Electricity
For Students of Baldwin Wallace College

Spring Semester 2011
Monday – Wednesday
10:00 – 11:15 am

Room 139
Wilker Hall

Faculty

Richard Heckathorn

The materials for this course were 

organized and edited by Richard Heckathorn

using materials from a program called Operation Physics 

and includes materials developed by him.

The original OPERATION PHYSICS activity sequence to improve 

physics teaching and learning in upper elementary and middle schools

was funded by the National Science Foundation.

Copyright 1992 by American Institute of Physics

Materials photoduplicated and edited with permission.

ELECTRICITY
MATRIX  -  1
I. 
Stationary Charges ‑ Static Electricity


B.
Objects can be charged by rubbing them together.

1B1
15
1.
Can Objects Be Charged By Rubbing Them Together?
Lab
L/U
15 Min.



D.
A charged object attracts a neutral object.

1D1
19
1.
Will a Charged Object Attract Or Repel a Neutral Object?
Lab
U
20 Min.





2.
Attracting A Neutral Object.
Overhead

15 Min.



C.
Objects with like charges repel each other, while objects with opposite charges attract each other.

1C1D
23
1. Attraction and Repulsion        Electrostatic Man
Demo
L/U
15 Min.



A.
A material becomes positively charged when electrons are removed from it. A material becomes negatively charged when electrons are added to it.

1A1
25
1.
How Do Materials Become Charged?
Lab
L/U
20 Min.


1A2
29
2.
Let's Charge a Material 
Overheads
10 Min.


1A3F
31
3.
Focus On Physics: Static Charges
Disc.






F.
Static electric charges can be detected.

1F1
33
1.
Detecting Charges With an Electroscope
Lab
U
30 Min.


1F2
37
2.
What's the Charge?
Lab 
L/U 
10 Min.




E.
Objects can acquire a net static charge by using friction and contact. Objects can have their charge distribution changed by induction without acquiring a net charge.

1E1D
39
1.
The Electroscope and How Objects Become Charged.
Demo
U
15 Min



1E1
41
1.
Induced Charged Separation
Inv.





1E2
43
2.
How Do Objects Acquire Charges?
Lab
U
20 Min


1E3F
47
3.
Focus On Physics: Charging a Material 
Disc.





1E4
49
4.
A Student-Made Electrophorus
Lab
L/U
20 min

1E5
53
5.
Charging a Pie Plate by Induction
Lab




G.
Electric charges can be stored.

1G1
55
1.
Storing Charges
Lab
U
20 Min.


1G2F
57
2.
Focus On Physics: How the Leyden Jar Works
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III

Circuits


A.
A circuit is a continuous path through which charges flow.

3A1
61
1.
How Many Ways Can You Make a Light Bulb Light?
Lab
LIU
30 Min.


3A2
65
2.
How Can You Make the Bulb Light When It Is Not Touching the Dry Cell? Lab
L/U
15 Min.




B.
Switches are used to open and close circuits.

3B1
68
1.
How Can You Make a Switch?
Lab
L/U
20 Min.





C .
A short circuit is a circuit in which there is a bypass of very low resistance.

3C1
69
1.
How Can You Explain the Mysterious Circuit? 
Lab
L/U
15 Min.


3C2
71
2.
Where Does the Current Go?
Lab
L/U
25 Min.





D.
There are different ways of connecting bulbs in a circuit.

3D1
73
1.
How Can You Get More Than One Bulb To Light In a Circuit?
Lab
L/U
20 Min.


3D2
75
2.
What Is Another Way To Get More Than One Bulb To Light In a Circuit?  Lab
L/U
20 Min.


3D3
79
3.
How Many Bulbs Will One Dry Cell Light? 
Lab
L/U 
20 Min.

3D4
81
4.
Does the Size of the Battery Change the Brightness of the Bulb?
Lab
L/U
20 Min 3D5
83
5.
How Does A Christmas Tree Bulb Compare to a Flashlight Bulb
Disc.

3D6
85
6.
Christmas Tree Lights – A “Continuous Series”?




E.
There are different ways of connecting dry cells in a circuit.

3E1
87
1
Using Two Cells In Series 
Lab
L/U
20 Min.


3E2
89
2.
Using Two Cells In Parallel
Lab
L/U
20 Min.




F.
Sources, converters, and conductors of electricity are connected in different ways to make electric energy useful.

3F1F
91
1.
Focus On Physics: Electric Circuits
Disc.





3A3
97
2.
Where Air the Wires In Your Mystery Box? 
Lab
L/U
30 Min.
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IV. 
Conductors/Insulators


A.
Some materials, called conduc​tors, have many electrons that are free to move. Materials which are poor conductors are called insulators. They tend to have an extremely small number of electrons that are free to move.
4A4D
103
1. 
Conductor Analogy
Demo/Di 
L/U
10 Min.

4A1
105
2.
Which Solids Are Good Conductors?
Demo/Di.
LIU
10 Min.


4A2
107
3.
What Parts Of a Pencil Are Conductors?
Lab
L/U
40 Min.


4A3
109
4.
Which Liquids Are Good Conductors?
Lab
L/U
20 Min.


V. Sources of Electrical Energy


A.
Chemical energy can be converted to electrical energy.

5A1
113
1.
A Juicy Idea.

Lab
L/U
20 Min.


5A2D
117
2. 
Is It Wet or Dry?
Overhead
L/U
20 Min.






3. 
How a Wet Cell Works
Demo
L/U
15 Min.
​​​




B.
Others forms of energy can be converted to electrical energy.





1.
Can Solar Energy Be Converted Into Electrical Energy?
Lab
L/U
15 Min.


5B2
119
2.
Can Mechanical Energy Be Converted Into Electrical Energy?
Lab
L/U
15 Min.




123
3.

Wiring a House
VI. Investigative Activities






125
Basic Characteristics of Circuits


133
Instructions for Using an M830 Digital Multi Meter


137
Physics of Circuits

141
The Electron Leak
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WORKSHOP LEADER TOPIC INFORMATION

ELECTRICITY

The study of electricity can be highly motivating for children and adults. Both children and adults have naive ideas which affect their ability to interpret phenomena observed in the laboratory and in their day‑to‑day lives. Throughout this book, the term "student" is used to refer to both teacher‑participants in a workshop as well as to the 4th – 9th grade students in the classes these participants teach.

This book is divided into the following sections:

1. 
Stationary Charges (Static Electricity)

2. 
Coulomb's Law and Electric Fields

3. 
Moving Charges (Circuits)

4. 
Conductors and Insulators

5. 
Sources of Electrical Energy

Section 1, Stationary Charges shows that a net charge results from the transfer of electrons from one material to another. It emphasizes the idea that charge is conserved and that static charges result when a material has an excess or deficiency of electrons.

Section 2, Coulomb's Law and Electric Fields, extends the concepts of Section I to include a closer analysis of how charges interact; specifically, the notion that electrical forces arising from the distribution of charges depend on the amount of charge and their distance of separation. The concept of electric fields is used to understand how the interactions occur.

Section 3, Circuits, begins with a series of manipulations with a dry cell, flashlight bulb, and wire to introduce the concept of a circuit. This concept is reinforced and extended through another series of activities. An attempt is made to follow the Exploration ‑ Invention ‑ Application Strategy (the Learning Cycle).

Section 4, Conductors and Insulators, uses activities and models to investigate the ease with which different materials conduct electrons. The emphasis in this section is on conduction rather than on resistance in an attempt to avoid inadvertently reinforcing certain naive ideas. The models introduced are meant to supplement the activities, not replace them!

In Section 5, Sources of Electrical Energy, students become acquainted with various energy sources which produce currents in electric circuits. The emphasis is placed on conservation of energy through the development of an understanding that batteries (dry cells and wet cells), generators, and solar cells do not create energy, but merely convert other forms of energy into electrical energy.

Naive Ideas

Following is a list of the naive ideas that students might be expected to have as they begin working on the activities in this book. Many of the activities and demonstrations are aimed at both helping students become aware of their own naive ideas and helping them change their naive ideas to those more scientifically accepted.

1.
After a material acquires a positive charge, it has more positive charges (protons) than it did before. (1A1, 1A2, 1A3, 1B1)

2.
After a material acquires a positive charge, the missing negative charges (electrons) have been destroyed and no longer exist. (1A1, 1A2, 1A3, 1B1, 1F1, 1F2)
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3.
Whenever a material becomes charged, the charges have been newly created in the process. (1A1, 1A2, 1A3, 1B1, 1F1, 1F2)

4.
Atoms are charged. (Positively‑charged atoms give materials a positive charge; negatively‑charged atoms give materials a negative charge.)  (1A1, 1A2, 1A3, 1B1) 

5.
Static electric forces are always attractive. (1C1, 2A1)

6.
In order for an object to act like it is charged, electrons must be added or removed. (1E1, 1E2, 1E3, 1E4, 1F1, 1F2)

7.
Gravitational forces are stronger than electric forces. (1B1, 2C1)

8.
Wires must be coated with an insulating material or the electric energy will leak out. All wires are insulated. (3A1, 3A2, 3A3, 3B1)

9.
Electrical energy flows from source to converter (light bulb heater, appliance, etc.) by connecting a single wire. (3A1, 3A2, 3A3, 3B1)

10.
If two wires are needed, energy flows from the source to the converter (light bulb, heater, appliance, etc.) through both wires. (3A1, 3A2, 3A3, 3B1)

11.
In a circuit with electrical devices, more electrons leave the source than return to it. (4A4)

12.
Electrons are destroyed or "used by" the converter (light bulb heater, appliance, etc.). (4A4)

13.
The electrons that comprise an electric current move very fast at or near the speed of light. (3F1)

14.
The electrons that comprise an electric current come from the source. (A dry cell is a can full of electrons. When it is out of electrons, we throw it away or recharge it.) (3F1, 4A4, 5A1, 5A2, 5A3)

15.
Every part of a circuit gets the same current. (3CI, 3C2)

16.
As many converters (light bulbs, heaters, appliances, etc.) as you wish can be connected in a circuit without affecting their behavior (brightness, etc.). (3D1, 3D2, 3D3, 3F1)

17.
To receive more light from a bulb, you need a different light bulb. (3E1, 3F1)

18.
Placing more batteries in a circuit always increases the current (makes a lamp brighter, a motor faster, etc.). (3E2, 3F1)

19.
All materials that conduct electricity conduct equally well. (4A1, 4A2, 4A3, 4A4, 4B1, 4C1, 4D1)

20.
Water is a good conductor. (4A3)
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SAFETY

All of the activities in this book are safe. Some students may be wary of using these materials because they have been convinced that AD sources of electrical energy may cause shocks. Gentle encouragement and the example of the teacher will assure the students that they are in no danger from these activities.

Care must be taken, however, to avoid removing the student's caution when handling some sources of electrical energy! The energy available at 'regular' outlets and light sockets can be deadly! Even a battery from a car (12 volts) can deliver a damaging shock, although eight flashlight batteries in series (also 12 volts) will not cause, a noticeable shock.

The distinguishing characteristic between safe and hazardous is the amount of current (amps) the source can deliver, not the amount of voltage. A 12‑volt car battery is capable of delivering several hundred amps of current, while eight flashlight batteries in series will deliver much lower currents. An electric outlet (120 volts) can also deliver several hundred amps for a brief time before the fuse or circuit breaker shuts it off. (Ground‑fault interrupters operate much faster than fuses and circuit breakers and provide a greater margin of safety.) At the opposite extreme, a Van de Graaff generator of the type usually used in schools will develop 250,000 volts ‑ and some will go much higher ‑ but the shock will carry only a few thousandths of an amp, enough to be somewhat painful, but not enough to be dangerous.

DO NOT USE CAR BATTERIES OR WALL OUTLETS

FOR ANY OF THE ACTIVITIES IN THIS BOOK

ELECTRICITY
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STATIONARY CHARGES/STATIC ELECTRICITY

This static electricity section is a prerequisite for the study of current electricity. In static electricity, the charges are stationary while in electric currents the charges are in motion.

This section contains activities showing that a net charge on a material can form as a result of the movement of electrons to or from the material. Students may have encountered activities in mathematics class with positive and negative numbers that led them to believe that both protons and electrons can be added to and removed from materials. To dispel this notion, the protons are glued down in one activity in this section so that they cannot be moved. Only the electrons are able to be moved.

Another important idea addressed in this section is the principle of conservation of charge. Electrons are not truly "lost." They don't just disappear, never to be found again. If electrons are removed from one material, they must be gained by another material. Electric charge is neither created or destroyed, only transferred.

Plastic spoons, polyethylene dry cleaner's bags, and chamois cloth do produce static charges even during humid weather conditions. HOWEVER, STATIC ELECTRICITY ACTIVITIES WORK BETTER WHEN THE AIR IS DRY. The winter months are a good Lime in most parts of the country to conduct experiments on static electricity.

Naive Ideas:

After a material acquires a positive charge, it has more positive charges (protons) than it did before. (IA1, 1A2 2A3 1B1)

After a material acquires a positive charge, the missing negative charges (electrons) have been destroyed and no longer exist. (1A1, 1A2 1A3 1B1, 1F1, 1F2)

Whenever a material becomes charged, the charges have been newly created in the process. (1A1, 1A2, 1A3, 1B1, 1F1, 1F2)

Atoms are charged. (Positively‑charged atoms give materials a positive charge; negatively‑charged atoms give materials a negative charge.)

Static electric forces are always attractive. (1C1, 2A1)

Charged objects will only attract other objects if they are oppositely charged. (1D1, 1D2)

In order for an object to act like it is charged, electrons must be added or removed. (1E1, 1E2, 1E3, 1E4, 1F1, 1F2)

Gravitational forces are stronger than electric forces. (1B1, 2C1)

A.
AN OBJECT BECOMES POSITIVEL17 CHARGED WHFN ELECTRONS ARE REMOVED FROM A MATERIAL AND NEGATIVELY CHARGED WHEN ELECTRON'S ARE ADDED TO A MATERIAL,

1.
Activity: How Do Materials Become Charged?


This activity uses a model with fixed protons (glued down) and movable electrons. Pair as many electrons and protons as possible. The electron proton pair is then considered neutral and ignored when finding the "net" charge on a material. Activity 1A2 provides templates which can be used to construct the model.


Although electrons are much smaller in mass than protons, both are the same size in this board activity and the related transparency. The reason they are the. same size is that the cut‑out token represents the quantity of charge. The +1 charge on a proton and the ‑1 charge on an electron are the same "size" of charge since. one exactly neutralizes the other.

2. 
Overhead: Let's Charge, a Material (Electron Token Template)


This template can be used to make an overhead of the model from the previous activity. The overhead allows the teacher to illustrate how objects become charged and can be used as a review after the activity has been completed.

ELECTRICITY
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3. 
Focus On Physics: Static Charges


The structure and composition of the atom are discussed and an explanation is provided of how electrons may be transferred from one material to another to create positively charged and negatively charged materials. Conservation of charge is stressed. A list of common materials is included which may be referred to in other activities in this section to determine whether objects have acquired a negative or a positive charge. This list is called an electrostatic series.

B.
OBJECTS CAN BE CHARGED BY RUBBING THEM TOGETHER.

1. 
Activity: Can Objects Be, Charged By Rubbing Them Together?


This activity introduces friction as a way to charge objects. A plastic spoon is rubbed with a piece of Saran Wrap@. The spoon is used to attract small bits of paper. The teacher should stress the idea that rubbing either adds or removes electrons from an object. Protons do not move. The Saran Wrap@ should not be ignored either. If the spoon develops a charge, the wrap must also develop a charge.

C.
OBJECTS WITH LIKE CHARGES REPEL EACH OTHER, WHILE OBJECTS WITH OPPOSITE CHARGES ATTRACT EACH OTHER.

1. 
Demonstration: Attraction and Repulsion


This effective high‑visibility demonstration uses two plastic golf tubes to illustrate that like charges repel and unlike charges attract.

D.
A CHARGED OBJECT ATTRACTS A NEUTRAL OBJECT.

1. 
Activity: Will a Charged Object Attract a Neutral Object?


A plastic spoon charged with Saran Wrap@ is used to attract a neutral puffed rice or wheat grain. It should be determined that the grain is neutral by testing it with an uncharged spoon before and after the use of the charged spoon. A diagram on the student activity sheets helps explain the principle behind the attraction. Use the overhead described below for follow‑up discussion.

2. 
Overhead:   Attracting A Neutral Object


This overhead is a replica of the drawing on the student's activity sheet. It should be used in the same manner as the drawing to explain step‑by‑step how a charged object can attract a neutral object. The charges have been left off the overhead so that the teacher can add them, as needed, with a marker.

E.
OBJECTS ACQUIRE A STATIC CHARGE USING FRICTION, CONDUCTION, AND INDUCTION,

1. 
Demonstration/Overhead:   The Electroscope and How Objects Become Charged


This demonstration uses the electroscope to investigate three methods of producing a static charge. Three overheads are included for discussion.

2. 
Activity: How Do Objects Acquire Charges?


A petri dish, foam plastic bits, and Saran Wrap@ are used to demonstrate all three methods of charging. The friction between the wrap and the lid of the petri dish causes the lid to acquire a charge (+). The charged lid induces a charge separation on the foam bits. After the foam bits jump up and stick to the lid, electrons are transferred from the foam to the lid. This causes the foam bits to become deficient in the electrons (positively charged). They are repelled by the lid and jump back to the bottom of the dish.

ELECTRICITY
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3. 
Discussion ‑ Focus On Physics: Charging a Material

4. 
Activity: A Student‑Made Electrophorous


This activity is essential in helping participants understand charging by induction. Be sure to refer to discussion ideas in the teacher notes. The student‑made electrophorous can be used later for charging objects in other activities. Also a great "make‑and‑take" item for workshops.

F.
STATIC ELECTRIC CHARGES CAN BE DETECTED,

1. 
Activity: Detecting Charges With an Electroscope


Instructions are provided for a "student‑made" electroscope which is used to detect the presence and relative magnitude of static charges. Commercial electroscopes can be used instead, if available.

2. 
Activity: What's the Charge?


Inexpensive neon lamps are used to determine the charge on a styrofoam sheet rubbed with wool. See teacher notes for source of lamps. After completing the activity, compare the results with the charge the styrofoarn sheet should have according to the electrostatic series (1A3).

G. 
ELECTRIC CHARGES CAN BE STORED,

1.
Activity: Storing Charges


Aluminum foil and a film canister are used to construct a miniature Leyden jar in which charges can be stored and transported. Teachers in workshops should be cautioned that this activity is not intended for use with students, because it may give them ideas for constructing larger jars which can store dangerously large amounts of charge and result in potentially harmful discharges.

2. Discussion: ‑ Focus On Physics
  
How the Leyden Jar Works

ELECTRICITY
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CAN OBJECTS BE CHARGED

BY RUBBING THEM TOGETHER?

Materials: 
1 plastic spoon


1 piece of Saran Wrap© (about 6” x 6”)


Small pieces of paper (from paper hole punch)

1.
Hold the spoon by the “bowl” end and touch the “handle” end to a pile of small paper pieces.

[image: image8.wmf](

)

(

)

(

)

time

e

arg

ch

is

which

sec

coulomb

a

is

amps

ampere

I

Current



What did you observe?


_____________________________________________________

_____________________________________________________
2.
Charge the “handle” end of the spoon by briskly rubbing it with the piece of plastic wrap. Touch the handle of the spoon to the pile of paper pieces. Describe the effect that the “charged” spoon had on the pieces of paper.


_____________________________________________________________________________________


_____________________________________________________________________________________

3. 
Explain how rubbing the spoon with the plastic produced a static charge.


_____________________________________________________________________________________


_____________________________________________________________________________________

4. 
Do you think the Piece of plastic wrap used to rub the spoon has also become charged? Explain.


_____________________________________________________________________________________


_____________________________________________________________________________________

5. 
How can you test to see if the plastic wrap has become charged?


_____________________________________________________________________________________


_____________________________________________________________________________________

6. 
Try your test and describe what happens.


_____________________________________________________________________________________


_____________________________________________________________________________________
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CAN OBJECTS BE CHARGED

BY RUBBING THEM TOGETHER?

IDEA:
PROCESS SKILLS:

Objects can be charged by rubbing
Communicating

them together. 
Hypothesizing

LEVEL: L[U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should recall that a static charge (static electricity) is formed when electrons are added or removed from a material. The electrons that cause static charges remain in one location, thus the charges are not moving (static means not moving).

ADVANCE PREPARATION:
Plastic spoons for each student and a couple of plastic bags from the dry cleaners should be assembled. The school office may donate the paper discs from their paper hole punch. Paper bits torn from a sheet of writing paper, or paper towel, or small pieces of foam plastic material will also work well. This activity works best in dry air. A spoon with a plain flat handle is best because the contact area with the plastic is greater. Ornate handles or handles with grooves; depressions and the like decrease the contact area and do not work as well. The spoon should be washed periodically to remove any residue. (Some brands of spoons work better than others.)


Saran Wrap© works best but polyethylene (dry cleaning bags) works, too. (See the Electrostatic Series 1A3F).

MANAGEMENT TIPS:
As the plastic spoon is rubbed vigorously with the piece of Saran wrap©, electrons from the spoon are removed and added to the bag. The spoon becomes positively charged (loss of electrons) and the wrap becomes negatively charged (gain of electrons).


A charged object will attract small bits of paper, foam plastic, flour, pepper, puffed cereal, and many other materials. Students will learn later that the paper, flour, pepper, etc. are neutral objects, but in case someone should ask, the charged object induces a temporary charge on the near side of the neutral object, that is opposite in sign to the charged object. Unlike charges attract, thus the paper, flour, pepper, etc. is attracted to the charged spoon (see the teacher’s notes for “How Does a Charged Object Attract a Neutral Object?” for more explanation).


