


Radiation

Fig. 1%t case: A z-directed
current carrying element
carrying current |, of length
dl at the origin

21-10-2020

Fig. 2" case: An arbitrary
oriented current carrying
element carrying current |,
of length dl at the position 7/

._‘,;? INDIAN INSTITUTE OF TECHNOLOGY GUWAHATI

-4

Fig. 37 case: An arbitrary
oriented current densityf
is flowing in a volume V'

positioned at 7’

Prof. Rakhesh Singh Kshetrimayum 2



. : WA WrEfies Sear et
Ra d | at 10N ‘C\ INDIAN INSTITUTE OF TECHNOLOGY GUWAHATI

* Procedure to find the radiated fields:
* It involves three steps

e Step 1: Solve A from fas

ﬁ‘r |
A(F)= & IJ ‘ ‘dv —IJ 4)7’1/
e Step 2: Find magnetic field (HA) as

_1 3
= (V x 4)

e Step 3: Find electric field (EA) as
E, =224 = " px (M) = (v x H)

joue jwe 7} jwe
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Radiation S Son haTUe o s
Z ry =17 —17" P
* Points to be noted: S
* There are two coordinates: 21 >
e Source coordinates (x',y’, z") 0
 Observation coordinates (x, y, z) y
* They are independent of each other X

* Note that IV is w.r.t. observation coordinates

Fig. Radiation from an arbitrary current densityf

at point S

Observation point P: 7 = (xX + yy + z2)

Source Point: 7' = (x'Xx + y'y + z'2),

Difference between source and observation point:
rg=7—1" ={(x—-xDx+ @ —-y)y+(z-2)2}
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e Step 1: Solve A from fas
« Similar to convolution of —uJ (7)

«and G(r) = —L( —JBr)

—]ﬁ‘r r‘
i _, . /Lt ! [
A7) = ,‘,“ ‘r = ‘ ——dv = JJ r,r )Jv

e Step 2: Find magnetic field from A as
» H==(Vx4) = [[f, v x J(NG G 7)}dv’
Integrand V x {](r’)G(F 7’"”)} G (7, 7’"”){\7 x](f”)} +{VG@# 7)Y} x J(7)
e 1stterm of V X {](r')G(F, 7’"”)}. {\7 x](?’)} =0

* minus sign is because —,uf (r") on the RHS of the wave equation was equated to § () to

get the Green’s function from the wave equation
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° 2nd term Of V X {])(FI)G(F; F,)}.’
e Let us find VG (#,7")

* Note that G(#,7") = ﬁe‘f 77| _1

|7 =7

* Putry = |r — 7’|
* Then G(7,7") = L(e_jﬁ’”d) (i)
’ 41 Td
* We have
. V—;—xx+ y+—zandrd =J(x—x)2+ @y —y)2+(z—2")2

* Therefore,

. \7(—) = ——7#;and V(e /BTa) = —jBe~IFTay,
rd T‘dz d ( ) -]ﬁ d
A =7’
where 17y = e and 7y = ryfy
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Radiation

* Therefore,
= =2/ 1 Jﬁ ~ —j 1 J.B ~
. VG(rr)— —e fﬁ’”d( ———)rd=4ie fﬁ’”d(——3——2)rdrd

rq® T4 T .
 which further 5|mpI|f|es to VG (7, 7') = ﬁe‘jﬁ’”d (— % — ]—BZ) Ty
e So 2™ term of of V X {f(?')G(F, 7’"”)}:

¢ VG(F,7) x J(7') = L e~iPTa (— 1 i) G

Td T'd
e Hence H = ifffv, V X {f(?’)G(F, ) }dv’
* becomes

e { = _ﬂf e iBTa (_L _ i) 7, x JEdv'

T'd3

e Put A(%,7") = e JB7a (—L — i)and B(r,r") =1y x](r')

+ H = ﬁ [f, AG#)BF #)dv’
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* Step 3:
e Find the electric field from magnetic field

* Then electric field simplifies to
« = ]w—g(v X H)_ , 7,7)B(#,7")}dv’
Note that Integrand V X (AB) = A(|7 X B) +VAXB

2" term of V X (Al_f):
o= e (=B} o g (< = B e (24 22

!

T'd 7‘% 3 Td 31"d rd rd
:ﬁ_ze_jﬁrd (—1 — = + Z)f'd
Td jBra  B2r,
° — £ _,—JBrg 3 3 ) y - (7'
“VAXB = de ( 1-— Brd+32rd2 Ty X7y X J(7")
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.VAxB =2 —jﬁrd(_l_ 3,3 ) <7 X T
) - rd? ° ) jBra = B2rg° Ta X1g X J(r
; 3 3 .
- Zz g | = ~ + e 2>TA‘d X 1afq X J(7')
d
2 3 i )
- f_de_]ﬁrd <_1 _j,BT‘d T B2r 2) g X Tq X J(T")
d

15t term of VV X (A§):
VX B =Vx{iyxJi)}
= {J") - Vi = JE)W - 70) = Gy - VY ) + 74 (7 - JG))
1t term of V X B:
JG) - VYa = (e Iy 35 +Je3s) (k= xR+ O = y)9 + (2 = )2} = J@)
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« 2ndterm of V x B:
s JENT ) = ) (R + 95+ 250) L —xDR+ = YIP+ (2= 22} =
- 3] ()
e 3" term of V X B:
= Py I} ) / 0 / 0 T2
~(Fa - V) = —{x =XV + O =Y) 5 + 2= 2N} JF) = 0
4t term of V x B:
7y (V-JG)) =0
wVxB=]F)=3/) = -2/
» A(V x B) = —2¢~Jbra (—i — —)](*’)

rq’
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* Hence,
« Vx(AB)=A(VxB)+VAXB
= 'B—Ze‘fﬁ’”d (—1 _ + > )f X 7y X J(#") —2e~JPTd (— _JP )](*’)
Td jBra  B2r,” “and g’
* Hence,
cE=——{ff, V x {A(F 7B (#, F’)}dv

