for potatoes and apples, mainly. We did not have variety as today and
therefore food was eaten as necessity, not by choice. Salt, sugar and other spices had
to be purchased from a store. Sugar was not very expensive in those days--$.05 per
pound.”

J. Kerr Anderson’s daily responsibility was to carry water from the spring to the house
each morning, and split wood and store it in the wood box. Sometimes the wood would
be wet or worse, frozen in winter. His mother raised chickens and turkeys. The turkeys
were “free range”. His job was to know where the turkey nested and watch out for foxes
and other predators that would want to steal and eat the baby chicks, called peeps.

Other on-line program resources at http://www.engr.psu.edu/recep/
- Energy Subjects and Terminology
- Special Energy Links
- Energy Conservation Award Program (ECAP)
- Other Energy Subjects

Special thanks to Guy E. Anderson, Bald Eagle Area High School teacher and program staff, especially for
his work and development on the energy activities in this Handbook; Ruth Ruud, Principal, Ridgefield
Elementary School, Millcreek Township School District and 2004 President of the Pennsylvania Science
Teachers Association. Ruth has been an invaluable resource for this project and piloting the Extend-a-Day
Energy Program in Pennsylvania; Gordon Sinclair, program staff, Youth Energy and Science Camps and the
Deb, Terry, Tom, Bonnie and Missy at the Penn State’s College of Engineering, Distance and Continuing
Education office for their assistance and organization since the proposal was developed and awarded.
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Curriculum Activities for Middle Schools
INDEX

Page 15
Page 17
Page 23
Page 25
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Page 63
Page 66
Page 70
Page 72

Page 75

Pre-Post Energy Measurement-Evaluation Tool

Pennsylvania Department of Education Academic Standards

Energy Conversions — Concept Map

Energy Conversions — Calorimetric Measurements

Energy Consumption and Consumer Awareness — Appliance Survey
Energy Consumption — Appliance Energy Use: How Much Does It Cost?
Energy Resources — Engineering — Economics: Finding Fossil Fuels
Energy Resources — Engineering — Economics: Challenges in Mining Coal
Electricity: The Basics

Electric Power and Metering: Measuring Electrical Current

Electricity: Lighting Efficiency — Operating Cost and Savings

Electricity Generation: How does a Potato Clock Work?

Recycling- Garbage, Too Valuable to Burn or Bury

Recycling — Garbology 101

Recycling Materials Product Research: Resource Recovery

Insulation: How Effective? How Efficient?

Insulation — Does It Make a Difference?

Lighting Survey: Using a Light-Meter

Energy Generation — Mini-Generators: The Basics

Energy Generation — Fuel Cells

Energy Generation — Solar Cells
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Evaluation Tool: Can be used as a pre/post measurement — (Answers in bold)
Key Areas include ENERGY LEADERSHIP — TYPES — TERMS - USES

Energy Leadership

1. The President of the United States is:
a. Al Gore b. Bill Clinton c. George Bush d. Dick Cheney

2. The Governor of Pennsylvania is:
a. Tom Ridge b. Mark Schweiker c. Ed Rendell d. Mike Fisher

3. The executive department in the United States government that is concerned with
issues related to electricity, heating, and automobile fuel use is:
a. Energy b. NASA c. Transportation d. Education

Energy Types

4. Energy found in flames, stoves or heaters is:
a. thermal or heat b. radiant or light c. electrical d. atomic

5. Solar energy can be thought of as a mix of:
a. atomic and gasoline b. heat and light c. gravity and alcohol
d. gas and coal

6. Which of the following best describes chemical energy?
a. lightbulb b. fuel cell c. air dryer d. television

7. Which of the following relies on gravity to produce energy?
a. coal b. car brake c. refrigerator d. a dam

8. Which of the following involves geo-thermal energy?
a. astream b. ariver c. ageyser d. forest fire

9. Which of the following best describes mechanical energy?
a. solarcell b.awind mill c.arocket d. adry cell battery

10. Which of the following best describes atomic energy?
a. fission b. fusion c. radioisotopes d. all of these e. none of these
Energy Terms
11. Energy is defined as:
a. the ability to do work b. kilowatts and ergs c. ohms and watts

d. measure of motion

12. Another name for a lighting fixture is:
a. candlepower b. bulbalator c. luminaire

13. The most basic forms of energy are:
a. electrical and radiant b. fossil and natural gas c. potential and kinetic
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Evaluation Tool: Can be used as a pre/post measurement — (Answers in bold)
Key Areas include ENERGY LEADERSHIP — TYPES — TERMS - USES