Be sure students understand that when the spoon loses electrons, the


Saran Wrap9 gains those electrons. Electrons cannot just disappear,


they must go somewhere. On humid days, some of the he electrons are 
attracted to the water molecules in the air. That is why it is more


difficult to maintain a static charge under humid conditions.

ELECTRICITY
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RESPONSES TO

SOME QUESTIONS:
1. 
Nothing happened.


2.

Some of the paper pieces stuck to the spoon.


3.
Electrons were transferred from one material onto another. The substance that lost electrons developed a positive charge and the substance that gained electrons developed a negative charge.


4.
Yes. If electrons are removed from one material, they must be gained by another material. The Saran Wrap© gained electrons from the spoon, so it did acquire a charge,


5.

See if the Saran Wrap© will pick up or attract paper pieces.


6.

Some of the paper pieces adhered to the Saran Wrap&

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Emphasize that electrons can be transferred from one material onto


another. This transfer leaves both materials with a charge ‑ one


negative and the other positive. The charges transferred from the


spoon and the Saran Wrap© will remain there for long periods of


time. These charges are called static electricity because they remain


in one place for so long.

Eventually, the charged objects will become neutral due to the


transfer of electrons to or from water molecules in the air or other


nearby materials.

Another major point is that the presence of a charge can be


determined by the ability of the charged object to attract other objects


such as paper, flour, pepper, etc.

POSSIBLE EXTENSIONS:
This experiment may be conducted using an inflated rubber


balloon in place of the plastic spoon, and a piece of wool in place


of the Saran Wrap& ‑ possibly with better results because these


two materials are further apart on the electrostatic Series.

Have students refer to the electrostatic series (1A3F) to find the charge 
obtained by each of the materials. (The wool loses electrons and 
becomes positively charged; the balloon gains electrons and becomes negatively charged.)


Select other materials from the electrostatic series and try to produce


charges by rubbing them together. Test to see if the material is


charged by bringing it near small bits of paper, pepper, or tiny


pieces of foam plastic.

ELECTRICITY
1D1

WILL A CHARGED OBJECT ATTRACT OR REPEL A NEUTRAL OBJECT?

Materials:
1 piece (6” x 6”) Saran Wrap©

2 plastic spoons


1 foam packing chip (or puffed wheat or puffed rice)


Thread
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1. 
Suspend the foam chip by the thread.

2.
Bring one of the plastic spoons near the foam chip. What do you observe?


_________________________________________________

_________________________________________________

3.
What can you infer about the charge of the spoon and foam chip?


_____________________________________________________________________________________


_____________________________________________________________________________________

4.
Hold the “bowl” of the spoon and rub the “handle” briskly, with the piece of Saran Wrap& Bring the spoon near the suspended foam chip without touching it. Describe what happens.


_____________________________________________________________________________________


_____________________________________________________________________________________

5.
What can you infer about the presence or absence of a charge on the spoon?


_____________________________________________________________________________________


_____________________________________________________________________________________

6.
Do you think the foam chip has acquired a charge? Explain.


_____________________________________________________________________________________


_____________________________________________________________________________________
7.
To check the possibility that the foam chip is charged, bring the other spoon near the, foam chip. Is there any evidence that the foam chip has a charge?


_____________________________________________________________________________________

[image: image10.emf] 
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_____________________________________________________________________________________

8.
Consult the diagrams below to help you explain why a charged spoon attracts a neutral foam chip.


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
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WILL A CHARGED OBJECT

ATTRACT OR REPEL A NEUTRAL OBJECT?

IDEA:

PROCESS SKILLS:

A charged object attracts a neutral object.

Communicating



Inferring
LEVEL: U

DURATION: 20 Min.
STUDENT BACKGROUND:
Students should remember that a charged object will attract small 
bits of paper, foam plastic, etc. They need to be familiar with the 
term “induce.” Induce means to influence. Students should be 
able to make up sentences using the term. “The coach induced me 
to dive into the cold water” is one example using the word “induce.” 
ADVANCE PREPARATION:
The plastic spoons should have plain, flat handles without bumps or grooves. A plain, flat handle provides more contact area between the Saran Wrap© and the spoon as they are rubbed together. 

A needle should be used to attach the thread to the foam chip. A 30 cm (12 inches) length of thread will be adequate. A piece of masking tape can be used to hold the free end of the thread to the edge of a desk or table.

MANAGEMENT TIPS:
Students will first use a neutral (unrubbed) spoon near the suspended 
foam chip. The absence, of any attraction will certify both the spoon and the foam chip as being uncharged. 
Students should be reminded that rubbing two objects together 
may result in electrons (negative particles) being removed from one object and added to another object. The object that loses 
electrons acquires a positive charge, and the object that 
gains electrons acquires a negative charge. A charged object will 
attract other objects. Since the spoon has been rubbed with the Saran Wrap© and since the spoon will attract the suspended foam chip, the spoon can be certified as being charged.

The students may erroneously infer at this time that the foam chip 
has acquired a charge. To test this inference, a second uncharged spoon is brought near the foam chip. Since no attraction (or 
repulsion) occurs, the foam chip can be certified as being uncharged.


The charged spoon, then, was able to attract a neutral object Students who already know that unlike charges attract and like charges 
repel, may question this phenomenon. Explain to the students that
the law of charges still holds true when a charged object attracts a 
neutral object. Since the foam chip is an insulator, there are no free 
electrons to migrate within the chip. However, when the positively 
charged spoon is brought near the neutral foam chip, there is a shifting of the locations of charges within the molecules of the foam chip. The molecules near the surface of the foam chip become electrically 
ELECTRICITY
1D1TN

WILL A CHARGED OBJECT

ATTRACT OR REPEL A NEUTRAL OBJECT?  2

polarized so that the negative side of each molecule is 
toward the spoon, and the positive side of each molecule is away 
from the spoon. Since the side of the chip closer to the spoon is 
slightly negative, the chip is attracted to the positively charged 
spoon. The polarization of molecules near the surface of the chip is 
temporary and remains only as long as the charged spoon is near. This charge polarization is referred to as an induced charge polarization.

RESPONSES TO

SOME QUESTIONS:
2. 
Nothing happens.


3.
Both must be neutral since there is no attraction.


4.
The chip moves toward the spoon.


5.
The spoon has a charge because after it was rubbed with the Saran Wrap@ it attracted the foam chip.


6.

The foam chip is not charged because nothing was done to it.


7.

No. Nothing happens.


8.
Electrons from the plastic spoon rub onto the Saran Wrap& The spoon acquires a positive charge. The foam chip is neutral because it has an equal number of protons and electrons. When the spoon comes near the foam chip, an induced polarization of charge occurs. Since unlike charges attract, the foam chip is attracted to the spoon.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Charged objects attract neutral objects by inducing a charge 
redistribution on the neutral objects. The side of the neutral object 
next to the charged object is opposite in sign and is attracted to the 
charged object. Induced charged distributions are temporary and remain only as long as the charged object is near.

POSSIBLE EXTENSIONS:
When an extremely strong induced charge is built up, the electrons 
from one object may jump the gap between the two objects. This is what happens in lightning discharges. Have students research lightning in the library and report back to the class. Use the 
“Leyden jar” (1G1) to get a spark.

ELECTRICITY
1C1D

ATTRACTION AND REPULSION

(Demonstration/Discussion)

Materials:
2 golf bag divider tubes,  plastic,  1 piece of sponge,  packing material,  1 piece of string

1.
Take one of the two tubes and be the string around the middle of the tube and balance the tube So it hangs parallel to the ground.

2.
Stroke both tubes with your hands to make sure they are both free of any charge. Strike the packing material on the wall a few times to remove any excess charges.

3.
Stroke one end of each of the two tubes with the packing material. This should cause the tubes to have identical charges.
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4.
Have students predict what will happen if you bring the end of the charged tube you are holding close to the end of the suspended tube. Ask them to explain why they think this will happen, and then try it. The tubes should repel each other because they have the same charge.

5.
Bring the packing material close to the tube that is hanging from the string. The tube should be drawn towards the packing material because the charge on each object is opposite.

The golf tubes are not common lab equipment and may have to be purchased from a sporting goods store. This is a really nice and easy-to-see demonstration to use when talking to large groups of people. It is an easy and effective way to show attraction and repulsion forces at work.

This demonstration also supports the idea that like charges repel and unlike charges attract. Few people have any idea what is going to happen in this situation. If you begin with two neutral objects, there is no reason for either to repel or attract the other. As you charge the tubes, you may want the participants to use their electrostatic series to explain what is happening when the tubes are rubbed with the packing material.

Before you bring the tubes together, you may want them to predict what will happen.

When the tube you are holding is brought close to the suspended tube, the two will move apart. Since both tubes have the same charge, there is repulsion. The electrostatic series should show that the tubes have picked up electrons from the packing material.

Since the packing material gave up electrons to the plastic tubes, it now has the, opposite charge of that on the plastic tubes. If the packing material is brought closer to the tube, the charges on the two materials are opposite, so the tube should begin to move toward the packing material.

EXTENSION:

Another way to show repelling forces is to tape two pieces of tape about 7 inches long to a table. When you rip the pieces of tape off the table, each piece acquires electrons from the table and becomes negatively charged. Because the charge is the same on both pieces of tape, if you hang the two pieces close to each other, they repel. You can do the same thing if you take two strips of newspaper and using your fingers, stroke the paper downward. A charge is introduced to the paper, causing the two pieces to separate, because the charges arc alike.

Throughout these demonstrations and other activities stress the idea that like charges repel and unlike charges attract.
ELECTRICITY
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HOW DO MATERIALS BECOME CHARGED?

Materials:

8 1/2” x 11 paper (1 sheet of white and 1 sheet each of two different colors)



marking pen (permanent)



scissors



glue sticks

1.
Fold the sheet of white paper in half. At the bottom, label one side. “Material A” and the other “Material B” (see diagram below).

2.
Cut out 20 quarter-sized tokens of one color of paper to represent protons. With the marking pen write “+1” on one side of each token. Glue or cement 10 of these “protons” to the side of the, sheet of white, paper labeled Material A and the other 10 protons to the other side of paper labeled Material B. The protons are glued down because the), are fixed structures within the nucleus of an atom.

3.
Cut out 20 quarter-sized tokens of the other color of paper. On one side of the token, write “-1”. The electron will no be glued down because electrons have some freedom of movement, especially the outermost electrons.

4.
Place one electron on each of the ten protons from Material A. Remember, +1 and -1 combined equals zero. What is the “net” charge on Material A? (“Net” charge. is the remaining charge after all the +1 charges and -1 charges have been combined.)


_____________________________________________________________________________________
5.
Place one electron on each of the ten protons from Material B. What is the net charge on Material B?


_____________________________________________________________________________________
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6.
One way of moving electrons from one material to another is by friction (rubbing the materials together). Pretend that Material A and Material B are rubbed together. Move one electron from Material A to Material B.

7
What is the “net” charge on Material B?


_____________________________________________________________________________________
8.
What is the “net” charge on Material A?


_____________________________________________________________________________________
9.
Move the extra electron back to Material A.

10.
How many electrons must be added to give Material B a “net” charge of -3?


_____________________________________________________________________________________
11.
How can you give Material A a net charge of +4?


_____________________________________________________________________________________
12.
Which part of an atom can be moved to charge a material? EXPLAIN.


_____________________________________________________________________________________

_____________________________________________________________________________________
13.
If one material gains electrons to acquire a “net” negative charge, what must also be true of the other material?


_____________________________________________________________________________________
14.
What you have just discovered is that no electrons are created or destroyed but are simply transferred from one material to another. This is called the Principle of Conservation of Charge. (that is, if one material gains electrons, another must lose those same electrons).

ELECTRICITY
1A1TN

HOW DO MATERIALS BECOME CHARGED?

IDEA:
PROCESS SKILLS:
A positive charge forms when electrons
Observing

are removed from a material, A negative
Communicating

charge forms when electrons are added

to a material.

LEVEL: U / L
DURATION: 15 Min.

STUDENT BACKGROUND:
Addition of positive and negative numbers is a helpful skill for upper level students. However, lower level students can accomplish the same thing by pairing protons and electrons to “cancel” the charges. The charge on one proton (+1) and one electron (-1) neutralize each other (positive one plus negative one equals zero). When all proton-electron pairs have been formed, the remaining positive or negative charges can simply be counted.


Students should know that all matter contains atoms and that atoms are composed of protons and electrons (also neutrons, which aren’t considered here). Protons have a +1 charge and are fixed structures found in the nucleus. Electrons, although they are smaller in mass than protons, carry a -1 charge. Electrons orbit about the nucleus of an atom. The outermost electrons of some materials are loosely held and are able to be pulled away from one atom and transferred to another. The positive charge on a proton is exactly equal in strength but opposite in sign to the negative charge on an electron. The charge on one proton and one electron, when combined, is equal to zero.

ADVANCE PREPARATION:
One period of 45 minutes should be reserved for preparing the two boards, cutting out and gluing the protons, and cutting out the electrons. A quarter or checker piece can be used to trace the proton tokens and electron tokens on the colored index paper. The proton tokens should be one color and the electron tokens a different color.


Tokens glued on the boards should be allowed to dry thoroughly before the boards are used. Make sure that the tokens are glued to the boards with the blank side down. A set of materials completed ahead of time can be used as an example for students to follow.

MANAGEMENT TIPS:
Use the transparency or the model boards and tokens you have prepared to physically put one proton and electron together to form a neutral pair. You may want students to pair electrons with protons on their 
boards by placing the electron face down on the proton. This will leave a blank side facing up that will say to the student, “ignore, these two cancel each other.” After all pairs have been made, the net charge can be determined by simply counting the unpaired protons or electrons.
ELECTRICITY
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For example, if 3 protons are left unpaired, the net charge would be +3. If 2 electrons arc left unpaired, the net charge would be -2. Obviously, protons and electrons cannot both be left over at the same time because they would form additional neutral pairs. It would speed up the procedure to precut the tokens. Photocopies of templates can be made from 1A2

RESPONSES TO
SOME QUESTIONS:
4. 
Zero.


5. 
Zero.

7. 
-1

8. 
+1


10. 
3 electrons.


11. 
Remove 4 electrons.


13. 
It must lose the same number of electrons.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
One main point to emphasize is that protons cannot move between atoms, but electrons can. Positive and negative “net” charges both result from the movement of electrons. Students may have the


same freedom of movement as electrons.


Another point of emphasis is “conservation of charge.”  When one material acquires a net negative charge by gaining electrons, another material must acquire a positive charge from the loss of those same
electrons. Electrons cannot just appear out of thin air, nor can they be lost. Electrons simply shift from one material to another.


A third point to emphasize is that the net charges formed when electrons are removed or added to a material are called static charges if the charge remains in one location. The word “static” need
not be brought up until the end of the lesson. The opposite of
static charges are charges that move. Charges (electrons) that move through a material from one location to another arc called current.
POSSIBLE EXTENSIONS:
Students should be provided with a lot of practice in determining
net charge. The boards and tokens can be used to solve problems made up by the teacher. For lower level students, excess or net charge can be modeled by pairing the boys with girls in the room. Any left 
over (unpaired) boy or girl would represent the “net” number of children of a given gender in the class. For upper level students, 
earnings and expenses can be used to determine “net” profit or loss.
ELECTRICITY
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ELECTRON TOKEN TEMPLATE
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FOCUS ON PHYSICS

STATIC CHARGES

(Discussion)

The building blocks of matter, atoms are composed of particles possessing a unique, fundamental physical property called electric charge. The electron, by definition, has a negative electric charge and the proton has a positive electric charge of exactly the same size. The third particle in the atom, the neutron, has zero electric charge, or is said to be electrically neutral.

The protons and neutrons of the atom are tightly packed into the center of the atom, called the nucleus. Electrons revolve around the nucleus of the atom. The outermost electrons of some atoms are loosely held and can be transferred to other materials. This transfer of electrons causes materials to become charged. When electrons are lost, the material has more protons (positive charges) than electrons (negative charges) and becomes positively charged. A material that gains electrons becomes negatively charged because it has more negative charges than positive charges.

There are three possible charge states for a material:

Neutral - The number of positive and negative charges are the same so the net charge of the material is 0.

Negative Charge - The material has more negative charges than positive charges so the net charge is negative. This happens when a material picks up electrons from another material.

Positive Charge - The material has more positive charges than negative charges so the net charge is positive. This happens when a material loses electrons to another material.

The unit to measure the quantity of electric charge is the coulomb. The size of the coulomb is such that macroscopic amounts of charge can be measured easily in the laboratory. In fact, the charge carried by an electron is only 1.6 x 10-19 coulomb or 0.00000000000000000016 coulomb.

Electrons are not created or destroyed when materials become charged. They are simply transferred from one material to another. Therefore, we say that charge is conserved.

With the knowledge that some atoms either lose or gain electrons to become charged, we have been able to make lists of materials that will receive or lose electrons. Such a list is called an “electrostatic series.” An “electrostatic series” lists common materials in the order of their tendency to receive or lose electrons. The electrostatic series on the following page is arranged such that materials which tend to give up electrons and become positively charged are at the bottom of the list. Those that have a tendency to gain electrons and become negatively charged are found at the top of the list. Any material on the list gives up electrons to a material above it. The further apart the materials are on the list, the more easily electrons are transferred from one to the other.

ELECTRICITY
1A3F

ELECTROSTATIC SERIES
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Using this list, we can choose two materials widely separated on the list and produce a static charge by rubbing these two materials together. Also, we can understand which material loses electrons and which material gains electrons.

The word “static” comes from the Greek word meaning “standing” or “stationary”. The term “static electricity” is used to describe the electrical properties of charges at rest. Electric current refers to the movement of charges through a conducting material

ELECTRICITY 
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DETECTING CHARGES WITH AN ELECTROSCOPE
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Materials:
foam cup, bendable straw, scotch magic tape


1 plastic spoon



1 piece of Cling Wrap®


4 5-inches pieces of scotch tape labeled A, B, C, D from a previous experiment 
1
Build the electroscope using the following steps: 

a.
Tape the straw to the cup as shown in the diagram.


b.
Press a piece of 3-4-inch long tape to the table, pull it from the table and fasten it to the straw as shown.

2.
Make sure that tapes A, B, C, and D have their original charge. Then bring each piece of tape near the straw making sure that the two pieces of tape do not touch.

3.
Describe how the electroscope can be used to tell the charge of an object brought near it.


_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
4.
Charge the plastic spoon by rubbing the handle with the Cling Wrap and bring the handle near the tape on the electroscope. Describe what happens to the tape.


_____________________________________________________________________________________

_____________________________________________________________________________________
5.
What is the charge on the spoon? _____________   The Saran Wrap? _______________

6.
How can you get the tape to deflect more or less than your first try?


_____________________________________________________________________________________

_____________________________________________________________________________________
5.
Charge various objects and bring them near the loop on the electroscope. Examples of objects you can charge are:

• 
rubber comb pulled through hair

• 
glass test tube rubbed with silk
• 
shoe rubbed across carpet 
•
balloon rubbed with wool 
•
plastic spoon rubbed with chamois

On which object can you develop the most static charge? The least static charge?


_____________________________________________________________________________________
Does the amount and vigor of the rubbing affect the amount of charge an object acquires?


_____________________________________________________________________________________
Try the test on different days. Can you charge the objects better on some days than others? If so, compare the weather conditions on each day.

_____________________________________________________________________________________
ELECTRICITY  
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DETECTING CHARGES WITH AN ELECTROSCOPE

IDEA:
PROCESS SKILLS:
Static electric charges can be
Replicating Procedures

detected
Communicating

LEVEL: U
DURATION: 30 Min.

STUDENT BACKGROUND:
Students should be familiar with methods of charging objects, the Law of Electric Charges, and the principle of Conservation of Charge.

ADVANCE PREPARATION:
The “homemade one” works in all environments.
MANAGEMENT TIPS:
Place a known charge on the tape. Then observe what happens to it when another charged object is near it.
RESPONSES TO

SOME QUESTIONS:
3. 
If the tape moves on the electroscope moves away for the charge brought near it, the charge is the same as the charge on the tape . If the tape moves toward the changed object, the charge on the object is opposite the charge on the tape.

4.
Rubbing the spoon vigorously will cause the tape to deflect more than when the spoon is not rubbed as much.


5.
Question 2: Yes, the greater the amount and vigor of the rubbing, the greater the charge.

Question: 3: Objects can be charged better on dry, cool days.

ELECTRICITY  
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The electroscope works on the principle of like charges repel and unlike charges attract. This “law of charges” should be reviewed with students prior to the activity. A charged object, when brought near or touched to the loop on top of the electroscope, induces the same charge on the leaf of the electroscope. The loop would have an induced charge opposite to that of the charged object. Since the leaf and the wire have the same charge, they repel each other. The greater the charge on the charged object, the more the leaf deflects. The electroscope, then, can be used to compare the amount of charge on different objects.

POSSIBLE EXTENSIONS:
As an alternate experiment, the residual charge can be left on the electroscope. If a plastic spoon charged with Saran Wrap was used, the residual charge will be positive. If another positively charged object is brought near the electroscope, the leaf will deflect further, but if a negatively charged object is brought near, the leaf will fall. The negatively charged object repels electrons into the leaf and partially neutralizes the positive charge that keeps the leaves apart.


Use the electroscope to answer the following:


How long does it take the leaves of an electroscope that has been charged by conduction to collapse?


Does breathing on the electroscope (increasing the amount of water vapor) affect its ability to detect a charge?


Does breathing on the charged object reduce its charge?

ELECTRICITY  
1F2
WHAT’S THE CHARGE
Materials:
sheet of Styrofoam (25 cm x 25 cm)


swatch of wool fabric


masking tape


neon lamp

foam cup electroscope
1.
Tape the sheet of Styrofoam to the table. Rub it briskly and lightly with the piece of wool.

