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Radiation Integrals

@ Maxwell's Equations
© Vector and Scalar Potentials

© Far Field Apprximation
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@ Maxwell's Equations
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Maxwell's Equations

Instantaneous Fields Phasor Fields

Vxé(rt)=_Z"t VxE=-joB
xEnt)=——5; VxH=joD+)J
V-B=0
vX,%o(,,t):m+j(,,t)
at V.D=p
V-9 =pe(r,t)

V.B -0 o Constitutive relations
Constitutive relations for free D=c¢E
space,

9D =g B=uH |

B = ,Llojf
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© Vector and Scalar Potentials
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Vector and Scalar Potentials

VxE=—joB =  Vx(E+joA)=0
E+joA=-Vod, = |E=-Vo.—joA]

@ Substituting in Maxwell's equation
VxH=jweE+J
VXVxA=—joue(Ve.+joA)+uld
V(V-A)—V?A = —joueVo, + k*A+ul
VZA+ K’A =V (joued.+V-A)—pul
e One gauge choice is called Lorentz gauge where,

joued.+V-A=0

E=—jo [A+k12V(v.A)]
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Integral Solution of the Fields

o Lorentz gauge
joued.+V-A=0

@ The differential equation for A,
VA4 KA =—ul
o Similarly &, satisfies,
V2h,+ kb, =—p/e
@ Integral Solution for A, and .,

u e R
A(r,G,(]))—4 // J 5 dv

7JkR
! O (r,0 v/
/g N , r0:0)= 4%80// P
4 N
[
¢
Fioc 22%h)
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© Far Field Apprximation
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Far Field Apprximation
—JjkR
A(r,0,9)= ﬁr//vJe ; dv’

Far field approximations r > r':
R=+/(r—r)-(r—r)=r2+r2-2v-r

1
Rer—v-a,, kRe=kr—k-r, R

/é > where k = ka,.
¢ ~
. Fig. 3.2(b)
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A(r,0, ¢)m£e Jkr// Je*r gy

Far Field Apprximation for Magnetic vector Potential

—jkr
A(r,0,¢9)= .\ (6,9), where A%(6,¢) /// Jekr dy!
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Integral Solution of the Fields

Far Field approximation

Radiation Magnetic Vector Potential A

—jkr o
A(r,0,0)=—A%(6,9),  where A0(9,¢):ﬂ/// Jekrdy!
r ar Iy
—Jjkr —jkr
VxA=V<e >><A0(e,¢)+er VX A(6,9)
o _ A& [9 pgie)_ %] 2 L IA 9 o
VxA on® [80 (A¢S|n9) 70 + r |sne a9 8r(A¢)
aq) 0 0 aAe B 1
T [3r (rAg) — S0 | = o B
o(%
—jkr o—Jkr (r)
VXA:V( >><A°(6,¢)+
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Far Field Approximation of the Fields

—jkr —jkr
VxA:V<e>xA0 48

r

—jkr —jkr
VxA=—jkS —a,xA°(6,9) /ﬁjwﬂﬁ///

Far Field Approximation of V x A

VxA=—jka, x A, where A(r,0,¢9) =




Far Field Approximation of the Fields

Far Field Approximation of V x A

VxA=—jka, xA, where A(r,0,¢) =

@ The magpnetic field H is approximated in the far field as,

1 —jk ke
H="VxAx a xA=—jo,/ % a xA%6,9)
u u wor

efjkr

H=

H°(6,9),  where H’(8,¢) = —ja)\/za, x A(8,9)
@ The electric field E far away from the source where J = 0, satisfies,

VxH=jweE

r

@ In the far field region the electric field can be approximated as,

1 _ik
E=— VxHo 2“a xH=—/"a xH
joe joe £



Far Field Approximation of the Fields

@ The magpnetic field H is approximated in the far field as,

1 —jk —j® —jw eIk
H=-VxAx La xa="2% xa="22¢" 4 «n%s,¢)

u u n n

e—jkr

H=

H°(0,9),  where H*(6,¢9) = —jw\/Za, xA%(8,9)

@ In the far field region the electric field E can be approximated as,

r

E=-na,xH=jwa, x(a, xA)
e Using the vector identity, Ax (BxC)=B(A-C)—-C(A-B),

E =jmwa, x (Qr X A) :j(D[Arﬁr —A] =—j0 (Aeﬁe +A¢ﬁ¢)
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Far Field Approximation of the Fields

Conclusion

Electric Field E

EE —j(D (Agﬁg +A¢ﬁ¢)
e—jkr
E=— E°(6,9), where E° = EQag + Eja,
Magnetuc Field H
1
H=—-4a,xE
n
e—Jkr 1
H=— H%(6,0), where H®(6,¢) = Ea, x E(6,9¢)
In the far field the radiation fields constitute spherical TEM wave. )
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Integral Solution of the Fields

Far Field approximation

Radiation Electric and Magnetic Fields

1
HﬁEQrXE, E:—ja) [A939+A¢3¢]

A(r,0,0)= 11 e_Jkr/// (r.6',¢) & v’

@ Surface current

—jkr
A(r,0,0) :re //J r,0',¢) & ds’

@ Linear current

efjkr

A(r6.0)= o

/ I, (r/’ 9/’¢/) ejk~r’dll
C

Fie“3.2(]
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