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Abstract:

A Far-field with calculation of intrinsic impedance, ohmic heating and antenna temperature of radiated ideal (Hertzian)
dipole antenna have been discussed in free space and lossless background. Actually, there is great important to analysis
the radiation resistance mechanism of a Hertzian dipole antenna in an infinite isotropic lossless medium. We also
discussed the momentum and energy flow in electromagnetic fields with investigation that wavefront/phase velocity is

equals to light speed in far zone. The temperature of lossless Hertzian antenna is equal to brightness temperature 7.
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Introduction

The radiation resistance output from a Hertzian dipole antenna plays a vital rule in modeling the radiated power
into surrounding lossless medium on account of non dissipation of energy. In case of the surrounding environment a
round the Hertzian antenna is infinite; then, the radiation resistance take non-zero value which is tantamount to power
absorption. So, one can perhaps believe that in lossless background, all the radiated power is delivered to infinity.
Because of choosing the lossless media; then, we can measure the apparent dissipation due to infinity radiated power

propagation by the radiation resistance of the Hertzian dipole antenna.

Some sensors feel with temperature raising due to waves that fall on them. One of the thermal issues[12] is to care of
temperature gradients in the manufacture of antennas. The loss of power associated with radiation resistance results in

emission of electromagnetic radiation is due to ohmic heating of the antenna.

There are an literature review on Hertzian radiation in different media. Tai and Collin [2] have studied the radiation in
a dissipative medium due to Hertzian dipole. Radiation resistance of antennas has been examined by Tsao [3]in lossy
media. Mirmoosa et al [4] have explained the Physical meaning of radiation resistance of the Hertzian dipole antenna
in lossy and lossless backgrounds. Because of the importance of applications of energy and momentum flow of Hertzian
dipole antenna; Marcano and Diaz [I] calculate the total instantaneous energy velocity with harmonic excitation of
Hertzian antenna in the far and near zones as function of radial distance. Flow of energy as well as flow of momentum

has been studied by Mcdonald [5] in the near zone of a Hertzian dipole.

The research seeks to analysis the Hertzian dipole antenna and its radiation with a new perspective aims to calculating
the radiation resistance, Poynting’s vector, intrinsic impedance, far field and Ohmic heating of the antenna of Hertzian

dipole. Also, In our paper, we care about the flowing in far -zone for the energy and the momentum. We also checked
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that velocity of wavefront /phase in far zone is equal to light speed. Finally, we obtain a form for antenna temperature

from the brightness temperature.

Discussions about the Hertzian dipole antenna

Magnetic potential at point () given as a vector by :

- pde[I]
An = 4dr 2 (1)

where, a, take the same current direction and d¢ < 11—0/\(Wave length). The current time to reach to Q is T' = © = /e,

where, v is propagation speed. when we neglect exp(jwt) then, [I] become:

[I] = Re {I,e 7"} (2)
and by using the spherical coordinates, the components of A are: Arp, = Aspcosl, Agn, = —Apsind, Ay, = 0 where
A, take the formula:

I Me—jﬁr
R 3
h 47r 3)

Now, Magnetic flux density B, = uff » =V x Aj,. Most influential component of magnetic flux density is Hy, become :

H¢h — I,sin 96_]67-d€4ﬂ' |:jﬁ + :| (4)

r o or2
we note in the bracket that the first term depend on 1/r so, it called radiation field or far field. But the other term
depend on 1/72 so, it be induction field or near field. If 78> 1 = r > % and if assumed that r is very large then

1/r? can be neglected and the Far field will be created so on,

Hgp, = I,sinfe7P7 jBdtdnr (5)
The electric component can be given in lossless dielectric medium by Maxwell equation as:
V x Hy, = (0 + jwe) E), = jweoerﬁh (6)
where, 0 = 0; € = €,€,; 1t = fioptr. From eqgs.(5) and(6):
jweoerﬁh = I,e 7P jBdl sin 20471 sin O, — I,e7°" (ﬂQ) dl sin 04mrdy (7)
because of E,, is inversely proportional to 72 then, it is a component of near field but, Eg), is inversely proportional to
r then, it is far field component. Ey;, become:

Egp, =

[I,dte™3P" . (jB) sin Odnr] = P Hyp, (8)

WELE, WELEy

Intrinsic impedance of Lossless dielectric medium 7 calculated as :

_Eon _ B
Hd)h WEHE

Poynting vector:
Py = Re {Eon x Hon} = n*17d0* sin® 0327°r%d, (10)

where, @, remains in the direction of propagation of electromagnetic wave.