2.
Separate the leads of the neon lamp for easy holding. Hold one of the leads of the neon lamp, and bring the other lead near the Styrofoam sheet. What do you observe?


_____________________________________________________________________________________

_____________________________________________________________________________________
3.
Repeat the activity several times. Try sweeping the lead over the surface of the charged Styrofoam. Then look closely at the interior of the lamp when illumination occurs. You should be able to determine which of the, two rods inside the lamp is surrounded by the orange glow. You should also be able to determine which of the two leads is connected to that particular rod. Which of the two leads glowed?


_____________________________________________________________________________________

_____________________________________________________________________________________
4.
The rod that glows is connected to the lead which is in contact with or near the more negatively charged object. If the rod connected to the lead that you held glowed, then you were negatively charged with respect to the Styrofoam. We could then say that the Styrofoam had a positive charge. If the rod which glowed is connected to the end near the Styrofoam surface, then the Styrofoam surface was negatively charged with respect to you.


What was the charge on the Styrofoam surface?


_____________________________________________________________________________________

_____________________________________________________________________________________
ELECTRICITY
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WHAT’S THE CHARGE?

IDEA:
PROCESS SKILLS:
It is possible to determine
Communicating

whether an object is positively
Interpreting Data

charged or negatively charged.

LEVEL: L / U
DURATION: 10 Min.

STUDENT BACKGROUND:
Students should be familiar with conservation of charge, and how objects can acquire a static charge.

ADVANCED PREPARATION:
Pre-cut styrofoam squares. Blue Styrofoam house insulation manufactured by Dow Chemical works well. Some meat trays will also work.


Neon lamps may be ordered from Mouser Electronics (1-800-3466873),.part number is 36NE002. (Major credit cards accepted;  24 hour service.) Lamps cost about $0.15 each in lots of 100. Provide each student with two lamps for this activity. Also try Radio Shack or other electronic stores.

MANAGEMENT TIPS: 
Let students experiment and try other things with the neon lamps!

RESPONSES TO
SOME QUESTIONS:
3. 
Styrofoam has a negative charge.

POINTS TO EMPHASIZE IN
The neon lamp can determine the sign of an electric charge. To some 

THE SUMMARY DISCUSSION 
extent, the brightness can also determine magnitude of the charge.

ELECTRICITY
1E1D

THE ELECTROSCOPE AND HOW OBJECTS BECOME CHARGED

(Demonstration)

Materials:
1 foam cup electroscope

1 rubber, amber, or lucite rod


1 piece of wool or animal fur


transparencies

1. 
TOUCHING AN ELECTROSCOPE WITH A NEUTRAL OBJECT


Touch the rod to the top of the electroscope and observe the leaves of the electroscope. Notice that nothing happens. Because both objects are neutral, no electrons are transferred between the objects to cause the electroscope to become charged. (See Transparency 1.)

2. 
CHARGING ELECTROSCOPE BY INDUCTION


Touch the top of the electroscope to neutralize it. Rub the rod with the piece of wool or fur to charge it negatively. Then bring the rod near to, but not touching, the leaves of the electroscope. Notice the leaves of the electroscope spread apart, indicating that they have become charged. Since there is no contact between the rod and the electroscope, there is no transfer of electrons between them. When the charged rod is brought close to the ball of the electroscope, the free electrons in the electroscope are repelled by the electrons on the rod. The free electrons in the electroscope move to the leaves of the electroscope and the leaves separate, because like charges repel. When a charged object is brought near the top of an electroscope, the leaves of the electroscope become charged by induction although the net charge in the electroscope is still zero. (See Transparency 2.)

3.
CHARGING AN ELECTROSCOPE BY CONTACT


Touch the top of the electroscope to neutralize it. Rub the rod with the wool or far. This causes the rod to become negatively charged. Now touch the charged rod to the ball of the electroscope and notice the leaves spread apart. As the rod touches the electroscope, electrons from the negatively charged rod move onto the ball of the electroscope. These electrons will flow down to the leaves and cause the leaves to separate since like charges repel. When a charged object is touched to the electroscope, the electroscope becomes charged by contact.   (See Transparency 3.)
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(Demonstration)

[image: image18.wmf]coulomb

[image: image19.wmf]__________

__________

to

Compares

__________

R

V

B

=

[image: image20.wmf]__________

__________

__________

__________

2

2

1

1

to

Compares

R

V

R

V

R

R

=

=



ELECTRICITY
1E1
INDUCED CHARGED SEPARATION

by

Dick Heckathorn

June 12, 1990

Apparatus Needed
white rod and wool, 


large graphite coated sphere on cup (2),


small graphite coated sphere on string (or)



small aluminized straw on string
1.
Charge the white rod by rubbing with wool cloth.

2.
With the two large graphite coated spheres touching, bring the charged plastic rod near one of the coated spheres. (Keep the charged rod as far away from the other sphere as possible.)

3.
With the charged rod still in position, separate the two spheres and place them upright on the table.

4.
Remove the charged rod.

5
With the plastic rod still charged, touch the small sphere to the charged rod until it acquires the same charge as the rod. (You will know that the sphere has the same charge when it is constantly repelled by the charged rod.)

6.
Next bring the small charged sphere close first to one large sphere and then the other. Make sure the small sphere does not touch either of the two large spheres. (If it does, you must re-start from the beginning.)

7.
Observe and record what happens to the small sphere as it is brought close to each large sphere.

______________________________________________________________________________________

______________________________________________________________________________________
8.
Does either of the large spheres have a charge? If so, how does the charge compare to the charge of the small sphere? To the charge on the rod?


______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________
ELECTRICITY
1E2

HOW DO OBJECTS ACQUIRE CHARGES?

Materials:
1 hard plastic container with lid

 small bits of foam packing chips 

1 piece of Saran Wrap®
1.
Place several small foam bits in a plastic container.
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2.
Place the lid on the container. Rub the lid vigorously with the piece of Saran Wrapg
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3.
Observe the plastic bits careful]y. List all of your observations below.

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
ELECTRICITY
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4.
Rubbing the lid of the plastic container is an example of charging by friction. Electrons are removed from the plastic lid and added to the piece of Saran Wrap®. Thus, the lid acquires a positive charge and the Saran Wrap® becomes negatively charged. List as many everyday examples of charging by friction as you can.


_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
5.
What caused the neutral foam bits to be attracted to the charged lid?


_____________________________________________________________________________________

_____________________________________________________________________________________
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6.
What is the net charge. on each foam bit before it jumps to the. lid?


_____________________________________________________________________________________

_____________________________________________________________________________________
7.
When the foam bits jumped up and Stuck to the lid, some of them suddenly jumped off the lid. Try to explain why this occurred.


_____________________________________________________________________________________

_____________________________________________________________________________________
8.
As the bit Sticks to the lid, Some Of the negative electrons on the foam bit slowly leak- off to the positive charged lid. If a neutral foam bit loses elections, what charge does it acquire?


_____________________________________________________________________________________

_____________________________________________________________________________________
ELECTRICITY
1E2TN
HOW DO OBJECTS ACQUIRE CHARGES?

IDEA:
PROCESS SKILLS:
Objects can acquire a net static charge
Inferring

using friction and contact. Objects can
Interpreting Data

have their charge distribution changed by

induction without acquiring a net charge.

LEVEL: U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should already know that friction (rubbing) can cause an object to acquire a charge and that a charged object can induce a localized charge on a neutral object that is not in contact with it. This activity will tie these two methods of FORMING a charge with another method, contact between an object and a charged object.

ADVANCE PREPARATION:
Foam chips (Styrofoam packing material) should be saved for this activity. Plastic, disposable petri dishes work well with this activity. Shallow food containers with clear, plastic lids may also work.

MANAGEMENT TIPS:
Dry air works best, but the activity will work under conditions of moderate humidity.

RESPONSES TO

SOME QUESTIONS:
3.
Bits jump up and stick on the lid of the container, and some 
jump back down to the bottom.


4.
Sliding across seat cover in car, walking across carpet, clothes tumbling in clothes dryer, comb pulled through hair, etc.


5.
Parts of the foam bits nearest the positively charged lid become negatively charged and the parts farthest away from the positively charged lid become positively charged due to the induced charge polarization of the molecules. Because unlike charged attract, the negatively charged ends of the foam are attracted to the positively charged lid.


6.
Zero. Before the foam bits jump to the lid, each is still neutral as a whole, although the charge distribution has changed


7.
Some electrons moved off the foam bit onto the lid. This caused the foam bit to have a positive charge. The positively charged foam bit was repelled by the positively charged lid.


12.
Positive.

ELECTRICITY
1E2TN

HOW DO OBJECTS ACQUIRE CHARGES?

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Most of the activity occurs as the lid is being rubbed with the


Saran Wrap& The foam bits will jump to the lid because the


positive lid will induce a negative charge on the near side of the foam bit. Unlike charges attract, so the bit jumps to the top and sticks there for awhile. As the bit and the lid are in contact, some electrons from the bit Will Slowly leak off to the lid. The bit will become
positive in charge and will suddenly be repelled from the lid. The
bits fall back down to the bottom of the dish. The leakage of electrons doesn’t cause the lid to become negative because there are too many excess protons in the lid. The electrons that leak off the bit can neutralize some, but not all of them.


Electric charges can be transferred by rubbing two objects together (friction) and by contact between a charged object and another object (contact).

POSSIBLE EXTENSIONS:
Have students explain the development of charges by clothes in a clothes dryer. Do all the clothes in the dryer have the same charge?

Which articles of clothing have different charges? How do you know? How do the “cling free” tissues that are placed in a clothes dryer work with the clothes?
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ELECTRICITY
1E3F
FOCUS ON PHYSICS

CHARGING A MATERIAL

An object can become charged in three ways:

1.
friction - Objects can be charged by rubbing them together. As the two objects touch, one gives up loosely held outermost electrons to the other. Thus, the material that receives electrons becomes negatively charged and the material that loses electrons becomes Positively charged. When you walk across a carpet on a cool, dry day, you may gain a static electric charge by friction. The soles of your shoes rub against the carpet and gain electrons from the carpet. When you reach for the metal door knob, these excess electrons are discharged to the knob, causing a shock.

2.
contact - A material can be charged if electrons are transferred from One Material to another by contact. This generally happens when one material is charged and it touches either a neutral or oppositely charged material. If you have ever seen a person put his/her hand on a Van de Graaff generator, you have observed charging by contact.

3.
induction - A material may be charged temporarily by induction when it is brought near a charged body. If the material is a conductor, it has electrons that are relatively free to move. The situation is shown schematically below (top and bottom surfaces only).
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When a negatively charged rod is brought near this Object, the electrons on the rod’s surface repel the electrons (like charges repel) on the surface of the neutral object. This situation now becomes:
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The total charge has not changed; the object is still neutral. There has just been a redistribution of charge in the object. Since Opposite charges attract, one side of the neutral material (equal + and - charges) will be attracted to the rod.


The effect is only temporary in that when the charged object is taken away, the charges in the neutral object return to roughly their original Positions since unlike charges attract and like charges repel.

NOTE: The net effect is the. same, even with objects made of materials where the electrons are not so free to move.

ELECTRICITY
1E4
A STUDENT-MADE ELECTROPHORUS
Materials:
sheet of styrofoam


piece of wool fabric


styrofoam cup


6” to 8” aluminum pie pan


1”  piece audio tape

tape
[image: image27.bmp]
1.
Tape the audio tape to the, edge of the, pie pan. Tape the bottom of the styrofoam cup to the middle of the inside. of the pie pan. Unless directed otherwise, always handle the pie pan by, this styrofoam cup handle.

2.
Tape the sheet Of Styrofoam to the table top. Rub the styrofoam sheet briskly and lightly with the piece of wool. This causes electrons from the wool to be rubbed off onto the surface of the styrofoam sheet. Place the pie pan on the styrofoam sheet, and touch the lip of the pie pan with your fingertip. What do you observe?


_____________________________________________________________________________________
3.
Now, using the styrofoam cup handle, lift the pit pan from the styrofoam sheet and touch it again. ‘What do you observe now?


_____________________________________________________________________________________
4.
Return the pie pan to the styrofoam sheet and touch it again, them lift it and touch it again. Record your observations below.


_____________________________________________________________________________________

_____________________________________________________________________________________
5.
Based upon your observations in this activity, try to answer the following questions: 
a) 
Why do you think it is important to handle the pie pan by the styrofoam cup handle?



__________________________________________________________________________________


__________________________________________________________________________________
b) 
What do you think happened to the pie pan when it was placed on the negatively charged surface of the styrofoam sheet?



__________________________________________________________________________________


__________________________________________________________________________________
c) Explain what was happening when you touched the pie pan as it rested on the styrofoam sheet and then when you touched it again after lifting it from the styrofoam sheet.



__________________________________________________________________________________


__________________________________________________________________________________
d) 
When you repeated the activity in Step 4, you did not have to rub the wool across the styrofoam sheet again. Can you infer why?



__________________________________________________________________________________
ELECTRICITY  
1E4TN

A STUDENT-MADE ELECTROPHOROUS

IDEA:
PROCESS SKILLS:
A material can be charged by induction.
Inferring



LEVEL:
U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have been previously introduced to the three


methods of charging materials, and should recognize the


differences between insulators and conductors.

ADVANCED PREPARATION:
Sheets of styrofoam can be purchased from craft shops or home


improvement stores. Some kinds of styrofoam work better than


others. The best is used as home insulation, is made by Dow


Chemical, and is blue in color. Some cleaned meat trays from the


grocery store and some brands of styrofoam, disposable plates work but be sure try these before using them in a class activity.


Cut the styrofoam into 25 cm squares using a carton knife.


Not all styrofoam cups are good insulators. Try them out first.

MANAGEMENT TIPS:
Make sure that students are properly holding the pie pan with the


styrofoam cup holder. When instructed to touch the pie pan, they


should touch the top lip. Students may have trouble with the


answers for question 5, so a complete discussion and explanation


should follow this activity.

RESPONSES TO
5. 
a) 
Because styrofoam is an insulator, it cannot conduct 
SOME QUESTIONS:


electrical charges. Thus, if the pie pan becomes charged the charges will remain on the pie pan as long as you handle it with the styrofoam cup.



b) 
When the pie pan is placed on the negatively charged styrofoam 
sheet, there is a separation of charges induced in the pie pan. The bottom side of the pan which is in contact with the sheet becomes positively charged and the top surface of the pie pan becomes negatively charged, though the net charge on the pie pan is still zero. (Because the pie pan is a conductor, it has electrons which are free to move through the material. These electrons are repelled by the negatively charged sheet and move to the top surface of the pan.)



c) 
When you touch the pie pan resting on the styrofoam sheet, 
the electrons from the top of the pan are transferred to your hand causing you to experience a mild shock. The pie pan now has a net positive charge. When you lift the positively

ELECTRICITY  
1E4TN

A STUDENT-MADE ELECTROPHOROUS  2

charged pie pan and touch it again, electrons are discharged from your hand back to the pie pan, causing it to again become neutral.


d) 
The fact that the activity can be repeated again without having to first rub the wool over the styrofoam sheet again indicates that the sheet still has a negative charge. In fact, no electrons from the sheet were ever removed to the pie pan. Because styrofoam is an insulator, molecules on the surface that have an extra electron are unable to move the electrons to their neighbors or to surrounding materials. Theoretically, the sheet will remain charged forever. In actuality, the air is laden with charged particles such as dust motes and molecules of water vapor. These will settle on the surface of the styrofoam and neutralize the charge. On humid days, this can happen in less than a minute. On days of less humidity, the charge can last for up to ten minutes.
POINTS TO EMPHASIZE
See attached overhead.

IN SUMMARY DISCUSSION:


Placing a material which is a conductor (pie pan) near a charged object (styrofoam sheet) induces a separation of charges in the conductor. If the charged object is negative, electrons in the conductor will move 
away from the charged object to the opposite side of the conducting material. Thus, the side of the conductor nearest the charged object becomes positive and the other side becomes negative, even though the conductor as a whole is still neutral (net charge = 0). This separation of 
charges remains only as long as the conductor is near or touching the charged object. If another object (hand) comes in contact with negatively charged side of the conductor (pie pan) at this time, electrons may be removed from the conductor to the new object. The conductor, having lost electrons, now has a net positive charge. This process is known as charging by induction.


This activity would not have worked if the pie pan had been made of an insulator such as glass. If a glass pan were placed on the charged styrofoam sheet, the molecules in the glass would be polarized with their negative ends pointing away from the styrofoam sheet. But, since glass is an insulator, it has no free electrons to transfer to your hand when touched.

ELECTRICITY
1E4TN
THE ELECTROPHORUS


Supplies:

styrofoam cup


aluminum pie plate


styrofoam pie plate


tape, masking or duck


piece of wool

Construction:

1.
Tape the styrofoam cup to the aluminum pie plate.


2.
Tape styrofoam plate to table top (upside down).

Procedure:


1.
Rub the styrofoam plate with the wool for a few seconds.


2.
While holding the aluminum plate by the styrofoam cup, place it on top the styrofoam plate.


3.
Touch the aluminum plate with your finger and then remove your finger from the plate.


4.
Remove the aluminum plate from the styrofoam plate again holding the plate by the cup.


5.
Touch the aluminum plate with your hand. 


6.
Observation: _______________________________________________________________________

When one holds a Ne-2 bulb by one of the two wires and touches a charged object with the other wire one can identify the charged object by observing which of the two electrodes in the bulb glows. The  electrode that glows is the (more-negative) terminal which is connected to the (more-negative) object.


7.
Identify the charges on the both the wool and styrofoam plate after completing step one.


8.
Charge on wool: _________________    Charge on styrofoam plate: _________________


9.
Identify the charge on the aluminum plate after completing step three.


10.
Charge on the aluminum plate: ____________________


11.
Identify the charge on the aluminum plate after completing step four.


12.
Charge on the aluminum plate: ____________________

ELECTRICITY
1E5
CHARGING A PIE PLATE BY INDUCTION

1.
Electrons are rubbed off the wool onto the surface or the styrofoam.
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2.
A separation of charges is induced in the pie plate when it is placed on the negatively charged styrofoam. The net charge on the plate is still zero.

3.
Touching the top of the pie plate causes electrons from the pie plate to move to your hand. The pie plate is now positively charged.

4.
Remove your hand.

5.
Lift the plate. It’s charged!

 ELECTRICITY
1G1

STORING CHARGES

Materials:
film canister
aluminum foil


paper clip
glue stick


student-made electrophorous:



styrofoam sheet



pie pan with styrofoam cup handle



piece of wool

1.
Remove the lid from the film canister and set it aside. Using the glue stick and aluminum foil, completely cover the outside of the film canister with foil, leaving only about 1 cm around the top edge uncovered. Fill the inside of the canister with water to about 1 cm from the top. Replace the lid on the canister.
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2.
Unbend two loops of the paper clip





and push it through the center of the


top and into the aluminum foil inside.


You have constructed a “mini” Leyden


jar, a device that can be used to store charges.

3.
Using the “home brew electrophorous,” charge the pie plate. While holding the film canister in one hand, touch the charged pie plate to the end of the paper clip that extends from the canister.

4.
Recharge the pie plate, and again touch it to the end of the paper clip. Repeat this procedure. two or three times. Each time, you are increasing the amount of charge stored in your “Leyden jar”. Predict whether this charge is positive or negative. (You might need to look at the electrostatic series.)


______________________________________________________________________________________
5.
Now touch the tip of the paper clip with your finger. What happens!!!? Why?

______________________________________________________________________________________
LEYDEN JAR


[image: image1.wmf]Paper Clip
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Supplies:


35 mm film canister


Aluminum Foil


Paper Clip

Construction:


1.
Insert paper clip into lid so that it nearly touches the bottom of the film canister when lid is resting on canister.


2.
Place aluminum foil around the film canister about 7/10th the way up the sides.


3.
Fill the film canister about 7/10th full with water.

Procedure:


1.
Use the electrophorus to transfer charge to the Leyden jar by touching the paper clip with the charged aluminum plate.


2.
Touch the aluminum foil and paper clip at the same time. Results?


3.
Repeat step two after touching the paper clip by 2, then 3, then 4, etc. charged aluminum plates. Results?  

ELECTRICITY
1G1TN

STORING CHARGES

IDEA:
PROCESS SKILLS:
Electric charges can be stored.

LEVEL: Adult
DURATION: 20 Min.

STUDENT BACKGROUND: 
Students should know how to use an electrophorous to charge objects.

ADVANCE PREPARATION:
This activity uses the student-made electrophorous constructed in a previous activity.


Collect enough 35 mm film canisters to use as “mini” Leyden jars

Glue sticks work well to adhere aluminum foil to the plastic film canister, but other types of glue may be tried.
Be sure to try this activity in advance!

MANAGEMENT TIPS:
To charge the pie pan, you must touch the pie pan while it is on the Styrofoam. You must hold the film canister as you lift the, pie


pan and touch it to the paper clip.

RESPONSES TO

SOME QUESTIONS:
4.
Because the pie pan is positively charged (see previous activity, 1F2, “Student-Made Electrophorous”), electrons from the paper clip are conducted to the pie pan. The paper clip, having thus lost some of its electrons, acquires a positive charge. The positive charge is “stored” in the Leyden jar. Because the plastic canister is 
an insulator, no electrons can enter the Leyden jar to neutralize this charge.


5.
You feel a mild shock. See discussion below for explanation.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Electric charges can be stored in a Leyden jar or similar device. See the following discussion, “How the Leyden Jar Works.”
ELECTRICITY
1G2F

HOW THE LEYDEN JAR WORKS

The Leyden jar is a capacitor of a special physical construction. It bears the name Leyden for the town in which it was discovered. It consists of a jar or jar-like vessel coated inside and out with a conductive material. In the eighteen hundreds, these jars would be coated with tin, copper, or even gold foil. The one we have constructed is coated outside with aluminum foil, and inside with water. Because it has two conductors separated by an insulator, it fits the classical definition of a capacitor.
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When the positively charged pie pan is touched to the paper clip, electrons are conducted from the paper clip into the pie pan. The paper clip, having lost some of its electrons, now has a positive, charge.

