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Abstract

This paper elaborates on the possible implementation of a horizontally shortened monopole
antenna in broadband radio reception of radio emissions originating from the Sun. The spectrum of
interest is in the low portion of the very high frequency (VHF) radio band. The frequency range
extends down to the top end of the high frequency (HF) spectrum near 20 MHz and up to 65 MHz.
The ionosphere is mostly radio-transparent to these radio waves, permitting observations of solar
activity in the mentioned radio band.

The proposed monopole antenna is an un-tuned wideband antenna suitable for reception
only. This aerial is inadequate for the transmission of radio waves due to its low efficiency. Another
prerequisite for implementing this antenna is the presence of high background noise — the
background noise level commonly encountered in the low part of the VHF band, even in rural
regions, is of the expected magnitude.

The suggested antenna has superior qualities than most other antennas suitable for the task.
It shows benefits such as small dimensions, being hard to break, simplicity of construction, and
consisting of a single element both electrically and mechanically. Other advantages of the proposed
antenna include a very low cost of building and maintenance, straightforward operation, small
weight, portability, an omnidirectional gain pattern in the plane perpendicular to the antenna
element, and a uniformly and monotonically increasing smooth gain curve as a function of frequency.

This aerial has been built for the aims of the radioSolariz project (www.radiosolariz.space),
which is a Bulgarian radio telescope project initiated in 2019 at the Space Research and Technology
Institute — Bulgarian Academy of Sciences. The project is backed by a number of designs and
innovations protected by patents and utility models registered at the Patent Office of the Republic of
Bulgaria.

Introduction

This paper investigates the benefits of implementing a horizontal shortened
monopole antenna for radio reception purposes of wideband radio emissions from
the Sun in the lowest portion of the very high frequency (VHF) radio band. The
observed frequency spectrum is from 20 MHz to 65 MHz. Any higher frequencies
are out of band because the radio telescope demands isolation of at least 60 dB
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from the frequency modulation (FM) broadcast radio band starting at 87.5 MHz.
This isolation is to be achieved through lumped element LC-filters.

At the same time, for the radio band of choice, the ionosphere is radio-
transparent; thus, solar events emitting radio waves in the specified frequency
range can be observed and investigated [1-3].

The antenna design disclosed in the current paper exhibits wideband
reception capabilities. Being un-tuned, the aerial has its resonant frequency beyond
or near the reception band’s top end. For all other frequencies, the antenna is un-
tuned and has a complex impedance. For this reason, the antenna is strongly
unmatched and exhibits low efficiency within the working band. Hence, the aerial
is suitable for receiving only. To overcome the low efficiency of the antenna, the
used radio band has to possess background noise levels in excess of 30 dB than the
receiver’s noise floor [4, 5]. The reason for this is described later in the article. The
VHF band satisfies this condition.

Here we summarize the advantages of the device:

1. Small size, hard to break, and portable

2. Resistant to weather conditions such as strong winds

3. Cheap and easy to build and operate

4. Omnidirectional in the plane perpendicular to the antenna element

This antenna is an advancement of the existing radioSolariz project, whose
website is freely accessible on the World Wide Web [6]. The radioSolariz project
is a Bulgarian solar radio telescope initiated in 2019 at the Space Research and
Technology Institute — Bulgarian Academy of Sciences. The project involves a
number of designs and inventions protected by pending patents and registered
utility models at the Patent Office of the Republic of Bulgaria, along with
publications in scientific journals and conference reports [7-9].

Antennas employed with the radioSolariz project

The telescope was envisioned as a novel distributed radio telescope for solar
observations. The frequencies of interest were specified to be in the range
from 20 MHz to 300 MHz. The first telescope version used a circularly polarized
spiral antenna working in the frequency band from 110 MHz to 180 MHz and was
implemented in a test prototype in the city of Sofia, Bulgaria. For the lower portion
of the band of interest from 20 MHz to 87 MHz it was desirable to have the same
spiral circularly polarized antenna. The idea was abandoned due to the
prohibitively large size and cost of such an antenna. At the time of the first tests,
the high background noise in the city of Sofia and the quiet Sun rendered our
observations non-prolific. We also realized that in the urban environment, we
lacked an antenna for the lower frequencies where the solar transient events have
larger radio wave power [1-3].
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Fig. 1. Horizontal shortened monopole antenna design

The horizontal shortened monopole antenna design

The antenna required for the band from 20 MHz to 87 MHz has to be
wideband and have small dimensions, preferably at a low cost, easy to build, and
maintain. After conducting thorough research and experiments with magnetic
loops, patch antennas, etc., we established a working design — a shortened
monopole antenna. Initially we tested a vertical monopole [10]. In this article, we
present a similar design, but with a horizontal element. This new design yields
improved efficiency results.

The construction of the shortened horizontal monopole antenna mounted on
a conductive structure, such as a balcony, is shown in Fig. 1. The aerial has been
designed, calculated, and simulated using 4NEC2, a free antenna analysis software.
The monopole element is positioned horizontally and is perpendicular to the plane
encompassing the conductive grounded frame of opportunity. The latter may be a
terrace, a window frame structure, etc. Such an approach, which utilizes existing
structures, saves money and effort, and we only had to build the monopole
element. The antenna is fed by a balance/unbalance (BALUN) impedance
matching transformer (see Fig. 2).
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Fig. 2. Horizontal shortened monopole antenna equivalent schematic diagram at 20 MHz

The matching transformer is used to isolate the coaxial feedline from any
present antenna imbalance and to match the antenna impedance to the receiver and
feedline impedance.