14. A gap around a window can allow air to enter your house. This is called:
a. induction b. infiltration c. injunction

15. Water is a simple chemical compound made up of the gases:
a. hydrogen and ozone b. hydrogen and onyx c. hydrogen and oxygen

16. Electrical power is measured in units called:
a. feet b. barrels c. joules d. kilowatts

17. Coal, oil and natural gas are:
a. formulated fuels b. fossil fuels c. fabricated fuels

18. A light meter will record light levels in units called:
a. footcandles b. light bars c. watts

19. The term cogeneration is best described as:
a. solar power b. waste heat reuse application c. revolving door policy
Energy Uses

20. Pennsylvania’s ability to generate more electricity that it uses allows us to:
a. exportenergy b.import energy c. deport energy

21. What fuel source provides 35 percent of Pennsylvania’s electricity?
a. nuclear b.wind c. coal d. oil

22. Most residential peak loads for electricity take place between:
a. 7:00am and 9:00 am b. 5:00 pm and 8:00 pm c. Noon and 2:00 pm

23. The simplest way to reduce the amount of energy used by computer equipment is to:
a. buy energy efficient models b. don't use it too much c. turn it off when done

24. On average what percent of our energy is used to heat buildings?
a. 20 b.60 c. 40

25. What is the best reason for recycling?
a. saves resources b. saves land c. saves energy d. all of these e. none of these
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Extend-a-Day Energy Program Activities and related
Pennsylvania Department of Education Academic Standards

Energy Conversions
Concept Map

Science and Technology

Inquiry and Design 3.2.7A

Explain the parts of a simple system and their
relationships to each other.

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Explain the conversion of one form of energy to
another by applying knowledge of each form of

energy.

Energy Conversions

Calorimetric Measurements

Heat of Combustion

Can We Heat Water with a Peanut or
Cheese Ball?

Science and Technology

Physical Science, Chemistry and Physics 3.4.7B
Explain the conversion of one form of energy to
another by applying knowledge of each form of
energy.

Science and Technology

Inquiry and Design 3.2.7 B

Design controlled experiments, recognize
variables and manipulate variables.

Environment and Ecology

Renewable and Nonrenewable Resources
427 A

Identify resources used to provide humans with
energy, food, housing and water.

Energy Consumption
Consumer Awareness
Appliance Survey

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving and
Communication 2.5.8B

Invent, select, use and justify the appropriate
methods, materials and strategies to solve
problems.
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Energy Consumption
Consumer Awareness
Appliance Energy Use
How Much Does It Cost?

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving &
Communication 2.5.8B

Invent, select, use and justify appropriate
methods, materials and strategies to solve
problems.

Energy Resources-Engineering-Economics
Finding Fossil Fuels

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7A

Identify resources used to provide humans with
energy, food, housing and water.

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Energy Resources
Environment-Engineering-Economics
Challenges of Coal Mining

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7A

Identify resources used to provide humans with
energy, food, housing and water.

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Electricity: The Basics

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Science and Technology

Physical Science, Chemistry and Physics 3.4.7B
Explain the parts and functions in an electrical
circuit.
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Electricity: Power and Metering
Measuring Electrical Current

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Mathematics

Problem Solving and Communication 2.5.8B
Verify and interpret results using precise

mathematical notation and representations,

including numerical tables and equations,

simple algebraic equations and formulas,

charts, graphs and diagrams

Electricity
Lighting Efficiency
Operating Cost and Savings

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving &
Communication 2.5.8B

Invent, select, use and justify appropriate
methods, materials and strategies to solve
problems.

Electricity Generation
How Does a Potato Clock Work?

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Explain the parts and functions in an electrical
circuit.
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Recycling
Garbage, Too Valuable to Burn or Bury

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving &
Communication 2.5.8B

Invent, select, use and justify appropriate
methods, materials and strategies to solve
problems.

Recycling Plastics
Garbology 101

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving &
Communication 2.58 B

Invent, select, use and justify appropriate
methods, materials and strategies to solve
problems.