Because plastic is an insulator, there is no way for electrons to enter the film canister to neutralize this positive charge. Thus, the positive charge is “stored” inside the canister.

When you pick up the canister, electrons flow from your hand into the aluminum making the foil negatively charged. (Remember that you acquired a negative charge, or excess of electrons, when you touched the pie pan on the electrophorus. The presence of the negatively-charged aluminum foil coating enables a large positive charge to be stored inside the canister. Without the negative aluminum coating, electrons from the paper clip will only be transferred to the charged pie pan as lone, as the positive charge on the pan is greater than the positive charge in the canister.

The positive-charge remains stored in the canister until a source of electrons touches the paper clip and allows electrons to flow into the canister. This is exactly what happens when you (or someone else) touches the paper clip!

If enough positive charge is stored in the Leyden jar, electrons from your hand may escape to the paper clip when your hand is near, but not actually touching, the paper clip. If this occurs, you may see a visible spark as the electrons jump from your hand through the air gap to the paper clip. This is known as a spark discharge.

Charges cannot be stored in your Leyden jar indefinitely because, even though air is an insulator, there are negative charged particles in the air that, upon contact with the paper clip, will transfer electrons through the paper clip into the canister.

ELECTRICITY
1G2F
WHERE IS THE CHARGE LOCATED IN A LEYDEN JAR?

Once the Leyden jar is constructed and electricity stored in it, we will now see if we can find where the charged is stored.  Is it in the water, on the film canister, on the paper clip or elsewhere?

To begin, prepare the three film canisters as shown along with an extra film top with paper clip.
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(a)
(b)
(c)
(d)

 
Leyden Jar
Empty
Leyden Jar
New lid with


Leyden Jar
with water
paper clip

To find if the charge is stored on the paper clip:


1.
Charge the Leyden jar (a) with some electricity.


2.
Using care not to touch the paper clip, lift the lid and paper clip from the Leyden jar (a) and transfer it to the Leyden jar with water (c).


3.
Check the new Leyden jar (3c for charge.


4.
Repeat until you get similar results.


5.
Conclusion: ______________________________________________________________________

To find if the charge is stored in the water:


1.
Charge the Leyden jar (a) with some electricity.


2.
Using care not to touch the paper clip, remove the lid and paper clip from the Leyden jar.


3.
Pour the water from the Leyden jar (a) which was charged into the empty Leyden jar (b).


4.
Put the new lid with paper clip (d) on the Leyden jar into which the water was poured (b).


5.
Check the new Leyden jar (b) for charge.


6.
Repeat until you get similar results.


7.
Conclusion: ______________________________________________________________________

To see if the charge is stored in the film canister with aluminum foil:


1.
Charge the Leyden jar (a) with some electricity.


2.
Using care not to touch the paper clip, remove the lid and paper clip from the Leyden jar (a).


3.
Pour the water from the Leyden jar (a) into the empty Leyden jar (b).


4.
Pour water from Leyden jar with water (c) into original Leyden jar (a).


5.
Put the new lid with paper clip (d) on the Leyden jar into which the water was poured (b).


6.
Check the new Leyden jar (b) for charge.


7.
Repeat until you get similar results.


8.
Conclusion: ______________________________________________________________________

Is there any further investigation that might be completed that would provide additional information? If so, do it and then inform instructor of procedure(s) and conclusion(s).

ELECTRICITY
3WL

WORKSHOP LEADER'S PLANNING GUIDE

CIRCUITS

The activities in this section may be used to provide participants with an exposure to some of the basic characteristics of circuits. There are no prerequisites to this section. While participants might have been exposed to some of these activities before, there likely will be deficiencies in many of their earlier experiences. It is, therefore, desirable to allow participants adequate opportunity to gain experience with the basic properties of circuits identified in section 1. Other than a flat work surface, no special facilities or equipment are needed.

Naive Ideas:

Wires must be coated with an insulating material or the electric energy will leak out. (All wires are insulated.) (3A1, 3A3, 3B1)

Electrical energy flows from source to converter (light bulb, heater, appliance, etc.) by connecting a single wire. (3A1, 3A2, 3A3, 3B1)

If two wires are needed, energy flows from the source to the converter (light bulb, heater, appliance, etc.) through both wires. (3A1, 3A2, 3A3, 3B1)

The electrons that comprise an electric current move very fast (at or near the speed of light). (3F1)

The electrons that comprise an electric current come from the source. (A dry cell is a can full of electrons. When it is out of electrons we throw it away or recharge it.) (3F1, 4A4, 5A1, 5A2, 5A3)

Every part of a circuit gets the same current. (3C1, 3C2)

As many converters (light bulbs, heaters, appliances, etc.) as you wish can be connected in a circuit without affecting their behavior (brightness, etc.). (3D1, 3D2, 3D3, 3F1)

To receive more light from a bulb, you need a different light bulb. (3E1, 3F1)

Placing more batteries in a circuit always increases the current (makes a lamp brighter, a motor faster, etc.). (3C2, 3F1)

A. A CIRCUIT IS A CONTINUOUS PATH THROUGH WHICH CHARGES FLOW.

1. 
Activity: How Many Ways Can You Make a Light Bulb Light?


This activity is designed to identify "special places" on a flashlight bulb and dry cell (battery) that must be touched for the bulb to light. Each participant should complete this activity.

2. 
Activity: How Can You Make the Bulb Light When It Is Not Touching the Dry Cell?


This activity should closely follow Activity 1 above. It is designed to lead participants to operationally define the concept of a circuit. This activity works best if participants work in pairs.

3. 
Activity: Where Are the Wires In Your Mystery Box?


This activity is designed to apply the concept of circuits to a new situation, as well as to use the process skills of observing, classifying, and inferring.

B.
SWITCHES ARE USED TO OPEN AND CLOSE CIRCUITS.

1. 
Activity: How Can You Make a Switch?


In this activity, participants learn how a switch can control a circuit by constructing and using a simple switch.

ELECTRICITY 
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CIRCUITS - 2

C.
A SHORT CIRCUIT IS A CIRCUIT IN WHICH THERE IS A BYPASS OF VERY LOW RESISTANCE,

1. 
Activity: How Can You Explain the Mysterious Circuit?


This activity introduces short circuits. Participants will discover that a short circuit is a circuit in which there is a bypass of very low resistance.

2. 
Activity: Where Does the Current Go?


The activity extends the idea of short circuits since these circuits may appear longer than the intended electrical path.

D.
THERE ARE DIFFERENT WAYS OF CONNECTING BULBS IN A CIRCUIT.

1. 
Activity: How Can You Get More Than One Bulb to Light In a Circuit?


This activity introduces series circuits. After constructing a series circuit, participants make predictions and test them using the circuit.

2. 
Activity: What Is Another Way to Get More Than One Bulb to Light In a Circuit?


This activity introduces parallel circuits. Participants make predictions and test them using a parallel circuit they have constructed.

3. 
Activity: How Many Bulbs Will One Dry Cell Light?


This activity extends participants' understanding of parallel circuits.

E. 
THERE ARE DIFFERENT WAYS OF CONNECTING SOURCES IN A CIRCUIT.

1. 
Activity: Using Two Cells In Series


n this activity, participants construct a circuit using dry cells connected in series. Participants make predictions and test them using the circuit they have constructed.

2. 
Activity: Using Two Cells In Parallel


In this activity, participants construct a circuit using dry cells connected in parallel. Participants make predictions and test them using the circuit they have constructed. In addition, they compare the use of dry cells in series to dry cells in parallel.

F.
SOURCES, CONVERTERS, AND CONDUCTORS OF ELECTRICITY ARE CONNECTED IN DIFFERENT WAYS TO MAKE ELECTRICAL ENERGY USEFUL.

1. 
Discussion ‑ Focus On Physics: Electric Circuits


Series and parallel circuits behave differently. Knowing the difference allows use and control of electricity.

ELECTRICITY
3A1

HOW MANY WAYS CAN YOU MAKE A LIGHT BULB LIGHT?

Materials:
dry cell


flashlight bulb (1.5 watt)


one 8-inch bare copper wire (18-20 gauge)

1. 
Using your materials, make your bulb light.

2. 
How many different ways can you get your bulb to light?


______________________________________________________________________________________

______________________________________________________________________________________
3. 
Draw pictures below of ways that you got the bulb to light.

4. 
Draw pictures of ways that did not work for you.

                             WAYS BULB LIT                                  WAYS BULB DID NOT LIGHT

ELECTRICITY
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HOW MANY WAYS CAN YOU MAKE A LIGHT BULB LIGHT?

IDEA:
PROCESS SKILLS:

A circuit is a continuous path
Observing

through which electricity flows.
Experimenting


Communicating

LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
None

ADVANCE PREPARATION:
All bulbs and dry cells should be tested prior to the activity.

MANAGEMENT TIPS:
To light the bulb, a connection must be made, with the metal ends


(top and bottom) of the dry cell and the side and bottom tip of the


bulb base.


Although Students may work in small groups in subsequent


activities, it is very important in this initial activity that each


Student manipulate his or her own dry cell, bulb, and wire. Students 
should not be told how to light the bulb; it should be their own


discovery. As this activity is essentially a trial and error activity,


the time for initial student success to occur in lighting the bulb


will vary. After a reasonable period, teachers should guide (not


tell) students who are having difficulty lighting the bulb. This


period of exploration and interaction of materials is very important; students should be allowed adequate time.


Students will likely identify diagrams 1 and 2 below. The teacher


might need to challenge students to try to get the bulb in


diagrams 3 and 4 to light.
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HOW MANY WAYS CAN YOU MAKE A LIGHT BULB LIGHT?  2

Many students will attempt to light the bulb using the view


that electric current flows from the upper terminal of a dry cell to


the base of the bulb as shown below.
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Only one wire (or contact) seems necessary to these Students. In the research reported by Osborne and Frcybcrg, a majority of 8-12 year olds,  when shown that it was necessary to have two different sets of contacts before, the bulb would light, viewed electric current as traveling in both wires from the dry cell to the bulb. This is represented below.
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
No closure is desired following this activity. No specific points


should be made. Provide adequate time to allow students to


observe the special places on the bulb and dry cell that must be


touched in order for the bulb to light. These observations are to


be solicited from students in the. next activity.

ELECTRICITY
3A2

HOW CAN YOU MAKE THE BULB LIGHT WHEN IT

IS NOT TOUCHING THE DRY CELL?

Materials: 
dry cell


flashlight bulb (1.5 volt)

two 8‑inch bare copper wires (18 or 20 gauge)
1.
Using your materials, make the bulb light when it is not touching the dry cell. (Hint: This time you might need 2 wires.)
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2.
Draw wires on the picture below to show how you got the bulb to light.

3.
Where must the wire(s) touch the dry cell to light the bulb?


______________________________________________________________________________________

______________________________________________________________________________________
4.
Where must the wire(s) touch the bulb for it to light?


______________________________________________________________________________________

______________________________________________________________________________________
5. 
Make a rule about lighting the bulb using your observations.


______________________________________________________________________________________

______________________________________________________________________________________
ELECTRICITY
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HOW CAN YOU MAKE THE BULB LIGHT WHEN IT

IS NOT TOUCHING THE DRY CELL?

IDEA:



PROCESS SKILLS:
A circuit is a continuous path



Observing

through which charges flow.



Inferring





Defining Operationally
LEVEL: L/U



DURATION: 15 Min.

STUDENT BACKGROUND:
The observations made by students in activity 3A1 are the only 
perquisites to this activity.
ADVANCE PREPARATION:
All bulbs and dry cells should be tested prior to the activity to 
ensure success.

SAFETY NOTE:
DO NOT ALLOW STUDENTS


TO USE RECHARGEABLE BATTERIES. A


SHORT CIRCUIT CAUSES THE WIRES TO


BECOME VERY HOT IMMEDIATELY!

MANAGEMENT TIPS:
The bulb will light only when the metal wires are touching the 
special places” on the bulb and dry cell as shown in the diagram 
on the following page. Note that two wires are necessary. If 
students have difficulty with this problem, ask them to recall 
from their earlier exploration what “special places” must be 
touched by wires. This activity works best if students work in 
pairs to help hold the wires to the “special places.” Discussion of 
student observations will lead to the introduction of the concept of 
a circuit. Students should be able to provide an operational 
definition of a circuit‑‑one that is based on their observations. 
They should have observed the continuous pathway of the dry cell, 
wire, and bulb which results when the metal wire correctly touches  all of the “special places.”
RESPONSES TO

SOME QUESTIONS:
3.
top and bottom.


4.
On the metal base and on the “button” on the very bottom.


5.
There must be a continuous pathway in which the “special



places” on both the bulb and dry cell are touching metal.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
In order for the bulb to light, special places must be touched by the metal wire on both the bulb and dry cell.
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2.
One wire must connect a metal end of the battery to the special place on the side of the bulb base, while a second wire must connect the opposite metal end of the battery to the bottom tip of the bulb base. This provides a continuous pathway, or circuit. When the bulb is lit, there is a continuous flow of electric charges (electrons) through the circuit.


3.
The diagram on the following page can be used as a transparency to show how the electric charges travel through the bulb filament in the circuit.

POSSIBLE EXTENSIONS:

None.

ELECTRICITY


3A2TN

TWO SPECIAL PLACES

THE METAL WIRE MUST TOUCH

[image: image36.jpg]



ELECTRICITY
3B1
How Can You Make a Switch? 
Materials: 
      2-way switch                                             3-way switch    


2 x 2 inch cardboard
2 x 2 inch cardboard


Paper clip 
Paper clip


½ inch brads, 2
½ inch brads, 3



6 inch piece of covered wire (2) 
6 inch piece of covered wire (3)
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ELECTRICITY

3C1
HOW CAN YOU EXPLAIN THE MYSTERIOUS CIRCUIT?

Materials:
1 dry cell


1 bulb (1.5 volt)


120 cm length bare copper wire (18‑20 gauge)


crayon or marker
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battery holder

1. 
Test your bulb and dry cell to make sure that the bulb will light.

2. 
Look at the circuit in the drawing below.

3. 
The wire is touching the two special places on the bulb. Predict whether the bulb will light.


______________________________________________________________________________________
4. 
Use your materials to see if the bulb will light.

5. 
What did you observe?


______________________________________________________________________________________

______________________________________________________________________________________
6. 
How can you explain what happened?


______________________________________________________________________________________

______________________________________________________________________________________
7.
Use a crayon or marker to draw a line on the drawing above showing where the electricity travels.

ELECTRICITY

3C1TN

HOW CAN YOU EXPLAIN THE MYSTERIOUS CIRCUIT?

IDEA:
PROCESS SKILLS:
A short circuit is a circuit in which
Predicting

there is a bypass of very low resistance.
Observing


Inferring
LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should have experiences with simple circuits prior to performing this activity.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
If possible, provide enough material so each student can work alone.


Caution students not to leave the wire connected in the configuration shown more than a couple of seconds.

RESPONSES TO

SOME QUESTIONS:
3.

Some students will predict that the bulb will light and others



will predict that the bulb will not light. Accept all



reasonable ideas.


5.
The bulb did not light.


6.
The charges must not have gone through the bulb, but must have gone around it.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.

The way the copper wire is connected provides two possible



paths through which charges can flow.


2.
Most of the charges flow through the copper wire because it is a much better conductor than the filament of the bulb. Another way of saying this is that the copper wire provides a path of much lower resistance than the filament.


3.
The circuit in this activity is called a “short circuit.” A short circuit is a circuit in which there is a bypass of very low resistance.

POSSIBLE EXTENSIONS:

ELECTRICITY

3C2

WHERE DOES THE CURRENT GO?

Materials:
1 dry cell


1 bulb (1.5 volt)


three 20 cm lengths bare copper wire (18‑20 gauge)


1 bulb holder


crayon or marker


battery holder
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1. 
Construct a circuit as in the. drawing below.

2. 
Make sure your bulb lights.

3. 
What do you predict will happen if you place the extra wire between wires 1 and 2?


______________________________________________________________________________________

______________________________________________________________________________________
4. 
Try it.

5. 
What happens?


______________________________________________________________________________________

______________________________________________________________________________________
6. 
Can you explain what happens?


______________________________________________________________________________________

______________________________________________________________________________________
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7.
What do you predict will happen if you touch the end of wire 1 with the end of wire 2 outside, of the bulb holder as shown below?

____________________________________________________________
____________________________________________________________
8.
Try it.

9.
What happened to the bulb?


______________________________________________________________________________________

______________________________________________________________________________________
10.
Explain what happened.


______________________________________________________________________________________

______________________________________________________________________________________
11.
Use a crayon to draw the path that the current follows when wires 1 and 2 art touched.

ELECTRICITY
3C2TN

WHERE DOES THE CURRENT GO?

IDEA:
PROCESS SKILLS:

A short circuit is a circuit in which
Predicting

there is a bypass of very low
Observing

resistance.
Inferring
LEVEL: L/U
DURATION: 25 Min.

STUDENT BACKGROUND:
Students should have experiences with simple circuits and bulb holders prior to performing this activity.

ADVANCE PREPARATION:

MANAGEMENT TIPS: 
The bulb will not light even though the special places on the dry cell


and bulb holder are touched because almost all of the current flows


through the extra wire. Each student should have his or her own


materials to duplicate the drawing. Students who predict that the bulb


will light in the first part of the activity do not yet understand the idea


of short circuit. Students should have an understanding of such 
circuits by the end of this activity.

RESPONSES TO

SOME QUESTIONS:
2.

Answers will vary. Sometimes students discover how not



to place their wires when first using bulb holders.


5.

The bulb goes out.


6.

Students should be able to explain that charges flow through



a good conductor rather than through the bulb as intended.


7.

Some students will think that the bulb will remain lit since the



short circuit is farther from the battery than the bulb and holder.



Students with a good understanding of short circuits will predict



correctly that the bulb will go out.


9.

The bulb went out.


10. Students should be able to explain that charges flow through



the better conductor (the wire), rather than through the bulb.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
A “short circuit” is a circuit in which there is a bypass of very



low resistance.


2.
A short circuit may appear to be longer than the intended path for the charges. (Perhaps we should call it an easy circuit!)

POSSIBLE EXTENSIONS:

ELECTRICITY
3D1



HOW CAN YOU GET MORE THAN ONE BULB

TO LIGHT IN A CIRCUIT?

Materials:
dry cell


2 flashlight bulbs (1.5 volt)


2 bulb holders


three 20 cm lengths bare copper wire (18‑20 gauge)


battery holder

1.
Get one bulb to light using the dry cell, a bulb, a bulb holder, and 2 pieces of wire.

2.
Add one more bulb in a bulb holder in a continuous circuit so that both bulbs are lit.

3.
What changes in the brightness did you observe when you added the second bulb?


______________________________________________________________________________________

______________________________________________________________________________________
4.
Unscrew one bulb. What do you observe about the other bulb?


______________________________________________________________________________________

______________________________________________________________________________________
5.
Again get both bulbs to light. What do you predict will happen if the other bulb is unscrewed?


______________________________________________________________________________________

______________________________________________________________________________________
6.
Try it. What happens to the other bulb?


______________________________________________________________________________________

______________________________________________________________________________________
7.
Can you explain your observations?


______________________________________________________________________________________

______________________________________________________________________________________
8.
The circuit you have constructed is called a series circuit. A series circuit is an electric circuit that has a 

single conducting path through which all charged flow.

9. 
What happens to a string of Christmas tree lights connected in series if one bums out?


______________________________________________________________________________________

______________________________________________________________________________________
10. 
Describe what happens to the light bulbs in your home when one bulb bums out.


______________________________________________________________________________________

______________________________________________________________________________________
11. 
Do you think the wires in your home are connected in series?


______________________________________________________________________________________

______________________________________________________________________________________
ELECTRICITY
3D1TN

HOW CAN YOU GET MORE THAN ONE BULB

TO LIGHT IN A CIRCUIT?

IDEA:

PROCESS SKILLS:
There are different ways of connecting

Predicting

devices in a circuit.

Observing



Inferring



Communicating



Formulating models
LEVEL: L/U

DURATION: 20 Min
.

STUDENT BACKGROUND:
Students should have prior experiences with simple circuits and


bulb holders.
ADVANCE PREPARATION:
Small Christmas tree lights are an inexpensive source of light


bulbs. The wire. should be cut between the. sockets and the ends of


the wires stripped.
MANAGEMENT TIPS:
If not enough materials are available, students can work in groups of


3 to 4 for the activity. Be. aware that some students might make a


parallel circuit instead of a series circuit as intended.

The term series can be introduced after student instruction 10.

The experience can be reinforced for early finishers by having students draw the circuit they have created on paper or on the. chalkboard.

RESPONSES TO

SOME QUESTIONS:
3.
When a bulb is added to the circuit, the bulbs are not as broght


4.
The other bulb went out.


5.
It will go out.


6.
It went Out.


7.
When one bulb is unscrewed, the circuit is broken.


9.
If one bulb went out, the other bulbs would probably go out.


10.
The other light bulbs remain lit.


11.
Not in the same type of circuit. The other bulbs do not to out.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.

When light bulbs or other electrical devices are commended in




series the charges flow through each in turn.


2.

In a series circuit, if one bulb is unscrewed, both bulbs go




out since the circuit is broken.

POSSIBLE EXTENSIONS:
Students can be given additional bulbs and bulb holders to connect


in series, or students can be given another wire and encouraged to


build a different circuit that will light both bulbs (parallel).

ELECTRICITY
3D2

WHAT IS ANOTHER WAY TO GET MORE THAN ONE

BULB TO LIGHT IN A CIRCUIT?