JjATw

e
]4nwe V! . jBra  Br,

X ) —2e~IPra (_ -2 )ian)av

Td
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* For far fields:

. 1
* We need to con5|derr— term only,
d

* higher order terms can be neglected

= L fff, e Pe (—i ~8) 7 x JG v

jﬂv' e JBTa <_,_i__]_ﬁ) £, X J(#)dv'
LI e ()

fffvr{_e ]Brd( Brd+B23 )rerd X [(#) —2e~ Jﬁ?‘d(

]47Ta)e J’f i—e JBTaf, x 7, x](rr)r}dv’
Ra
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e Unit vector: #; = 7 z g =7—7_»"P
e Let us simplify term — e ~/B7a S
a "7 y
. Amplltude — == (range of values of r is 0 to o) /
* Phase: e Jﬁ’”d = g=J (1=7"F)
(phase can change from 0 to 2w only) X
* Magnetic field (far field): _ - .
C = jpeTifT D IB(ER) , Fig. Radlj;\tlon from an arbitrary current
- e HIV’(](T Je )dv density J at point S in the far field region
 Electric field (far field):
E . BZ e —jBr

el | MV [GOER) 1Y
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* Points to be noted:
* Magnetic field is

» perpendicular to the direction of wave propagation  since it has # X
(another vector)

* Relation between electric and magnetic field
s _].3 — — —
o :—ﬁe fXH=\/gHXf:nHXf'
* Free space wave impedance (intrinsic impedance of free space) is approximately
120 Q) = 377Q)
* Electric field is also
e perpendicular to the direction of wave propagation # and
* magnetic field

* EM waves propagate in radial direction

e away from the source
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* Far fields of an arbitrary oriented current carrying element:

dl
" I
 d directed current carrying element (arbitrary direction) _),0 \\
 of infinitesimally small length dl and r/d
e carrying current 5

H= - x [, (JF)eP))dv'
A

ssume that it is positioned at origin elB 1) = 1
« JENeIEF TN dv' = I,did

X
Fig. An arbitrary oriented

current carrying element

* Magnetic field: carrying current I, of length
. [ = _JBlat 7P (7 x d) dl at the position 7/
— 4Ty
* Electric field:
- — JjBr
«E=nH X7t = nJBOdle (Fxd)x?
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Coordinate transformations:
7 = sinfcos@X + sinfsinpy + cosOz

T
* For O, we replace 8 = (9 + g) in the above expression of 7 7
Z 0 T A 5 T 5 A T\ A
6 =sm(9+E)cosg0x+sm(9+E)Slng0y+cos(9+E)Z z |
= cosOcospXx + cosOsinpy — sinfz 9
* For ¢, we replace 6 = E and @ = (go + E) in the above expression of 7

L‘<

. (p—sm( )cos(g0+ )x+sm( )Sln((p+ )y+cos(§)z“
= —sin@Xx + cosgy

X

Fig. Relation between spherical and
Cartesian coordinates
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Coordinate transformations:

I_n (natri_x form (Cartesian = Spherical), ]
sinfcosp sinfBsing cosO r

= |cosOcosp cosOsing —sinf
| —sing CoSQ 0 |
matrix form (Spherical 2 Cartesian),

> "S) D

I
sinfcosp  sinfsing  cosO |
. l = |cosOcosp cosOsing —sinf
—sing CoSQ 0
e For unitary matrix, UUT = [ = UT = U1, therefore,
b% sinfcosg cosOcosp —sing k4
-]
Z

b
y
Z

S O ﬁ>'

sinfsingp cosfOsing cos@
cosb —sin6 0

"S> D)
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Far fields of VED: z
» Z directed current carrying element
* of infinitesimally small length dl and

* carrying current |, d| I ‘ |
« Magnetic field: replace d = 2 ’ y
. O~ _ JBlodle”IFT
H= yp. (X 2) | " «
_ et {7 x (cos67 — singd)}  Fig. Az-directed current
n]ﬁlodle —jpr carrying element carrying
A Sind current |, of length dl at
* Electric field: the origin
. . — A jﬂ]odle_jﬁr i A s ]Blodle ]ﬁT . ~
E=nHX7=n pp Ssindp X7 =n pp sin66
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* Far fields of VED:

e Because of sin@ term
* in electric field

* Polar radiation pattern
* (¢ = constant)

e will look line 8

e with maximum

e radiation at @ =§
e nullatd =0

270

Fig. Polar radiation pattern of a Hertz dipole (VED) in far field (¢ =
constant)
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* Far fields of HED: Z
 { directed current carrying element of

* infinitesimally small length dI Fig. A y-directed current

) i lO
and c?rrylng current IOA ~ carrying element carrying ——
* Magnetic field: replace d = y current |, of length dl at ? Y
e J=~_ B’Odl e % 9) the origin '
_ jBlodle” il

{r X (sin@simpf + cosOsingh + cosgogﬁ)}

4rtr .
T Bl sinod — cospl]
— T cosOsinpd — cose
 Electric field:
— — BT
e E=nH X7t = n]modle ' {cosOsingb + cosp @}
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