21



Journal of Advances in Physics Vol 18 (2020) ISSN: 2347-3487 https://rajpub.com/index.php/jap

Radiation Calculations

Now, we represent the radiations in F/H. In particular radiations, electrical scalar potential take the form:

1
V)= = /vpv (t — %)Teoerdv, volts (11)
Again, the magnetic vector potential as function of ¢ is:
7 Ho by = r
At) = J(t——)rd 12
() = 22 [ = Dyrao (12

And by using this formula for antenna such that for any point in space P(p, 0, ¢); consider that the current becomes in

z-direction where, Idzd, is current element of A(t) and its direction in the same direction of I and f, hence,

ul cos(w(t — L))
A, =——Ydz 13
N 4drr (13)
refers to the retarded vector magnetic potential. The components of magnetic field intensity are: H,. =0, Hy = 0 and
Hy remains has non- zero value so, V X H have components only in r and € directions and these components have

been derived from the following equation:

E= / (V x H)dv (14)
€0€r

Tcosf [cosw(t—1L) sinw(t—=I)
E, = v 2o d 15
2T€H€, { r2y r3w o (15)

Isinf [~wsinw(t—7T) cosw(t—7) sinw(t—1I)
By = . + 2 + 22| dz (16)
4dme 0] )] wr

we notice from above that: Hy is directly proportional to % and T% while, E, depends on T% and %3, and Ey counts on

1 1

=y 7z and 7% r is the radial distance of antenna; so, the radiation depended on r so in case of area which is very much

closer from current element ( antenna ) i.e. r < 1 so, % refers to radiation but, T%and %3 refers to induction.

Radiation Resistance and power radiated

By Balanis; density of average power is written as:

- nfsin 6 Jj
P avg — 1-
p,avg 87’2 |: (Tk)2:| |
Power of radiation

Prag = /Pp;vg.d} = 40 <A> (7ly)? (18)

As I = I, coswt, Irms = I,/\/2; then,
Praa = I} Rrad (19)

where, R,.q is the radiation resistance for hertizian dipole antenna in free space or in applied lossless conditions.

ohmic heating of the Hertzian dipole antenna

If the resistance of a resistor is R; then, the average of ohmic heating power is:

1
Pheat =< I2Rcos*wt >= 5ng (20)
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Application: Radiation into Lossless background

Let us consider that there is a Hertzian dipole antenna with current amplitude I, and length L immersed in an infinite
isotropic lossless medium. we assume the medium is not magnetically; hence, i = u,. In lossless media, the conductivity
o = 0, which is effective factor. while, the relative permittivity as a complex value is:

aj

€ =€, — J€oo = €o — =€, (21)
€oW

Also, the refractive index n is a complex value calculated by relation n = /& = n, — jn,, = n, which is a positive real

number. There is an important basis for construction of lossless medium which is: €¢,, = =2 = 2n,n,, = 0; because

EoWw
Noo tends to 0 for lossless media. As we mentioned in eq.(19) that the power transported from idealized dipole is

Prog =12, Rraa = no(%‘ﬁ) (7TIO)2 where R,.q is the radiation resistance in case of lossless surrounding medium. This
medium quite not absorbs the power, therefore P,;s often approaches to zero for lossless background as ¢ vanish for it.

Also, the following relation vanishes:

P = [ 1BFd0 =0 (22)
Another way to calculate the power delivered from the source by the equation:
1 - 1 80d¢
Praa = f (B x H).ds = o (Tm)* (5, (23)

and this agree with the previous calculations of the power.

Energy flow in far zone of a Hertzian dipole antenna

Now, we determine the energy flow and it’s density in electromagnetic fields of an idealized hertizian (point) oscillating
electric dipole in far zone i.e. r > \; where, the radiation field patterns are clearly appeared in that case. Both of
electric field £y and magnetic field H; produced from ideal Hertzian electric dipole; whose moment is m coswt in
system of spherical coordinates (r, 6, ¢) are given in the following equations (24) and (25). With considering that z-axis
take the dipole m direction and the angle between r and m is 6. so, the radiation fields are bigger that the other
components of H and F as following:

E} = —mk? sin 0 cos(kr — wt)rd (24)

}ff = —mk? cos(kr — wt) sin 0r¢ (25)
Density of Energy
Energy density which stored in vacuum or electromagnetic field is"
1
Ug= = (E}% + HJ%) = m?k* (1 + cos 2(kr — wt))(1 — cos 20) 167> (26)
T
Energy flow

Because of there is an energy flow out from the antenna. then, the radiated power be created and we can use Poynting’s
vector P, as an usual electrodynamic measure to estimate the a mount of energy flow into the surrounding medium

and determined by the equation:

p=- (E} X Iff) —< P, > +cK*m? cos 2(kr — wt) sin? 087127 (27)
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the second term of the above equation can be vary between positive and negative; so, part of energy can be flow inwards

like outwards. The first term is time -averaged Poynting’s vector and it equal to:
< P, >= em?k* sin” 08727 (28)

where, we have computed that: < cos?(kr —wt) >= 1, while < cos2(kr — wt) >=< sin2(kr — wt) >= 0. Poynting’s

vector is connected with the angular distribution of the radiated power in time-average by:

