
Energy & Generators & Motors
A Real World Science Lesson Plan

BACKGROUND:
In WWII electronics were a big deal. Every plane, tank, and boat was filled with switches, coils, and 
tubes. Although electricity had been discovered much earlier, the 1920s and 1930s were the time 
when the technology started to catch up to its promise.

In addition, an understanding of the use of the electromagnetic spectrum to send and receive infor-
mation had grown. The adoption of radio and radar pushed electronics further.

Electricity and magnetism can seem like separate topics, but it is where they relate that a real un-
derstanding of each is found. Electricity generates magnetic fields and vice versa. Manipulation of 
magnetic fields creates electromagnetic waves, and electromagnetic waves can induce a current. 

Thus, the innovations of WWII electronics, and the stories of how they were used, are a great way to 
supplement your electricity and magnetic curriculum.

OBJECTIVES:
• Students will be able to describe the relationship between electricity and magnetism, giving 

examples of phenomena that connect them. 
• Students will be able to identify the parts of a motor and the parts of a generator on a diagram, 

and explain how they work. 
• Students will be able to identify the parts of a radio transmitter and a radio receiver on a diagram 

and explain how they work.

STANDARDS:
3rd-5th grades:
• Energy can be moved from place to place by moving objects, or through sound, light, or electrical 

currents. Energy can be converted from one form to another form. NGSS PS3.A and PS3.B
• Patterns can encode, send, receive and decode information.  NGSS PS4.C
6th-8th grades:
• Forces that act at a distance involve fields that can be mapped by their relative strength and ef-

fect on an object. NGSS PS2.B
• Waves can be used to transmit digital information. Digitized information is comprised of a pattern 

of 1s and 0s. NGSS PS4.C
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GRADE LEVEL:
5-8 with enrichment activities for advanced students



MATERIALS:
For Energy and Generators and Motors you need supplies for demonstration. These might include:
• Aluminum pipe, copper pipe and neodymium magnets (Lenz effect)
• Hand-Powered generator
• Fan that has been taken apart to show workings
• Coil around screwdriver, battery
• AA Battery, aluminum screw, copper wire, neodymium magnets (homopolar motor)

For My Gal Sal you will just need a copy of the handout. 

PRIOR KNOWLEDGE:
Students will need to know the basics of electrical circuits before they come to these activities.

INFORMATION FOR TEACHERS:
My Gal Sal is a real plane, and it is on display at the National WWII Museum, in the US Freedom Pavil-
ion: The Boeing Center. Part of one of the original, bent, propellers is on display too.
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TIME REQUIREMENT:
Energy and Generators and Motors will probably take an hour.

My Gal Sal will probably take about half an hour. 

OUTLINE OF ACTIVITIES:
These activities do not need to be done together.
1. In Energy and Generators and Motors, students will learn about the interactions between elec-

tricity and magnetism with some demonstrations. They will review power generation, and the the 
structure of motors and generators. Then they will compare the relationship between electricity 
and magnetism, and the similarity in structure between motors and generators, and radio trans-
mitters and receivers.

2. In My Gal Sal students read about a real situation in which people needed to use electricity to 
send and receive radio waves, and used a generator to make that electricity.

ASSESSMENT:
Student responses on handouts will provide some data on their understanding of the relationship 
between electricity and magnetism, and of the mechanisms we use to manipulate them.

EXTENSION/ENRICHMENT:
By adding in more demonstrations, or by having stations or groups use the equipment themselves, 
you could take this introduction to the concepts further. It’s pretty easy to put together a simple tele-
graph circuit to show how information can be encoded electronically.

Find out more about My Gal Sal and B-17s:
http://www.nationalww2museum.org/us-freedom-pavilion-the-boeing-center/boeing-b-17-
flying-fortress.html
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Just look around you to see how
 m

uch w
e depend on electricity today. Lights, 

heating, cooling, cooking—
today w

e often need electricity for all those. Even 
cars, w

hich run on gasoline, w
on’t w

ork w
ithout electricity.

O
ne hundred years ago things w

ere quite different. It’s very likely that back then 
people in your tow

n or city used gas lights, oil lam
ps, and candles for light. They 

used w
ood or coal for heat and cooking. Cooling m

eant opening the w
indow

. 
Cars w

ere started w
ith a crank, not a battery.

W
W

II w
as right at the tim

e that all that changed. Electricity w
as invented and put 

to use before then, but it w
as easier and cheaper to m

eet energy needs the w
ay 

people had been doing for centuries than to change. To m
ake all the stuff w

e 
needed for the w

ar effort, m
anufacturers learned all sorts of w

ays to include fan-
cy electronics. And after the w

ar they learned how
 to use those fancy electronics 

to m
ake TVs and hom

e radios, and better cars, and clothes w
ashers and refrigera-

tors.

W
here does all that electricity com

e from
? And how

 do w
e m

ake things that can 
put it to use? There is one answ

er to those tw
o questions: w

e put m
agnets and 

circuits together. 

W
hen a m

agnet m
oves inside a coil of w

ire (or w
hen a coil of w

ire m
oves inside a 

m
agnetic field) an electric current is generated in a w

ire. That’s called a generator. 
A generator generates electricity. You have to be careful w

hat you say here, because you can’t m
ake (generate is a fancy w

ord for m
ake) energy. 

You can only change energy from
 one form

 to another. In the case of a generator it takes m
ovem

ent of a w
ire or m

agnet (m
echanical energy) 

and turns it into a current (m
echanical energy). 

W
hen a m

agnet is around a w
ire carrying current, it w

ill m
ove. O

r, if the m
agnet is stuck in place, the w

ire carrying the current inside the m
agnet 

w
ill m

ove. This is called a m
otor. A m

otor turns electric current (electrical energy) into m
otion (m

echanical) energy. 

