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Welcome To 
Electro 3 

Welcome again to the 4-H Electric Project. You are 
taking another important step up the ladder to 4-H success. 
You have learned many things about electricity and how it 
serves. But there is still much more to learn and the more 
we learn the more interesting it becomes. 

In this project we continue to explore the why's and 
how's of electricity. Here are some of the fascinating 
subjects presented to help you continue to explore the 
world of electrical knowledge: 

1. Why knowledge of electricity is important. 
2. Safe use of electricity. 
3. Electrical language and its meaning. 
4. Why magnetism makes electricity a source of power. 
5. Comfortable light and how to get it. 
6. How electricity is a source of heat. 
7. How electricity is a source of cooling. 
8. Care and first aid for electrical equipment. 

What You Need To Do 
This manual will serve as a plan to guide you. In 

addition, your 4-H leader, parents, and Extension Agent 
will help you with your plan to learn more about 
electricity. (See your Project Record in back.) 

Thumb through this record book and select the 8 things 
you will do to complete this project. 
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Briefly, you have learned that electricity serves us in 
three main ways: 

As a source of light 
Name a few uses of electric light--------

As a source of heat 



Name a few uses of electric heat _______ _ 

As a source of power 

Name a few uses of electric power _______ _ 

Electricity is also a source of cooling, especially for food 
preservation and comfort. But cooling is an absence of heat. 
Electric motors or power is used to drive equipment to 
remove heat. Do you consider electricity used in this way 
an important application of electricity for power, heat, or 
neither? ___________________ _ 
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Later in your 4-H Electric Project you will be introduced 
to yet another way electricity serves us. It is the field of 
electronics. Solving the mystery of how the radio operates 
will help us understand electronics. The entire field of 
electronics is based on the flow or the motion of electrons. 
By controlling electric flow, many things can be done. 
Through electronics we increase current flow and change 
light, heat, radio, and sound waves into electric energy. An 
understanding of magnets, electric circuits, alternating 
current, direct current, and other electrical terms will help 
introduce us to the field of electronics. 

Without electronics "Fun Hours" might be entirely 
different. Just think of conversations with a friend on the 
telephone, television viewing, or listening to the record 
player. List all the applications of electronics which you 
think might contribute to your "Fun Hours". 



SANITATION 

MOVIES 

The importance of electricity in our lives can hardly be 
over estimated. It makes our factories go, provides energy 
for our homes and offices, serves in an important way in all 
forms of transportation and communications, and helps 
produce the food we eat. It is a multi-billion dollar industry 
providing jobs for thousands of people in generation and 
distribution, equipment manufacture, and in electronics. 

The use of electricity has been substituted for manual 
labor in almost endless ways. It is not difficult to 
understand this when we realize that a small unit of 
electricity known as the kilowatt-hour which costs only 
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HOSPITALS 

about 2 cents will do more work than can be performed by 
a man in an eight-hour day. In recent years, the average cost 
of electricity has decreased while wages rates have more 
than doubled. 

Things to do: 
Unusual or different uses of electricity - do one of the 

following: 
Electroplate an object 
Make a weather vane 
Build an electric pencil 



'lt'4 s 
To Play Safe! 

Electricity is as safe as you make it. Can you make it 
safe by knowing how it behaves? You surely can because 
the behavior of electricity is about as predictable as 
anything can get. There is no guesswork about what it will 
do. 

In your last unit you learned about circuits with a 
battery as a source of electricity. A battery produces direct 
current (DC). Here we want to consider alternating current 
(AC). It is used in the home rather than direct current, as in 
the automobile. A circuit must be provided for electrons to 
flow regardless of whether we are speaking of alternating or 
direct current. 
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You have already learned that an electric current is a 
stream of free electrons moving from atom to atom in a 
conductor. A battery (DC) and generator (AC or DC) only 
cause electricity already in existence to move in one 
direction along a hot wire. This hot wire carries electrical 
energy to the appliance or equipment being operated. A 
neutral wire provides a path from the equipment back to 
the battery or generator to complete the circuit. This path 
is sometimes referred to as the ground wire. The reason it is 
sometimes called a ground wire is that the circuit can also 
be completed through the ground. A wire connected from 
the equipment to a pipe driven in the ground serves as a 
path to complete the circuit to ground. Your body could 
also accidentally serve as the path. In any event, the circuit 
must be completed for electricity to flow. 

>----

l 
Ground Wire 

In the home a neutral conductor, usually coated with 
white insulation, provides the path for completing the 
circuit. A ground wire or grounding conductor is provided 
for safety purposes. A grounding conductor actually 
connects the neutral and other metal objects to the ground. 
If the surface of an appliance or any other equipment 
which can be touched become energized through a 
breakdown of the insulation or because of dampness, 
electric shock can result. If the frame of the appliance or 
equipment is grounded by a "third wire" or ground, the 
fault current will be carried away without danger. If the 
"third wire" is not provided, current will be carried to the 
ground through the body producing a hazardous shock 
when in contact with anything that is grounded. It only 
takes the amount of current required to light a T'h watt 
Christmas tree light bulb to kill a human being. A number 
one safety rule is to ground electric wiring systems and 
equipment to prevent electrical shock. 

Determine how the electrical system in your home is 
grounded. Ask your parents or leader to help you, if 
necessary. Check below the method used. 

Bare copper wire from main switch box to driven metal 
rod or water pipe ____ _ 
Bare copper wire from meter base to water pipe __ _ 
or driven metal rod ____ _ 
Bare copper wire from service entrance neutral to driven 
metal rod ____ _ 
Other _________________ _ 



You have observed that proper grounding is simply 
connecting the neutral conductor of your home wiring 
system or the metal frame of electrical equipment to the 
earth. Grounding helps to protect the wiring system and 
electrical equipment in the building in case there is a surge 
of current caused by lightning. It provides a path for the 
electricity to go to ground. It does the same thing when 
electrical equipment becomes faulty. 

GROUNDING WIRF 
COllNECTED TO 

ROUND ROD 

In the home wmng system, provision is made for 
grounding equipment by connecting a grounding conductor 
("third wire") to the green-colored grounding terminal of 
each receptacle and to the grounded service entrance 
neutral. This provides a path for any stray current to go to 
ground. The grounding screw terminals of receptacles and 
plugs are hexagon shape and green for identification. 

In many older homes the receptacles will not be 
grounded. Existing two-prong receptacles can be converted 
to three-prong grounding receptacles if a third grounding 
wire is run from the main fusebox to the receptacle box. 
AJso, the grounding wire can be run to a metalic water pipe 
which extends to ground. This must be done if a 
three-prong adapter is safely used to connect an appliance 
equipped with a three-prong plug to a receptacle accepting 
only two prongs. 
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NON-METALLIC 
SHEATHED CABLE 

ADAPTER 

Connecting an appliance or piece of equipment to a 
driven ground rod is usually not as safe as a separate 
grounding wire from the frame of the appliance to the 
grounded neutral at the service· entrance. The reason for 
this is that soil resistance may be too high to permit more 
than a trickle of current to flow. Hardly enough to blow a 
fuse and remove the danger of shock. However, it may be 
helpful in carrying away lightning surges. 