< ddPo > P> i m2k4407T51n2 0 (29)
we now achieve continuity equation by Poynting vector in time-averaged scale that corresponds to flow of energy as
following: o

d
V.P, + e 0 (30)
From eq.(26) we get:
% = wm?k* sin? O sin 2(kr — wt)4nr? (31)

while, from eq.(27) and eq.(28) we get:
(—rksin2(kr — wt) — cos®(kr — wt))

_ 4,2 .2
V.P, = P ck®m” sin”® 0 (32)
Therefore, the equation of continuity for far fields has been satisfied. so,
a(U.
V.(P,); + (az)f =0. (33)

Momentum flow in far zone of a Hertzian dipole antenna

Poynting’s vector plays double role for estimation both of energy flow and flow of momentum density that saved in the
electromagnetic field. Momentum density can be calculated in case of oscillating dipole by:
ExH

M, = Tre = ¢ 2P, = (1 + cos 2(kr — wt))r?k*m? sin? #87c (34)
T

Flux of momentum

Momentum flux tensor II,, = (momentum density)*(its velocity) as:
I, = cM, = k*m?®4mr? (1 — cos® ) cos® (kr — wt) (35)

where, c¢ is radiation fields speed which it radially propagates. The change rate of momentum density with respect to

time agf‘-’ has a force density dimensions. Maxwell illustrated the forces associated with electromagnetic fields in terms
of the stress tensor S as: BB I
Sy = —2 ") .U, 36
J Ar jvd (36)
the volume force density f = V.S= 32? =
oM,
-V.5=0 37
5 (37)
- E;FE;+ H;H
M, = —S = 6,.U, — —2d T Hillj
, S iiUd i (38)
The momentum flux density that results from radiation fields is :
(L) = m?k*(1 — cos 20)(1 + cos 2(kr — wt))167r? (39)
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Wavefront /phase velocity

we take the wavefront of magnetic field due to the fields are transverse magnetic. So, when the electric hertzian dipole

oscillate, Hy vanishes at spherical surfaces. Hence, this leads to:

—k?>msiné -
Hy = % cos(kr —wt)p =0 (40)
= cos(kr—wt) =0=t= %r — 5, where k = w/c is wave number. Consider phase speed denoted by vp calculated by:
1
Uk = Grar — RIw = (41)

this result agree with physical meaning; where in the far zone, the phase velocity is equal to light speed.

Thermal Emission and Antenna Temperature

A thermal noise from the surrounding environment is an important influence that affect on systems of wireless
communications. Thermal noise may be an interference or a signal. When the electrons collide with different particles,
result from this collision an electromagnetic radiation that causes a thermal noise. The thermal intensity of propagation
of thermal radiation in line of transmission is:

I, 2TK (42)

where, T here is refers to a brightness temperature. Johnson noise designated a Gaussian voltage V. o for Thevenin
circuit of load Z, = R which it can be radiated Tk B within the bandwidth B [Hz| nethermost a connected transmission

line. R refers here to existence of a resistor R in temperature degree T'. Thermal noise power here is:
P, =TKB (43)
Hence, The thermal voltage at root-mean-square V;p yyms within bandwidth B is Johnson noise as:

Vihsms = 2VTKVRB (44)

Any a Hertzian dipole antenna connected to a transmitting line receives a thermal noise power T kB from the
surrounding space. Here, T4 is denoted as the antenna temperature where it is average of weight that gained from
temperature of brightness Tg, So T4 defined as:

TgF
Ty = ——d=T, 4
4 \Aﬂ' 4m ( 5)

In case of lossless antenna and the brightness temperature Tp = T, then, F(0,¢) = H(0,¢) = Ta = T, as,
Ji. H(0,$)d = 4m;. Typically, The thermal noise adds ~ 132K from the environment to temperature of the antenna.

Discussion and conclusion

We have studied the Hertzian dipole antenna and its radiation with a new perspective. Furthermore, we have calculated
the radiation resistance, Poynting’s vector, intrinsic impedance, far field and Ohmic heating of the antenna of Hertzian
dipole. Also, In our paper, we have interested with the flowing in the far -zone for the momentum and the energy.
Finally, we have checked that the velocity of wavefront /phase in far zone is equal to light speed. As a result of our

discussion, we conclude with some of important points as:
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e Possibility of increasing thermal radiation whenever the radiation that resulted from dipole antenna increases.
e Divergence of the absorbed power occurred in case of lossless medium.

e The absorbed power in an infinite lossless space approached to zero only when n,, (imagine part of complex
refractive index n) tends to zero. There is no dissipation or lose of power in the "vacuum" and the infinite

radiation occurred throughout the whole space.

