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PREFACE

Back in 1935 I gave a public lecture demonstration
at the physics department of Illinois University in
which I used an electrical training aid of my own de-
sign and construction to show that an electromagnet
could be used to attract non ferromagnetic metals
of good electrical conductivity.

In the following five years I devoted much thought,
time, and effort to making various types, styles and
sizes of electromagnets with which I could produce
attraction of non ferrous-metals effectively.

Following is a description of, and basic fundamental
operating principles pertaining to the type of elec-
tromagnet that I have found most effective for the
attraction of non ferrous-metals.




Reprinter's note

1 am very interested in communicating with
individuals and or companies that have in the past,
or are currently using this magnet technology.
Should you know of additional articles/books etc. or
individuals that have knowledge relating to this
subject matter please contact me at:

Benjamin Fleming
1734 Viewpoint Dr.
Fayetteville Arkansas 72701

or e-mail

bnf@engr.uark.edu

NOTICE

Some of the devices and constructions illustrated
and described in this book are covered by letters
patent. Designers and manufacturers are warned
to check the patent situation thoroughly, before in-
corporating any of the embodiments described
herewith into their own designs or constructions.

Illustration or description in this book must not
be construed to imply that a device, system or con-
struction shown herein is common property avail-
able for public use by anyone. Accordingly, there-
fore, the publishers or author will not assume any
responsibility for damages arising out of litigation
involving infringement suits relative to any system,
construction or apparatus described herein.

ELECTROMAGNETS OF SPECIAL CONSTRUCTION FOR THE
ATTRACTION OF NON-FERROMAGNETIC METALS

Magnetism is one of the most interesting and mysterious as
well as one of the most important physical phenomena known.
Through its action we generate and utilize the enormous quan-
tities of electrical power which make possible modern industry
and modern living. Many important principles of electromag-
netism can be understood from the study of an electromagnet,
invented and designed by the author, which attracts non-ferro-
magnetic metals.

Everyone has experi d with magi and observed their
attraction for iron filings, nails, and other small articles of
iron and steel. Some of you will have seen large electromag-
nets attached to cranes pick up tons of scrap steel and move it
about with ease. Tons of iron are held firmly to the magnet
with an invisible force and are released by the flip of a switch.
You have also observed that while iron is attracted with such
force, other metals such as aluminum, copper, and silver are
unaffected. This principle is often used to separate iron from
non-ferrous metals. No doubt you have used a magnet to deter-
mine whether a nickel plated screw had an iron or brass base.
You may also have noticed that if alternating current is applied

Figure 1
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Figure 2

to an ordinary electromagnet, non-magnetic metals of good
electrical conductivity will actually be repelled. In view of all
of the above it will be most interesting to learn how magnetism
can be used to attract non-ferromagnetic metals.

In 1934 the author designed equipment with which it was pos-
sible to demonstrate principles whereby non-ferromagnetic
metals might be attracted by a special magnet. In 1940 the
author completed the development and construction of an elec-
tromagnet which would actually attract metals such as alumi-
num, copper and silver. In fact the magnet would attract any
metal of fair or good electrical conductivity. Toward the end
of 1947 the author completed the design and construction of a
much improved electromagnet for the attraction of non-ferrous
metals, the details anddescription of which are included in this
article. The special electromagnet is illustrated in Figure 1.
In Figure 2 the magnet, with its axis horizontal, is shown
supporting a heavy piece of copper. In Figure 3 two pieces of
aluminum have been added to the original piece of copper.
Figure 4 shows the magnet supporting two silver dollars. The
size of the magnet is illustrated by comparison with the silver
dollars. That the magnet may also be used to attract iron is
indicated clearly in Figure 5.

Before considering the details of construction and principles
of operation of the special electromagnet, let us review some
of the basic principles of magnetism and electromagnetism.
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Figure 5

an electric current. Thus it is known that in a circuit similar
to that in Figure 6, there will be a magnetic field about the wire
in the direction shown. The current direction is in accordance

Figure 6
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Figure 3
We will not only observe that non-ferromagnetic metals can be
att)racted to an electromagnet but will also gain the pleasure of
under ing its principles of action.
Oersted in 1819 was the first to show that a current carrying
wire was surrounded by a magnetic field. He discovered that a
compass needle aligns itself at right angles to a wire carrying

Figure 4
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with the conventional explanation that current flow is from posi-
tive to negative.