Name some ways accidental electrical shock can occur as 
a result of poor or no ground. 



Guides for Safe Use of Electricity 
Electrical codes have been established to tell basic 

minimum provisions which are necessary for safety. The 
National Electrical Code has as its purpose the practical 
safeguarding of persons and of buildings and their contents 
from hazards arising from the use of electricity for light, 
heat, power, radio, signalling, and for other purposes. This 
code prepared by a committee of the National Fire 
Protection Association is the best known and most widely 
used of all codes. 

Guides are also available for manufacturers of electrical 
supplies and equipment. Underwriters' Laboratories, Inc., 
tests electrical devices and materials for compliance with 
their safety standards of construction, performance, and 
suitability for use as intended. If a product is "approved" 
for a specific use, a UL label will generally be attached. 

Common types of Underwriters' 
Laboratories' Labels 
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Name the electrical equipment in or around your home 
which carries the UL label: 

Replacing Fuses or Resetting Circuit Breakers Safely 
You learned that fuses and circuit breakers are 

watchdogs to protect electric circuits. If a short circuit 
occurred, the fuse has blown or the circuit breaker tripped. 
Everything is safe to this point. Now can you safely locate 
the trouble and get the circuit back into service? Make sure 
your parents or a leader know what you are doing. Here is 
the procedure: 

When you change a fuse: 

FIRST . 
Locate and disconnect lamp, appliance, or equipment 
causing trouble. 



SECOND 
Place dry board on concrete or basement floor to stand on 
near switch box. Standing on dry board, locate the blown 
fuse. 

THIRD 
Unscrew: be careful to touch nothing but fuse rim. Replace 
with new fuse which has the proper ampere rating for use 
on that circuit. 
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To reset the circuit breaker: 
1. Locate source of trouble and disconnect in the 

same manner as if a fuse has blown. 
2. Restore service by resetting automatic switch 

following directions on face of breaker panel. 
Practice replacing a fuse or resetting the circuit breaker 

under the supervision of your parents or leader. Can you 
restore service to a circuit in your home in the event of 
electrical trouble? __ yes __ no. 



ELECTRICAL 
TERMS 

When your parents stop at an automobile service station 
and ask for 10 gallons of gasoline, you have an idea of how 
much they are getting. You may not pay too much 
attention to how the gasoline is measured as it is put into 
the automobile tank, but you can be sure that it can be 

poured into a measuring can and the number of gallons 
determined. 

The electricity coming from a transformer on a nearby 
pole cannot be measured in the same way as the liquid 
gasoline because it does not have volume and cannot be 
stored in large quantities (batteries an exception). Even 

though it is invisible, electricity can be measured. So let's 
learn how electricity can be measured. 

It is indeed fortunate that we can find out exactly how 
much electricity a light bulb or water heater will use. To do 
this we need a common language just as we have terms to 

1:m-l 

define flow and measurement of gasoline for the 
automobile. Earlier in your electric project you were 
introduced to three terms: volts, amperes, watts. To these 
we will add kilowatt, watt hour, kilowatt hour, and 
horsepower. 

Alessandro 
VOLTA 

Andre Marie 
AMPERE 

James 
WATT 
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See if you can find any of these terms on the meter or 
on electrical equipment in or around your home. List the 
terms and where you found them. 

Term Equipment 

Let's develop our electrical language a little. 
Volts - a measure of electrical pressure. The "push" 

which causes electrons to flow. The force produced by the 
generator is constantly exerted to operate an appliance or 
lights at the flip of a switch. 

Ampere - the rate of flow of electrons. When electricity 
is being consumed, electrons are said to be flowing at some 
rate which is measured in amperes. 

Watts - the rate of using electricity. One watt of power 
is one volt of pressure forcing the flow of one ampere of 
electrons. Therefore, watts are volts multiplied by amperes. 
Example: the identification on the end of a light bulb 
shows 120 volts and 100 watts. 120 volts x 0.833 amperes 
= 100 watts. 

Watt hour - the rate of using electricity 'over time. When 
one watt of electric power is used for a period of one hour, 
we have a power usage of one watt hour of electricity. 

Kilowatt hour - abbreviated KWH - is simply 1000 
watt hours. 

IT TAKES 1000 WATT HOURS 
TO MAKE ONE KILOWATT HOUR 

Ten 100 watt light bulbs burning for one hour add up to 
one kilowatt hour of electric power usage. Your electric 
meter tells how many kilowatt hours of electricity your 
family used over a period of time. 
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Horsepower (abbreviated H.P.) - A unit for measuring 
power. In electrical terms, one horsepower equals 746 
watts. Electric motors are normally rated in horsepower but 
are not 100% efficient in converting electric power to 
mechanical power. Due to inefficiency in actual usage, it 
takes more than 746 watts to run a one H.P. electric motor. 
Often it is suggested that 1200 watts are required per 
horsepower for motors 1h HP or less in size and 1000 watts 
per horsepower for motors larger than 1h HP. 

If the vacuum cleaner in your home is equipped with a 
one horsepower motor and is operated for ten hours, how 
many kilowatt hours will it use? 

(1HP) 1,000 WATTS x 10 HRS. 
= 10,000 WATT-HOURS. 
10,000 WATT-HOURS -
1,000 WATT-HOURS= 
10 KILOWATT-HOURS 

If your average cost of electricity is 2d per kilowatt 
hour, how much does it cost to operate the vacuum cleaner 
for ten hours? 10 KWH x 2d per KWH = 20 <I. 

emu ~·.t~ KW 12.67 

mu Q77006 llSTUUTltl 
ro1111. 

AC MOTOR TYPE FHT 
H315P025 -FRAME SB56Z 
HP Y3-RPM 1725-CYC. 60 

VOLTS 115-AMPS 6.0-PHASE I 
SF 1.0-°C 50-HR'S CONT-CODER 

Pl~flm~N TYPE A 
107"S4HOI 0 MADI IN U.S.A. 

Let's make a little survey. Nearl·y all electric appliances 
and equipment have a nameplate. List 6 different appliances 
or electricity-using devices and show the volts, amperes, 
watts, or horsepower. 



Electrical Helpers Volts 

Other information may be shown on the nameplate, 
such as manufacturers name, model number, serial number, 
and conditions for operation. You will have an opportunity 
to learn more about their meaning in advanced electric 
project activities. 

From the appliances or equipment listed above, see if 

Appliance Watts 
or or 

Equipment Volts Amperes H.P. 

By now you realize how little it costs to operate 
electrical helpers. You also understand that the electric 
meter measures the kilowatt hours of electricity which 
passes through it. The meter is read at regular intervals. 
Some electric power suppliers read meters each month -
others every 2 months. The previous reading is substracted 
from the present reading to find out the amount of 
electricity used during the period. 

Big and Little Magnetic Workers 
Electricity is a source of power because of magnetism. 

Through the principles of magnetism motors operate to 
work for us everywhere. The same principles of magnetism 
are employed to generate electric power and to transmit 
power by changing the voltage. You learned about 
magnetism in your project activity with electromagnets. 