e Poynting’s vector is perpendicular on electric and magnetic fields and depend on the distance 7, angle 6 and time

averaged Poynting’s vector.

e The input resistance in lossy medium is the same of radiation resistance of lossless background in case of radiated

Hertzian dipole antenna.
o Continuity equationis satisfied in Case of P, and Uy; also, in case of M, and S in far zone.
e If the real part of refractive index n, = 0; then, there is no any radiation resistance.
e In case of lossless Hertzian antenna; It’s temperature is equal to brightness temperature T,,.
e Wavefront /Phase velocity match with light speed in far zone.

e As an important observation that Johnson noise does not add in case of lossless transmitting line.

Funding Not applicable.

Availability of data and materials

Not applicable.

Authors’ contributions

All authors jointly worked on the results and they read and approved the final manuscript.
Competing interests

The authors declare that they have no competing interests.

References
[1] Marcano, D., Diaz, M, .: Energy Transport Velocity for Hertzian Dipole. IEEE Anten. Propa.So.Int. Symposium.
vol.10, 2017-2020(2006).

[2] Tai, C. T., Collin, R. E.,.: Radiation of a Hertzian dipole immersed in a dissipative medium. IEEE Trans. Antenn.
Propag. vol 48, 1501-1506(2000)

[3] Tsao, C. K. H.,.: Radiation resistance of antennas in lossy media. IEEE Trans. Antenn. Propag. 19, 443-444(1971)

[4] Mirmoosa, M. S., et.al.,.: Physical meaning of the dipole radiation resistance in lossless and lossy media.
.arXiv:1901.02777v1 [physics.class-ph|. (2019)

[5] McDonald, Kirk T.: Flow of energy and momentum in the near zone of a Hertzian dipole. NJ 08544,(2014)

26



Journal of Advances in Physics Vol 18 (2020) ISSN: 2347-3487 https://rajpub.com/index.php/jap

[6] Poynting, J.H.: On the transfer of energy in the electromagnetic field, Phil. Trans. Roy. Soc. London. 175, 343(1884)

[7] Schantz H. G,.: Electromagnetic energy around Hertzian dipoles. In IEEE Antennas and Propagation Magazine.
vol. 43, no. 2, 50-62 (2001)

[8] Michalski, Krzysztof.: On the Alternative Vector Potential Formulation of the Sommerfeld Half-Space Problem.
IEEE Antennas and Wireless Propagation Letters. 1-1(2017)

[9] Yehia, H.M.,.:Regular precession of a rigid body (gyrostat) acted upon by an irreducible combination of three
classical fields. Journal of the Egyptian Mathematical Society 25, Issue 2, 216-219(2017)

[10] Hayat, A., Faryad, M., On the radiation from a Hertzian dipole of a finite length in the uniaxial dielectric medium.
OSA Continuum. 2, 1411(2019)

[11] Anyutin, N., Malay,I., Malyshev,A.: Calculation of phase center of arbitrary electromagnetic radiation sources in
near field zone. IEEE East-West Design and Test Symposium (EWDTS). 1-4 (2019)

[12] Abo-Seida, Osama M., et.al.: Far-Field Radiated From a Vertical Magnetic Dipole in the Sea with a rough upper

surface. IEEE Transactions on geoscience and remote sensing, 44(2006)

[13] Chapter 11.: Common Antennas and Applications. Electromagnetics and Applications. Spring (2009), MIT
OpenCourseWarehttp: //ocw.mit.edu

[14] Senthil, R., et al.: Effect of the Phase Change Material in a Solar Receiver on Thermal Performance of parabolic
Dish Collector. Thermal Science. 21, 2803-2812(2017)

[15] C. G. Moschovitis, K. T. Karakatselos, E. G. Papkelis et al., “Scattering of electromagnetic waves from a rectangular
plate using an enhanced stationary phase method approximation,” IEEE Transactions on Antennas and Propagation,
vol. 58, no. 1, pp. 233-238, 2010.

[16] I. Arun and M. Venkatapathi, “Analysis of numerical solutions to sommerfeld integral relation of the half-space
radiator problem,” Applied Numerical Mathematics, vol. 106, pp. 79-97, 2016.

[17] S. T. Bishay, O. M. Abo-Seida, and H. S. Shoeib, “Analytical formulas for dipole radiation buried inside planar
stratified media,” in Proceedings of the International Conference on Aerospace Sciences and Aviation Technology
(ASAT-16), Cairo, Egypt, May 2015.

27



Journal of Advances in Physics Vol 18 (2020) ISSN: 2347-3487 https://rajpub.com/index.php/jap

Figure 1: Hertzian dipole antenna immersed in Lossless medium
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