If a compass is placed above the wire it will point in the di-
rection shown in Figure 7-A, pointing at right angles to the cur-
rent carrying conductor. The compass needle will point in the
direction that the flux lines are moving. If the current is re-
versed as in Figure 7-B the compass will point in the opposite
direction as shown and we know the flux lines have reversed
their direction.

Figure 7

If we place a number of magnetic needles or compasses about
a current carrying conductor in the manner shown in Figure 8
the compass needles will point in the directions illustrated.

[0}

Figure 8
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This indicates very clearly that the magnetic lines of force are
directed in a circular path around the conductor and that their
direction reverses with a reversal of current in the conductor.

To determine the direction of the flux lines we grasp the
conductor in the right hand with the thumb pointing in the direc-
tion of the current. Then the fingers encircle the wire in the
direction of the flux lines (see Figure 9). This is known as the
Right Hand Rule.
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Figure 9

Now let two parallel wires carrying current in the same di-
rection be placed near each other as in Figure 10. The compass
will point in the direction shown in Figure 10-A if placed above
either wire and will also point in the same direction if shifted
to any position above the two wires. However, it will reverse
its direction when placed underneath either or both of the wires
(Figure 10-B). Thus we conclude that flux lines encircle each
wire and also that there are lines extending around or encircling
both wires.

We can now deduce two important properties of flux lines.

It is to be observed by experiment that parallel wires such as
those illustrated in Figure 11 are attracted by the magnetic ac-
tion of the two currents flowing in the same direction. This at-
traction can be explained by saying that the lines of flux are
under tension like stretched rubber bands, that is, they tend to
shorten. Those lines which encircle both wires will, then, tend
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Figure 12

will be opposite to the flux lines about No. 2 conductor and there

are no flux lines encircling both conductors. The two s
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to pull the wires together. Note that the flux lines between the
wires are opposite in direction. We may also say that in a re-
gion such as the space between the wires where the lines of flux
are in opposite directions, there is attraction between the con-
ductors.

Now let the two parallel wires carry currents in opposite di-
rections as in Figure 12. The flux lines about No. 1 conductor
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Figure 11
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magnets and between the conductors carrying current. It is
_shown in the drawing and can easily be demonstrated that there
is attraction between the two copper (non-ferrous) conductors
when the flux lines between them are in opposite directions;
likewise, there is attraction between the two pieces of steely
(permanent magnets) when the flux lines between them are in
opposite directions.

In Figure 14, illustration is made of the same two conductors
and permanent magnets except here the current in the right hand

will repel each other. Thus we see that flux lines which travel
in the same direction, as in the space between the wires, pro-
duce repulsion.

From the foregoing we see that such non-ferromagnetic
metals as copper conductors can be moved about in magnetic
fields because of the magnetic lines of force that are produced
by currents flowing in the cond: s (metals) th 1 This
does not, ily, indicate that it is ible to magnetize
non-ferromagnetic metals (such as copper or aluminum) in the
manner that we do a piece of steel or other ferromagnetic metal;
however, it is quite interesting to note the striking similiarity
of attraction and repulsion as shown by Figures 13 and 14.

In Figure 13, by the use of conventional symbols, two con-
ductors are shown carrying current. The circles with a plus
(+) at their centers represent the cross section of two conduc-
tors carrying current away from the observer. The direction
of the magnetic flux about the conductors is also shown in rela-
tion to the direction of current flow. Just below the two conduc-
tors are two permanent magnets with an indication of the direc-
tion of flux lines of each magnet in relation to its’ polarity.
Note the similarity in the direction of the flux lines between the

is repr as flowing toward the observer, such
designation being a dot (-) at the center of the circle (conductor).
Also, it is to be noted that the right hand permanent magnet has
its polarity reversed to that of Figure 13. Here the magnetic
lines of force between the two conductors are in the same direc-
tion thereby producing repulsion between the two copper
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( TOus) d P o the magnetic lines of force
between the two permanent magnets are in the same direction
and repulsion is produced between the two (ferrous) steel mag-
nets.