Let's continue and see how the forces of magnetism 
supply us with power through motors on our farms, in 
factories, on ships, in train locomotives, in airplanes, space 
ships, satellites, and of course, in our homes. Some motors 
in factories are very large-rated at hundreds of horsepower. 
The electric clock uses a very small motor. Large or small -
alternating current (AC) or direct current (DC) - the same 
thing that makes a compass point north, makes a motor go 
- magnetism. 
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Amperes Watts or Horsepower 

you can determine the cost to operate. Check with your 
leader or parents to find out the average cost of a kilowatt 
hour of electricity in your area. Use this figure in making 
your calculations. Estimate the number of hours per day 
and days per month the electrical helper is used to get cost 
per month. 

Cost Cost 
per per 

Kilowatts KWH KWH Month 

A compass needle always points to north. No matter 
how you turn the compass, the same end of the needle 
always swings to the north. The earth, like a small compass, 
is a magnet. Each has a north pole and a south pole. 
Around the poles of each are magnetic fields, invisible lines 
of force that attract and repel. 

NORTH POLE 

~ MAGNETIC LINES 
OF FORCE 
AROUND EARTH 



A north pole will repel another north pole. A south pole 
will repel another south pole. North and south poles are 
attracted to each other. In other words, like poles repel, 
unlike poles attract each other. 

Lay two bar magnets or the permanent magnets you 
made with the steel needles on a table side by side. If both 
N poles are at one end, they will repel each other and 
almost flip around until the N pole is lying next to the S 
pole. 

MOVABLE 
BAR MAGNET 

• ~{~'\ 
FIXED 

BAR MAGNET 

Let's place one of the magnets on the table. The other 
we'll fix on a pivot so it can spin around. This one we'll 
move so its N pole almost touches the fixed magnet's N 
pole. As soon as we release it, the movable magnet will spin 
around so its S pole will be near the N pole of the 
stationary magnet. That's an electric motor - almost. 

It's not quite a motor because the magnet will rotate just 
far enough to get the opposite poles together. You might be 
able to cause the movable magnet to make turn after turn 
by turning the fixed magnet quickly end for end. This 
wouldn't be very practical as a motor, however. 

If we could change the pole on one end of the rotating 
magnet just as soon as it reached the attracting pole, it 
wou Id be repel led by the stationary magnet and pushed 
away. And, as soon as the opposite end of the rotating 
magnet came into the magnetic field, it would be drawn to 
the stationary magnet. To keep the "motor" running, we 
would have to change the poles every half revolution. 

We cannot reverse the poles quickly on simple bar 
magnets, but we can on electromagnets. You have already 
learned about electromagnets and how to build one. The N 
and S pole of the electromagnet can be changed instantly 
by reversing the current in the wire wrapped around the 
iron core. 

The rotating electromagnet will have to be connected to 
the two wires through which the current is passed. Since it 
is rotating on a center shaft, we cannot have a solid 
connection. Instead, we extend the wires from both ends of 
the coil out along the shaft and let the electric contact be 
made with "brushes" which touch or brush the wires along 
the shaft. As the magnet rotates, these wires trade places 
against the brushes and the electricity flows first one way 
and then the other through the coil. This is a simple way to 
reverse the current in the coil which, in turn, reverses the 
poles of the electromagnet. The part of the motor which 
reverses the poles in the rotating electromagnet is called a 
commutator. 

Instead of using only one pole of a stationary magnet, 
we can use both. This is done by shaping the stationary 
magnet around the path of the rotating electromagnet. This 
way we have the benefit of attracting and repelling forces 
from both poles. The rotation effect is doubled. 

We can also wrap wires around this circular iron and 
make an electromagnet of it. But, when we wire this 
magnet, we use no brushes because we want the current in 
it to flow in one direction only. 

A motor is simply two electromagnets. The stationary 
electromagnet is called the field or "stator" and stands still. 
The rotating electromagnet is the armature or "rotor" and 
turns in the field. 

A modern steam generating station is a marvelous system for converting coal energy to electrical energy . 
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A basic universal electric motor consists of only the four 
main parts j_ust discussed: stator, rotor, commutator, and 
brushes. Other types of motors have more parts and are 
more complicated. 

In this project you are given the opportunity to build a 
simple direct current or DC motor. Power to operate it will 
be supplied by a battery through brushes and a commutator 
connected to the rotating electromagnet. The rotating 
electromagnet or rotor is attached to a shaft which can be 
made to operate a food mixer or power saw if it were large 
enough. 

Using the same ideas just presented, we can find out how 
a generator works. It is a machine which will produce a 
flow of electrons or generate electricity. The DC generator 
is generally identical to the DC motor. 

When the rotating coils of wire in the rotor are turned 
by a crank or steam engine, electric current is produced in 
these coils as they sweep past the poles of the stationary 
electromagnet or stator. Magnetic lines of force between 
the north and south pole in the stator or stationary part are 

H.P. Rating of Motor 

Let's Build a Simple Electric Motor 
The parts for your small electric motor may be 

purchased in a kit through your leader. If you are unable to 
purchase a kit, a motor can be made from No. 24 enameled 
wire, nails, tape tacks, wood base, and dry cell batteries for 
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cut which cause current to be induced to flow in the wires 
of the rotor. The wires of the rotor are attached to a 
commutator which reverses the poles to provide direct 
current to the brushes. Otherwise, the current which is 
produced would reverse direction each half turn and 
alternating current would be generated. 

A simple AC generator operating on the principle of 
"electromagnetic induction" 

Invisible lines of force 

List all electric motors used in and around your home, 
yard, workshop, or for production in a family enterprise. 

Equipment Operated by Motor 

power. 
If you are unable to build a simple motor, ask your 

leader to help arrange a visit to an electric motor repair 
shop. 



WHAT TO DO: Make A Motor 

Tools Needed: 

Pocket knife, hammer, vise (or 2 pairs 
of pliers). 

Materials Needed: 

1 roll of No. 24 enameled wire 
1 roll of electrician's tape 
3 - 4" (20-penny) nails 
4 - 2-1/2" (8-penny) nails 
4 - 3" brads (10 penny) 
Wood board for 'motor base 
2 staples or 4 small brads 
2 tacks 
2 - 3 volt dry cell batteries (or a 6 

volt transformer). 

Step No. 1 - Armature 

Wrap about 1-1/ 2" of a 
4" nail with two layers of 
tape. This will be the 
shaft. 

The iron core will be 
made of two pairs of 
2-1/2" nails. Wrap tape 
around each pair with 
heads and points alter
nated. 

Center both pairs on each 
side of the shaft. Place 
them about 1'' from the 
head of the shaft nail. 
Wrap them together with 
two layers of tape from 
tip to tip. 

Start at the shaft and wind 
No. 24 enameled wire to 
one end and back. Then 
do the same on the other 
end. Always wind in the 
same direction. Leave 6" 
of spare wire at start and 
finish. 
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Step No. 2 - Commutator 

Scrape all insulation off the ends of the wire. 
Bend the bare ends back and forth as 
shown. Lay them flat over the taped shaft 
- one on each side of the shaft. 

