RADIATION BY CURRENTS

How are waves generated? How do we build antennas?

We know: [ B=0, Therefore

A = (1o/4T0) [ Iq(t=Tpg/C)pq IV

X

Algorithm is:

y V Simplify:
Since radiation = f(w), switch to
S.S.S. (sinusoidal steady state)

Sinusoidal Steady State:
X(t) = Re {xe/!}

= Re{@?e{ﬁ +jln {% Ecoswt + jsinoot]}
=R {X coswt — I, {¥ sinwt
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EXPRESSIONS FOR RADIATION

Sinusoidal Steady State Expressions:
B=0xA

Assume short current element |, d << A/2TT

Let d << AN/2m,

Then e T Oe R (k =2m))
Note: qug dvq :qu I(z)dz =1,d

- = —iker -1
Therefore: A —(po/4n)‘[vngeJ r g~ dvq
—1kR ;
= (Ho/4TR)e™ qu[(z)dz

= 2polod e KR farR

>
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EXPRESSIONS FOR RADIATION

Finding radiated H:

We saw: A(r) = Zpglod e_jkr/4nr (r = distance to origin)
Then: = Ox A/l

||

| F 0  rsinBo
Where:  OxA=(r2sin6) "|a/ar 0/a0 g
Ay TrAg rsin GA@

Therefore:  H = (@/uor) @ (rAg)/or — 9A,/08H
= o(ji d e 7 foar) B+ (jkry LFbing
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EXPRESSIONS FOR RADIATION

Y4

Finding radiated E: )

i 0
Recall: E =(0x H)/joos P(6) O sin2 6

E=(0xH CH -
o N
Therefore: EZ(j lde™ r/2)\r)r]0

{é H +(jkr) L+ (jkr) 2 Bsin + 7 Hjkr) ™ + (jkr) 2 F2cos 9}
Radiated power:

PP(8, @r)[Wm 2] =0.5Re{S =0. 5Re{Exﬁ }

SN | FP(6, @ar) Df(r]c)/2)|ld/2)\r|2 G E N maEl in far field, kr >>1

Where: H = ¢Hid e K oaxrEH + (jkr) " Esing
)0.5

= (Mo/Eo free-space impedance (377 ohms)
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RADIATION: FAR FIELDS

Recall the Radiated Fields:
H = o(jide % foar ) B+ (jkr) LFsine
E = (jlde_jkr/Z)\r)(po/so )°->

{é 5 +(jkr) ™+ (jkr) 2 Esine + 7 Hjkr) ™1 + (jkr) 2 B2 cos e}

Far-Field Limit (kr >> 1):
(r >> N2m)

Irm|

Esf EBASine(j!de‘ikr/Z?\r)(uo/ﬁo )O' / \\\\\\\\\

Her 0p sin6 (jide 1K /2xr) H
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RADIATION: NEAR FIELDS

S | E4(8) O sin §
kr << 1 [ Static Dipole Fields:

E = (jide™ " /2nr) (o /20 )°°

{é H +(jkr) L+ (jkr) 2 Bsino + 7 Hjkr) ™ + (jkr) 2 2 cos e}

0.5{

E 0(jide %" 2ar ) (1o /26 ) > B(jkr) 2 sin@ + F(jkr) 22cos6} Numnarae

H = o(jkide /v ) K+ (jkr) " sine

HO Ep(lde_jkr/4rtr2 )sin N near field

Imaginary Power:

S=ExH = —-i{s} (average net stored energy is electric)
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SHORT DIPOLE ANTENNAS

Currents on Short Dipole: 7 z
_ i A A
Jdvy = [, 1(z)dz |
qu— q qu I(2) - ,9/ o /deff
qu Jdvg :qu (2)dz =lodeft Dlod/2 | +o—x d |} 1(2)
| L m | |G
Total Power Radiated: \ LA,
P(6,@r) = (No/2)lodeft /2] sin? 6 Bvm ™2 E
T2 T _ 5
PR = [ [ P(8,@r)(rdgsin®)r do = |klodeff | r]o/lzn[W]
00
Radiation Resistance R.: Equivalent
5 — 4 resistance
PR =[lo*Rr/2 W] | -
R, = (kd)%n,/6T ohms c

2
=(2mMg/3)(deff /A
( o/ )( eft/ ) Example: 1-MHz AM signal, A =300 m

dx=1m0 R, 00.1 ohm (badly mismatched)
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WIRE ANTENNAS

Sum of Short Dipole Elements:

f""w ﬁ Ef deff EBASine(jlodeffe_Jkr/ZM)nodeff
l O(w E Ee =( E
- (W) fo Ef, = fyy Etr, (W)dw
- r(w)

where |,r, and 6 vary with w
Superposition applies ZA

Radiation from a Pair of Dipoles:

P
-~

——————— \ _ /A\(p v
/\ \'\ -~ = -

7 NUfA= M2+ A (1=0,1,2...) S

I Null @ =sint A/ID = sint A\/2D /%
GO\ ¢\ _
Example, D = A: @, =sin [(A/2)/A] = 60° W
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