From the foregoing illustrations we see that magnetic lines
of force flowing in opposite directions between current carrying
conductors or between magnets (between non-ferrous or between
ferrous metals) produce attraction. And that magnetic lines of
force flowing in the same direction between current carrying
conductors or between magnets (between non-ferrous or between
ferrous metals) produce repulsion.

The magnetic force about a current carrying conductor is
quite small unless a very large current is set up in it. In order
to produce quite striking demonstrations to further illustrate
basic laws of magnetism and their relation to and association
with electrical currents we shall utilize a conveniently arranged
electrical training aid as an efficient and inexpensive means of
supplying a very lai ge current to a single conductor at a low
voltage and low power consumption.

This device (shown in Figure 15) is a specially designed dis-
sectible transformer. The two turn secondary provides a cur-
rent source of more than 400 amperes at less than 3 volts po-
tential and when short circuited by the single copper loop (U con-
ductor), provides the conductor with an extremely heavy current.

Figure 15
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To further illustrate the effect of the magnetic field produced
by the current flow through this U loop conductor, Figure 16
shows a large nail suspended within and at the center of the
loop. The large current flow through the loop conductor pro-
duces a magnetic field about the loop which magnetizes the large
nail. Visual proof that the large nail is magnetized is shown by
the fact that it attracts and holds in suspension a large number
of small nails.

To proceed a step further, we shall now study Figure 17.
Here a few large nails are shown within the loop of copper wire

I'“

Figure 17

and it is to be noted that all these nails have become magnetized
by the magnetic field about the current carrying conductor. Each
of the nails has become a magnet and they all repel each other
because like poles of a magnet repel. These nail magnets have
the same polarity because they are all on the same side of the
conductor and are subject to lines of force that are flowing in
the same direction. Although the current flowing through the
copper loop is alternating it nevertheless produces a magnetic
flux that at any instant is in the same direction through all the
nails. As the field strength and polarity of any one nail changes,
it likewise changes through all the others. Consequently, the
nails have like polarities at all times which results in repulsion
between them since like poles repel.

Let us assume that the magnetic flux for a given alternation
is flowing downward on the inside of the copper loop conductor.
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This U conductor when carrying a current of approximately 400
amperes can be used to produce (with small power consumption)
some striking experiments to illustrate important basic mag-
netic phenomena.

Figure 15 illustrates how a current of 400 amperes will pro-
duce a very strong magnetic field about a conductor. In fact,
the magnetic field about the conductor in this instance is so
great that a layman might easily mistake the conductor for a
magnet. Although it does actually look like the copper conductor
has become a magnet, we know, of course, that the small nails
are magnetized by the strong magnetic field produced as a re-
sult of the large current flow through the copper (U) wire.

Figure 16
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As the magnetic flux circles about the conductor it will flow up-
ward on the outside of the loop. Therefore, a nail placed on the
outside of the loop will have the opposite polarity to one on the
inside and attraction will result between a nail on the outside

and one on the inside since unlike poles attract. Figure 18 shows
this very clearly where several nails on the inside of the loop
cling to the nails on the outside of the loop.

Figure 18

As has previously been stated the magnetic force about a
current carrying conductor is quite small unless a very large
current is made to flow through it. In order to concentrate the
action and increase the force, the wire may be formed into sev-
eral turns as shown in Figure 19. Here there are three turns
lorming the coil (helix) thereby concentrating the magnetic lines
of force along several inches of the conductor into a small space,
which shows how the magnetic strength produced by a given cur-
rent flow can be concentrated.

It is a well established fact that the magnetic force (strength)
ol a coil is directly proportional to the ampere turns of the
coil. To find the ampere turns of a coil it is necessary to mul-
liply the number of turns in the coil by the current flow, in am-
peres, through the coil. For example, a coil of 100 turns carry-
Ing 10 amperes is equivalent to a coil of 10 turns carrying 100
awmperes, assuming of course that all other factors could be
made equal in each coil.