Hold the commutator down with narrow 
strips of tape. Wrap tightly near the core 
and at the opposite end. 

Step No. 3 - Field 

Make the core by bending 
two 4'' nails in the middle 
at right angles. Spacethe 
heads about 3'' apart to 
form a horseshoe. Wrap 
together with two layers 
of tape. FIELD POLES 

COMPLETED 
FIELD 

Wind about 400 turns of wire around the 
center. Leave 4" of spare wire at start 
and finish. Attach to wood base with staples 
at each end of the wire. Small brads, bent 
over, will do just as well. 



Step No. 4 - Armature Supports 
and Brushes 

BRUSHES 

~----=-- ... ......... .._, 

ARMATURE 
SUPPORTS 

Scrape the insulation from the ends of two 
6" pieces of wire. Tack them to the base 
and bend them as shown to make brushes. 

Drive two pairs of 3" brads into the base 
about 3-1/ 4" apart and in a line midway 
between the field poles. Wrap wire around 
the supports to form armature bearings. 

Scrape insulation off ends of·wire from the 
field. Connect one end to a brush wire. 

ARMATURE~ 
ARMATURE 
SUPPORTS 

TO BATTERIES 
OR TRANSFORMER 
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Assemble As Shown 

Adjust the position of commutator and 
tension of brushes against it for best op
eration. 

Take the armature off the motor and 
connect the commutator wires to a dry 
cell battery. Test the polarity of each end 
of the armature with a compass. Switch 
the connections on the commutator and 
test again. See how the compass needle 
changes direction? 

With the armature still off, connect the 
field coil directly to the dry cell. Test the 
polarity of each end of the field with the 
compass. How can you reverse the polar
ity? Try it. It's easy. 

Reassemble the motor again and start 
it. Push the field poles slightly out of 
alignment with the turning armature. What 
happens to the motor's speed? Can you 
tell why? 

This time, push the field poles com
pletely out of the way. Test the polarity of 
the armature as you slowly turn it by hand. 
Do you see what happens and why it does? 

Try to reverse the direction of rotation 
of your motor by reversing the connections 
at the battery. What happens? Canyou ex
plain why? 

Demonstrations You Can Give 

You may want to make a display board show
ing the parts of the toy motor and explain how 
each part works compared with the parts of a 
commercial motor. 

For Further Information 

There are several other types of toy 
motors you can build. Your club leader or 
power dupplier can help you find information 
about them. 



Quiz - What Makes a Motor Run? 

1. The north and south poles of magnets (A - attract) (B -
repel) each other. 

2. The poles on (A - a simple bar magnet) (B - an 
electromagnet) can be reversed instantly. 

3. The compass needle always points to the (A - earth's 
magnetic north pole) (B - south pole). 

4. The rotating electromagnet is the motor (A - field or 
stator) (B - armature or rotor). 

5. The commutator wires (A - rotate) (B - do not rotate) 
on the simple electric motor. 
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6. To make it practical to build an electric motor, it is 
necessary to change the poles of the rotating 
electromagnet (A - every half revolution) (B - every 
other revolution). 

7. A commutator is required in an (A - AC) (B - DC) 
generator. 

8. The DC generator is generally identical to the (A - AC) 
(B - DC) motor. 



LIGHTING 

The prediction was made by an executive in the 
electrical industry that by 1976 we will be using three times 
as much electric lighting as was used 10 years earlier in 
1966. Is there any wonder that 4-H'ers want to learn about 
the subject of lighting. The sun provides the most 
important source of light. Electricity is the next in 
importance. 

In previous units you learned about incandescent bulbs, 
diffusion, and the requirements of an improved lamp. Also, 
you were given an opportunity to set up a study center. 
Here we want to take our knowledge of bulbs, diffusion, 
lamps and specialized lighting applications and blend them 
together to get good lighting. 

There is one other important light source in addition to 
the incandescent lamp. It is the fluorescent lamp. In 1892, 
various gases such as nitrogen and carbon dioxide were used 
as conductors in long tubes to get colored light. The first 
practical application of this principle was made in the early 
1900's. 

ELECT ROHS PHOSPHOR POWDER 
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In 1902 the first successful mercury arc lamp was 
developed. It was a fore-runner of present-day fluorescent 
lamps. The first mercu_ry arc lamp was an elongated tube 
which had to be tilted for starting by making a liquid 
connection between electrodes. Later mercury gas carried 
the flow of electrons from the negative (cathode) to the 
positive (anode) terminals. These terminals are in opposite 
ends of present-day fluorescent tubes. 

Invisible ultraviolet rays are produced as the electrons 
emitted by the electrode at one end of the fluorescent lamp 
collide with electrons of the mercury gas atoms. This action 
by itself does not produce light. The ultraviolet rays must 
be transformed into visible light. The inside of the glass tube 
is coated with a chalk-like white powder or phosphor 
crystal. Visible light is produced when the ultraviolet 
radiation reaches the phosphor crystals. 

The fluorescent lamp is more complicated than the 
incandescent bulb but it has some advantages. Low lamp 
surface brightness permits less shielding and diffusing for 
comfortable seeing conditions. The fluorescent lamp is 
more than three times as efficient in converting electrical 
energy into light. Hence, not as much electrical energy is 
lost as heat and the operating cost is much less. In addition, 
fluorescent lamps can produce an exceptionally high output 
of colored light if color is desired. 

ONE 
FOOT 



To have good lighting, it is necessary to have the right 
kind and right amount of light at the right place. When you 
have good lighting, you can see easily and comfortably. 
Good lighting involves quantity (enough light) and quality 
(comfortable light). 

The amount, or quantity of light required varies 
considerably depending on the task to be performed. 
Sewing requires a large amount of light to prevent eye 
strain; whereas, playing a game of croquet in the yard 
requires considerably less light. 

In this exercise, we will learn how to measure the 
amount of light. This measure of light is the "footcandle". 
Any surface at the distance of one foot from a standard 
candle receives the light of one "footcandle". A device 
known as the light meter has been developed to measure 
the quantity of light at any point in footcandles. The light 
meter used with a camera is a light measuring device. 

Having a great amount of light does not mean that it will 
be a comfortable light or light of high quality. Actually, it 
isn't comfortable to read in the sunlight at noon on a clear, 
sunny day when there may be 10,000 footcandles of light. 
On this same day it probably would be comfortable to read 
in the shade with as much as 1,000 footcandles of light. 

Quality, distribution, and direction of light are as 
important as the amount of light. Lighting comfort includes 
these factors as expressed in the following conditions: 
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1. Proper distribution of light - No great difference in 
brightness between the object we are looking at and the 
surrounding area. The human eye sees the difference in 
dark and light objects and this contrast causes the pupil 
of the eye to dilate and contract as the eye moves back 
and forth from the light to the dark; the result could be 
eye strain. 