Materials:
dry cell


2 flashlight bulbs (1.5 volt)


2 bulb holders


4 20 cm lengths bare copper wire (18 or 20 gauge)


battery holder

1. 
Get one bulb to light using the dry cell, a bulb, a bulb holder, and 2 pieces of wire.

2. 
Add one more bulb in a bulb holder to the circuit so that both bulbs are connected as in the drawing below.
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3. 
What do you observe about the brightness of the bulbs?


______________________________________________________________________________________

______________________________________________________________________________________
4. 
How does the brightness of the bulbs compare when they art arranged in series?


______________________________________________________________________________________

______________________________________________________________________________________
5. 
What do you predict will happen to the other bulb when one bulb is unscrewed?


______________________________________________________________________________________

______________________________________________________________________________________
6. 
Try it.

ELECTRICITY
3D2

WHAT IS ANOTHER WAY TO GET MORE THAN ONE

BULB TO LIGHT IN A CIRCUIT?  2
7. 
Again get both bulbs to light.

8. 
What do you predict will happen when the other bulb is unscrewed?


______________________________________________________________________________________

______________________________________________________________________________________
9. 
Try it.

10. 
What happened to the other bulb?


______________________________________________________________________________________

______________________________________________________________________________________
11. 
Try to explain your observations.


______________________________________________________________________________________

______________________________________________________________________________________
12. 
How do your results compare with what happens when a bulb is unscrewed in a series circuit?


______________________________________________________________________________________

______________________________________________________________________________________
13. 
When one bulb bums out in a string of Christmas tree lights, what happens to the rest of *the lights?


______________________________________________________________________________________

______________________________________________________________________________________
14. 
What type of circuit does a string of Christmas tree lights have? Explain.


______________________________________________________________________________________

______________________________________________________________________________________
15. 
What happens when a bulb bums out in your home?


______________________________________________________________________________________
16. 
Describe the type of wiring that is in your home.


______________________________________________________________________________________
ELECTRICITY
3D2TN

WHAT IS ANOTHER WAY YOU GET MORE THAN ONE

BULB TO LIGHT IN A CIRCUIT?

IDEA:

PROCESS SKILLS:

There are different ways of

Predicting

connecting devices in a circuit.

Observing



Inferring



Interpreting Data



Formulating Models
LEVEL: L/U`

DURATION: 20 Min.
STUDENT BACKGROUND:
Students should have prior experiences with series circuits.

ADVANCE PREPARATION:
Make certain all light bulbs used by a group of students are identical.

MANAGEMENT TIPS:
The term parallel circuit can be introduced after student instruction


number 12.


If not enough materials are available, students can work in groups


of 3 or 4 for the activity.


Christmas tree lights are, an inexpensive source of small light


bulbs. The light bulbs can be used if the wire is cut between the


sockets and the ends of the wires stripped.


The experience can be reinforced for early finishers by having


students draw the circuit they have created on paper or the board.


The drawing can then be compared with the earlier drawing of a


series circuit.

RESPONSES TO

SOME QUESTIONS:
3.
Students will observe that the brightness of the bulbs is



the same.

4.
In the prior activity, two bulbs were dimmer than one. In



this activity, both bulbs have the same brightness as if they



were each alone.

5.
Students will usually predict that the other bulb will go



out. Discuss all reasonable answers.

8.
Students should now predict that the other bulb will



remain lit.

10.
It remains lit.


11.
Students usually will be puzzled; however, if they see two circuits, and are encouraged to think about the ways in which charges could flow in a continuous path, they usually figure out that charges flow through the two continuous paths.


12.
If students have answered the previous question correctly, they will explain that this circuit has two paths for charges to follow, whereas the prior activity had only one.

ELECTRICITY
3D2TN

WHAT IS ANOTHER WAY YOU GET MORE THAN ONE

BULB TO LIGHT IN A CIRCUIT?  2


13.
Most students will answer that the rest of the bulbs remain lit unless they have old or inexpensive lights that are wired in series.


14.
Answers will be either series or parallel depending on the recollections of students.


15.
The rest remain lit.


16.
Students should realize that their homes are wired using a parallel circuit because if one bulb bums out, the other usually remains lit If an appliance is turned off or unplugged, everything else keeps working.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
When light bulbs or other devices are connected in parallel,



there is more than one continuous path through which charges



can flow.


2.

Each bulb receives the same amount of current as a single bulb



if the bulbs are identical.


3.
If one bulb is unscrewed, the other bulb remains lit since



there is another continuous pathway for the electric charges to



follow.

POSSIBLE EXTENSIONS:
Students can be given additional bulbs and bulb holders to connect


in parallel or experiment with short circuits.

ELECTRICITY

3D3

HOW MANY BULBS WILL ONE DRY CELL LIGHT?

Materials:
dry cell


5 to 10 Flashlight bulbs (1.5 volt)


2 20 cm lengths bare copper wire (18‑20 gauge)


battery holder

1.
See how many bulbs your group can get to light when each bulb touches both wires.
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2. 
What do you observe about the brightness when bulbs are added to the circuit?


______________________________________________________________________________________
3. 
Can you explain your observations?


______________________________________________________________________________________

______________________________________________________________________________________
ELECTRICITY
3D3TN

HOW MANY BULBS WILL ONE DRY CELL LIGHT?

IDEA:

PROCESS SKILLS:

There are different ways of

Observing

connecting devices in a circuit.

Inferring
LEVEL: L/U

DURATION: 20 Min.
STUDENT BACKGROUND:
Students should have prior experiences with parallel circuits.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
This activity extends students understanding of parallel circuits.


More than 10 bulbs may light with fresh cells. Doing this in


large groups or as a demonstration produces the need for a hundred


light bulbs.

It is best to have students do the activity in groups of at least


2 or 3 to facilitate the holding of the materials.
RESPONSES TO

SOME QUESTIONS:
2.
The brightness is about the same for all bulbs.


3.

The bulbs are wired in parallel, therefore, each bulb has its



own continuous path for charges to follow.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
When appliances are connected in parallel, the electricity has



more than one pathway to follow.


2.

If the bulbs are identical, each bulb receives the current as if



they were alone in a circuit.

POSSIBLE EXTENSIONS:
Challenge Students to see how many bulbs they can get to light


using a dry cell and only ONE wire.
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ELECTRICITY
3D4
DOES THE SIZE OF THE BATTERY CHANGE THE BRIGHTNESS OF THE BULB?

By Dick Heckathorn

Materials
batteries - D, C, AA, AAA, Ni-Cd, NIMH, from Polaroid Camera  (should be fresh)

 
box of old batteries


Christmas tree bulb

1.
Using a D-Cell battery and a Christmas tree bulb, light the bulb. Observe the brightness of the bulb.

2.
How do you think the brightness of the bulb (when connected to the AA-cell) will compare when connected to the D-Cell battery? 


________________________________________________________________________________________________

3.
Try it. What did you find?


________________________________________________________________________________________________

4.
Why do you think you get the results that you did? 


________________________________________________________________________________________________


________________________________________________________________________________________________


________________________________________________________________________________________________

5.
Use other batteries to light the Christmas tree bulb. What do you observe?


________________________________________________________________________________________________


________________________________________________________________________________________________


________________________________________________________________________________________________

6.
Were all the bulbs the same brightness? If not, which ones had a brightness different from a D-Cell?


________________________________________________________________________________________________

7.
Examine each bulb. What do you find that is similar?


________________________________________________________________________________________________


________________________________________________________________________________________________


________________________________________________________________________________________________

8.
After reading the teacher notes, what questions do you still have?


________________________________________________________________________________________________


________________________________________________________________________________________________


________________________________________________________________________________________________

9.
If you multiply the voltage by the current, what do you get?


________________________________________________________________________________________________

ELECTRICITY
3D4TN
DOES THE SIZE OF THE BATTERY CHANGE THE BRIGHTNESS OF THE BULB?
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1.
The voltage of each battery should have the number of volts written on it. Most of the batteries have a voltage of 1.5 volts.


If a battery has the same voltage as another, it will provide the same energy to a charge (an electron). When a complete circuit is made, the charges flow through the circuit. All of this energy will be given to the filament of the bulb. The filament is heated quite hot and gives off light energy. (A slight amount of energy is lost in the wire but is so small we ignore it at this level.)  If the battery has a greater voltage than another, if will provide more energy to a charge which will cause the bulb to become brighter when the circuit is completed.

2.
When the circuit is completed, chemical reactions occurs in the battery. An oxidation reaction occurs at the negative end of the
battery which provides electrons that will flow through the circuit carrying energy. At the other end of the battery a reduction reaction occurs that leaves a deficiency of electrons and becomes positive. This end then accepts the electrons after passing through the circuit. A phenomenon that occurs is that the electrons will have lost all the energy they were given by the battery when they arrive at the positive end of the battery.

3.
The difference in batteries of different size with the same voltage rating is just size (if the same type of battery such as alkaline, NiCd, NiMH, etc.). The result is that there is more surface area which allows for a greater amount of chemical reactions. This means that more charges can be given energy per unit time. This then increases the number of charges able to flow through the circuit which we call current.
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4.
An AA NiCd rechargeable battery of yester year had a voltage of 1.2 volts. This is due to the fact that the atoms involved are nickel and cadmium.  The non-rechargeable batteries are made of carbon and zinc which gives a 1.5 volt battery.

Answers

3.
If both batteries are fairly new, the brightness should be the same for both.

5.
The brightness of the bulb could vary for different batteries.

7.
All batteries have a voltage rating written on them. Most will say 5 volts.

9.
The product of V times I is  Energy/time which is Joules/sec which is a Watt, a measurement of power.

Outstanding Websites providing further information.

1.
http://electronics.howstuffworks.com/battery.htm   How Batteries Work

2.
http://electronics.howstuffworks.com/lithium-ion-battery.htm  How Lithium Batteries Work

The above two web sites are two articles identified in website 3

3.
http://christmas.howstuffworks.com/search.php  HowStuffWorks Results for: batteries

This web site lists many articles relative to batteries. 

ELECTRICITY
3D5
HOW DOES A CHRISTMAS TREE BULB COMPARE TO THE FLASHLIGHT BULB?
By

Dick Heckathorn  

Materials:
Christmas tree bulb


Flashlight bulb

1.
Examine and then draw what you see when you look at the inside the flashlight bulb. 

2.
Pull the Christmas tree bulb out of its holder. 

Draw what you see when you look at it. 
3.
Again look at the Christmas tree bulb. Do you see anything that you did not see before. If so, draw it.
4.
What is the path that the electricity must follow in the bulb? Use arrows to indicate the path.
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5.
When the filament breaks, there is a surge of current that destroys the insulation of the jumper where it is in contact with the two vertical wires.
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Use arrows to indicate the new path of the current through the bulb.

ELECTRICITY
3D5TN
HOW DOES A CHRISTMAS TREE BULB COMPARE TO THE FLASHLIGHT BULB?
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2.
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4.
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5.

http://www.howstuffworks.com/light.htm    How Light Works

http://christmas.howstuffworks.com/christmas-lights2.htm   How Christmas Lights Work

http://home.howstuffworks.com/light-bulb.htm   -   How a Light Bulb Works

ELECTRICITY
3D6
Christmas Tree Lights A “Continuing Series”?

William DeBuvitz

Department of Physics and Electrical Engineering Technology,

Middlesex County College, 155 Mill Road, Edison, NJ 08818

Originally Published in The Physics Teacher Magazine

Volume 30, December 1992, page 530-533
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Pardon the pun, but I am not talking about a continuing series of articles on Christmas tree lights. I am talking about Christmas tree light strings that are wired in a “continuing series.” That is, they are wired in series and maintain a continuous series circuit even if a bulb burns out. Also, the bulbs that remain lighted actually get brighter as more bulbs burn out. This is certainly not your typical series behavior.
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You surely have seen these light strings in commercial and home holiday displays. The bulbs are rather small and often have a decorative collar that looks like a flower (see Fig. 1). You also might have noticed a burned‑out bulb or two on a string and wondered how the rest stayed lit. This “non-series behavior” would make an interesting study in a physics course.

In the “good old days” we had series light strings that behaved in the conventional manner: when one bulb burned out, they all went out. This could be rather frustrating for anyone trying to decorate a Christmas tree. I can remember my father searching through a string one bulb at a time, trying to find the one that turned off the set. Not much fun for a Christmas Eve!

I have been using the newer light strings for a number of years, but I never took a close look at how they operated. I knew that these series strings of bulbs would stay on when a bulb burned out, and I had heard from others that a string will actually get brighter as more and more bulbs burn out on the string. I had never noticed this increase in brightness, but I believe that was because I never had more than two bulbs burn out on a string. Some of my friends use these light strings outdoors and have had almost half of the bulbs burn out, which would make the increase in brightness of the remaining bulbs more noticeable.

Figure 2 shows how the bulbs are plugged into the sockets on the series strings. Each bulb has two thin wires extending from its base, and these wires pass through the “plug” end of a plastic collar that fits around the bulb. The wires are then bent up on each side of the plug. When the bulb and collar assembly are plugged into a socket, the wires make contact with two metal strips inside of the socket. This type of electrical connection is certainly not as good as a conventional screw‑base bulb and it can lead to problems. The thin wires can break or bend out of shape so that they do not make proper contact with the strips. When this happens, the complete string goes out just like a conventional series string.

I figured that there must be some kind of “jumper” that keeps the circuit closed in a blown bulb, but I was not sure how it worked. Last December I decided to take a closer look at the bulbs. Here are the results of my experiments:

(1)
I first broke off the glass enclosures on a functioning bulb and on a blown bulb. The functioning bulb had a small “jumper” near the bottom of the filament (see Fig. 3). The jumper was covered with a white coating that looked like some kind of insulating material. The jumper on the blown bulb was blackened as if the white coating had burned off. This burning could have been caused by the high temperature of the filament or by a spark. I could not be sure of the cause without performing some tests on the bulbs.

(2) The first light set that I examined consisted of 51 bulbs wired in three strings. Each string consisted of 17 bulbs wired in series and the three strings were wired in parallel. If all 17 bulbs in the series circuit are functioning, the voltage across each bulb will then be: 120 V / 17 = 7.1 V. I wired one bulb across a variable power supply with a voltmeter and ammeter and found that the current at 7.1 V was about 0. 14 A. This means that the hot resistance of the bulb was            7.1 V / 14 A = 51 Ω.

(3) I wanted to see what happens when a bulb burns out, so I increased the voltage across the bulb to the maximum value of the power supply, which was 18 V. I found that the bulb was pretty durable; I had to wait about 15 minutes before the bulb finally burned out at 18 V. It was very bright and ran very hot during those 15 minutes. The collar started to melt and the coloring on the glass enclosure burned off. When the bulb finally did burn out, the current dropped to zero. This indicated that the resistance was now infinite, just as in an ordinary blown bulb.

(4) Obviously the jumper was not doing what it was designed to do. How could this bulb complete a circuit in a string? To find out, I took a bulb out of a light string and replaced it with the blown bulb. When I plugged the light string into 120 V, the string lit except for the blown bulb. I also noticed a tiny spark inside the blown bulb at the instant I plugged in the light string. The spark was at the location of the jumper. Somehow, the blown bulb was completing the circuit.

(5) I then removed the blown bulb and rewired it to the power supply and meters. When I increased the voltage, the current increased rapidly as in a short circuit. The resistance of this blown bulb was now close to zero ohms. By simply plugging the blown bulb into the string, its resistance changed from infinite to zero ohms!

(6) I repeated the above experiments with bulbs from other light sets. In most cases, the bulb would burn out at 18 V and have an infinite resistance, then change to zero resistance after I plugged it into a light string. Sometimes a blown bulb would “come back to life.” That is, it would burn out at 18 V and then light up when I plugged it into a light string. Apparently, the spark can mend small breaks in the filament. When this happened, I rewired the bulb across the 1 8‑V power supply, heated it until it burned out again, and then plugged it back into the string. Sometimes I had to repeat this two or three times before the bulb stayed “dead.” Once it was permanently “dead,” it behaved like the other blown bulbs.

These observations seem to indicate that a 120‑V spark makes the string a “continuing series.” Each bulb has a jumper that is covered with an insulating material. When the bulb is functioning normally, the jumper does not conduct across the filament because it is not making contact with the filament. When the filament breaks, there will be no current in the string and the voltage across the broken filament will be the full 120 V. This produces a spark that burns the insulating material off of the jumper. The 18-V power supply I used for burning out the bulbs could not produce a proper spark, so the jumpers would not work until I plugged the bulbs into a light string at 120 V.
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These observations also explain why a string gets brighter when bulbs burn out. When all the bulbs are lit, the voltage across each bulb is 120 V / 17 = 7.1 V. If one bulb burns out and its resistance drops to zero, the voltage across each of the other bulbs will increase to 120 V / 16 = 7.5 V. If two bulbs burn out, the voltage across the remaining ones will increase to 120 V / 15 = 8.0 V. After enough bulbs 15 burn out, the voltage across the remaining ones would be large enough to make the bulbs noticeably brighter.

As I mentioned earlier, there can be problems with these strings because of the weak connections between the bulb's wires and the metal strips in the sockets. There is another problem with these light strings that is more serious. As the bulbs burn out on the string, the current increases and the remaining bulbs get hotter. Could this lead to a fire? Based on my observations, it seems possible. I found that these bulbs will continue to operate at temperatures that are high enough to burn the coloring off the bulbs and melt their sockets. Of course, this would never happen if a person always replaced the blown bulbs and never let them accumulate on a string. But what about Christmas displays that are on continuously in stores? If no one checks the strings, the current could increase to a dangerous level. Perhaps there is a fuse or some other safety device built into the wiring to limit the current. I could not find any on my sets.

I believe that these light strings would make an interesting demonstration in a physics class. After you have finished discussing series and parallel circuits, you could demonstrate the lights and ask the students to formulate a theory to explain the “non-series behavior.” You could also have the students study the lights in the laboratory. You might suggest a procedure based on the steps I followed in my experiments. Your students will see how something that looks “magical” and appears to violate physical laws (series circuit rules) can be explained with these same laws, once it is studied in a logical manner.

ELECTRICITY

3E1
USING TWO CELLS IN SERIES

Materials:
2 dry cells


I flashlight bulb (3 volt)


120 cm length bare copper wire (18‑20 gauge)


battery holder

1. 
Get one bulb to light using the dry cell, a bulb, and 1 wire.

2. 
What do you predict will happen to the brightness of the bulb when another dry cell is added to the circuit?

3. 
Add the other cell to the circuit.
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4. 
What do you observe about the brightness of the bulb with 2 dry cells?


_____________________________________________________________________________________


_____________________________________________________________________________________

5. 
How does the brightness of the. bulb compare. with using one cell?


_____________________________________________________________________________________


_____________________________________________________________________________________

6. 
Can you explain why the bulb is brighter using two cells?


_____________________________________________________________________________________


_____________________________________________________________________________________

7.
Name several devices around your home that use more than one cell.


_____________________________________________________________________________________


_____________________________________________________________________________________

8.

How are the cells in these devices connected? (Draw a diagram in the space following this question.)


_____________________________________________________________________________________


_____________________________________________________________________________________

9.
How can you test to see if the cells in these devices are in parallel or in series? Is there more than one path for the charges to follow?


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
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USING TWO CELLS IN SERIES
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IDEA:
PROCESS SKILLS:
There are different ways of
Predicting

connecting sources in a
Observing

circuit.
Inferring


Experimenting

LEVEL: L/U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have prior experiences with simple circuits.
ADVANCE PREPARATION:
Use bulbs rated from 2.5 volts to 3.0 volts, or  use flashlight                          bulbs rated for use with 2 C‑cells or 2 D‑cells.

MANAGEMENT TIPS:
This activity introduces cells in series.


Cells in series are connected positive to negative.


It is best if students work with a partner to help in holding the materials. If battery holders are available, cells may be easily  connected.


If using 1.5V bulbs, using more than two cells to light a bulb will burn out the bulb quickly.


Supply only two cells per group. Be alert to inter‑group sharing of cells.

RESPONSES TO

SOME QUESTIONS:
2.
Students usually predict correctly that the bulb will get brighter because there ls a greater voltage:   i.e., 1.5V + 1.5V = 3V.


4.
The bulb gets brighter.


5.
The bulb is brighter.


6.
Students may respond that two dry cells have twice as much



“power” as one dry cell. Actually, two dry cells have twice as much voltage when wired in series, but not when in parallel.


7.
A flashlight or portable radio.


8.
Usually in series, but sometimes a combination of series and parallel.


9. 
Put paper or an air space between 2 batteries.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
When cells are in series, the voltages add.

2.
When cells are in series, a bulb will burn brighter than with one cell.

POSSIBLE EXTENSIONS:
Students can be given additional bulbs to add to their circuits, or can predict what will happen when more cells are added. Dry cells 
can be added by one group of ‘ students until the bulb burns out


Consider using bulbs rated at 6 volts.


Students can also use a paper towel tube to make a model 
flashlight.

ELECTRICITY
3E2

USING TWO CELLS IN, PARALLEL

Materials:
2 dry cells


1 flashlight bulb (3 volt)


2 20 cm lengths bare copper wire (18‑20 gauge)


1 bulb holder


battery holder

1. 
Get one bulb to light using one dry cell, a bulb, and 2 wires. Do not touch the bulb to the Cell in the Circuit.
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2. 
What do you predict will happen when another dry cell is added to the circuit as in the illustration?


______________________________


______________________________


______________________________


______________________________

3. 
Add the second cell as in the illustration.

4. 
What do you observe about the brightness of the bulb with 2 cells?


_____________________________________________________________________________________

5. 
How does the brightness of the bulb compare with using one cell?


_____________________________________________________________________________________

6. 
Explain your comparison.


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
3E2TN

USING TWO CELLS IN PARALLEL

IDEA:
PROCESS SKILLS:

There are different ways of
Predicting

connecting sources in a circuit.
Observing


Formulating models

LEVEL: L/U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have prior experiences with series circuits. Experience with series and parallel circuits is also helpful.

