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INTRODUCTION

This discussion is triggered in part by the book [1], and the need to have small
antennas with good front to back ratios. Needed for this are modern mathematical
tools as well as test equipment.

As an example of mathematical tools, Hallén wrote his famous integral equation to
give an exact treatment of antenna current wave reflection at the end of a tube
shaped cylindrical antenna in 1956, but his first work on this subject [2] probably
goes back to 1938. This equation enabled him to show that on a thin wire the
current distribution is approximately sinusoidal and propagates with nearly
speed of the light. For this treatment that is an important contribution.

In general, following the common tradition we assume all ideal conditions fo
better understanding of the topic!

Antennas are key for communication, both for receive and transmit an

- certain fascination with their design

[1] Schaefer, CL.: E e | . (Introduction in to the theoretical Physics), Bd.
3/1 S. 331, Berlin: W.de Gruyter 193

[2] Burstyn W.: Die Strahlung und Richtwirkung einiger Luftdrahtformen im freien Raum (Radiation and
Direction of Different styles of Open Wire Antennas), Jb. drahtl. Telegr. Bd. 13 (1918) S. 362]
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ELECTRICAL DIPOLE

It all started with the Hertzian dipole and its
understanding and mathematical treatment [1].

* We will learn here that by optimizing the effective
length of a rod antenna, it will become directional
and will have a radiation pattern that provides
gain.

®* Any antenna has a physical dimension, and t
most relevant one is the antenna height.

* For a ground mounted vertical antenna, th
image in the ground is also considere
total length is called the effective len

®* The definition of “effective leng
the key point and its val
“interesting effects”.

In this disc

harmonically as a
of T (sinusoidal)

1df(t) 2mQ, i 2mt

nT = +2ntvQysin2nvt
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ANTENNA DESIGN

Now let’s look at the
G real-life situation.

* An electric field (E,)
multiplied with the
effective length of
the antenna (lef
generates a

(electro

Fig. 1 (b): Polar ,
the Dipole, see the charges +q and —q
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= leff

IA=const.

We also notice that the antenna wire is not straight but has a specific
shape, this will be the topic of this presentation. The effective length
of an antenna multiplied with the electrical field E; results in an EMF V,,
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CALCULATION SHOWING THE VECTORS OF
THE ELECTRICAL AND MAGNETIC FIELD
RELATIVE TO THE ISOTROPIC ANTENN

The following derivation is based in part on [1]

G 3xz 3xz [ ”] 9 P
X —T—5f+—4f C‘r3’f = c?z’f c2 [ | cos ¢ cos ¥ sin
_3yz  3yz " "
Cy f+mf e 3}‘ _[_ercr_Ef +—f ]smqocosﬁsmﬁ
322—1”2 3z2 —r? z2 N
RN

[f +_2f +_f”]+[_’f+ ',rzf +$Tf”]c03219

rr 1 f rr .
ij_cr3f Zf :_EE —f _5111(;5'511‘119
- X r X 1 1 f .
35y—cr3f czrzf _+E F ;f _cosrpsmﬁ

6 October 2022



Y o 3f f” The part (t-r/c), where (
€, = (E.-. + € - i
e x y r3 1?2 cv -:2 t=time, r length of the

vector and c=speed of
3f 3f" 1 light, indicates that there
+_ I

is a delay of the

electromagnetic wave
9 f’ I L fu which is delayed at the
? cr distance ‘r’ at the time ‘t’

where g = x2+y2 so the value of the

function cannot be
achieved at the time ‘t,

Here are the derivatives referred to above: the delay is r/c, called
retarded.

f= Er::n::s w (t —]E) = Qplcos w (t —%)

w

f' = —Iylsin w (t - TE) = —Qplwsin w (t - }E)

f'" = —Iylwcos w (t — TE) = —Qolw?cos w (t — E)
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_ 1 I Qo —_— 1 oo )
e = Ef cos @cos vUsin 9, H, = ——-/ 'sin gsin v,
1

1
rr_ - . _ rr =
zrf sin @cos Jsin ¥, 9, = +C2rf cos ¢sin U

1
s 2
——f"sin* 9
{rzrf ’
1 .
——f"sin 9,
o
0,
1
———f"sin ¥
c’r

20 rr 1 7} .