2. Proper diffusion to spread the light, make it less intense, 
soften the shadows, and reduce glare and hot spots. 

3. Shield light bulbs to prevent direct eye view and reduce 
glare (uncomfortable reflected light). Shielding can 
produce 5 types of lighting: 

Indirect lighting - 90-100% of light is directed upward, 
and 10-0% downward. Little glare, and shadows practically 
eliminated. 

Semi-indirect lighting - 60-90% of light goes upward 
and 40-10% downward. Causes somewhat more glare and 
shadow than indirect. 

General diffuse lighting - 40-60% of the light goes 
upward, 60-40% downward. Throws light in all directions. 

Semi-direct lighting - 90-60% of light goes downward, 
10-40% upward. Most of light is directly on the work 
surface, with glare and shadows as a result. 

Direct lighting - 100-90% of the light goes downward, 
0-10% upward. Maximum light on working surface, causing 
excessive contrast of light and shadow. 



4. The color and finish of ceilings, walls, floor, and major 
furnishings should have the ability to absorb as well as 
reflect some light. The percentage of light reflected by 
these surfaces is known as reflection value. 
Recommendations for percentage of light reflected from 
surfaces in the home are as follows: 
Ceiling - 60-90% 
Walls - 35-60% 
Floors - 15-35% 

Light reflection values of some familiar colors are: 
Dull white - 85% 
Ivory - 75% 
Pale pink and pale yellow - 75 to 80% 
Light green, light blue, light gray (tints) - 70 to 75% 
Tan, medium gray - 50 to 55% 
Dark gray, dark green - 15 to 20% 
Dark blue, blue-green - 5 to 10% 

From the reflection values given, you can readily see 
that lighting can often be improved by repainting or 
redecorating. 

Conduct a Home Lighting Survey 

Amount of Light 
Bulb Wattage 

Room Incandescent Fluorescent 

In your home lighting survey you found that the amount 
of light is influenced by wattage and type of bulb used. The 
light output of all light bulbs is measured in units called 
lumens. 

The globe and candle illustrate the idea of a "lumen" of 
light. The amount of light falling on the lighted area is one 
lumen. Imagine a candle set in a black globe of 1 foot 
radius with 1 square foot cut out. The manufacturer can 
give you the approximate lumens output of any bulb 
manufactured. The accompanying table gives some of the 
most popular bulbs and their light output in lumens. 
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Quality of Light 
Type as influenced Reflection 

by shielding value 



Bulb Type Watts 

General household (soft white or inside frost) 15 

40 

60 

100 

150 

Three way (highest setting) Soft white or inside frost 50-100-150 

50-200-250 

100-200-300 

Fluorescent tubes (Deluxe warm white) 20 

30 

40 

The recommended lumens of light required for certain size rooms is as follows: 

ROOM SIZE 

Living Room 12' x 26' 
12' x 20' 
12' x 15' 

Dining Room 12' x 15' 
12' x 12' 
10' x 12' 

Kitchen 10' x 18' 
10' x 12' 
10' x 10' 

Bathroom 8' x 10' 
8' x 8' 
6' x 7' 

Bedroom 12' x 15' 
12' x 12' 
10' x 12' 

Approx. Lumens 

140 

450 

840 

1700 

2700 

2150 

3850 

4600 

800 

1500 

2100 

LUM ENS 

25,000 
19,200 
14,400 

7,200 
5,600 
4,800 

14,400 
9,600 
8,000 

4,800 
3,600 
2,400 

12,600 
9,800 
8,400 

Determine if the present light bulbs supply enough lumens of light in each room of your home, according to the above table. 

Room Bulb size (watts) 
Incandescent Fluorescent 
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Room 
Size 

Lu mens 



Having ample lumens of light does not insure that 
enough footcandles of light will be at any given point. The 
type of lighting, whether direct or indirect; the distribution 
and diffusion of light; and the color and finish of the 
interior also affect the amount and quality of light. To bring 
all these factors together in simple how-to-do terms, 
lighting recipes have been developed. The recipe tells what 
light to use and where to place the light. 

Recipes for lighting may be secured from your electric 
power supplie_r or your leader. To adequately complete this 
exercise you should do at least one lighting recipe. 

Name and briefly describe the recipe you selected. What 
changes were required to follow the recipe? 
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Define briefly the following terms: 
Foot candle _______________ ~ 

Light distribution ---------------

Five types of lighting created by shielding: 

1. ___________________ ~ 

2. -------------------~ 
3. ___________________ ~ 

4. ___________________ _ 

5. ___________________ ~ 

Reflection value---------------



HEATING 
Electricity is a source of heat. There are numerous 

applications of electricity for heat. It heats our homes, 
cooks our meals, and performs many other heating tasks. 

How is heat obtained from electricity? It is really quite 
simple. If we select the right kind of wire and force 
electricity through it, the wire will heat. The right kind of 
wire is neither a good conductor or insulator. How much 
heat produced depends on the kind of wire, its diameter 
and length, and the voltage of the electricity forcing the 
current flow. 

What causes the wire to heat? The resistance to the flow 
of electricity in the wire causes the heat. Very small 
particles called atoms make up everything we see, including 
the wire. When two or more atoms are joined, they are 
called molecules. Electricity applied to the wire caused the 
molecules to move and hit against one another. This 
collision of molecules causes heat. 

Heater wire or resistance wire is made of certain metals 
or combinations of metals called alloys. This wire is a part 
of the electric circuit which completes the path along which 
electricity can flow. Switches are used to open or close the 
circuit to start or stop electrical flow. In many cases we 
wish to maintain a certain temperature by controlling the 
heat developed by an appliance. A thermostat is used to do 
this. One type of thermostat is a switch operated by two 
metalic strips which respond differently to temperature 
change. 

TIEMPERATURI LOW 
C"VRllENT ON! 

'The thermostat keeps the iron at an even temperature. 

TYPES OF HEAT 

To better understand electric heating applications, a 
glimpse into heat transfer or how heat moves from one 
point to another is needed. Heat moves by either 
conduction, convection, or radiation. 

CONDUCTION occurs when you set a pan containing 
food on the hot element of your electric range. The pan to 
be heated is in direct contact with the heating element. 
Heat is conducted directly from the heating element to the 
pan. 

Shorter than visible Visible 

~ 
<D 

CONVECTION heat warms a pan that is not actually 
touching the heating element. Air around the element is 
heated which transfers the heat to the pan. Your range oven 
works partly by convection. You also warm your house in 
the winter largely by this same method. The air is first 
heated and in turn heats other objects. 

RADIATION is like the warming effect of the sun's rays. 
The radiant energy from the sun is absorbed by objects and 
converted to heat. Very little radiant energy is absorbed by 
air. Radiant energy is partly reflected by light-colored 
clothing or objects. 

If you have ever seen a prism used to break up the rays 
of the sun, the result was a beautiful assortment of several 
different colors as in the rainbow. At one end of this 
assortment was red light. This band of color is the 
beginning of an invisible band of light called infrared rays -
long, radiant heat waves. These rays may be produced with 
electrical energy and can work for us in many ways. The 

Longer than visible 

Ultraviolet Violet Blue 
(Sunlamps) 

Green Yel- Orange 
low 

Red Infrared 
(Heat) 

Radio 

(Germicidal Lamps) 
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broiler unit in your oven is an example of radiant heat 
waves produced by electrical energy. 