ADVANCE PREPARATION:
A 3‑volt bulb will be dim. A 1.5‑volt will bum out if the 
batteries are accidentally placed in series.

MANAGEMENT TIPS:
This activity introduces cells wired in parallel.


Cells in parallel are wired positive to positive and negative


to negative


When cells are in parallel, the voltage remains the same because


each electron goes through only one dry cell in any one trip around


the circuit. Since there are two pathways when working with two


dry cells, the dry cells will last about twice as long.

RESPONSES TO

SOME QUESTIONS:
4. 
The brightness of the bulbs remain the same.


5.

It remains the same.


6.
Students usually have difficulty answering this question. Two dry cells connected in this way (in parallel) are like adding a second gasoline tank to your car. The extra energy allows the car to go farther, but does not increase its speed.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

When a device is connected to dry cells wired in parallel, it will


operate for a longer time (see number 6 under “Responses to Some


Questions”).

POSSIBLE EXTENSIONS:
Students can be given additional bulbs to add to their circuits. Also, students could compare two circuits using cells wired in series and in parallel to determine in which arrangement the bulbs remain lit the longest.

ELECTRICITY
3F1F

ELECTRIC CIRCUITS

The delivery of electrical energy from the power plant to your home, the ignition system in your automobile, and a small hand‑held flashlight are all common examples of electrical circuits. Any electrical circuit, no matter how large or small, has three basic parts:

1) a source of electrical energy, such as a battery or generator; 

2) a converter of electrical energy, such as a light bulb or motor; 

3) a conductor for transmitting the electrical energy from the source to the receiver.


SOURCE
RECEIVER
CONDUCTOR

Electricity to the Home
Generator at
Appliances,
Transmission lines,


Power Plant
Lights, etc.
House wiring

Automobile Ignition
Car Battery
Starter  
Wiring

Flashlight
Battery
Light Bulb
Metal Contacts

It is the movement of charged particles (electrons) through a conductor that transmits the electrical energy from the source to the converter. This flow of electrons through the conductor is called electric current. (Because the term electric current means “movement of charged particles”, it is redundant to use phrases such as “current flow” in discussing electricity.)

In order to conduct electricity, a material must have charged particles that are free to move. Metals such as copper, silver, and aluminum are good conductors because their atoms have at least one electron that is free to move. Other materials, such as glass, plastic, and rubber are poor conductors because their atoms have tightly bound electrons which are not free to move. These materials are called insulators. Some materials, such as germanium and silicon, can conduct electricity better than insulators, but not as well as conductors. These materials are known as semi‑conductors.

In a conductor, charged particles can move easily from one atom to another. To understand how and why charged particles move through a conductor, suppose that we have a copper wire. Typically, each atom of copper in the wire has an electron that is free to move. Suppose we place a negatively charged object in contact with one end of the copper wire, and an equal but positively charged object in contact with the opposite end of the wire.
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ELECTRIC CIRCUITS   3
Electrons from the negatively charged object will move into the wire. These electrons do not simply travel through the wire toward the positively charged object (a commonly held misconception). Rather, they repel the .electrons in the copper atoms near the end of the wire (like charges repel) causing them to move away from the negatively charged object. These repelled electrons in turn repel electrons from other copper atoms. This process continues throughout the length of the wire. Consequently, there is a movement of electrons through the wire in a direction away from the negatively charged object and toward the positively charged object. At the end of the wire near the positively charged object, electrons from the wire are attracted and transferred to the positively charged object. The net effect is that electrons are removed from the negatively charged object, and electrons (not necessarily the same ones) are added to the positively charged object. The movement of electrons in the wire continues only as long as there is a difference in charge between the objects at each end of the wire. As the negatively charged object immediately loses its excess electrons to the wire, and as the positively charged object immediately gains electrons from the wire, the charges on the two objects will quickly become equal. At this point the movement of electrons in the wire (caused by the presence of the differently charged objects) ceases.

The movement of electrons in the wire in the above example is only a transient (momentary) form of electric current. The electric currents with which we are most familiar have a continuous flow of electrons through a conductor. So how can a continuous flow of electrons, rather than one that almost immediately ceases, be produced through the copper wire?

A continuous flow of electrons can be produced by connecting the ends of the copper wire to the negative and positive terminals of a battery. As in the earlier example, electrons from the negatively charged terminal will go into the wire, causing a movement of electrons in the wire and a transfer of electrons from the wire to the positively charged battery terminal. Inside the battery a chemical change occurs that removes electrons from the positive terminal and carries them to the negative terminal. Because the battery continually supplies electrons to the negative terminal it is a source of electrical energy. This continual supply of electrons to the negative terminal enables there to be a continuous flow of electrons through the wire.
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ELECTRIC CIRCUITS   3
In the battery‑copper wire system, the electrons move in a closed loop, or electric circuit. There are three kinds of electric circuits. A series circuit is one in which there is only one path for the electric current. A parallel circuit provides more than one path for the current. A complex circuit is a combination of series and parallel circuits.

                            A Series Circuit
                        A Parallel Circuit
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The circuit must be closed in order for there to be a current in a circuit. (See diagram below.) This means that there must be at least one continual conducting path for the electrons to move from the negative terminal to the positive terminal. If this path is interrupted (for example if the copper wire in the earlier discussion is cut), then the movement of electrons from the negative terminal toward the positive terminal stops and there is no current. In this situation, the circuit is said to be open. The ignition system in your car is an open circuit. When you insert and turn the key, you complete, or close, the circuit. Switches are often used to open and close circuits in order to control the current. A light switch on a wall, a switch on a hair dryer, and the lever used to insert toast in the toaster are all examples of switches used to open and close circuits in your home.
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Current in a circuit is measured in terms of the rate at which electrons flow through the circuit. Most circuits are only designed to carry a certain amount of current. Many circuits have safety devices such as fuses or circuit breakers that serve as automatic switches to automatically open the circuit if the current becomes too great.

ELECTRICITY
3F1F

ELECTRIC CIRCUITS   4
If more than one conducting path is available for the movement of electrons in an electric circuit, there will be the greatest movement of electrons through the path of least resistance. Suppose, for example that both a copper wire and an iron wire of the same size and length are connected to the terminals of a battery. Because electrons of the copper atoms are much freer to move than the electrons in the iron, there will be a much larger electric current through the copper wire than through the iron. We say that the copper wire provides the path of least resistance. As another example consider a parallel circuit (a circuit that provides more than one conducting path). If one branch of the circuit includes a converter of electrical energy, such as a lamp, the majority of current may be through the other branch that offers a path of less resistance. In this case, the lamp may fail to operate due to a lack of adequate current, and we say we have a short circuit. (The topic of conductivity and resistance is addressed in more detail in the. next section.)

Electric current is useful only if there is a converter, or user, of electrical energy. By placing various energyusing devices (such as light bulbs, heating elements, motors, etc.) in a circuit, the electrical energy of the moving electrons is transferred to the devices.

To understand how electrical energy is utilized by a converter, let’s take a look at a common device ‑ a heater. The wires to and from the heater are made of a good conductor such as copper. Electrons can move easily through the copper wire. Inside the heater, however, is a heating element‑made of a metal (such as tungsten) through which electrons do not move as freely. Electrons moving through this metal encounter significantly more opposition than when moving through the copper wire. The nature of this opposition can be thought of as electrons “bumping into” stationary atoms of the metal as they move through the circuit. As an analogy, consider two large pipes through which water must pass. If one pipe is filled with rocks and the other with sand, it is obvious that in traveling a given distance through the pipe, the water molecules will have more collisions with the sand than with the rocks. When two bodies collide, energy is given up by the moving body and absorbed by the stationary body, producing heat. For example, a rise in temperature occurs in a piece of metal when it is pounded by a hammer. Similarly, energetic electrons lose some of there energy every Lime they interact with stationary atoms of metal in a circuit. Consequently, the metal becomes warm. In an electric circuit, the amount of heat generated in the metal depends on the number of interactions per second. A metal is suitable for a heating element if its structure causes sufficient interactions to produce the desired heat.

Finally, a word about the speed with which electrons travel through a circuit. It is apparent that when a switch is turned on, a lamp in the circuit lights immediately, with no perceptible delay. This leads many people to the naive idea that electrons must travel, through the circuit very fast, maybe at the speed of light. The lamp does not, however, have to wait for an electron to leave the source and make its way to the light. The electrons move with the same flow rate in every part of the circuit. For a circuit having a total conductor length of 30 cm, it may take five minutes or more for an individual electron to move completely around the circuit; however, the electrical energy reaches the lamp almost immediately. Consider our first example, when we placed a negatively charged object and a positively charged object at the ends of a copper wire. As soon as an electron from the negatively charged object entered the wire, an electron from the opposite end was displaced onto die positively charged object. It is much like pushing a marble into the end of a length of garden hose already filled with marbles. As soon as a marble is pushed into one end, marbles throughout the hose are immediately displaced and a marble, falls out of the opposite end.
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In all of the previous discussion, various models and diagrams have been used to try to make an individual concept clear. There is some danger in this since no single model will address all concepts equally well. Attempting to use some particular model to answer questions about a concept which is not addressable by the model will often lead to obvious inconsistencies and may actually serve to reinforce naive ideas.

An example of such a model is using the analogy of water pressure to explain voltage. While this analogy works well for one or two particular concepts, it fails for most. When physicists try to understand why electrons move in a circuit, why placing two lamps in series causes each to be dimmer than ‘normal’ while placing two lamps in parallel allows each to be its ‘normal’ brightness and why two cells in series increases the total voltage while two cells in parallel does not, to name a few, they rely on the concept of electric field.

The concept of electric field is introduced in Section 11 (part D) of this book‑ for static charges. The following are the basic facts about electric fields in circuit :

1.
The field exists only within conductors.

2.
The field exerts a force on every electron in the circuit, not just on one electron which pushes on the next, etc.

3.
The voltage of the source and the resistance of a converter affect the value of the electric field.

4.
The electric field is not the same everywhere in a circuit. If a dry cell, a 3‑volt bulb, and a 6‑volt bulb are in the same circuit, the electric field will be different in each bulb. A third value is in the connecting wires, the same in all of the connecting wires if the wires are identical, and a forth value inside the cell.

5.
Adding a converter anywhere in a series circuit immediately changes the electric field in the whole Circuit. (The influence propagates through the circuit at the speed of light.)

6.
In a parallel circuit, each converter affects the electric field only in those parts of the circuit through which an electron going through that converter could travel. (In the diagram below, the resistance of bulb A affects the electric field everywhere except in bulb B and in the wires that connect bulb B to points p and q.)
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	Symbol
	Name
	Definition
	Unit
	Abbrev.
	Meter

	
	
	
	
	
	

	I
	Current
	The number of electrons
	Ampere
	A
	 Ammeter

	
	
	Passing a point in one second
	(I coulomb* per second)
	(amp)
	

	
	
	
	  second)
	
	

	
	
	
	
	
	

	E
	Voltage
	The difference in electrical
	Volt 
	V
	 Voltmeter

	
	(Potential
	Potential of two points in a
	1 Joule** per  coulomb
	
	

	
	Difference)
	circuit
	
	
	

	
	
	
	
	
	

	R
	Resistance
	The nature of a material that
	Ohm
	Ω
	Ohmmeter

	
	
	Enables it to extract energy
	
	
	

	
	
	From the electrons moving
	
	
	

	
	
	Through the material
	
	
	

	
	
	(depends on atomic structure)
	
	
	


Relationship Among V, 1, and R

V = IR

*1 coulomb of electrons 6.25 x 1018 electrons

** 1 Joule is the amount of energy it takes to lift 1 kg 10.2 cm

ELECTRICITY
3A3

WHERE ARE THE WIRES IN YOUR MYSTERY BOX?

Materials:
box with lid (shoe box)


flashlight bulb (1.5 volt)


dry cell


brass fasteners (6 / box)


two - 20 cm bare copper wires (18 or 20 gauge)


bulb holder


battery holder

1. 
Look at the box.

2.

You should see the heads of 6 brass fasteners on the lid of the box.

3.

Copper wires under the lid are attached to some of the brass fasteners.

4.
Using the bulb, the wires, and the dry cell, how can you find out where the wires are without opening the box?

5.

How would you find out if there is a wire between fastener 1 and fastener 2?

6.

Test all the possible pairs listed below.

7.

Record your observations in the following chart.
	PAIRS
	BULB LIGHTS
	PAIRS
	BULB LIGHTS

	 
	(YES/NO
	 
	(YES/NO

	1-2
	 
	2-6
	 

	1-3
	 
	3-4
	 

	1-4
	 
	3-5
	 

	1-5
	 
	3-6
	 

	1-6
	 
	4-5
	 

	2-3
	 
	4-6
	 

	2-4
	 
	5-6
	 

	2-5
	 
	 
	 


8.
Use your observations and draw lines on diagram A, on the next page, where you think the wires are found in the lid of your box. (Use a pencil so you can erase if you change your mind.)

9.

After you talk about your diagram with the teacher, open your box and examine the lid.

ELECTRICITY
3A3

WHERE ARE THE WIRES IN YOUR MYSTERY BOX?  2
10.
On diagram B below, draw the wires as they actually appear in the lid of the box.
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11.
How do diagrams A and B compare?


_____________________________________________________________________________________


_____________________________________________________________________________________

12.
How are they alike?


_____________________________________________________________________________________


_____________________________________________________________________________________

13.
How are they different?


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
3A3TN

WHERE ARE THE WIRES IN YOUR MYSTERY BOX?

IDEA:

PROCESS SKILLS:
A circuit is a continuous path

Observing

through which electricity flows.

Classifying



Inferring



Experimenting



Formulating models
LEVEL: L/U

DURATION: 30 Min
.

STUDENT BACKGROUND:
Students should have been exposed to the concept of a circuit


through the previous activities.
ADVANCE PREPARATION:
Wire boxes must be constructed so that each small group (2‑4) has access to a box. Students can be asked to bring in boxes at an earlier time. To wire a box, simply push six fasteners through the 
lid. The end of one wire strip is wrapped around one fastener (under the lid), and the other end is wrapped around a second fastener. The teacher may connect as many fasteners as desired.
MANAGEMENT TIPS:
This activity is an excellent activity to apply the concept of a 
circuit to a new situation. It is also an excellent activity to 
encourage students to observe, classify, and infer patterns.

Allowing the students to generate the table on page 1 provides 
practice at designing an experiment.

As students will observe, there are many ways to wire the boxes to generate the same data. The four wiring patterns below, for 
example, all produce the same results when tested.
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RESPONSES TO

SOME QUESTIONS:
4. 
Construct a circuit and test each fastener “pair.”

5. 
Construct a circuit and place fasteners 1 and 2 in the circuit.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Application of circuits to “hidden circuits.”

2. 
Different inferences may be drawn on the same data.

POSSIBLE EXTENSIONS:
Following the activity, students could make boxes of their own for


a learning center for peers to test or for a home activity for their parents to try.

ELECTRICITY
4WL

WORKSHOP LEADER'S PLANNING GUIDE

CONDUCTORS/INSULATORS

SPECIAL NOTE: This section approaches the idea of RESISTANCE from a different point of view. It is the feeling of the writers that students have a hard time understanding resistance as it is generally taught and that, as a result, many naive ideas remain unchanged. The emphasis in the following activities is to look at the nature of CONDUCTORS. The models introduced are meant to supplement, not replace, the activities with actual conductors.

Naive Ideas

In a circuit with electrical devices, more electrons leave the source than return to it. (4A4)

Electrons are destroyed or "used up" by the converter (light bulb, heater, appliance, etc.).

The electrons that comprise an electric current come from the source. (A dry cell is a can full of electrons. When it is out of electrons, we throw it away or recharge it.) (3F1, 4A4, 5A1, 5A2, 5A3)

All materials that conduct electricity conduct equally well. (4A1, 4A2, 4A3, 4A4, 4B1, 4D1)

Water is a good conductor. (4A3)

A.
SOME MATERIALS. CALLED CONDUCTORS. HAVE MANY ELECTRONS THAT 
ARE FREE TO MOVE, MATERIALS WHICH ARE POOR CONDUCTORS ARE 
CALLED INSULATORS. THEY TEND TO HAVE AN EXTREMELY SMALL NUMBER OF ELECTRONS THAT ARE FREE TO MOVE

1. 
Activity: Which Solids Are Good Conductors?


This activity further enhances student understanding of conductors. Copper, a good conductor, is replaced with a variety of other materials. The brightness of the bulb acts as an indicator to tell if the material is a conductor or an insulator.

2. 
Activity: What Parts Of a Pencil Are Conductors?


This activity reinforces the idea that conductors do not have to be metal. It uses a simple object (a pencil) with which the students are familiar.

3. 
Activity: Which Liquids Are Good Conductors?


Students see which common substances, when added to water, make it a good conductor.

4. 
Demo/Discussion: Conductor Analogy


This activity presents a model for conductors. A hose is filled with marbles; one is pushed in, one comes out. The model, when used with other activities, addresses the naive idea that electrons are somehow used‑up in the conductor. It also helps to deal with the common preconception that electrons move through wire at the speed of light.

B. 
THICK WIRES MAKE BETTER CONDUCTORS THAN THIN WIRES OF THE SAME MATERTAIL.

1. 
Activity: Does the Thickness Of a Conductor Affect the Motion Of Electrons?


In this activity, students investigate how the thickness of a wire affects its conductivity. They make a conductor "thicker" by using more "strands" of wire. This approach will eliminate confusion between diameter or gauge and cross‑sectional area.

ELECTRICITY
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CONDUCTORS/INSULATORS  -  2

2. 
Demo/Discussion: Can You Make a Light Bulb?

In making a light bulb, students observe how a thin and thick nichrome wire "filament" affects the brightness of the bulb.

3. 
Activity: Water Model For Conductors


A model is used to show the effect of changing the composition of a conductor. Although previously stated as a student activity, this might best be performed as a demonstration. Ideas developed in other activities about circuits are further expressed.

C.
SHORT WIRES ARE BETTER CONDUCTORS THAN LONG WIRES OF THE SAME MATERIAL.

1. 
Activity: Does the Length Of a Conductor Affect the Motion Of Electrons?


Students explore how the length of a wire affects its conductivity. They add equal lengths of wire end‑to‑end and see the effect, using bulb brightness as an indicator.

D.
SOME METALS ARE BETTER CONDUCTORS THAN OTHERS,

1.
Activity: Does the Kind Of Metal In a Conductor Affect the Motion Of Electrons?


Students investigate how the material of which the wire is made affects its conductivity. Wires of the same dimension, but different materials, i.e. iron, nichrome, copper, and aluminum are used. This reinforces the concepts developed in Activity 4A3.

ELECTRICITY
4A4D

CONDUCTOR ANALOGY

(Demonstration/Discussion)

Note: Models can be effective to explain the situations they are meant to model, but must be used with caution. No model clarifies every possible aspect of a concept.

The teacher needs to gather the needed materials: A piece (30‑100 cm) of large (inner) diameter garden hose and enough small marbles to fill the entire length of the hose.

This demo is simple. Explain what is in the hose first and ask the students what happens if another marble is added to the hose. The teacher should then hold the two ends of the hose, which is completely filled with marbles, and have a student push another marble into one end (it may take some effort). A marble will fall out of the other end.

In the model presented, the hose represents a conductive wire while the marbles represent the electrons in that conductor. The energy provided by the person forcing the marble into the tube represents energy provided by a battery.

This demo addresses three naive ideas:

1.
The first naive idea is that conductors allow the passage of electricity (electrons) while insulators do not. It is important to change this conception to one that emphasizes that free electrons in conductors can easily move, but that the electrons in an insulator are so tightly bound as to be unable to move freely.

2.
The second naive idea is that electrons are used up in an electrical circuit. This is not the case. The same number of electrons that leave the battery return to it.

3.
The third naive idea is that a cell supplies the electrons that move in an electric circuit. This is not the case. The cell provides the energy to push the electrons that are already freely available in the conductor.

Questions to discuss with students:

1.
Is it the marble that was added to the hose that came out the other side? (This can be tested, if necessary, with a differently colored marble.)

2.
As a model of a simple conductor, what do the marbles, hose, and Student represent?

3.
Have students predict how the results would change if the marbles in the hose were surrounded with honey. (This represents a poorer conductor.)

4.
Have students predict how the results would change if the marbles were glued in the hose. (This represents a very poor conductor, also known as an insulator.)

As in all activity discussions, direction should be given while allowing the students to formulate their own answers. The questions students ask often reflect the naive ideas they bring to the activity.

ELECTRICITY
4A1

WHICH SOLIDS ARE GOOD CONDUCTORS?

Materials:
dry cell 
bulb holder

flashlight bulb (1.5 volt) 
battery holder

3 10‑inch (25 cm) copper wires
1  3‑inch (8 cm) copper wire

box containing a variety of small objects (plastic ruler, paper clip, 
clothespin and nail)

1.
Will the bulb light when the short piece of copper wire is put into the circuit as in the picture below? Write your prediction in the chart on below..
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2.
Build the circuit and try it​

3.
Write your observations in the chart​

4.
Remove the short piece of copper wire from the circuit.

5.
Will the bulb light when the copper wire is replaced with a nail? Write your prediction in the chart.

6.
Try it!

7.
Write‑ your observations in the chart.

8.
Replace the nail with each of the materials that you find in your box. Write your prediction and observation in the chart.

	Things I Tested
	My Predictions
	Observations

	 1. Copper Wire
	 
	 

	 2. Nail
	 
	 

	 3.
	 
	 

	 4.
	 
	 

	 5.
	 
	 

	 6.
	 
	 

	 7.
	 