Recycling Materials
Product Research
Resource Recovery
“Saving Humpty Dumpty”

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Determine how consumption may impact the
availability of resources.

Mathematics

Mathematical Problem Solving &
Communication 2.5.8B

Invent, select, use and justify appropriate
methods, materials and strategies to solve
problems.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.
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Insulation
How Effective — How Efficient?

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Explain the conversion of one form of energy to
another by applying knowledge of each form of
energy.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Insulation
Does It Make a Difference?

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Explain the conversion of one form of energy to
another by applying knowledge of each form of
energy.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Lighting Survey
Using a Light Meter

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Know that the sun is a major source of energy
that emits wavelengths of visible light, infrared
and ultra violet radiation

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.
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Energy Generation
Mini Generators: The Basics

Science and Technology

Physical Science, Chemistry and Physics
3.4.7B

Explain the conversion of one form of energy to
another by applying knowledge of each form of
energy.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Energy Generation
Fuel Cells

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables

and manipulate variables.

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Identify renewable resources and describe their
uses.

Energy Generation
Solar Cells

Science and Technology
Inquiry and Design 3.2.7B
Measure materials using a variety of scales.

Science and Technology

Inquiry and Design 3.2.7B

Design controlled experiments, recognize
variables and manipulate variables.

Environment and Ecology

Renewable and Nonrenewable Resources
4.2.7B

Identify renewable resources and describe their
uses.
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Energy Conversions — Concept Map

Discussion:
All of us depend upon electricity in our homes to run a wide variety of appliances.
Electrical energy is converted to other forms of energy when these appliances
are run. Is this activity, you are asked to:
A. List 10 — 15 uses of electricity in your home.
B. Decide whether electricity is converted to mechanical, radiant, heat, or
sound energy when these items are used.
C. Draw a concept map showing these energy uses.
D. Color code the concept map to indicate the energy conversions
involved.

Energy
Appliance Conversion
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Energy Conversions — Concept Map

Teacher notes

Objectives:

The students will identify common uses of electricity in their home and draw a
concept map that shows what energy conversions are made. In some cases
more than one conversion results. An incandescent light bulb is primarily used
as a source of radiant (light) energy but also gives off a significant amount of
heat or thermal energy. They may code their concept map for the main
conversion or show that more than one energy conversion is taking place.

Academic Standards:

Science and Technology
Inquiry and Design 3.2.7.A
Explain the parts of a simple system and their relationships to each other.

Science and Technology

Physical Science, Chemistry and Physics 3.4.7.B

Explain the conversion of one form of energy to another by applying
knowledge of each form of energy.

Sample Concept Map:

Appliance Conversion
Stove Heat/Thermal
Water Heater Heat/Thermal
Hair Dryer Heat/Thermal
Washer Mechanical
Stereo Sound

Lamp Radiant
Sweeper Mechanical
Clothes Dryer Heat/Thermal
Microwave Radiant
Mixer Mechanical
Garage Door Opener | Mechanical
Coffee Pot Heat/Radiant
Radio Sound
Refrigerator Mechanical
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Energy Conversions — Heat of Combustion — Calorimetric Measurement
Can we heat water with a peanut or cheese ball?

Discussion:

This experiment allows you to measure the amount of heat (calories) liberated
when a food sample burns. The heat released is used to heat a known amount of
water. From the mass of the water and the change in temperature of the water,
the heat absorbed by the water can be found. It is assumed that the heat
absorbed by the water and the heat released by the food are the same.

Heat = Mass of water X Change intemp X Specific Heat
Heat of combustion = Heat + Mass of food burned

Purpose:

The purpose of this experiment is to determine the amount of energy that is given
off during the chemical change involved in the combustion (burning) of a food
sample.

Procedure:

1. Attach the cheese ball to the paper clip and weigh them both. Record the
mass as the mass of the original sample. Weigh the aluminum can and record
its mass in the data table. Fill the can about half full with water. Weigh the can
and water and record the mass in the data table. Place a stirring rod through the
holes in the can and suspend it from a ring on a ring stand. Measure and record
the temperature of the water in the can.