' = — f'"cos Usin ¥

cirs f cir f d
o? 1 i

———f"" = ——f"sin? ¥,
rece cer

1
S = ——f"sin 9
""qu Cz-r'f
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AS A RESULT OF THIS WE CAN CALCULAT
THE FIELD STRENGTH AT VARIOUS REGIC

2mlyl N 4m?Qyl ) \
0= — sin Ycos w (t - E) = sin Ycos @,
€. =0,
211yl r 412 Q,1
0= cr; sin fcos w (t _E) = — A;in sin UYcos w,
21141 r 4112 Q1 >
0 = — ; sin ¥Ycos vcos w (t — —) = — )LEQU sin Ycos Ycos @,
cr c r
211yl N 4mn?
€, = cr; sin? Jcos m(t _E) = Aan sin? Ycos @,
2ml,l r 4112 Q,l
o= — 61"; sin Jcos c:u(t E) = — )LE?G sin Ycos w. J
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_4m? Tyl

2—3sin? Y al
¢, cOS W (t — —)

2TTC
Near field
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a
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with a = 2nr /1.
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N

Middle field _ Farfield

®* The total Radiation is

212 21
— iy P 3
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T=time period
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CALCULATION AND RADIATION PATTERN

Fig. 4: Radiation pattern with reference to T
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SOME INTERESTING FACTS...

The exact rec orrection factor is that the

voltages and currents are sinusoidal ONLY when the wire is very
thin
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RADIATION RESISTANCE VS. WAVE LENGTH
780

A

Gz 9% 95 9 10 12

e —

A

Fig. 5. Plot showing the radiation resistance as a
T function of the length to wave length ratio.
O
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APPROXIMATE ELECTRICAL FIELD
CALCULATION FOR A CURVED RADIATING

Fig. 6. Approximate electrical field calculation for a curved radiating rod
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RADIATION PATTERNS/CURVES AS A
FUNCTION OF DIFFERENT TIME wT

Fig. 7 (a): Radiation ig. 7 : Radiation Fig. 7 (c): Radiation
patterns as a function of  patterns as a function of  patterns as a function of
different wt (wt=5° of  different wt (wt=57°) different wt (wt=60°)
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RADIATION PATTERNS/CURVES AS A
FUNCTION OF DIFFERENT TIME wT L

d)wt= 63°

mOu0! )




EXAMPLE

interest is the military
Manpack wit - shown in Fig. 8. If the antenna
could be optimized in such a way that it shows gain, the effect of
the building on the left side would be compensated for.
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EXAMPLE

mission
‘hyperbolic
applicable.

s compared to a

| tuned circuit, the

a radiates at odd

multiples (like 3, 5, 7...) of the
fundamental frequency.

— 1= * The next relevant question is the

Fig. 8: Military Manpack with a
straight whip antenna

input impedance
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INPUT IMPEDANCE CALCULATION




CALCULATION CONT'D...




CALCULATION CONTD...

eir limits are the same,

1-e™V

dw

* If we now putw = ju, Zi transforms to Zy1 =30 f({z'm

® The integral is an exponential integral with imaginary argument and can be expressed in terms
of the sine and cosine integrals 6 October 2022




CALCULATION CONT'D...

ducting ground, the

enna above a ground plane

Q

n with ground plane where the antenna is an odd
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DERIVATION

* Now find the
VSWR at the bandwidth edges:

VSW R(Flow) = 2.618
VSWR(Fhigh) = 2.618

6 October 2022 23 |



EXAMPLE

ized amplifiers cannot
ally the output power.

* While the tube amplifiers had a Collins or Low Pass filter at the output and
could tune out mismatch, the solid state amplifier needs held and resorts to an
additional “line flattening circuit that most of the time can handle an VSWR of
3 and protects the output stage

/ 6 October 2022



Fig. 9 (a): Curved antenna

s

® Landstorfer [3] notes that curvilinear

antennas of general shape suffer /
from the fact that experimental
investigations as well as numerical
analysis are restricted to a limited
number of antennas with arbitrary
shapes. It is not possible to show all
the possibilities of curvilinear wire
antennas as a whole. The first
mention of a quasi curvilinear
antenna was found in the ref [2].
Here an antenna was dragged by an
airplane. Let’s assume that it had the
curve shown in Fig 9(a).

® This curved antenna can be split in
different sections (from 1, 2, 3, 4....

to n).

6 October 2022 25




®* The following is a
method to breakdown
the antenna into small,
straight, pieces.

®* The current distribution
along the antenna is
sinusoidal and will not
change even if the
antenna shape changes,
as long as the arc length
2h of the antenna
remains constant.

