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% In this set of notes we introduce the p factor (called p,) of the circular patch.



From Notes 17:

P, =——(kya) k"I,

81,

where
C(0) =tanc® (k,, h)[|Q(9)|2 J (kyasin0)+|PO)f J2, (koasin 9)} sin 0
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[ = I C(0)do Note: We will get a CAD formula for I, later.
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Here we define the p factor for the circular patch (called p,.).
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The term C, ignores the patch space (array) factor.

a—0

The p_ term gives the ratio of the power radiated by the actual patch to the power radiated if we
ignore the array factor, and collapse the magnetic current down to a single magnetic dipole.




Note thatas x — 0 _
Hence, we have:
J)(x) —)%
C(0) =sin tanc’ (k, )| |0(O) J;* (k,asin 6)+|PO) Iz (k,asin6)|
J

() 9% b

i) =sing tanc’(k, 1) [0 § +[POf |

This allows us to express [, in a simple form without the Bessel functions:

/2

I, = ! sin@tancz(kOth(Q))iUP(ﬁ)r+|Q(9)|2Jd6’



For the p, factor we then have:
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jsm@tanc (k,h N,(0)) UQ ‘ J1? (kyasin6) ‘P ‘J (kasm@)}d@
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P.= 72
[ sin6 tanc? (ki N, ©))., | [P(O) +|o(0)] | o

0

The term p depends on the patch radius a and the substrate parameters.
(After making some approximations, it will depend only on the patch radius.)



For a thin substrate, we have:

tanc” (ki N,(0)) ~ 1

SO
/2

= [sino [|P(o)f +|o(o)f ac

0

T sin 6 UQ(@)\2 Ji (koasin0) +|P(6)

0

‘2

J2. (kyasin6) |do

pc ~ /2

[sino-,[[P(o) +lo(o)] |6
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We also have:

2cosd

P(0) =cosO(1-T™(0)) =

1+ j[ = C(;S)g]tan(koh N,(6))

1

; N,(O)secH
£
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0(0)=1-T™(6)- :
1+ [ jtan(koth(H))

For a thin substrate we then have
P(0)=2cosd
00) =2



For the /, term (the denominator of the p_ function) we then have:

/2

I,~ [ sin® %[|P(<9)|2+|Q(¢9)|2Jd6?

0
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I, ~ jisin@ [4(00320+1)]d¢9
0

/2

= jsin@ <c0826’+1)d9
0

This yields
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The formula for the p_ function then becomes:

/2

pz% [ sin@[[2] 77 (k,asin6)+[2cos 6 2, (k,asin ) |d6
0

so that

/2

p~3[sin@[ J*(kasin0)+cos’ 0 J., (kasin6)]do
0

The p factor now only depends only on the patch size.
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Consider an equivalent magnetic dipole that models the patch (a — 0):

Patch

y

s¢ hid, <1 E.(a,¢) = cos

M, =cos¢

Equivalent dipole
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As a — 0 the magnetic current sheet at the edge
approaches an equivalent magnetic dipole.
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The dipole moment of the equivalent magnetic dipole is calculated:
2 2r
Kl = jMS §dS = hj M, cospadp= hj cosgcospadd =
S 0 0
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Note:

This yields K/ = rwah

I~->

g

COS @
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We can therefore physically interpret the p . factor as follows:

Ppatch

rad

pC — Pdip

rad

where

P>*" = power radiated by circular patch

rad

P: =power radiated by magnetic dipole of equalmoment (K7 = zah )

rad
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In the next set of notes we will obtain an approximate
closed-form CAD expression for p...
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