2. Place the cheese ball under the can and adjust the height of the can until the
cheese ball is about 2 - 3 inches from the bottom of the can and directly under
the center of the can. Light the cheese ball and heat the water until the cheese
ball burns itself out.

3. Carefully extinguish the flame if necessary and gently stir the water with the
thermometer. Record the final temperature of the water. Weigh the remains of
the cheese ball on the same balance that was used before. Record the mass in
the data table.

4. Repeat the procedure two more times using a fresh sample of water each
time.
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Energy Conversions — Heat of Combustion — Calorimetric Measurement

Data and Calculations
Sample Tested:

Trial 1 Trial 2 Trial 3
1 Mass of Food Before
2. Mass of Food After
3. Mass of Food Burned
4. Mass of Can and Water
5. Mass of Can
6. Mass of Water

Temperature of
7. Water After

Temperature of
8. Water Before

9. Temperature Change

10. Heat Released

Heat Released
11. Per Gram

12. Accepted Value

Calculations:
1. Calculate the change in temperature, mass lost by the sample, and the mass of water
for each trial.

2. Calculate the quantity of heat absorbed by water for each trial.

3. Calculate the heat of combustion of the sample for each trial.

4. How do your results compare with the accepted value?

5. Why do you think that the heat released by the cheese balls is less than the
accepted value?

6. What are some sources of heat loss in this experiment?
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Energy Conversions — Heat of Combustion — Calorimetric Measurement

Can we heat water with a peanut or cheese ball? — Teacher notes

Objectives:
1. The students will carry out an experiment to determine the amount of energy
contained in a food sample.
2. The students will use the laws of thermodynamics to explain why the heat transfer is
not 100% efficient.

Academic Standards:

Science and Technology

Physical Science, Chemistry and Physics 3.4.7 B

Explain the conversion of one form of energy to another by applying knowledge of each
form of energy.

Science and Technology
Inquiry and Design 3.2.7 B
Design controlled experiments, recognize variables and manipulate variables.

Environment and Ecology
Renewable and Nonrenewable Resources 4.2.7 A
Identify resources used to provide humans with energy, food, housing and water.

This experiment shows that energy conversions are not 100% efficient. In this case, chemical
energy is being is converted into heat energy. In most cases only one third of the energy is
converted. This experiment uses a soft drink can for a calorimeter. The calculations are done in
calories to make comparisons with the food packages easier. The calorie content and serving
size may be found on most food packages. Note: One food calorie is 1000 small calories.

Materials Required:

Food Samples (cheese balls or other round or cylinder-shaped food items work best)
Soft drink can (punch holes near the top of the can)

Stirring rod

Ring stand and ring to support the can

Large paper clip bent to support the sample

Balance to weigh water and food samples

Calculations:
1. Calculate the change in temperature, mass lost by the sample, and the mass of water for each
trial.  Student responses.
2. Calculate the quantity of heat absorbed by water for each trial.
Student responses The specific heat constant for water is 1.0 cal/g °C.
3. Calculate the heat of combustion of the sample for each trial.
Student responses
4. How do your results compare with the accepted value?
The cal per gram of food are usually less than the accepted values.
5. Why do you think that the heat released by the cheese balls is less than the accepted value?
Energy conversions are not 100% efficient.
6. What are some sources of heat loss in this experiment?
Heat is lost to the air and to the can. These are not accounted for in the
calculations.
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Energy Consumption — Consumer Awareness

Appliance Survey

According to the US Department of Energy (DOE), appliances account for about 20% of your
household energy consumption. In 1992 the US Environmental Protection Agency (EPA)
introduced ENERGY STAR as voluntary labeling program deigned to identify and promote energy-
efficient products. In 1996 the EPA and DOE joined to concentrate on major appliances. Today,
over 7,000 businesses and organizations promote the ENERGY STAR goal of improve efficiency.
One example of improvement has been the use of LED technology in traffic lights and even holiday
lights in and outside of the home. Search web for more information about Energy Star and the
energy guidelines http://www.energystar.gov .

In this activity, you will compare different models of appliances to determine if there are significant
differences in their energy usage. Every appliance you examine should have a yellow and black
ENERGYGUIDE label. This label:

a. shows how this particular appliance compares with similar appliances.

b. gives an estimated cost for operating the appliance for one year.
This information along with the purchase price will allow you to estimate the cost of operating the
appliance over its lifetime.