	 


9. 
Look at the. materials that made the bulb light. How are they alike?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

10. 
Look at the materials that did not allow the bulb to light. How are they alike?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

11. 
How the materials that did not allow the bulb to light different from those materials that made the bulb light?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ELECTRICITY
4A1TN

WHICH SOLIDS ARE GOOD CONDUCTORS?

IDEA:
PROCESS SKILLS:

Some materials, Called conductors,
Observing

have many electrons that are free
Classifying

to move; other materials, called
Interpreting data

insulators, tend to have few electrons

that are free to move.

LEVEL: LIU
DURATION: 40 Min.

STUDENT BACKGROUND:
Students should have been exposed to the concept of circuit through the. previous activities. They also need knowledge of cells in series. Prior to this activity, students should have observed a limited number of conductors.

ADVANCE PREPARATION:
Gather the needed materials: paper clip, plastic ruler, clothes pin, nail, playing card, etc.

MANAGEMENT TIPS:
In testing a large number of objects, students will observe, record,


and classify these objects into two groups based on whether


the bulb lights or does not light. This guided discovery should lead


Students to the concept of conductor and non‑conductor (insulator).


The introduction of these terms should come at the end of the


lesson. Students should infer that metal objects are conductors.


This activity provides an opportunity for students to observe that


other kinds of wire (besides copper) can conduct electricity.

RESPONSES TO
SOME QUESTIONS:
5.
Yes.


9. 
They all contain bare metal.


10.
None contained bare metal.


11.
None contained bare metal.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Materials can be classified as conductors or insulators



according to their ability to conduct electricity.


2.
The materials that allowed the bulb to light in this activity are conductors. The materials that did not allow the bulb to light are classified as insulators.


3.
Most metal objects are conductors.

ELECTRICITY
4A2

WHAT PARTS OF A PENCIL ARE CONDUCTORS?

Materials:
flashlight bulb (1‑5 volt)


dry cell


3 8‑inch lengths of bare copper wire


bulb holder


#2 pencil, with section of graphite exposed


battery holder

1.
Earlier you learned that some materials are conductors and some are not. What parts of a pencil do you predict will be conductors?


_____________________________________________________________________________________

2.
Try it! (Refer to diagram.)

3.
What materials did you observe that caused the bulb to light?


_____________________________________________________________________________________


_____________________________________________________________________________________

4.
Were any of these materials different from other conductors you have observed? In what way were they different?


_____________________________________________________________________________________


_____________________________________________________________________________________
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ELECTRICITY
4A2TN

WHAT PARTS OF A PENCIL ARE CONDUCTORS?

IDEA:
PROCESS SKILLS:

Some materials, called conductors,
Observing

have many electrons that are free
Predicting

to move; other materials, called
Interpreting data

insulators, tend to have few electrons

that are free to move.

LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should have been exposed to the concept of circuit and conductor in previous activities. Their concept of conductor should include materials composed of metals at this point in the instructional sequence.

ADVANCE PREPARATION: 
Cut away some of the wood from the pencils to expose the lead.

MANAGEMENT TIPS: 
The observation of pencil “lead” (actually graphite) conducting


electricity can serve as a discrepant event in its use at this point and


can serve to expand the concept of conductor to include materials


other than metals. Unfortunately, pencil “lead” is a fairly poor


conductor of electricity. Although pure graphite is a good


conductor of electricity, the composition (graphite and clay)


comprising a “lead” pencil conducts electricity poorly.

RESPONSES TO

SOME QUESTIONS:
3. 
Metal eraser holder, pencil “lead.”

4. 
Pencil “lead.” It is a non‑metal.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

1. 
Materials other than metals can conduct electricity.

POSSIBLE EXTENSIONS:
1.

Test a carbon rod (graphite). It will conduct electricity much




better than the composition graphite and clay in the pencil 
“ lead.”
ELECTRICITY
4A3

WHICH LIQUIDS ARE GOOD CONDUCTORS?

Materials:
3 fresh dry cells


battery holder


flashlight bulb (6 volt)


bulb holder


3 8‑inch copper wires


2 clean nails (3‑inch or longer)


3 identical beakers or jars


3 solutions: (A =water, B =Diluted Baking Soda, and C= concentrated Baking Soda)

1.
Look at the diagram below. What do you predict will happen to the bulb when the nails are not in a jar and are touching each other?


_____________________________________________________________________________________


_____________________________________________________________________________________

2.
Using the materials listed, set up the apparatus as diagrammed.
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3.
What do you predict will happen to the bulb when the nails are placed in the liquid in Jar A so that they are not touching each other?


_____________________________________________________________________________________


_____________________________________________________________________________________

4.
Try it. What did you observe?


_____________________________________________________________________________________


_____________________________________________________________________________________

5.
What do you predict will happen to the bulb when the two nails are put into Jar B so they are not touching each other?


_____________________________________________________________________________________


_____________________________________________________________________________________

6.
Try it. What did you observe?


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
4A3

WHICH LIQUIDS ARE GOOD CONDUCTORS?  2
7.
Can you explain your observation?


_____________________________________________________________________________________


_____________________________________________________________________________________

8.
What do you predict will happen to the bulb when the two nails are put into the liquid in Jar C so they are not touching each other?


_____________________________________________________________________________________


_____________________________________________________________________________________

9, 
Try it. What did you observe?


_____________________________________________________________________________________


_____________________________________________________________________________________

10.
Can you explain your observation?


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
4A3TN

WHICH LIQUIDS ARE GOOD CONDUCTORS?

IDEA:
PROCESS SKILLS:

Some materials, called conductors,
Observing

have many charged particles that are
Formulating models

free to move; other materials, called
Predicting

insulators, have few charged particles

that are free to move.

LEVEL: LIU
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should have investigated the concepts of circuit and conductor in the previous activities. Their concept of conductor at this point includes materials composed of metals and graphite.

ADVANCE PREPARATION:
1. 
Nails made of iron or steel should be washed in soapy water to remove any oily coating. Aluminum nails should be 
sanded to remove oxides.


2. 

When preparing the three solutions, A can be tap water; for 
B dissolve approximately 3/4 teaspoon baking soda in 400 ml 

water; for C dissolve approximately 2 teaspoons baking soda 
in 400 ml water. (1 teaspoon of baking soda is about 5 grams.)

MANAGEMENT TIPS:
The purpose of this activity is to motivate students using a 
puzzling situation and to provide a focus for the next activity.


Both solutions B and C conduct. The brightness of the bulb 
depends on the concentration, as well as other variables students 
investigate in the next activity.


The lighting of the bulb in Jars B and C will be puzzling ( a 
discrepant event) for many students whose concept of a circuit is 
limited to a pathway composed only of metal or graphite. This 
activity serves to extend or expand the concept of a circuit to include solutions.


For those students who have the naive idea that water is a good conductor of electricity, the observation of the bulb with Jar A not lighting is puzzling. Their observations in the next activity will resolve this discrepancy.

RESPONSES TO

SOME QUESTIONS:
1. 
The bulb will light.


4.
The bulb did not light.


6. 
The bulb lit dimly.


7. 
The solution is not a good conductor.


9. 
The bulb lit brightly.


10. 
The solution is a good conductor.

ELECTRICITY
4A3TN

WHICH LIQUIDS ARE GOOD CONDUCTORS?  2

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Solutions vary in their ability to conduct electricity 
according to the kind of material and concentration.


2.
Pure water is a poor conductor.


3.
In a solid, the charged particles that move are electrons.



In a liquid, the current is most likely comprised of moving ions (particles that are charged due to a deficiency or an 
excess of one or more electrons).

POSSIBLE EXTENSIONS:
Students could investigate other variables, e.g., closeness of the 
nails to each other, amount of solution in contact with the nails, 
number of dry cells.

ELECTRICITY
5A1

A JUICY IDEA

Materials:
lemon


voltmeter


2 copper wires with alligator clips (30 cm or longer)


different metal strips (copper, zinc, steel, iron, lead)

1.
Insert a copper strip and a zinc strip into the lemon 2 cm deep. The strips should be about 1 cm apart.

2.
Connect wires from the voltmeter to the strips in the lemon.

3.
Does it matter which kind of metal is connected to the “+” side of the voltmeter? Try it both ways. Record what you notice.


_____________________________________________________________________________________


_____________________________________________________________________________________

4.
The lemon and the metal strips are a wet cell. Which metal should be labeled “+”?

5.
Which way are electrons moving inside the lemon?

6.
Record the reading on the voltmeter.

7.
Predict what will happen if the metal strips are inserted farther into the lemon (to 3 or 4 cm).


_____________________________________________________________________________________


_____________________________________________________________________________________

8.
Try it! Push the metal strips another 1 or 2 cm into the lemon (to a total depth of 3 or 4 cm). Record and explain the results.


_____________________________________________________________________________________


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
5A1

A JUICY IDEA  2

9. 
Use different combinations of metals. Fill in the table.

	Metals Used
	+ Metal
	‑ Metal
	Voltage

	 
	 
	 
	 

	Copper / zinc
	 
	 
	 

	 
	 
	 
	 

	Copper / iron
	 
	 
	 

	 
	 
	 
	 

	Copper / lead
	 
	 
	 

	 
	 
	 
	 

	Zinc iron
	 
	 
	 

	 
	 
	 
	 

	Zinc lead
	 
	 
	 

	 
	 
	 
	 

	Iron lead
	 
	 
	 

	 
	 
	 
	 


10. Predict what will happen if you use strips of the same kind of metal.


_____________________________________________________________________________________

11. Trade strips with another team and try it. Record the results. Explain the results.


_____________________________________________________________________________________


_____________________________________________________________________________________

ELECTRICITY
5A1TN

A JUICY IDEA

IDEA:
PROCESS SKILLS:

Electrical energy produced by a battery is
Observing

the result of a chemical reaction between
Predicting

two different metals in contact with an
Inferring

electrolyte.
Interpreting data


Measuring
LEVEL: L/U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should know how to use a voltmeter (especially how to read the scale).

ADVANCE PREPARATION:
Rub the lemons on the desk until they are softened. Using a knife, cut slits in the lemon and provide different electrodes (metal strips) for students to use. Provide one voltmeter with a set of alligator clips on wires for each lab table.

MANAGEMENT TIPS:
1.
Exactly which kinds of metals are used is not important, but



copper and zinc work very well together. Steel and iron work



poorly together since steel is largely made of iron.


2.
The more kinds of metals provided, the longer the experiment



takes: three metals provides‑three combinations, four metals



provides six combinations, five metals provides ten



combinations.


3.
Divide the class into groups (no more than three per group).



Lemons used in this experiment should be discarded. Circulate



around the classroom to make sure that students do not ingest



the juice or eat the lemon.

RESPONSES TO

SOME QUESTIONS:
3.
Yes. Connecting the zinc to the + terminal makes the needle



on the voltmeter go backwards.


4.
Copper.


5.
From the copper toward the zinc.


6.
Approximately 1.1 volt.


8.
No difference. (The voltage must depend on what kinds of



metals are used, not on how much metal is in the electrolyte.)

ELECTRICITY
5A1TN

A JUICY IDEA  2


9.

	Metals Used
	+ Metal
	Metal
	Voltage

	Copper / zinc
	Copper
	Zinc
	1.1**

	Copper / iron*
	Copper
	Iron
	0.8

	Copper / lead
	Copper
	Lead
	0.5

	Zinc / iron*
	Iron
	Zinc
	0.3

	Zinc/lead
	Lead
	Zinc
	0.6

	Iron* / lead
	Lead
	Iron
	0.3



*Steel gives similar results to iron. 


**These are theoretical values; actual values may be less.


11.
No voltage. (The metals must be different.)

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Electrical energy produced by a battery is the result of a


chemical reaction between two different metals in


contact with an electrolyte. An electrolyte is a solution that


contains ions (charged particles) which allow electrons to be


transferred from one metal to the other. In this activity, the lemon


juice is the electrolyte.

Batteries in automobiles have electrodes of the same metal, lead,


but one of the electrodes is lead oxide, not pure lead. The other


electrode is lead.

POSSIBLE EXTENSIONS:
Use the following pages to make transparencies of a cell and a


battery. Have students compare them, citing similarities and


differences. You may want to buy several of these devices in


different sizes and shapes to allows students to list similarities and


differences.


You might suggest that students try other fruits with this activity.


Potatoes work too.

ELECTRICITY

5A2

IS IT WET OR DRY?
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ELECTRICITY
5B2

CAN MECHANICAL ENERGY BE

CONVERTED INTO ELECTRICAL ENERGY?
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Materials:
1 or 2 hand‑powered generators (Genecons®)


light bulb (6 volt)


bulb holder


2 clip‑leads

Or 1 Gencon kit (shown)
1.
Place the light bulb in a socket and connect the clip leads of the Genecons® to the terminals. Rotate the crank slowly. Observe what happens to the bulb. Try turning the crank slowly in the opposite direction. Record your observations.


_____________________________________________________________________________________


_____________________________________________________________________________________

2.
Predict what will happen if you turn the crank quickly.


_____________________________________________________________________________________


_____________________________________________________________________________________

3.
Try it! What did you observe?


_____________________________________________________________________________________


_____________________________________________________________________________________

4.
Turn the crank at a moderate speed and have someone unscrew the light bulb. Describe what happens. Explain what happens.


_____________________________________________________________________________________


_____________________________________________________________________________________

5.
Suppose you had a crank generator that could light a regular light bulb. Would it feel the same to light a Kilowatt bulb as a 100‑watt bulb? Explain.


_____________________________________________________________________________________


_____________________________________________________________________________________

6.
Remove the clip leads from the light socket. Attach the leads to those of another Gencons® Predict what will happen to the second Gencons when you turn the crank of the first.


_____________________________________________________________________________________


_____________________________________________________________________________________

7.
Try it! What did you observe?


_____________________________________________________________________________________

8.
Predict what will happen if you turn the crank in the opposite direction.


_____________________________________________________________________________________


_____________________________________________________________________________________

9.
Try it! What did you observe?


_____________________________________________________________________________________

10.
Can you explain how the Gencons® works?


_____________________________________________________________________________________

ELECTRICITY
5B2TN

CAN MECHANICAL ENERGY BE

CONVERTED INTO ELECTRICAL ENERGY? 
IDEA:

PROCESS SKILLS:

Work must be done to produce

Inferring

electricity.

Observing



Predicting



Communicating



Formulating models
LEVEL: L/U

DURATION: 15 Min.

STUDENT BACKGROUND:
None.

ADVANCE PREPARATION:
A regular flashlight bulb (3 volts) is easily burned out. (The


Gencons® develops a maximum of 8 volts DC.) If you don’t


have 6‑volt bulbs, use two 3‑volt bulbs in series.
MANAGEMENT TIPS:
This activity will work best with groups of two students. Students


will want to “play” with the apparatus long after the experiment is


completed. Encourage this after they have completed their other


work.

RESPONSES TO

SOME QUESTIONS:
1.
The bulb will be dim or may not glow at all. Turning the



crank in either direction has the, same effect.


2.
Most students will see a connection between the speed of



rotation and the brightness of the bulb.


3.
It should get brighter.


4.

It gets easier to turn. It takes energy to heat the filament, so when



the bulb is not being lit you do not need to provide that energy.



No. It will feel harder to turn the crank to light the 100‑watt



because more power is required (100 joules of energy per second



is 25).


7.
Students should note that the other unit turns like a motor when the first is rotated. Some will note that the one that turns (the motor) moves more slowly than the one being rotated (the generator). Most will see that the direction of the driven unit follows the unit that is turned.


10. Answers will vary. The idea of mechanical energy being



changed into electrical energy will be mentioned. (A coil of




wire is being rotated past permanent magnets. The Genecons®



is a good model of the generator in a power plant.)

ELECTRICITY
5B2TN

CAN MECHANICAL ENERGY BE

CONVERTED INTO ELECTRICAL ENERGY?  2

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The main point of this activity is to show that work must be done


to produce electrical energy. Electrical energy is produced only if


the handle is turning and the energy is provided by the student.


When the second Genecon® is connected, it acts like a motor.


Any generator can be a motor and vice versa.

POSSIBLE EXTENSIONS:
1.

Use the Genecon® to light two bulbs connected in series, then



two bulbs connected in parallel.


2.

A piece of nichrome wire can be used with the Genecon® to



demonstrate the heating effect of electric current.


3.

The Genecon® can be used to power a toy car or electric train



set if they require 6 to 8 volts. Toys which use 1 or 2



flashlight batteries may be damaged by the Genecon®


4.
The Genecon could be used as the power source for



electrolysis or electroplating experiments.

ELECTRICITY
House wiring Project

Applying knowledge of the circuit
for

Parade of Ohms

Assignment for _________________________________
Materials: 
box, Xerox size or larger 
2 cardboard or corrugated paper dividers 
4 Christmas tree light bulbs 
10 brass brads 
5 paper clips 
2 D‑cells 
several feet of lightweight copper wire

Directions:
Use a portable‑size corrugated box with a + divider as a model "house". Wire its 4 "rooms" in parallel. Each room should have a working light (Christmas tree miniature bulb) with a switch. One of these lights must have a three‑way switch so that it can be turned on/off on either side of the room. All lights should work off 2 D‑cells in series.

Sturdy switches can be made from paper clips and brass brads. or instead of foil, very durable switches can be made with strips cut from an aluminum pie tin.

When you are finished, please mount a wiring diagram, with your name included, on a side or back of box where Building Inspectors can find it.

Evaluation:
The wiring diagram does not have to use technical symbols. Any schematic that accurately shows path of wire from batteries to lights and switches in your house, plus on‑site evidence that lights and switches work, will meet the Easter‑Simonis building code.
Each room must have a working light and switch; one room just have a 3-way switch.

All circuits must be parallel; each light must work independently of the others
Due date:
Please bring your completed construction on __________________ for our annual Parade of Ohms.
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ELECTRICITY
Basic Characteristics of Circuits   1
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A.
HOW MANY WAYS CAN YOU MAKE A LIGHT BULB LIGHT?  ( 3A1 p 69)

battery       bulb      one copper conducting wire

1. Using your materials, make your bulb light. (Be careful ... If you begin to feel heat in the wire remove the wire from the battery immediately.)
2. How many different ways can you get your bulb to light?

3. Draw pictures below of the ways that you got the bulb to light and ways that you did not get it to light.

WAYS YOU GOT BULB TO LIGHT
WAYS BULB DID NOT LIGHT

B.
HOW CAN YOU MAKE THE BULB LIGHT WHEN IT IS NOT TOUCHING THE BATTERY?   (3A2 p 65)

battery      bulb        two copper  conducting wires

1.
Using your materials, make the bulb light when it is not touching the battery. 

2.
Draw wires on the picture below to show how you got the bulb to light.
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3.
Where must the wire(s) touch the battery to light the bulb?

4.
Where must the wire(s) touch the bulb for it to light?

5. 
Make a rule about lighting the bulb using your observations.
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6.
Look at top and bottom of a battery to see where good contact can be made. (One needs to check new batteries as batteries may differ.)
ELECTRICITY                             Basic Characteristics of Circuits   2
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C.
HOW CAN YOU EXPLAIN THE MYSTERIOUS CIRCUIT?   (3C1 p 69)

1 battery    1 bulb  1-20 cm length copper conducting wire

1. 
Test your bulb and battery to make sure that the bulb will light.

2. 
Look at the circuit in the drawing.
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3. 
The wire is touching the two special places on the bulb. Predict whether the bulb will light. Explain why.

4. 
Use your materials to see if the bulb will light.

5. 
What did you observe?

6. 
Explain what happened?

7.
Identify the path the electricity travels on the diagram above.

D.
WHERE DOES THE CURRENT GO?       (3C2 p 71)

1 battery   1 bulb   2-20 cm length copper conducting wire

1 green wire   1 bulb holder   battery holder
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1. Construct the following circuit.

2. Make sure your bulb lights.

3. Predict what will happen if you place the green covered wire at various locations between wires 1 and 2? After making a written prediction, try it.

4. Describe what happed. Explain why.

[image: image100.png]


5.
What do you predict will happen if you touch the end of wire 1 with the end of wire 2 outside of the bulb holder as shown. Try it (Be careful!! If you begin to feel heat in the wire remove the wire.)
6.
What happened to the bulb?

7. Explain what happened.
8. Identify the path the current travels on the diagram above when wires 1 and 2 are touched.

ELECTRICITY                           Basic Characteristics of Circuits   3
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E.
DOES THE SIZE OF THE BATTERY CHANGE THE BRIGHTNESS OF THE BULB?  (3D4 p 81)  (must be done in class)
batteries - D,  C,  AA,  AAA,  Ni-Cd  NiMH,

christmas tree bulb
1.
Observe the brightness of the bulb when connected to the D-cell battery.

2.
How do you think the brightness of the bulb when connected to the C-cell will compare to connecting the bulb to the D-cell. Predict, try it, and then write what you found.

3.
What do you observe about the brightness of the bulb when connected to other batteries? Make comparisons to the brightness of the bulb when connected to a D-cell?


Same
Different


AA
_____
_____

AAA
_____
_____

Ni-Cd (AA)
_____
_____


Ni-Cd (D)
_____
_____


NiMH
_____
_____
4.
Explain why the brightness of the bulb was the same for different batteries.

5.
Explain why the brightness of the bulb was different for different batteries.

F.
HOW DOES A CHRISTMAS TREE BULB COMPARE TO THE BULB YOU HAVE BEEN USING?  (3D5 p 83)

Flashlight  bulb    Christmas tree bulb
1.
Examine and then draw what you see when you look at the inside the flashlight bulb.

2.
What is the path that the electricity must follow in the flashlight bulb? Identify the path on your diagram.

3.
Next pull the Christmas tree bulb out of its holder. Draw what you see when you look at the inside of the bulb.

4.
What is the path that the electricity must follow in the Christmas tree bulb? Identify the path on your diagram.

5.
Present day Christmas tree lights (connected end to end) have the ability to remain lit even when one of the lights goes out. Can you locate anything inside the bulb that will allow this to happen? If so identify it in the diagram you drew in #3.

