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WIRELESS COMMUNICATIONS

Nature of waves: (review)
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Yields Wave Equation:  V2E —pgge 82E/at2 =0
Many (infinite number) solutions to Wave Equation:

e.g. EJfzt)=E(z-ct)+ E(z+ct) where ¢ =1/,/15%,
= forward + backward traveling wave
= arbitrary function E, (argument)
e.g. E/fzt) = E, cos(et —kz) [arg = constant] marks spot @ on waveform
If wt =kz, then dfdt (st — kz) yields dzfdt = w/k=c¢
Hzt) = (E/n,) cos{wt — kz)

In general:

E(F,t) =SEj (F,t) = sum of uniform plane waves in various directions i
i

L3-1

NATURE OF WAVES--POLARIZATION

Most communications is narrowband, and therefore the signals
are roughly sinusoidal.

Z-moving waves can generally have electric field components in
both x and y directions.

e.g. Let E(rt)=%Eycos(wt—kz)+y Ey cos (wt-kz - ¢)

Plots of E(z =0t)

Cases:
Linear polarization
+Y +Y vy +Y
x-polatization y-polarization 45°-polarization ~ -26.6° polarization

\/ ‘\|e = -26.?‘:

X X X 7
E,=0]| ¢ =any EX=OT¢=any Ex=4¢=0 EX=-2EYF0
orE,=2E, "¢

=T

Main points of L3: Polarized waves and phasors
e.g. +z wave: E(r,t) = XE, cos(wt - kz) + JE cos(wt - kz - f), f, EJ/E, determine pol.

If f =0, then any linear polarization can be chosen using E,, E,

If (f =xp/2) and (Ex = Ey) P circular polarization; else b elliptical polarization
Convention: E(7t) =Re{E (7 t) e}

Example: E(r) =5(% +j§)e ** b E(r,t) =5[xcos(wt - kz) - ¥sin(wt- kz)]
Antennas are polarized and respond to” E or” H, or to both
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CIRCULAR AND ELLIPTICAL POLARIZATION

Let E(r,t)= XEy cos (ot —kz)+YEy cos(wt —kz - ¢)

b Y Y
VN y 2 /7
X X (i/, X
E,=E, |[¢=-n2 E,=E, [¢=n/2 E,=E, [¢=n/
Handedness:
y Right-circular {EE definition) (Physics definition
T~ / \ is reversed)
X E(t=0,z)

Z is direction of propagation

E xH is in direction of power flow

(+z here) Field pattern translates as

a rigid body in +z direction

¥

I

y-polarization at t=0

e
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POLARIZED WAVES--REPRESENTATION

Time Domain Example:
E(rt)=XEx cos(mt—kz—q)x)+9Eycos(mt—kz—¢y)
where k = wk = 21/

Frequency Domain (Phasors):
Ee /K2 represents the same wave as above! (E = XEy +§'Ey)
ie. E(rt)=Re <:Ee—jkzejo:-t} _ Re{(ﬁgx +?Ey)ej[®t_kz)}
where Re{fgxej[@t_kz)}: Re{fExe—jq)}{ej[cot—kz)}

= XEy Re{ej[wt_kz_qj")} =XEy cos{wt—kz— oy )

[We defined Ey = |Ey|]

EXAMPLES OF PHASOR REPRESENTATION

Using E(r,t):Re{E(r)ej"“t}:
1) Efr)=5ye k2 implies E(r,t)=5ycos(et —kz) [y-polarization]

2) Ea)=5(x+y)e k% implies E(r,ty=5(x +y)cos(at - kz) [45°-polarization]

3) Er)=5(x+§)e  implies E(r,t)="5[Xcos(ct —kz)- ¥ sin(ot—kz)]

[Recall elot _ cos +jsin -:ot} [left-circular-polarization]

Why left-circular?

Letz=0. Re{()‘a+j9)ej®t}=)‘& at t=0
=Re{(X+y)jt=-y at ot=n/2
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POLARIZED TRANSMITTERS AND RECEIVERS

o
000

POLARIZATION AT A POINT IN SPACE

Assume many waves superimpose at a single point:
z

All waves are at w y

Arrive from many directions with arbitrary polarizations W X
Wave #1 alone at that point produces:

Eq(t) = XEyxqcos{et + dy1) +YEy1c08 (et +0y1)+2Ezqc0s {0k + 0z1)

All waves together yield E(t)=>".Ei(t):
E(t) = XEyx cos (ot + oy ) + yEy cos(mt +by ) +2Ezcos{ot+ ¢y)

v _
EE. L E. 43 Sl i Re {E}
E=XE, +VEy +2E> = R iEs +jlq :E _ e =
E=XEx +¥Ey +2L5 e {Ef + jlm {E} miE L=

The real and imaginary parts of E define a plane 0,V wt_.q a
Since there is no single direction of propagation here, L~~ot = nf2

We cannot say “right” or “left” elliptical oE/ot




