Weird & Wireless: How can wireless power
transmission work?
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In the last post | teased wou by first stating that the traditional transverse
electromagnetic wave method, i.e. how the sun works, doesn't zcale very well for
maore moderate systems on the earth and zecand, telling vou that Mikola Tesla had
fizured out a better way,

Unfortunately | didn't give vou any detailz, Howeewer, before we g2et into too many
detailz, we need to understand a few things about waves and the need to guide
them.

For without the ability to carefully control and direct a wawve, they tend to spread
aut in all directions, &nd of course, when the spread aut, not only does the energy
density decrease, but thevy alzo have a nasty habit of running into things which both
scatter and absorb them.

Hernce we have a problem - we want to zend power wirelezzly s0 we don't need to
worry about plugs and cables, but thiz meansz that we need to have the energy be
distributed ower a wide area becauze we don't know exactly where we need the
pOEL,

The act of zpreading tvpical transverse waves evervwhere means that it iz really hard
to capture much of it unless we have a sun-sized source, It zeems we have a
parado,

Thew kev to thiz puzle iz to think about the problem differently - something wery

difficult for most of the engineers in Tesla's time and difficult for many even today,
To understand the notion of wireless power, we first muzt return to the world of

wire-line power in Tesla's time, Tesla puzhed AC and Edison pushed OC,

Mozt of us know that DT doesn't work over long distance because of Ohm's Law,
Wires, even big tranzmizzion lines have a natural resiztance. Hence, all DC
transmiszions are subject to Ohm's law - meaning that the longer the line, the higher
the resistance and the larger the woltage drop. & lot of power gets wasted in the
tranzmiszion process,



In contrast, zending an AC signal down a line means that the potential iz constanthy
changing - the electronz "slosh" back and forth, sending a wave down the line and
the rezistance in the line iz bounded by the "slozhing." The laws of Physicz and
Chm's lawe still apply, but the effects are mitigated. Mow for the sake of discussion, |
weant wou to think about the wire for AC az a sort of guide or tunnel for the 50760 Hz

waveE,

In electromagnetics, we have zomething called near field and far field effects, Far
field effectz are concerned with the zending and receiving of traditional, tranzverse
waves like we have previouzly discussed. Mear field deals with the interaction of
circuitz and elements that are very close together.

& transformer iz a near field type of device where two coils are coupled
electromaznetically, With a transformer, electric energy is tranzferred from one coil
of wire to the other by means of induction, This happens because a changing
current induces a changing magnetic field and a changing magnetic field induces a

current,

For thiz to work efficiently, the coils of wire that have the currentz must be very
cloze together, You may have seen some battery chargers that don't appear to have
amy terminals for connection - like an electrc toothbruzh, These uze induction for
charging, 50 what if we could extend theze near field effects over a distance?

To understand how we might transmit wireless power, we begin with Figure 1 [zee
below), Thiz illustrates the concept of a single wire transmiszion system by coupling
two Tesla coils together, Power goez into the coil on the left and is inductively
transferred to the big coil, creating a high frequency AC power,

The same power then is transferred back to the coil on the other end to a load. In
the wire, the electrons slozh around, back and forth such that the electrc field
difference iz from wire to wire while the energy flows through magnetic field
outside the coil. The sloshing electronz look like a comprezsion wave down the coil
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the atmosphere act az the dielectrc,

Bext in Figure 2,
wee zplit the large
coil in the middle
and inzert a
coaxial cable, The
compression wave
of =loshing
electrons moves
dowen the cable
and the magnetic
field is guided
along the cable's
dielectric so that
it doesn't zpread
out ower free
zpace and loze
density,

Finally in Figure 3
we replace the

coaxial cable by
the Earth and let

Cne hundred years ago, Tesla proved thizs svstem works by sending power wirelessly

over 25 miles and lighting hundreds of lamps, Wirelezs power works and the laws of

phywsics hawe not been wiolated.

Infortunately, if wou can just plug into the ground, there iz no place to put the

electrc meter,
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