6.
Express how it works if you know or can find out how. 

7.
Ask instructor to connect a Christmas tree bulb to a 9-volt battery. Then connect this bulb another bulb end to end and see what happens

ELECTRICITY                               Basic Characteristics of Circuits   4
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G.
HOW CAN YOU GET MORE THAN ONE BULB TO LIGHT IN A CIRCUIT? 


(3D1 p 73)

battery   2 bulbs and 2 bulb holders

3 lengths of green wire    battery holder
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1.
Make sure both bulbs are the same brightness when connected alone with the battery. Then connect one bulb to the battery to make it light.

2.
Add one more bulb in a continuous circuit so that both bulbs are lit.
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3.
What change in the brightness of bulb A did you observe when you added bulb B? How did the brightness of the bulbs compare?

4.
Unscrew bulb B. What happened to bulb A?
5.
Again get both bulbs to light. What do you predict will happen when you remove bulb A?

6.
Try it. What happened to the bulb B?

7.
Explain your observations?

8.
The circuit you have constructed is called a series circuit. A series circuit is an electric circuit that has a single conducting path through which all the charges (electrons) flow.

H.
WHAT IS ANOTHER WAY TO GET MORE THAN ONE BULB TO LIGHT IN A CIRCUIT?  (3D2 p 75)

battery         2 bulbs and 2 bulb holders

4 lengths of green wire     battery holder
[image: image108.jpg]


1.
Get one bulb to light using the dry cell, a bulb, a bulb holder and two pieces of wire. 

[image: image109.jpg]


2.
Add one more bulb as shown in the diagram below.
[image: image110.jpg]



3.
What change in the brightness of the first bulb did you observe when you added the second bulb? How do the brightness of the bulbs compare?

4.
Predict in writing what you think would happen when you unscrew bulb A. Then do it.

5.
What happened to bulb B?

6.
Again get both bulbs to light. Predict in writing what will happen when you remove bulb B?

7.
Were your prediction
s correct?
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What explanation can you give for what happened?

9.
The circuit you have constructed is called a parallel circuit. A parallel circuit is an electric circuit that has separate conducting paths through each bulb.

10.
What type of circuit does a string of Christmas tree lights have, series or parallel? Explain.

11.
When one bulb burns out in a lamp at home, what happens to other bulb(s) in the lamp?
12.
This indicates that the bulbs in the lamp are connected in series or parallel?
[image: image112.jpg]


I.
WHERE ARE THE WIRES IN YOUR MYSTERY PACKAGE?  (3A3 p 97)

(must do in class)

two pieces of cardboard or box,     masking tape, 

Christmas tree bulb      battery      brass fasteners

1. 
Look at the apparatus. (Do not open it.)
2.
You should see the heads of 6 brass fasteners on one side of the cardboard or top of box.

3.
Copper wires under the lid are attached to some of the brass fasteners.
4.
Using the Christmas tree bulb and a battery, how can you find out where the wires are without opening the box?

5.
Is there a connection between fastener 1 and fastener 2?
6.
Test all the other possible pairs listed below.

7.
Record your observations in the following chart.


PAIRS
Bulb Lights
Pairs
Bulb Lights



(Yes/No)

(Yes/No)


1-2
__________
2-6
__________


1-3
__________
3-4
__________


1-4
__________
3-5
__________


1-5
__________
3-6
__________


1-6
__________
4-5
__________


2-3
__________
4-6
__________


2-4
__________
5-6
__________


2-5
__________

8.
Use your observations and draw lines on diagram A where you think the wires are found in the lid of your box. (Use a pencil so you can erase if you change your mind.)
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9.
Talk about your diagram with your instructor. He will show you the correct answer. _____

10. On diagram B, draw the wires as they are actually connected.

11. If the actual connection, drawn in B does is not exactly like A, explain why.
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J.
HOW MANY BULBS WILL ONE BATTERY LIGHT?   (3D3 p 79)
battery     battery  holder

4 or 5 Christmas tree lights

2-20 cm lengths bare copper wire

1. 
See how many Christmas tree bulbs you can light when you connect one wire of the bulb to one of the copper wires and the other end to the other copper wire. 
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2. 
What do you observe about the brightness of the bulbs already added to the circuit when additional bulbs are added?

3. 
Explain your observations?

[image: image115.png]



K.
USING TWO CELLS IN SERIES   (3E1 p 87)

2 batteries       1 Christmas tree bulb

1 connecting wire     battery holders?

[image: image116.jpg]



1. 
Get one bulb to light.

2. 
What do you predict will happen to the brightness of the bulb when another battery is added to the circuit as shown?

[image: image117.jpg]


3. 
Add the other battery to the circuit. The second battery is in series with the first battery.

[image: image118.jpg]


4. 
What happens to the brightness of the bulb when the second battery is added?
5. 
Explain why the bulb is brighter with two batteries?

6.
Draw the circuit arrangement of the 4 batteries in your calculator.

7.
How are they connected, in series or in parallel?

[image: image119.jpg]


L.
USING TWO BATTERIES IN PARALLEL     (3E2 p 89)

2 batteries    Christmas tree bulb

2-20 cm lengths bare copper wire

[image: image120.jpg]


1.
Get one bulb to light using one battery, and a Christmas tree bulb.
[image: image121.jpg]


2. 
What do you predict will happen when another battery is added to the circuit as in the illustration?

3. 
Add the second battery as in the illustration.

4. 
What happens to the brightness of the bulb when the second battery is added? 
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5.
What explanation can you give for your observation?

6.
Can you name a device that uses two or more batteries connected in parallel?

7.
Given a device that uses two or more batteries, how can you determine if they are connected in series or connected in parallel? 

[image: image123.jpg]





M.
Is It Wet or Dry?  (5A2 p 117)

(to be done in class)
pipe cutter,    hacksaw,    vice,    battery

1.
Have your instructor cut a D-cell battery apart.

2.
What precautions must be taken before one begins cutting apart the battery.

3.
Describe what you observe as the battery is cut apart.
4.
Examine the sectional view of the battery. The plus terminal is the carbon rod and the negative terminal is the zinc case. (See box with old batteries in it)

[image: image124.jpg]
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Storage Battery
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N.
HOW CAN YOU MAKE A SIMPLE SWITCH?    (to be done in class)
1-5 x 5 cm cardboard     1-small paper clips

2-paper brads    Christmas tree bulb    battery
battery holder    2-green connecting wires   

1.
Cut one slit in the cardboard. Next insert a brad through one end of the paper clip and then insert it into the slit.
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2.
Locate the slit for the second brad by placing it where the other end of the paper clip will contact the brad when moved over it. Insert a second bard into the slit.

3.
Fast one end of a green coated wire to one paper clip and a second to the other paper clip.
4.
Make a circuit by connecting a battery, bulb holder with bulb, and switch. Can you turn the bulb on and off with the switch?
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O.
HOW CAN YOU MAKE A 3-WAY SWITCH?   (to be done in class)
2-5 x 5 cm cardboard     2-small paper clips

   6-paper brads    Christmas tree bulb    battery
battery holder    4-green connecting wires
1.
Create two cardboard switches with connections as shown. 

2.
You have constructed what is called a 3-way switch which has two locations where one can turn the bulb on and off from two different locations.

3. 
Make a circuit by connecting a battery, bulb holder with bulb and the 3-way switch.

4.
Practice turning the bulb on and off using the two individual switches. 

5.
In writing, describe how the three-way switch works.  
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A.
Main Control and Input Ports

1.
The first task when using a meter is to determine what is to be measured. The second task is to plug the red and black leads into the meter. The third task is to rotate the Function Range Switch to the appropriate region. The fourth task is to connect the meter and make measurements.

2.
The black lead is plugged into the Common Jack. If you are measuring voltage (V), small currents (mA) or resistance (ohms), the red lead is plugged into the V, Ω, mA Jack. The 10 A Jack is used when the current will be greater than 0.2 amp.

3.
Function Range Switch is always set to off unless a measurement is being made.  When making a measurement it is rotated to the appropriate region. As this is a cheap meter it must be rotated to the correct setting within the region.  More expensive meters have the ability to make automatic readings within a given region. There is a fuse inside the meter to protect it when measuring current.
B.
Setting the Meter to Make a Measurement

1.
To measure (D.C.) current the Function Range Switch is moved to the DC Amps (DCA) region. There are four separate settings within this region. They are: 2000 µ (0.002 A), 20 m (0.02 A), 200 m (0.2 A) and 10A.  These values represent the maximum reading that can be measured when the switch is set on that setting. To protect the meter when measuring DC current, the Function Range Switch is set to the maximum value setting before the final connection that activates the meter. In this case it would be the 10 A setting. (Red lead inserted into 10 A Jack.) If there is no reading, then the red lead is plugged into the V, Ω, mA Jack and the Function Range Switch is rotated to the (0.200 m) setting. Stop if no reading is observed and contact your instructor.


2.
To measure (D.C.) voltage the Function Range Switch is moved to the DC Volts (DCV) region. There are five separate settings within this region. They are: 1000 (V), 200 (V), 20 (V), 2000m  (2 V) and 200m  (0.2 V). The Function Range Switch is first set to the highest reading 1000 before the final connection that activates the meter. Once the meter is active, the Function Range Switch is rotated to the next lower setting 
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until a reading is seen in the window. The voltmeter is connected in parallel across the component being measured. Thus the complete circuit is connected before the meter is connected.


Measurements will be made in circuits powered by either one or two D-cell batteries connected in series. Thus the maximum voltage measured will be 3 volts. Knowing this the Function Range Switch is first set to the 20 value and rotated to a lower setting until a reading is seen in the window.
3.
The Ω region measures the resistance of an object. There are five separate regions: 2000 K (2,000,000 ohms), 200 K (200,000 ohms), 20 K (20,000 ohms), 2000 ohms and 200 ohms. When measuring resistance there is no danger of damaging the meter. Thus the Function Range Switch can be set to any ohm setting before beginning to make a measurement. Once the meter is connected to the resistor, the switch is adjusted until a reading is seen in the meter window.

4.
Another region to be used is the region to the right of the Ω region, which will be used to determine if there is continuity (a complete path in a component). The A.C. Volt region will not be used as the power source will be DC batteries.

B.
Using the Meter to Measure the resistance of a resistor.

1.
Rotate the meter dial in the resistance range until a reading is obtained.

2.
Connect the meter leads, one to each end of a resistor.

3.
Adjust the setting until a reading appears in the meter window. Record the reading.

4.
When the reading is determined, rotate the meter dial to off.

C.
Using the Meter as an Ammeter (to Measure DC Current)

1.
Connect one wire of a Christmas tree bulb to a 1.5 volt battery. Connect the other wire of the bulb to one terminal of the ammeter. Set the Function Range Switch to the 10A setting in the DCA region with red  lead plugged into the 10 A Jack. Finally connect the terminal of the ammeter to the battery. The bulb should light. A current reading should be seen in the meter window.

2.
Record the reading in the window with the unit of the dial setting. If the unit is not amps, convert your reading to amps.

I = _______________ = _____________ amps

The meter (being used as an ammeter) is connected in series with the battery and the bulb. It will provide the measurement of the current in amps (amp = coulomb/sec = charge/time) passing through the ammeter in that part of the circuit.
3.
Reverse the terminals of the meter. Anything different Record your findings.

4.
Disconnect the meter wires and turn the meter off.
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D.
Using the Meter as a Voltmeter (to Measure DC Voltage)

1.
Connect a resistor (10 ohms or greater) to a battery to light the bulb as shown in the diagram.

2.
Rotate the dial to the 20 scale setting in the DCV Region. Then connect the terminals of the meter to the circuit as shown. Rotate the switch to the setting that gives a value in the meter window.  


3.
Record the reading in the window with the unit of the dial setting. If the unit is not in volts, convert your reading to volts.


V = _________________  = _______________ volts


The voltmeter is always connected in parallel with a component in the circuit. This being the case, the circuit is constructed without the meter. The terminals of the meter are then placed across the desired component when a measurement is to be made.
4.
Disconnect the meter wires and then turn off the meter.

E.
Measuring the Health of a Battery
1. A battery provides energy to appliances into which it is installed or connected to. It possesses potential chemical energy. This potential is identified by the unit of volt. A volt is a Joule/coulomb which represents energy/charge. The battery when operating in a circuit is providing energy to electrons which travel in the circuit to the object, in this case a light bulb where the energy is converted into light.

2.
To determine the health of a battery we wish to measure its voltage. We know that the voltmeter will do this. Examine the following circuit.



Will this give the information we seek?


The answer is NO! NO! NO!  Why? The meter is connected in series with the battery. A voltmeter is designed to work correctly when connected in parallel to the circuit.

3.
The circuit shown below shows the voltmeter connected in parallel across the battery and thus will give a proper reading in volts of the condition of the battery.
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4.
There are meters that do this. A meter is shown measuring a AAA battery. A second picture shows a 9-volt battery in position to be measured. This meter will report the condition as: ok (green), weak (yellow) or in poor condition (red).


The meter shown can measure 1.5 volt batteries as D-cells, AA-cells and AAA-cells as well as 9 volt batteries,  There is an opening in the bottom where button batteries (shown) can be measured. 


F.
Electrical Information


Charge (Q)



Energy (E)



Resistance (R)


Potential Difference (V) 





Current (I)




Power (P) 
 
We purchase electricity in units of kilowatt-hr


This says we are purchasing electrical energy.
ELECTRICITY                                             Physics of Circuits  1
A.
Finding Total or Equivalent Resistance of Resistors in Series
1.
Measure and record the resistance of three resistors.


            R1
    R2
       R3
      ________
      _________     _________

2.

Connect two of the resistors end to end and measure the resistance across each pair.

    

          R1     +     R2                 R1    +     R3

        ____________            ____________


                           R2    +     R3
                            ____________

3.
A new resistor equal to the sum of the two resistors can replace the two resistors and has the same effect in a circuit as the two resistors. We call the sum, an equivalent resistance.

4.
Develop a rule from which you can predict the equivalent resistance of two similar resistors connected in series.
5.
Connect all three resistors end to end and measure the resistance across all three.

                     R1     +      R2     +     R3

                         ____________ ​​​​​​​​

6.
Does your rule for three resistors connected in series the same as for two resistors connected in series?

                         Yes ___   No ___

7.
The rule for finding the equivalent resistance of resistors connected in series is:

     RE  =  ____________________
8.
Remember this is ONLY for resistors in series!
B.
Finding Total or Equivalent Resistance of Resistors in Parallel
1.
Record the resistance of the three resistors that you measured before.

                    R1                   R2                  R3                                                         
       ________        ________       ________               

2.
Connect two of the resistors as shown and measure the resistance across each end.


       R1 : R2                        R1 : R3              R2 : R3
   __________      __________      __________
 3.
Develop a rule which can be used to predict the equivalent resistance of two resistors connected in parallel?
4.
Connect all three resistors as shown and then measure the resistance across all three.

                           R1     :    R2     :   R3

          ________________

ELECTRICITY                                            Physics of Circuits  2
5.
Is the rule for finding the equivalent resistance of three resistors connected in parallel the same for finding the equivalent resistance of two resistors connected in parallel?


                         Yes ___   No ___

6.
The rule is:

7.
Remember this is ONLY for resistors connected in parallel!
C.
Circuit Analysis – One resistor

1.
Measure the value of a resistor.  R =  ________ Set the ammeter to its greatest value. Then construct the following circuit. 

2.
Measure and record the current 


The current (I) reading is: _______________

3.
Connect the voltmeter across the battery, then the ammeter and finally the resistance as shown. Record the readings in the blanks provided.


4.
The following readings are:


VB = _______    VA = _______     VR = _______
5.
How does VB compare to VA and VR?

6.
Divide the voltage across the battery VB by the resistance R. The value represents.


7.
How does VB / R compare to the measured current?

8.
Remove the ammeter.


9.
Connect and measure the voltage across the battery and then the resistor. Record the values.




VB = ____________    VR = ____________

10.
How does VB and VR compare?


11. What does your instructor say about this?

D.
Circuit Analysis – Two Resistors Connected in Series

1.
Measure the value of two resistors.


      R1 =  ___________     R2 = ___________


Make sure the ammeter is set to its greatest value. Then construct the following circuit. 
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2.
Measure and read the current.


The value of the current (I) = ____________


3.
Next, measure and record the voltage across the battery and both of the resistances.


VB = _______    VR1 = _______     VR2 = _______
4.
How does VB compare to VR1 and VR2?
5.
Calculate both VR1/R1 and VR2/R2. How do they compare? Do these values compare to anything?

6.
Write a conclusion about the current and voltage in a circuit where 2 resistors are connected in series with the battery.

7.
What does your instructor say about this?

E. Circuit Analysis – Two Resistors Connected in Parallel
1.
Measure the value of two resistors. 


R1 =  ___________     R2 = ___________

Make sure the ammeter is set to its greatest value. Then construct the following circuit.

2.
Measure and record the current.

IT = __________________


The value of the current through this part of the circuit is considered the total current in the circuit. Record the value.

3.
If you have access to two meters, create the circuit below and measure the current through both resistors. Otherwise, hook up one meter in one location and then the other.


IR1 = ____________    IR2 = ____________
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4.
How is does the current through each meter, IR1 and IR2 compare to the total current IT? 

5.
Remove all ammeters which will give you the following circuit.


6.
Next measure and record the voltage across the battery VB, and the voltage across the two resistors VR1  and VR2

9.
What do the values represent?

10.
How are they related?

11.
Write a conclusion about the current and voltage in a circuit where 2 resistors are connected in parallel with the battery.
12.
What does your instructor say about this?





VB = _______    VR1 = _______     VR2 = _______

7.
How is the voltage of the battery VB related to the voltage through each resistor VR1 and VR2? 

8.
Calculate:



The Electron Leak

Bi11 Machrone 
PcMagazine Oct 5, 2004

When you walk into the kitchen and the faucet is dripping, you tighten it, right? And if it keeps dripping, you get a repair kit or call a plumber. I know I do. And when family members leave lights on, I'm the guy who walks around turning them off. But I wandered into the den the other night when all the lights were out and was struck by the dozens of tiny LEDs in various shades of green and orange, winking at me or staring balefully. The cable modem, the router, the Ethernet switch, a couple of laptops, a battery charger, and a few desktop monitors all displayed their vital signs.

Everything was shut down for the night‑but obviously “shut down” is a relative term, since so much equipment stays on or is in low‑power mode even when “off.” And anything that can be turned on with a remote control is never truly off, since some portion of the electronics has to remain alive to be at your beck and call.

I decided to investigate just how much power all these gadgets were consuming. My first step was to build an AC breakout cable that I could hook up to a meter with appropriate current‑measuring capabilities, and since we're talking line voltage here, to take care that the current wouldn't kill me. That done, I began plugging in various devices.

THE SHOCKING FACTS

My first victim was not computer equipment, but the cable box. These things are notorious power hogs: The first clue is that they tend to stay warm all the time, whether they're “on” or not. It showed 120 milliamps, essentially the same as a 15‑watt bulb. When I switched it on, its power consumption doubled to 30 watts.

And so my survey began: A small three‑piece speaker system, with the speakers turned off, 6 watts. A larger three‑piece system, also turned off, 12W. The router, 6W; the cable modem, 7.5W. An IBM “dogbone” laptop charger with no computer plugged in was using 2.5w; with a fully charged computer, 3W; with a running computer, 16W. My iPod charger consumed a commendable 0.6W when  charging the player.

The HP OfficeJet multifunction printer was using 7W. A 19‑inch Dell Trinitron monitor was also 

eating up 7W in standby, and when I turned it off with the power switch, it dropped one whole watt. It drew ten times as much power (70W) when it was on, but you still have to wonder‑what's the point of the switch? Likewise, the HP Pavilion desktop drew 6W when it was “off” and nary was a light glowing. Compared with the 70W startup power and 60W running power, that's not bad. But if these devices are not remote powered, why aren't they truly off when they're off?

All told, I had about 80 watts worth of computer stuff running day and night, whether I had turned it off or not. Depending on how many laptops and other devices were plugged in at a given time, the number could range up to 100W.

You might think that 80 or 100 watts is no big deal in the grand scheme of things. But it is precisely in the grand scheme of things where those 100W bulbs add up. That's 876 kilowatt‑hours per year, or just over 9 percent of my total electric bill‑and I'm just counting computer gear, not home electronics. At local rates, I'm paying about $100 per year for the convenience. Maybe it's worth it, or maybe I'd like to halve it and take my wife out to dinner with the savings instead.

ADDING UP FAST

The numbers become a lot more significant when you multiply that 10OW by all of the households in America, and figure that standby power could be costing us 10 percent of our total electrical energy usage. Even if we only cut it in half, we're still talking billions in savings. That's money we can put in our pockets, which is more than can be said for the inequitable tax plans hatched by our politicians. And every kilowatt‑hour saved reduces pollution and decreases oil imports.

My home theater equipment is already on a relay-controlled power distribution box, so only one device remains in standby mode. Everything else is switched off. Now I think it's time to revisit my computer wiring, to see what I can put on a power strip with a switch and what needs to stay on. I'm betting I can halve the consumption. I hope you’ll reevaluate your setup, too. 
MORE ON THE WEB You can contact Bill Machrone at Bill_Machrone@ziffdavis.com. For more Extreme Tech columns, go to www.pcmag.com/machrone


This device, a KILL A WATT meter can be used to make the electrical measurements described on the previous page.
Volt – 
measures the energy per charge available from the electrical outlet.

Amp - 
Measures the current, the number of electrons passing a given point per second in the circuit.

Watt -
Measures the power, the energy per time that is being transferred, It also measures the product of the volts times the amps 
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HZ -
Measures the frequency of the electricity. This should be 60 Hertz for our electricity system.

KWH
This measures the energy involved in Joules
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