Types of Electric Heating Elements 
Resistance Wire - the most commonly used element is 

the open-resistance wire type in which nickel chrome wire 
is usually coiled and supported by insultors. It must be 
protected as the exposed wire glows red hot to 
temperatures of more than 10QQOF. In certain heating 
applications, a fan is used behind the element to circulate 
warm air. 

Metal Sheath - The resistance wire is set in an insulating 
material (usually magnesium oxide) and covered by a metal 
sheath. The temperature of this type element reaches 
7500F. 

Tubular Element - If the metal sheath is seamless, it 
becomes a tubular element which can be immersed in 
water. The tubular element can be bent into various shapes. 
Also, protruding fins may be brazed to the tube to reduce 
operating temperature. 
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Lamp Heaters - Infrared lamps are made for heating 
applications and designed similar to the incandescent lamp. 

Insulation retards heat flow. It is important in most 
heating applications because it slows the loss of heat. It is 
equally important in cooling because it prevents easy 
passage of heat to the area being cooled. Insulations are not 
equally effective in slowing heat flow by conduction, 
convection, and radiation. Materials like wood or spun glass 
which are effective in retarding heat flow by conduction do 
not readily absorb heat. Materials which are effective in 
retarding heat flow by convection have many tiny air 
pockets which tend to hold the air still. Materials effective 
in retarding heat flow by radiation behave like a mirror and 
reflect the radiant heat rays. Reflective aluminum foil is 
an example. All three features are often combined in one 
insulation product to reduce heat flow. 



How is electric heat used in your home or yard? 

Application Voltage Amperes 

Clothes dryer 

Water heater 

Range 

Home heating 

Portable heater 

Broiler 

Coffee maker 

Deep fat fryer 

Dish warmer 

Electric blanket 

Frying pan 

Grill 

Heating pad 

Iron 

Soil heating bed 

Electric tape for pipes 

Toaster 

Sun lamp 

Do one of the following: 
A. Cook samples of food with the electric range in your 

home. Use (1) conduction, (2) convection, and (3) 
radiation and tell how each was used. Tell what you 
cooked, how you did it, and the temperature or control 
setting and time used by each method. 

B. Build an electric hotbed. Ask your leader for 
instructions. How long did it take to build the hot 
bed? - Size? What did it cost? __ 
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Heats by 
Watts Conduction Convection Radiation 

C. Install electric tape to prevent freezing in gutters or 
water pipes. Ask your leader for instructions. How long 
did it take to install the tape? How much 
was installed? ft. Cost? ___ _ 

D. Visit an electrically heated home if you do not live in 
one and tell the type of electric heat used. Get the 
family's reaction to its use. 



INSTALLING HEAT TAPE OR CABLE TO PREVENT WATER IN PIPES FROM FREEZING 

c:@:I 
6 

Cable can be spiralled securely around pipes and wound around valves or faucets. Do not allow cable to contact thermostat or itself 8t any 
given point-maintain minimum of 1" spacing in winding cable on pipe. 

A 60 foot cable applied this way will protect 28 feet. Space off distance to thermostat• fint step in applying Cllble. Maintain at '-t 1" 
spacing between 28' loop of cable along pipe run. 

INSTALLING HEAT TAPE 
OR CABLE TO PREVENT 
WATER IN GUTTERS FROM 
FREEZING 
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1" to 2" 
overlap at 

) 
To Weatherproof Outlet 



Electric Hotbeds 
Would you like to grow your own plants from seed? It's 

not as hard as you think~ But you will need a hotbed to 
keep the seeds and young plants warm. Then when they 
have grown big enough, you can put them out into your 
garden. 

You can use either a manure or an electric hotbed. For 
most uses, an electric hotbed is best. It has many 
advantages over the manure bed. 

Many electric hotbeds use standard soil-heating cable. It 
is lead covered. You will find that it is a 400-watt cable that 
operates on 115 volts. It is % inch in diameter and comes in 
60-foot lengths. You can also get double length cables ( 120 
feet long). They operate on a 230-volt circuit. 

What's Good About An Electric Hotbed? 
• It's easy to control. You need only a simple thermostat. 
• You can regulate the heat. You can even turn it off so 

that the plants can "harden." 
• It's clean and odorless. A manure hotbed can't compare. 
• It's easy and cheap to maintain. A good electric hotbed 

needs little care. But you must change a manure hotbed 
often. 

• It has a long life. You can use it several years without 
changing the wire. 

How You Can Make A Hotbed 
If you want to make a hotbed you will probably want to 

buy plastic-covered cable rather th~n "standard" cable. It 
lasts as long. And you can get it in almost any size and 
length. Plastic covered cable is smaller than standard lead 
cable. It is only 1/8 inch in diameter. It is cheaper to buy, 
too. 

After you get your soil-heating cable, you will need to 
get one or two hotbed sashes. A sash is a window frame with 
panes of glass. The number of sashes you need depends on 
the size of hotbed you plan to make. 

The standard hotbed sash is three feet by six feet. You 
can place any number of these side by side. 

You will need to build a frame of one- or two-inch 
lumber to support the sash. You may wish to place this 
frame on top of the ground. But it would be better if you 
half-bury it. The best depth is from six to nine inches into 
the ground. 
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Lay The Soil Heating Cable 
First, lay the soil heating cable on the ground. If you use 

lead cable, space the strands seven inches apart. Plastic 
cable needs to be spaced closer. Lay these strands 21h to 
three inches apart. You'll get more even heat if you space 
the cable closer together at the outer edges. 

Start and end the cable where it will meet the incoming 
electric line. Connect a soil thermostat at this point. Then 
you'll get proper heat control. 

Cover the cable with one inch of soil. Then put down a 
layer of chicken wire. This will protect the cable. On top of 
the wire place four to six inches of soil. Here you will grow 
your plants. 

Bank dirt around the outside of the frame. This way 
you'll prevent drafts. Control the entire unit by an electric 
switch. This should be outside the hotbed itself. 



COOLING 
Cooling is becoming very important as a part of 

everyday living. In our homes we make use of the 
refrigerator and freezer. Many of us have air conditioning 
units to cool the air in our homes during summer. Others 
may have combination heating and cooling units for year 
around comfort. 

Air Conditioner 

Outside of our homes we find business and public 
buildings air conditioned or cooled during summer. Cooling 
is becoming very important in automobile and public 
transportation. Food storage and preservation depends on 
cooling to a great extent. Farm fruit storages, slaughter 
houses, and grocery distributors make use of refrigeration. 

