Weird & Wireless: Why don't wireless
transmissions go on forever?
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If there's nothing in the wawy, why don't
wireless tranzmiszions appear to 2o on
forewer?

For thoze of wou that are already expertz in
phwsics and engineering, vou will most likely find thiz blog a bit elementary for wou,

Maonethelesz, I'm writing it because | routinely get azked questions zimilar to this one
on a daily baziz, Many zee a bit of contradiction. For example, the stars in the sky
are clearly very far away and millions of light-vears and the visible and non-visible
radiation =till seems to make it all the wav to uz on earth, vet it seems that some
radins die aut quickly even when there aren't any obstacles in the path.

%o the short answer iz that all of these wawes, unless they run into something and
get abzorbed or scattered will theoretically 2o on forever at the speed of light.

However, it iz important to look at the relative energy of theze waves, One of the
kew laws to the world of physics i= the conzervation of energy, There is a fixed
amount of energy in the universe - yvou can't make more, wvou can't get Ad of it, but
wou can change it from one form to another,

Of course for most of you, thiz will cement the fact that these electromaznetic
weaves, unless thew run into zomething will 20 on forever, &nd while we know that
there iz lotz of stuff out there in the universe, it sure appears that there iz a whole
lot of empty space, Obviouzly that doesn't tell the whole story,

Drop a pebble into a poal of water, the wave will extend away from the paoint of
impact in a nice circle. &z the wave gets farther from the centre, the circle
obwiously gets bigger,



In getting bigger, the energy in the wave iz zpread out over an ever expanding area,
For the zake of the dizcuzsion, we will azsume there iz no impact to due to external
forces zo the energy of the whole wave remainz the zame. If we had an infinitely
large pond of perfecthy still water with a constant depth, the wave resulting from
the pebble would technizally 2o on forewer in all directionz, However, in doing =0
the magnitude (e.g. size) of the wave would get zmaller,

Infortunately, the stone in water example i= only two-dimensional, Electro-magnetic
weaves operate in three dimenzions so we need to extend the metaphor a bit,

When we look at an ideal radiator of electromagnetic waves, we need to think
izotropically, Thiz means waves extending out equally in all directions from a point
[a.k.a. a sphere),

# oood example might be a star like our very own sun. Just like the circle in the
weater, the electromagnetic energy spreads az the wave 2etz farther away, just like
the surface area of a sphere,

From our basic geometry we know that the surface area of a sphere of radius ris
A ; hence az we get farther from the transmitter, the power in the waves get
"stretched” accordingly meaning that the resulting strength of the signal at any
point 1= INWERSELY proportional to the zquare of the distance (r] from the

transmitter (1 Idhrri].

It getz very small, very guickly, but never really gets to zero, Thiz iz often referred

to as an inverse square law - az you know, gravity also works this way,
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