Such calculations allow the consumer to make more informed decisions.

Directions:

In this activity, you will examine appliances to determine their estimated energy usage for a year.
This information can be found on the ENERGYGUIDE label that manufacturers places on the
appliance. For examples, when selecting appliances such as refrigerators, select different styles
such as top or bottom freezers, or side-by-side. When comparing appliances make sure that they
are the same size or style. After filling in the appliance survey, determine which appliance is a
better buy.
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Energy Consumption — Consumer Awareness
Appliance Survey
Top-Freezer
Refrigerators

Estimated kWH | Estimated
Brand Size Cost per year Energy Cost
Side-by-Side

Refrigerators

Estimated kWH

Estimated

Brand Size Cost per year Energy Cost
Hot Water
Heaters

Estimated kWH | Estimated
Brand Size Cost per year Energy Cost
Top-Loading
Washers

Estimated kWH | Estimated

Brand Size Cost per year

Energy Cost
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Energy Consumption — Consumer Awareness
Appliance Survey
Front-Loading
Washers

Estimated kWH | Estimated
Brand Size Cost per year Energy Cost
Dishwashers

Estimated kWH | Estimated
Brand Size Cost per year Energy Cost
Other

Estimated kWH | Estimated
Brand Size Cost per year Energy Cost
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Energy Consumption — Consumer Awareness

Appliance Survey

Questions/Analysis

1. Which electric hot water heater is predicted to be less expensive to operate?
Why do you think this may be the case?

2. Which was the most economical washing machine to operate? Why do you
think this may be the case?

3. In general, what happens to the energy costs when the size of refrigerators
increase?

4. A “Consumer Reports” article states that top freezer refrigerators use less
energy than side-by-side units. Did your observations support this?
(Hint: Try to compare two models of equal size.)

5. What does the Energy Star rating that is seen on some appliances mean?

6. Which type of appliance had the least variation in the predicted energy usage?
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Energy Consumption — Consumer Awareness
Appliance Survey — Teacher notes

Objective(s):
1. The students will compare the annual operating costs of appliances.
2. The students will explain why a more expensive but more energy efficient appliance
may actually save money over its lifetime.

Academic Standards:
Environment and Ecology
Renewable and Nonrenewable Resources 4.2.7 B
Determine how consumption may impact the availability of resources.

Mathematics

Mathematical Problem Solving and Communication 2.5.8 B

Invent, select, use and justify the appropriate methods, materials and strategies to solve
problems.

Discussion

This activity was designed to show students that many of the appliances in their home are large
users of electricity. They will also see that energy demands can vary widely between appliances of
similar size. Encourage them to look for Energy Star appliances. During the pilot RECEP-PSU
program, students traveled to a large building supply store to complete the survey. If this is not
possible, much of the needed information could be obtained from “Consumer Reports” magazines.

Answers to Questions/Analysis

1. Which electric hot water heater is predicted to be less expensive to operate? Why do you
think this may be the case?

A larger water heater that is better insulated may actually be less expensive to operate.

2. Which was the most economical washing machine to operate? Why do you think this may be
the case?

Front loader washers were found to be less expensive to operate. They use less hot water
which is included in their estimated operating costs,

3. In general, what happens to the energy costs when the size of refrigerators increase?
Larger units are generally more expensive to operate.

4. A “Consumer Reports” article states that top freezer refrigerators use less energy than side-by-
side units. Did your observations support this? (Hint: Try to compare two models of equal size.)
This is generally true unless students compare one unit with an Energy Star rating and
another one without.

5. What does the Energy Star rating seen on some appliances mean?
These appliances use less energy than other comparable appliances.

6. Which type of appliance had the least variation in the predicted energy usage?
During the initial survey, dishwashers had the least amount of variation.
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Energy Consumption — Consumer Awareness

Appliance Energy Consumption - How Much Does It Cost?

The chart below lists 15 common appliances used in the home. Your task is to match the appliance
with the estimated cost to run it for one year. The usage figures are from the U.S. Department of
Energy. The costs are based on an electricity price of 8.8 cents per kilowatt-hour. Cut the last two
sections off of the chart and match them to the appliance.