Cooling is really an absence of heat and heat principles 
apply. Insulation which retards heat flow from a building 
also retards heat flow into a building or cool room. 
Electricity is used to cool, but generally in a different way 
than to heat. Some homes and commercial buildings are 
heated and cooled by a reverse refrigeration process known 
as the heat pump. 
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Refrigeration to get cooling is most often brought about 
by the use of electric motors. In addition to the motor, 
there is a mechanism which helps accomplish the cooling. 
The process is not very complicated when we realize that : 
some substances are a liquid at certain temperatures and 
pressures, and a vapor at others. Water is a good example. 
The substance used in refrigerators is called a refrigerant and 
is normally a liquid. It boils at an extremely low 
temperature. For instance, water normally boils at 2120F 
and sea level pressure, but pure ammonia will boil at 28° 
below zero. 

At this point, let's try some simple experiments to better 
understand how refrigerants behave. Place a thermometer 
on top of the ice in an ice chest. It will soon read 32 
degrees and hours later after most of the ice has melted, it 
will still read 32 degrees. The ice has been soaking up heat 
as it melts but it never gets warmer. This heat, which has 
been absorbed by the ice-turned-water, is called the "latent 
heat of fusion". Latent means hidden and fusion means 
melting - the hidden heat of melting. 

Now, let's continue our simple experiment. If we heat 
water in a teakettle, the thermomoter tells us that the water 
gets hotter until it starts to boil. Then the temperature 
seems to stick near the 212 degree mark depending on the 
elevation where you live. You cannot make the water 
hotter than 212 degrees unless you confine it tightly as in a 
pressure cooker. 

As a liquid (boiling water) is changed to a gas (water 
vapor), large amounts of heat are absorbed without an 
increase in temperature. This is called "latent heat of 
vaporization" or simply the hidden heat of evaporation. 

If ammonia is allowed to boil, just as water was boiled in 
your experiment, it will absorb large amounts of heat. At 
one time, ammonia was the most popular refrigerant used. 
Today, better and safer refrigerants are manufactured. 



Now, if a refrigerant is allowed to boil within a coil or 
pipes in the refrigerator, it will pick up heat. The vapor 
produced must be carried to the outside of the refrigerator 
storage area. Also, we need to devise a way to change the 
vapor back to a liquid so it can be reused again. This is 
where pressure comes to the rescue. With pressure we can 
compress the vapor, thereby concentrating the heat it 
contains and raise the temperature without adding more 
than the heat of compression. With enough compression we 
can make the refrigerant vapors so hot that heat can be 
removed by air at room temperature. This removal of heat 
in the condenser causes the refrigerant to return to a liquid. 
The liquid refrigerant is now ready for reuse. These are all 
the scientific rules that apply to refrigeration. 

Any refrigerator, freezer, cooler, dehumidifier, or heat 
pump works about the same way. There are three main 
parts: evaporator, compressor, and condenser. The 
evaporator provides a place for the refrigerant to boil and 
absorb heat from the air surrounding it. As the refrigerant 
turns to a vapor, it is removed from the evaporator. The 
compressor is driven by an electric motor. It exerts pressure 
to make the vapor hot enough so it will lose heat in the 
condenser, thereby changing to a liquid again. When the 
vapor leaves the compressor, it is ready to give up heat and 
condense back to a liquid in the condenser. With the 
addition of a flow valve and electrical controls, refrigeration 
devices operate automatically. 

r---------- -----1 
I 

' INSIDE REFRIGERATOR 

~', LJ r EVAPORATOR COIL 

(" I 
VALVE I 

OR I 
CAPILLARY TUBE! 

f uau10 
LINE 

I 
I 
I 
I 
L---------

VAPOR .,_ 
LINE -.. 

CONDENSER COIL ) t 
COMPRESSOR 

_J 

27 

Name all the ways refrigeration is used in your home or 
by your family enterprise. 

Locate and identify the three basic working parts of 
your refrigerator. Draw a sketch showing the location of 
each. 

Do one of the following: 
1. Place a measured cup of water in the refrigerator in each 

of several different containers. A covered fruit jar and an 
open jar, an open refrigerator dish and a covered dish 
would be desirable. Carefully note the level of water 
each morning and night. After 4 days measure carefully 
the amount of water that remains. In which does the 
level change? Can you explain this? Write a 
recommendation for storing liquids in a refrigerator. 

2. Visit a food store, dairy plant, fruit storage, or other 
facility where refrigeration is used to keep stored 
products cool. Find the main working parts of the 
refrigeration system. Briefly summarize your findings. 

3. Visit a home or building where the heat pump is used. 
Locate the main working parts and tell how it can heat 
as well as cool. 



CARE & FIRST AID FOR 

ELECTRICAL EQUIPMENT 
In this unit you have learned a little more about the way 

electricity serves us as a · source of light, heat, and power. 
You have been given. a brief glimpse of principles in the 
applications of electricity. For all of us our future will 
require some knowledge of care and maintenance if we are 
to make the most of our electrical helpers. In fact, one of 
the important benefits you . will get from the project is 
learning to understand and make simple repairs. This alone 
will be of tremendous value to you in the future. 

Basic to all the ways electric power serves us is the 
wiring system. It furnishes the avenues over which electrici
ty flows. A wiring system will ordinarily last a long time 
unless it is overloaded. Certain parts of the wiring system 
will occasionally need attention. Switches wear out over a 
period of time and convenience outlets become worn from 
the repeated plugging in of service cords. These can and 
should be replaced. The important thing is to know what 
you are doing and how to do it safely. 

Switches and convenience outlets are easy to replace. 
However, your first attempt at this should be under the 
supervision of a qualified person. Disconnect the circuit 
before attempting to make a repair. Simply remove the wire 
from the old switch or outlets and place it on the new 
exactly as it was on the old, if possible. 

Place the white or ground wire under the silver colored 
screw and the red or black wire under the copper colored 
screw if there is a difference in screw colors. Follow 
instructions on the new switch or receptacle container. 

Some manufacturers have omitted the screw terminals 
on wiring devices such as switches, outlets, and lamp 
receptacles. Rather than bending the attachment wire 
around the screw, it is merely inserted into a hole in the 
back of the device. A spring-loaded pressure connector 
holds the conductor in place within the switch or outlet. 

DANGER 

* 
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FRAYED 

NICKED 

Inspect all switches and outlets in and around your home. Look for broken plates, defective switches, and outlets which 
will not hold a plug securely. Report below any defects found. Indicate if you assisted in making the improvement. 

Device 
Checked Condition 

How can condition 
be improved 

When 
Improved 

Assistance 
Given 

QUIZ 
1. If you are careful, you can change a switch when (A) no 

one is present, (B) someone who knows supervises your 
work. 

2. Before changing a convenience outlet, the circuit at the 
main service entrance equipment should be (A) dis
connected by unscrewing fuse or tripping circuit 
breaker, (B) disconnected and tagged so no one will turn 
it on while you are working. 

3. If the circuit is disconnected, a test lamp (A) need never, 
(B) should still be used as a check just before starting 
your work. 
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In addition to the wiring system, we have to care for and 
maintain portable and stationary appliances and equipment. 
A minimum amount of care and maintenance in the form 
of careful handling and cleanliness is usually required. 
Portable appliances and equipment require more care 
because of the service cord and handling they get. In 
another unit you learned about service cords and how to 
care for and repair them. A few simple rules need to be 
followed: 

1. Frayed cords and defective plugs should be replaced 
immediately. 

2. Always pull on the plug, not the cord. 
3. Do not walk on or roll furniture and other equipment 

over extension cords. 
4. Make sure a ground wire is used if a cord must be 

handled in a damp location. 



