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In discussing motors, one college textbook says, 
“As the coil (of a motor) rotates in a magnetic 
field, a back emf is generated that tends to coun-

ter the emf that supplies the current.” This is a true 
statement, but it does little to enhance student under-
standing of how and why it is created. In this paper, I 
will explain how to take students step by step through 
the creation of what the experts call “back emf” and 
then describe a simple experiment that clearly demon-
strates its existence.

The Genecon is a simple motor/generator.1 The 
part of the Genecon that creates its electrical activity 
is contained in the metal cylinder inside the Gene-
con. If a student opens the metal cylinder to look at 
its hidden parts, she sees a complicated array of wires 
wrapped around an axle that can rotate. She also sees 
that the coils of wire are positioned between magnets.  
For the sake of students, we explore what a single 
straight wire does when it is placed in the jaws of a 
U-shaped magnet. The assumption is that if a student 
understands the behavior of a single wire in a mag-
netic field, then it is possible to imagine how a motor 
with many coils can be made to rotate. Figure 1 shows 
a wire in the magnetic field of a U-shaped magnet. 
This simulates the behavior of a Genecon when it is 
used as a motor.  When the loop is connected, experts 
can quickly determine that the wire will move to the 
left because they already know the right-hand rule.  
However, students cannot yet know this because they 
are not experts. This activity can be used to allow them 
to discover the right-hand rule. To observe the motion 
of the wire, we ask students to suspend the wire like a 

pendulum between the jaws of the U-shaped magnet.  
The motion of the wire is then easily observed.

The desired conclusion for this experiment is that 
charge moving in a magnetic field experiences a mag-
netic force that is perpendicular to both the direction 
of the magnetic field and the direction that charge 
moves. This is illustrated in Fig. 2.

However, there is a secondary effect that is not read-
ily apparent. To discover the secondary effect, we need 
to explore what happens when the Genecon is used 
as a generator. To do this, we again replace the coils 
with a single wire that is manually pushed to the left in 
the magnetic field. The charge in the wire, initially at 
rest, moves, and because of this motion it experiences 
a magnetic force that causes charge to move in the 
wire. At this point, both the expert and the beginning 
student using the right-hand rule can predict ahead of 
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Fig. 1. Illustrating the Motor Effect.
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time the direction that conventional current will move 
around the loop. A digital multimeter can be used 
to confirm that charge moves in a counterclockwise 
direction. The arrows in Fig. 3 show the significant 
directions.

We now revisit the wire as a motor. The fact that the 
single wire moves to the left in Fig. 2 is not the whole 
story. The secondary effect that is not immediately 
apparent can be deduced from Fig. 3. The primary 
motion of charge in Fig. 2 is along the length of wire 
and is caused by the battery. When the wire moves to 
the left, it carries all the charge in the wire along with 
it. Figure 3 tells us, because the whole wire is moving 
to the left, that the charge will experience a force that 
tries to make it move in the counterclockwise direction 
around the loop. This is illustrated in Fig. 4. 

This secondary effect opposes the push of the bat-
tery on charge moving along the wire, but it is never 
greater than the push of the primary effect, and the 
clockwise direction of charge movement does not 
change. The secondary effect only diminishes the 
current flowing in the wire. In a similar fashion, air 
resistance on a car opposes the motion of the car, but 

it does not change the direction of motion of the car.  
The secondary effect creates an emf that opposes the 
battery. The experts call this a “back emf.” The prima-
ry effect is the wire acting like a motor. The secondary 
effect is the wire acting like a generator. 

Putting a Genecon in series with two #14 flashlight 
bulbs and a battery easily shows this secondary effect 
(see Fig. 5). In this circuit it is used as a motor. To be-
gin with, hold the handle so that it cannot rotate.  The 
bulbs glow brightly. When the handle is allowed to ro-
tate freely, the Genecon is acting as a motor. The bulbs 
immediately go out, illustrating the reality of the back 
emf. The compass shows that the current in the circuit 
has diminished.

The only way to explain why the bulbs go dim is 
that the Genecon must be creating an emf that de-
creases the current in the wire to the point where the 
bulbs do not glow. This activity allows students to 
more easily understand the phrase “back emf.”

Now turn the handle faster in the same direction 
it is turning. When you apply a force to the handle, 
the Genecon is acting as a generator. If you turn it fast 
enough, the bulbs will again light, but the compass 
shows that the direction of current in the loop has re-
versed. The Genecon is now generating an emf greater 
than that of the battery. Then rotate the handle in the 
opposite direction. The bulbs will glow brighter and 
are easily burned out if the handle is too vigorously 
rotated. The emf created by the Genecon is now in 
the same direction as that of the battery. This activity 
clearly demonstrates that a Genecon is both a genera-
tor and a motor. When the handle of the Genecon ro-
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Battery makes charge in the  
wire move in the direction 
of the blue arrows.  The 
moving charge then 
experiences a magnetic 
force in the direction of the 
red arrow. 

The sideways movement is the primary 
effect of charge moving in the magne�c 
field and is easily observed. 

 

THE RIGHT-HAND RULE 

Fingers point the direc�on of the 
magne�c field. 

 

Thumb points in the direc�on of 
current in the wire. 

Fig. 2. Learning the Right Hand Rule.

 

BLUE arrow: Students push 
the straight wire and the 
charge contained in it to the 
left. 

RED arrows: Direc�on along straight 
 

wire (shown by mul�meter) that charge 
contained in the wire is pushed by the 
magne�c field ac�ng on the moving 
charge.  
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Fig. 3. Illustrating the Generator Effect.



tates freely, the primary use of the Genecon is a motor.  
When a force is exerted on the handle, the Genecon 
is a generator. In addition, this activity also clearly 
shows that when the Genecon is used as a motor, it 
acts simultaneously as a generator. Although not dis-
cussed in this paper, using the same kind of analysis, it 
is possible to show that a Genecon used as a generator 
simultaneously has a secondary effect associated with 
a motor.

Acknowledgment
The ideas and activities in this article are part of 
a new section of CASTLE Electricity, an electric-
ity curriculum that was started in 1990 by Melvin 
Steinberg, professor emeritus at Smith College.

Lou Turner taught physics at Western Reserve Academy 
for 30 years before retiring to Cape Cod in 2001. He is 
one of the several coauthors of CASTLE Electricity, an 
innovative curriculum that is widely used and admired for 
its ability to directly confront student misconceptions. He 
is also an experienced Modeler who in retirement runs 
both Modeling and CASTLE workshops whenever pos-
sible.
lturns67@comcast.net

 

We have already observed that charge pushed along the 
straight wire (blue arrow) by the ba�ery is pushed 
sideways to the wire (red arrow) by the magne�c field 
ac�ng on moving charge.  This sideways movement is 
the primary effect.  But charge is actually moving in two 
perpendicular direc�ons. 

Because all the charge 
is moving to the le� in 
a magne�c field, it 
experiences a magne�c 
force in the direc�on of 
the green arrow.  This 
is the secondary effect. 
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Fig. 4. The Motor Effect and the Generator Effect always 
occur simultaneously.

R 

R

Fig. 5. Back emf clearly demonstrated.
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