Appliance kwh/year Estimate Annual Cost
100 Watt Light Bulb

(6 hours per day) 128 $11.26
26 Watt Light Bulb

(6 hours per day) 144 $12.67
Coffee Maker 89 $7.83
Dishwasher (1 load/day) | 175 $15.40
Electric Blanket 680 $59.84
Hair Dryer 57 $5.02
Microwave Oven 1034 $90.99
Portable Heater 2190 $192.72
Large Refrigerator

Energy Star 219 $19.27
Large Refrigerator

No Energy Star rating 540 $47.52
Television (4 hours/day) | 432 $38.07
VCR 100 $8.80
Washing Machine

(7-10 loads/week) 292 $25.70
Water Heater (40 gal.) 600 $52.80
Window Fan 30 $264
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Energy Consumption — Consumer Awareness

Appliance Energy Consumption - How Much Does It Cost?
Teacher notes — Answer Key

Appliance Kwh/year Estimate Annual Cost
100 Watt Light Bulb

6 hours per day 219 $19.27
26 Watt Light Bulb

6 hours per day 57 $5.02
Coffee Maker 128 $11.26
Dishwasher (1 load/day) | 432 $38.07
Electric Blanket 175 $15.40
Hair Dryer 100 $8.80
Microwave Oven 89 $7.83
Portable Heater 540 $47.52
Large Refrigerator

Energy Star 680 $59.84
Large Refrigerator

No Energy Star rating 1034 $90.99
Television (4 hours/day) | 292 $25.70
VCR 30 $2.64
Washing Machine 600 $52.80
Water Heater (40 gal.) 2190 $192.72
Window Fan 144 $12.67
Source of Information: US Department of Energy - Based on Average cost of 8.8 cents per KWH
Objectives:

1. The students will determine which household appliances are the
least/most expensive to operate.
Academic Standards:
Environment and Ecology
Renewable and Nonrenewable Resources 4.2.7 B
Determine how consumption may impact the availability of resources.

Mathematics

Mathematical Problem Solving & Communication 2.5.8 B

Invent, select, use and justify appropriate methods, materials and
strategies to solve problems.

Data Information Source: 2001 spring edition of the PPL Newsletter, PARTNERS and
from information found on the Department of Energy website. The purpose of this
activity is to get students to think and talk about energy uses in their homes. Our intent
was to have them identify the largest users. The students may work in groups. The last
two columns should be cut off and matched with the correct appliance in the first column.
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Energy Resources — Engineering - Economics

Finding Fossil Fuels

Discussion:

In this activity, pennies will be used to represent a fossil fuel (coal). It will be your job to
find as much of this natural resource as possible in each time period. After the time
periods are up, we will discuss how this activity is similar to mining for coal or drilling for
oil in real life.

OBSERVATIONS AND DATA

Group Data: Name of your company

Discovery or Mining | Number of pennies
Period found in
30-second period

1st

2nd

3rd

4th

5th

Class Data:

Discovery or Mining | Number of
Period Pennies Found

1st

2nd

3rd

4th

5th




Penn State College of Engineering Energy Activities and Curriculum Handbook 36 of 141

Energy Resources — Engineering - Economics

Finding Fossil Fuels

Questions:
1. Do the pennies hidden in the discovery/mining area represent a renewable or a
nonrenewable resource?

2. In which 30 second period were the most pennies found?

3. Why were fewer pennies found in each 30 second period as time passed?

4. What would happen if more people were looking for the pennies at the same time?

5. How is this simulation like looking for supplies of fossil fuels or other resources?
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Energy Resources — Engineering - Economics

Finding Fossil Fuels — Teacher notes

Objectives:

The students will:
1. Complete an activity that simulates the search for natural resources.
2. Explain what is meant by renewable and nonrenewable resources.

Academic Standards:
Environment and Ecology
Renewable and Nonrenewable Resources 4.2.7 A
Identify resources used to provide humans with energy,
food, housing and water.

Environment and Ecology
Renewable and Nonrenewable Resources 4.2.7 B
Determine how consumption may impact the availability of resources.

This activity has been successfully completed with both students and adults. The
pennies are a favorite with students. They always enjoy activities that involve food.
Have paper towels at each desk or table to make cleanup easier. With an adult group,
you may wish to use pennies. Some simulations used peanuts in the shell (messy).