ELECTRICAL 

EQUIPMENT FILE 

The instruction book is the most important information 
you will receive on a particular appliance or piece of 
equipment. The manufacturer wants to help you care for 
and maintain his product to insure satisfaction. A file 
should be maintained on all home appliances and portable 
equipment. Also, a shop file should be set up on all other 
equipment used outside the home. One of the requirements 
of this project will be to set up and/or maintain a suitable 
file for all electrical equipment in use in and around your 
home. This record can be maintained in the family business 
file, a kitchen cabinet, or other safe convenient place in an 
expanding multi-pocket folder. 

Does your family presently have a convenient file set up 
for instruction books? __ yes __ no. If not, how did 
you set up a file? 

Nearly all appliances and equipment will have instruc
tions which specifically apply to their care and main-

tenance. There are a few general recommendations which 
apply to most electrical equipment. Some of these will be 
listed. 

1. Clean equipment properly and keep it clean. Generally 
avoid the use of coarse scouring powders. Few ap
pliances can be cleaned by immersing in water. It is 
often more convenient to remove dust and foreign 
material from some types of equipment with a vacuum 
cleaner. 

2. Disconnect appliances and equipment before working on 
them. Pull the plug from the wall outlet if it is portable. 
Do not wrap cords around hot equipment. 

3. On motor operated appliances and equipment, use oil 
sparingly. Lubricate according to manufacturers' instruc
tions. 

4. All electric connections should be tight. Loose 
connections cause arcing which in turn generates heat 
causing possible damage. 

5. It is generally not necesssary to clean heating elements, 
only their enclosures. The element may be easily 
damaged and foreign material will burn off anyway. 

Select one or more appliances or pieces of electrical equipment which is used frequently or at least once a week and care 
for it for one month or more: 

Appliance 
or 

equipment 

Cared For 

From To 

How 
often 
used 
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Care Required 



MY 4-H ELECTRIC PROJECT RECORD 

Electro 3 

Year _____ _ 

Name ____________________________________ ~ Age ____ _ 

Address ___________________________ _ City or County _________ _ 

Name of Club ________________________________________ _ 

Fill in this record. Your leader or ~xtension agent will ask for it at the end of the project year. You must do the following 
things to complete this project: 

1. a. Name 3 main ways in which electricity serves: 

b. Cooling is an important application of electricity brought about by one of three main ways. Name it. ______ _ 

c. List the applications of electricity in your home which contribute to "Fun Hours". 

d. What unusual or uncommon use of electricity did you make or discover? _________________ _ 

Describe _________________________________________ _ 

2. a. Name the method by which the electrical system in your home is grounded.-----------------

b. List some of the electrical equipment in or around your home which carries the UL label. 

c. Did you learn how to restore service in your home in the event a fuse blows or the circuit breaker trips? 

(Check one) Yes __ No __ 

d. Make an electrical hazard hunt and list all unsafe practices found. 
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3. a. Define the following terms: 

Kilowatt _______________________________________ _ 

Watt hour--------------------------------------~ 

Kilowatt hour _____________________________________ _ 

Horsepower ______________________________________ _ 

b. Did you list all of the different electrical terms you could find and where you found them? 

(Check one) Yes __ No __ 

c. Did you locate the nameplate on 6 different appliances or electricity using devices and list the information given? 

(Checkone) Yes __ No __ 

d. Did you learn to calculate the cost to operate electrical equipment? (Check one) Yes __ No __ If so, list the 
appliances or equipment and the cost per month to operate. 

Appliance or equipment Cost per month to operate 

4. a. Did you learn what makes a motor operate? (Check one) Yes __ No ___ If so, explain why an electromagnet is 

necessary. _______________________________________ _ 

b. How many motors are used in and around your home, yard, workshop, or for production in a family enterprise? 

Number ________________________________________ _ 

c. Indicate which of the following you did: (Yes or No) 

Constructed a simple motor _______ _ Visited an electric motor repair shop ______ _ 

5. a. Define the following terms: 

footcandle ______________________________________ _ 

lumen-----------------------------------------

glare ________________________________________ _ 

reflection value ____________________________________ _ 
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b. Did you conduct a home lighting survey? (Check one) Yes __ No __ _ 

c. Do present light bulbs supply enough lumens of light in your home? (Check one) Yes No __ _ 

If your answer is no, name the rooms in which the lumens of light are too low. 

d. Select a lighting recipe and complete. Describe the changes required to follow the recipe.------------

6. a. How many different ways is electric heat used in your home, yard, or workshop? 

Number of appliances or equipment using heat by 

conduction ______ _ convection _____ _ radiation ______ _ 

b. Check below the activity you did in your investigation of electric heating. (one required) 

Cooked samples of food using different types of heat.------------------------

Installed an electric hot bed.-----------------------------------

Installed heating tape to prevent water in pipes from freezing. ----------------------

Installed heating tape to prevent water in gutter from freezing. ----------------------

Visited an electrically heated home.--------------------------------

Othere~ctrical heatingjobcompl~ed ______________________________ _ 

7. a. How many different ways is cooling or refrigeration used in your home or family enterprise? Number ______ _ 

b. Do at least one of the following: 
Locate and identify the three basic parts of your refrigerator. Draw a sketch showing the location and relationship 
of each basic part. 

Write a recommendation for storing foods and liquids in a refrigerator. -----------------
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Summarize your visit to a food store, dairy plant, fruit storage, or other facility where refrigeration is used to keep 
stored products cool. 

8. a. As a result of your hazard hunt, report the number of devices checked and improvements made. Number ____ _ 

b. Did you learn how to replace switches and convenience outlets by observing the work of a qualified electrician or other 

person? (Check one) Yes. __ No __ _ 

c. In the quiz on changing switches and convenience outlets you agree that (b) is the correct answer for each question. 

(Check one) Yes __ No __ 

d. Does your family presently have a convenient file for instruction books? (Check one) Yes No If no, how 

did you as~st insettingupafile?~-------------------------------~ 

If yes, what have you done to help maintain the file? ________________________ _ 

e. Select one or more appliances or pieces of electrical equipment which is frequently used (once a week or more) and 
care for it for one or more months. 

Appliance Care For 
or How often 

Equipment From To used Care Required 

9. Check below what you did this year (2 required): 

a. G~e~l~ordemon~rat~m _________________________________ _ 

b. Madeposte~exhiblt,orassistedwlth exhibit ___________________________ _ 

c. V~ited electrified home, farm, or industry _____________________________ _ 
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List what you did in the proper space below: 
a. Talks and demonstrations given 

Talk or Kind of 
Date Subject Demonstration Meeting Attendance 

b. Posters and exhibits 
Name of Poster or Exhibit Individual or Group Where It Was Shown 

c. Tour - List names and addresses of electrified homes, farms, or industries visited as an individual or as a member of a 
group. List the uses of electricity observed at each place. 
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