The magnetic force between two parallel conductors may be
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Figure 19

augmented by concentrating the magnetic field and thereby in-
creasing the force by forming the conductors into coils as shown
in Figure 20. Here there would be many flux lines linking both
coils and thus pulling them together so long as the currents

=

Figure 20

through both coils were in the same direction. If the leads to
one of the coils were reversed thereby reversing the direction
of current flow through that coil, the two coils would repel each
other.
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Figure 22

low reluct How a ferr tic metal may be used to il-
lustrate this fact is clearly shown by the use of the soft steel
cores shown in Figures 23 and 24.

The foregoing experiments should be sufficient to give a very
clear picture of how magnetic flux is produced by current flow

Figure 23
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A very striking demonstration of the attractive and repulsive
forces produced by the magnetic fields of two coils is illustrated
by Figures 21 and 22. In Figure 21-A two coils are shown sus-
pended and separted a considerable distance before current was

Figure 21

made to flow through them. A current flow through the two coils
In the same direction caused the attractive force to be so great
that the coils jumped together through several inches as shown
Iin Figure 21-B.

By suspending the two coils so that they touched each other
before passing current through them, they were as shown in
Ilgure 22-A. But as soon as current was made to flow through
the two coils in opposite directions they repelled each other in
{he manner shown in Figure 22-B.

In order to concentrate and utilize effectively the magnetic
lines of force that are produced by a current flow through a
conductor, for most applications it is advisable to use ferro-
mugnetic metals such as steel to conduct the flux, because air
16 i very poor conductor of magnetism and ferromagnetic metals
such as steel are exceptionally good magnetic conductors. That
In, air offers a high rel while ferr ic metals offer
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Figure 24

and something of the relation of the flux to the current flow..

The discussion thus far has been concerned with the me-
chanical force produced by magnetism. We must also study the
effect of magnetism in inducing a voltage or current if we are
{0 understand the attraction of non-magnetic metals by the spe-
clal electromagnet.

After Oersted discovered the magnetic field about a con-
ductor carrying current in 1819, many experimenters attempted
{0 produce the inverse effect. That is, they tried to produce a
current by means of a magnetic field. All were unsuccessful
until Faraday’s historic experiments'in 1831. Faraday showed
that a current, or more correctly an electromotive force, was
Induced when the amount of flux threading a coil was changing,
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but that no voltage was induced by a steady magnetic field re-
gardless of how strong it might be made. Let us consider a few
simple experiments concerning induced electromotive force.
Let the bar magnet of Figure 25 be thrust quickly into the
coil. The d-c voltmeter with a zero center scale will deflect

Figure 25

momentarily either to the right or left depending upon the po-
larity of the connections. Let us say it deflects to the right.
Next, if the magnet is withdrawn quickly the voltmeter will de-
flect momentarily to the left.

Now let the bar magnet be replaced by a coil or solenoid and
a battery as in Figure 26. Upon closing the battery circuit the

-T

Figure 26
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voltmeter will show a deflection, and will deflect in the opposite
direction upon opening the circuit. The magnitude of the voltage
induced with the ar of Figure 26 would be quite small.
However, the magnitude of the induced voltage can be greatly
increased by inserting a laminated iron core in the solenoid as
in Figure 27. The introduction of an airon core causes a great

Figure 27

deal more flux to be set up in coil B for a given current in the
coil A, thus increasing the induced voltage. We say the iron
carries flux more readily than air because it has a higher per-
meability.

Let us consider the direction of the induced electromotive
force in Figure 27. Upon closing the switch, current will flow
In the direction of the arrows on the solenoid winding and thus
produce a north pole at the right hand end of the iron core. Now
we must use a law discovered by Lenz in 1834 which is called
Lenz' Law, The law may be stated as follows: Any induced
vlectromotive force tends to set up a current in such a direction
s to oppose the action which produced the electromotive force.
Thus, upon closing the switch in Figure 217, a current would be
Induced in coil B in the direction indicated because such a cur-
rent would set up a magnetic flux which opposes the flux set up
by a north pole at the right hand end of the electromagnet core.
Figure 28 shows that coil B will be repelled since flux lines in
(he same direction repel. We might also consider that the cur-
ront in coil A is producing a north pole at the left side of coil B
which is repelled by the adjacent north pole of coil A. Upon
upening the switch, the current in coil A would be reversed