Hide 200 pennies around the room, using masking tape if necessary. Some may be in
sight while others should be well hidden. This number represents a finite supply of a
nonrenewable energy source — just like fossil fuels.

When you give the cue, the students have 30 seconds to collect as many pennies as
possible. They should fill out their data sheets after each collection. The data should be
combined on the Group Data list. This will also provide you with an idea of how many
pennies are still in the room. This is OK — in real life a source may not be discovered or
may be too expensive to recover. Winning teams usually had a strategy to find pennies.

Answers to Questions:

1. Do the pennies hidden in the room represent a renewable or a nonrenewable
resource? A nonrenewable source

2. In which 30 second period were the most pennies found? Usually in the first period

3. Why were fewer pennies found in each 30 second period as time passed?

Less of the fossil fuel is available to be discovered.

4. What would happen if more people were looking for the pennies at the same time?

The resource may be depleted sooner. Each person (group) may find less.

5. How is this simulation like looking for supplies of fossil fuels or other resources?

As the resource is depleted, it is harder to find more.

It is possible to look for a natural resource and not find any, i.e. “dry wells”.

It may take longer to find a resource as time goes by — making it more expensive.

In some simulations students charged others with violations of cheating or even

being aggressive. This enabled a real-life discussion of why there are laws/rules
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Energy Resources: Environment - Engineering - Economics
Challenges in Mining Coal

Purpose:
1. Simulate the strip mining of coal.
2. Discuss some of the factors involved in the strip mining of coal.

Did You Know?**
e Over 50% of America’s electricity is generated by the burning of coal.
e Pennsylvania is one of the top coal producing states in the US.
e Nearly all of the US supply of anthracite (hard coal) is found in eleven
northeastern Pennsylvania counties.
The US has an estimated 250-300 year supply of coal.
The US produces over one fifth of the world’s coal.
One fourth of all coal ever mined in the US came from Pennsylvania.
Burning coal without controls can lead to air pollution and acid mine
drainage.
e Coal science and technology are important to improve and safeguard
our environment and provide electricity and other products from coal in
the future.

Discussion:

Your company plans to strip mine 100 acres of coal that is in a 40-inch thick
seam. You will pay the owners of the land royalties for the mineral rights on their
property. Your company must also post bonds. This money ensures that the
land will be restored if your company does not do so. Included in the fees is a 35
cent per ton charge to reclaim land that was not restored in the past. The
following list outlines typical expenses that a coal operator must pay.

Bonds, permits and engineering $ 650,000
Payroll $ 3,500,000
Other employment costs (insurance, benefits) $ 2,500,000
Equipment $ 7,000,000
Transportation of Coal $ 2,000,000
Royalties $ 1,500,000
Taxes and Fees $ 1,400,000

Total Expenses $18,550,000
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Energy Resources: Environment - Engineering - Economics

Challenges in Mining Coal

To calculate your profit or loss, the following calculation will be used:

Number of unit trains X 10,000 ton/train X $30/ton = Income

A unit train could consist of 100 cars each holding 100 tons of coal for a total of
10,000 tons.

Procedure:

a. You will be given a portion of the strip mine. You must handle the mining
equipment carefully. If it is damaged, you will be charged a fee for repairs.

b. Carefully remove the overburden and set it aside. If the land it not restored to
its original appearance, you will forfeit the bonds that you posted.

c. Remove the “coal” from your mine site and set it aside to be weighed. Each
gram of “coal” will equal one unit train of coal.

d. After you have removed all of the available coal, restore your site as close to
the original conditions as possible.

e. Determine the total amount of coal mined and determine whether or not you
were able to earn a profit for your company.

Calculations/Questions:
Profit/Loss Calculation
Unit trains X 10,000 ton/train X $30/ton =

Income minus Expenses equals Profit

Your Profit =
Were you able to make a profit?

1. Were you able to remove all of the coal?

2. What could you do to improve profits?

Activity based on a presentation by Ms. Kathleen Kennedy at ENTER 2000, PSU, Summer 2000. Other
sources www.dep.state.pa.us and www.eia.gov.kids
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Electricity

Basics of Electricity

Discussion:

Scientists have discovered that atoms are made up of three basic particles —
protons, neutrons and electrons. Electric current is a flow of electrons through a
material. Some materials like metals let these electrons flow through them easily
and are called conductors. When a material does not allow electrons to flow
through it easily that material is said to be an insulator.