Energy and G
enerators and M

otors

This is the Pratt & W
hitney Tw

in W
asp R-1830 Radial Engine. This air-

cooled engine, w
hich pow

ered planes like the B-24 and the C-47, w
as 

the m
ost-produced piston engine in aviation history, w

ith m
ore than 

170,000 engines produced over its production span. Piston engines like 
this one are often used secondarily to produce electricity for the vehicle 
as w

ell as their prim
ary function of propulsion.
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So a generator is a m
otor going backw

ards and a m
otor is a generator going backw

ards:

W
hy does this happen? Because an electrical current generates a m

agnetic field. If you held a com
pass near a w

ire carrying current, you’d see 
the com

pass point in the direction of the current. If the w
ire is m

ade into a coil, the m
agnetic field is even stronger. This is w

hy there are so m
any 

coils inside of fancy electronic devices.

Take a look at these diagram
s of a m

otor and a generator. Put notes on them
 that explain how

 they w
ork.

Energy and G
enerators and M
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Electrical currents m
ake m

agnetic fields that you can’t see. They m
ake som

ething else you can’t see either—
they m

ake electrom
agnetic w

aves. 
The m

ost com
m

on places you can see these in your house are in m
icrow

ave ovens. Your cell phone m
akes electrom

agnetic w
aves too, but its 

parts are too sm
all to see easily.

A m
icrow

ave oven has tw
o strong m

agnets that it spins around a bunch of w
ires. The m

agnets and w
ires together cause a changing current that 

m
akes a pattern of changing m

agnetic fields. This changing field sends out electrom
agnetic w

aves.

M
icrow

aves w
ere first used in W

W
II, but not for cooking. They w

ere used to send signals for com
m

unication and radar. A m
icrow

ave oven is a 
form

 of radio transm
itter (but its w

aves are tuned to cook not send signals). A radio transm
itter and a radio receiver are very sim

ilar, just like m
o-

tors and generators are sim
ilar.

M
ake notes on the diagram

 to explain how
 they w

ork? H
ow

 are the tw
o devices sim

ilar? H
ow

 are they different?

Energy and G
enerators and M

otors

STU
D

EN
T H

A
N

D
O

U
T



138
  

         
 

 
 

 Energy &
 G

enerators &
 M

otors Lesson Plan 
 

       
©

The N
ational W

W
II M

useum

You’re going to see som
e dem

onstrations of how
 m

agnets and current interact. D
raw

 diagram
s of the dem

onstrations and put explanations 
w

ith them
 in the space below

:

Energy and G
enerators and M

otors

D
em

onstration O
ne:

D
em

onstration Tw
o:

D
em

onstration Three:
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In late June of 1942 the U
S w

as sending troops to Europe as 
part of a buildup of forces. B-17s, designed as bom

bers, w
ere 

being used to ferry troops. The planes w
ould take off from

 
Canada, land and refuel in G

reenland, land and refuel in Ice-
land, before arriving in Britain. 

O
n June 27th, 13 B-17s took off from

 Labrador heading to 
G

reenland. They encountered very rough w
eather over the 

N
orth Atlantic, and 5 planes returned to Labrador. Five planes 

m
ade it safely to the airbase in G

reenland, and 3 had to m
ake 

em
ergency landings on the G

reenland ice sheet. The crew
 of 

one of those planes, w
hich they had nicknam

ed M
y G

al Sal, 
m

ade a pretty sm
ooth landing. The only serious dam

age w
as 

to the propellers of the plane. These w
ere all bent and tw

isted 
and kept the engines from

 being used.

The crew
 needed to radio for help, or they w

ould rem
ain 

stranded on the ice sheet. U
nfortunately they had to run at 

least one engine to turn the generator that provided the elec-
tricity for the radio transm

itter and receiver. It took a w
hole 

day, but the crew
 w

ere able to use tools from
 the plane to cut 

off the bent parts of one propeller so that they could pow
er up 

a single engine. They got the radio going and m
ade contact 

w
ith the airbase. 

There w
as now

here to m
ake a safe landing on the ice near their plane, so the crew

 cam
ped there for 17 days w

hile a rescue w
as organized. After 

that they had to hike 25 m
iles to a frozen lake, w

here there w
as enough flat ice for a rescue plane to land. Tw

o w
eeks later 6 P-38 fighter planes 

w
ere forced dow

n in the sam
e area of the G

reenland ice. A m
onth later a crew

 on dogsleds returned to retrieve the N
orden bom

bsight from
 the 

nose of M
y G

al Sal.

M
y G

al Sal

M
y G

al Sal in the M
useum

’s U
S Freedom

 Pavilion: The Boeing Center.
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After that no one saw
 the plane until 1964. A U

S Air Force Reconnaissance plane spotted it, now
 lying upside dow

n on the ice. Im
agine the 

storm
 that w

ould flip over a B-17! 

In 1995 M
y G

al Sal w
as recovered from

 the ice, and in 2000 a restoration of it began in Cincinnati, O
H

. It now
 hangs in The N

ational W
W

II M
use-

um
’s collection of planes, after being shipped in pieces and reassem

bled.

B-17 “Flying Fortress” Facts:
• 

First produced in 1941
• 

512 w
ere built

• 
Crew

 of 10 m
en

• 
104 feet in w

ingspan, 74 feet in length
• 

4 engines, 1,000 H
P each

• 
M

axim
um

 speed of 318 m
ph, cruising speed 226 m

ph
• 

M
axim

um
 range of 3,200 m

iles
• 

Load of 4,200 pounds

M
y G

al Sal

B-17 bom
ber takes off from

 airfied in Italy,, 1944. The N
ational W

W
II M

useum
, 2011.160.075.
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