Fig. 9(b): Curved antenna split in

numerous sections for analysis
6 October 2022 26




®* The shape of the
antenna of Fig 10.3
can be approximated
by n straight-line
sections of constant
length As.

Fig. 10: 3-dimensional curvilinear
monopole: designations

6 October 2022
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* As shown in Fig. 11, the /
antenna shape is given
by the 2n angles a,.... a,
and Y,... Y or the spatial
directions of the different
antenna sections as
described by the unit
vector U,... U,

* For a single-wire
antenna, maximum
directivity is obtained
with a configuration
completely restricted to
the E-plane.

Fig. 11: 3-dimensional curvilinear monopole

approximated by n straight line sections: designations
6 October 2022 28




®* Fig. 12 shows that
the profile for
maximum

(et mas directivity differs

from that for

maximum effective

height in that it has

a smaller tilt and is

superior in
directivity by about
0.6dB.

Fig. 12: (a) Continuous profile for maximum directivity and maximum
effective length (b) A, - monopole optimized for maximum directivity

6 October 2022 20




PIECEWISE LINEAR 3 SEGMENT MONOPOLE

Fig. 13: Piecewise
segment monopole

™

2C rically

gths of each

the maximum

’olane (theta = 90

achieve a second goal
1.1 into 50 ohms.

ized sections were as follows:

ngth of the fed section attached to the

ground plane = .617 wavelengths, length of

the horizontal section = .236 wavelengths,

length of the top vertical section = .412

wavelengths, and the radius of the wires =
.001 wavelengths.
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ATION PATTERN OF OPTIMIZ
ISE LINEAR 3 SECTION MC

Far field

FarField2

Total Gain [dBi] (Frequency = 299.792 MHz; Phi = 0 deg) - Bent Linear Segments_optimum

Fig. 14:

Elevation pattern of optimized
piecewise linear 3 section monopole
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SIMULATION MODEL

Fig. 15: % A antenna curvilinear

/] antenna model for simulation

Fig. 16: Radiation Pattern Simulation
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SIMULATION MODEL

n pedance Matching

Fig. 17: Simulation

Figures 15 to 19 shows modern modeling of the curved monopole
and the results that can be obtained for further optimization and
impedance matching.
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S-Parameters [Impedance View]

O 1.0e+06 (4.32,-466) Ohm 61~ ‘ T —— 51,1 (50 Ohm)
® 1.0e+07 (165, -333) Ohm ) /
Frequency / Hz

q 6853203.154855 ( 50.973000, 0.340828 ) Ohm
% 7006832.187575 ( 57.744607, 38.032916 ) Ohm

Fig. 19: Simulated Antenna Input Impedance
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FEKO - OPTIMIZATION

ormulation. The
ngths in diameter

n at a 20 degree takeoff angle
above the gro ‘ seak back lobe in the rear of the
pattern from O to 90 de 2levation and 90 to 270 degrees in azimuth. This
will find the peak back lobe in this 3D region of space and minimize it.

This will give the global best front to back ratio that can be achieved for this
specified region of space.

/ 6 October 2022 35




Fig. 20: Optimized curved wire shape
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CURRENT DISTRIBUTION

Fig. 21: Current Distribution



3D - PATTERN

Figure 22: 3D Pattern
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Toie Gen (2R [Freceenc; = T Uz, Thets = Y0 zegl - St 40 CA gt

Figure 23: Azimuth Pattern at a takeoff angle of 20 degrees

6 October 2022
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Tow Smn [S30 (Frecoency = T sz S

Figure 24: Elevation Pattern

Figures 20 to 24 show all the results from the global Genetic Optimization of the
curved antenna where the optimized shape has been determined for this height
of 3/4 wavelengths above the ground. The gain was 4.3 dBi which is about 4.3
dB of gain over a standard 1/4 wavelength monopole which has a gain of 0 dBi
over earth ground with a good 0.5 wavelength diameter ground plane.

6 October 2022

40




&
Q

APPLICATIONS

F/VHF (right)
UHF/VHF manpack

S a thick vertical pole
L a, and the HF manpack uses a 5
m dipole (the yellow wire).

/ 6 October 2022
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CONCLUSIONS

for a fixed

2 such performance of

just one simple w ompared to more complex arrays of

multiple antennas necessary to achieve similar performance.

/ 6 October 2022
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