Much of the energy we use is in the form of electricity. The path these
electrons take is referred to as a circuit. When electricity is used, three terms are
often used in describing a circuit — voltage, current and resistance. In this
experiment, you will use a multi-meter to measure these three variables.

Voltage or potential difference is the difference in energy between two
points in a circuit. The unit for voltage is the volt. If an analogy is made with a
garden hose, voltage could be compared to the force with which the water comes
out of the hose.

Current is the rate that the charges (electrons) flow through the circuit.
Current is measured in units called amps. In the garden hose analogy, current
would be the amount of water that flows through the hose per second.

Resistance is the opposition to the flow of electrons in a circuit. Itis
measured in units called ohms. The better a material lets electrons flow through
it, the lower the resistance. In the garden hose analogy, if the inside opening of
the hose was very narrow or rough, it would be hard for the water to pass though
the hose. The resistance to the flow of the water would be high. If another hose
had smooth walls and a wide diameter, the resistance to the flow of the water
would be much smaller.

Materials/Equipment:
Multi-meter Clip leads Batteries in holders Resistors

Procedure: Part|: Voltage
1. The black test lead should be in the COM port and the red lead should be in
the V port (the far right one).
2. Turn the dial to the 2 V position.
3. Measure the voltage of a single D-cell battery. Record your value in the data
table.
4. Obtain another D-cell battery. You will take two different readings with them.
A. Using a clip lead attach the two batteries end-to-end. Connect the
positive terminal of one battery to the negative terminal of another.
Measure the voltage of the two batteries from the positive terminal of
one to the negative terminal of the other. Record this voltage in the
data table. You have measured the voltage of two batteries in series —
end-to-end.
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Electricity
Basics of Electricity

B. Use two clip leads to attach the positive terminal of one battery to the
positive terminal of the other. Use a second clip lead to attach the two
negative terminals. Measure the voltage of this setup by placing one
probe on the positive terminal of one battery and the other on the
negative terminal of the other battery. Record the voltage in the data
table. You have measured the voltage of the two batteries in parallel —
“side-by-side”

Part Il: Resistance

1. Leave the test leads of the multi-meter in the same positions as they were in
Part I. Turn the 20K scale of the resistance section — the symbol for
resistance is Q.

2. Attach a clip lead to each end of a resistor. Connect these to the probes of
the multi-meter. What is the reading on the scale? NOTE: The K means that
the reading is in thousands of ohms. Record the value in the data table.

3. Obtains another resistor. You will take two different readings with them.

A. Using a clip lead attach the two resistors end-to-end. Measure the
resistance of the two resistors from the end of one to the end of the other.

Record this value in the data table. You have measured the resistance of two

resistors in series — end-to-end.

B. Use two clip leads to attach the ends of the resistors in a side-

by-side setup. Measure the resistance of this setup by placing one probe
on the far end of one resistor and the near end of the other. Record the
value in the data table. You have measured the resistance of the resistors
in parallel- side-by-side.

C. Repeat with three resistors.

Part Ill: Current

. Use the batteries especially labeled for this part of the experiment. The
black probe should remain in the COM port the red probe should be moved to the
10A port.

. The dial should be turned to the 10A setting on the multi-meter.

. Measure the current of a single D-cell battery.

Obtain another D-cell battery that has been used until we would say that it is
“dead”. Measure the current produced by each battery.

If the second battery is “dead” what is its voltage? Return the probes to their
original positions on the multi-meter and measure the voltage of each Record
the values in your data table.
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Basics of Electricity
Data/Questions:
Part I:

Set-up

Voltage

Single Battery

2 Batteries (end-to-end)

2 batteries (side-by-side)

Part Il:

Setup

Resistance

Single Resistor

2 Resistors (end-to-end)

2 resistors (side-by-side)

3 Resistors (end-to-end)

3 Resistors (side-by-side)

Part I:

Set-up

Current

Voltage

Single Battery

“Dead battery”

Questions:

1. What generalizations can you make about voltage, resistance and current
when the measurements are made in series (end-to-end) or in parallel (side-

by-side)

Set-up

Series

Parallel

Volt