Weird & Wireless: RF "Line of Sight”
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W elcorme again fo the wonderful but sometimes weirnd world of wireless comima,
wiritten by Jdoel Young, CTO of Digl fnternational

What doesz "Line of Sight" really mean in the RF world?

When dizcuzsing wireless solutions, invariably the first question azked is something
like, "ifhat kind of range will | get™ or "How far away can the radios be placed?™

Rather than give the proverbial "It depends" anzwer, I've noticed that thoze of uz
talking about wirelezs solutions tend to give the theoretical maximum distance
followed bw the phraze "line of sight."

| admit that | personally do it all the time. I've found that it's almost a technical-
macho thing to espouse that my radio has a longer range, and "line of sight"
statements provide that zafe justification in the zame wav that EP& mpz ratingz do
for vehicle gaz mileage.

S0, what doez "RF line of sight" really mean? I've found that most people take the
phraze literally z0 az to mean, if my eves can actually zee the other point, then |

muzt have "RF line of sight" az well,

In thiz context, a couple of pointz should be noted: (1) in many cases this
azzumption will work out just fine and (2) not having pure RF line of zight doezn't
meant that yvour zignal won't get through,

fi'e know that, even though we like to think of evervthing in perfectly straight lines,
waves don't neceszadly act that waw,

If wou are trving to tranzmit a signal from, sav, point & to point B, some wawves will
travel the straight line, while others will effectively spawn new waves at each wave
front {i.e. wave length)] which interfere both constructively and destructively,



Since, on a relative scale, we are dealing with very zmall points or orgin and
destination, we can descrbe the clear zone path of these waves az a sort of football
zhape.

& reallby zmart French mathematician and physicist, &dugustin Fresnel, did zome really
cool work with optics and wawve theory in the early 19th century, Many of wou
probably knows him from the Fresnel lens, which is uzed in lighthouzes to focus a
light beam.

ey, | weon't 2o into the details of his work, but Fresnel did some amazing math,
Az part of hiz wark, he showed that there are ring shaped zones, the area of a circle
defining thiz ring at the mid-point between points waz equal to pi times the distance
between the two points times the wavelenzth divided by 4 or 0 F 4 [zee zome
zimilarties to the previous blog on isotropic antenna apertures), Hence the radius R
of thiz zone at the mid-point iz wirD) £ 2.

lgnoring the math details, the important thing to note thiz that the definition of line
of site broadens with wavelenzth - meaning for low freguency, hizh wavelength
zignals, vou need to have a larger Fresnel radius free of obstructions,

For comparison, let's aszume that the distance Diz 1 km and then calculate the
Fresnel radiuz at the mid-point for a WHF signal at 150 fthz, a Wik zignal at 2400 Mhz
and wisible green light at about 600 Thz.

Description Frequency Wavelength Midpoint Badius at 1Em
WHF 150 Mhe 2m 316m
0.125m
WiF1 2400 Mhz 79m
(125 cm)
0.016m
Green 600 Thz n.ugggggc:)m
(1.6 cm)

Maotice that the radiuz for WHF iz a whopping 32 meters, Howewer, before wou get
wou get too disenchanted about low frequencies and too excited about using really
high frequencies, remember that the definition of obstruction varies,

For example - wisible green light generally doesn't g2et through foliage at all - making
trees a complete abstruction, WiH sees foliage as a significant abstruction and WHF
doezn't really see foliage az too much of an obstruction at alll The other thing to
note is that waves tend to find a way 0 wou need to have a pretty major
obstruction to really ztop wour zignal.

Finally, notice that, for wizsible light, line of zight really iz the line of zight.
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