Antenna properties

The antenna is calculated for the frequency band 20 — 65 MHz. The active
element is 1 m in length. Out-of-band frequencies are cut out through the use of an
LC-lumped element bandpass filter. The filter has the task to suppress at
least 60 dB the frequency modulation (FM) broadcast radio band extending
from87.5 MHz to 108 MHz. In this band, there are very large power
electromagnetic emissions originating from the local broadcasting transmitters.

Fig. 3 (right) depicts a 3D-view of the aerial gain pattern near the lowest
operating frequency — 25 MHz. The antenna has horizontal polarization. The axial
ratio is excellent (see Fig. 3 — left). Fig. 4 shows the broadband characteristics of
the device. The horizontal axes of all sub-charts start from 10 MHz and end
at 80 MHz. At the lowest working frequency, the antenna characteristics are the
worst. Here, at 20 MHz, the aerial has distinctively capacitive reactive impedance:

1) Z = 1.26211 — j1039.4Q = R + jX; |Z| = VRZ + X2 = 1039.4 ;
C = 7.66 pF

The aerial equivalent circuit at 20 MHz may be represented with a resistor
and capacitor in series (see Fig. 2). To match the antenna to feedline and receiver
input impedance, a matching transformer is employed (see Fig. 4). The transformer
is used to match the radio receiver and feedline impedance of 50 Q to the higher
aerial impedance for all working frequencies.
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Fig. 3. Antenna axial ratio (left) and gain pattern (right) at 20 MHz

To find the best impedance transformation ratio k, we resolve the problem
of maximizing power transfer from antenna to receiver. The closest equivalent
resistance R, = k x 50 is chosen from the available transformers on the market. If
the antenna voltage is V, then antenna current will be:

. . R+R, +jX

Z+R, (R+R,)?+X? (R+R,)?+X?
Then we obtain the complex power S in volt-amperes S = VI* = [I"Z and real
power P inwatts P = reS = II*R.
The real power entering the receiver is a function of the receiver's
equivalent impedance R,:

2
©) ep V*R,
P(Re) = II°FR, (R +R,)? + X?

This function has maximum value when:

(4) R, =|Z| = 1039.4 Q
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Fig. 4. Antenna parameters as a function of frequency
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The nearest impedance obtainable through standard transformers is 800 Q
by employing an impedance transformation ratio of 1: 16. If we calculate the
VSWR at 20 MHz from antenna impedance at the same frequency after impedance
match, we obtain:

1+ Z,—2Z,
1—1T)"  Z,+Z,

©) VSWRy0 muz = ;T = 0.9988

VSWRZO MHz — 170385

Here T is the reflection coefficient, Z, =800 Q is the load impedance, and
Zy =1.26211—-;1039.4 Q is the source impedance. We should recall thatT’
of —1 means short circuit load; T' of +1 means open or disconnected load; I' of 0
means a perfect impedance match. The power efficiency of the aerial at 20 MHz is:

(6) Effoomuz =1 —IT'|? = 0.002344

At 20 MHz the efficiency of the antenna is the lowest within its working
range. At first glance, it seems extremely low being —26.3 dB. At the same time,
we should consider the minimum expected background noise at 20 MHz being
22 dB above ambient thermal noise (thermal noise at 290 K). Further, we may take
into account the urban environment background noise reaching 42 dB. At the same
time, a general-purpose uncooled low-noise preamplifier yields 0.5 dB noise
figure. This noise figure is equivalent to the amplifier noise temperature of 36 K or
9 dB below the ambient thermal noise floor of 290 K. Having these figures, we
calculate our noise margin: 22 +9 = 31 dB between the input rural background
noise and the radio receiver noise floor. We add the antenna gain of —26.3 dB to
this number and obtain the total system noise margin: 4.7 dB. This is the noise
margin between the input background noise and the radio receiver's noise floor.
Being a positive value, this margin corresponds to a gain rather than a loss. Hence,
the implementation of such an antenna is practical.

Conclusion

The design of compact, wideband antennas with excellent properties enables
the radioSolariz project to continue to be an adequate solar radio telescope
platform suitable for scientific experiments with solar radio wave emissions in the
lower VHF radio band. Further innovations in solar radio telescopes are
envisioned, including improvements to the receiver hardware and software.
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XOPU30HTAJIHA CKBCEHA MOHOIIOJIHA AHTEHA
3A COJIAPHUS PAJIMOTEJIECKOII RADIOSOLARIZ

C. 3aoynos, I Mapoupocsan

Pesome

Hacrosmata  cratust  paskpuBa  BB3MOXKHOTO — NPHIIOKEHHE — HA
XOPHU30HTAJHA CKbCEHAa MOHOIIOJIHA aHTEHA B IIMPOKOJICHTOBOTO paJHONpHeMaHe
Ha paguo-uzabuBaHe oT CopHieTo. CHEKTHPHT Ha HAONIOJEHUS Ce HaMupa B
HHUCKaTa yacT Ha yaTrpakbcuTe BbIHM (YKB) u B camus ropeH kpail Ha KbCHUTE
BeiaHM (KB). YectoTHusT nuana3oH Ha HabOmoneHus 3amouBa oT 20 MHz u
cBbpuIBa 710 65 MHz. Monocdepara e moutn paamonpo3padna B TO3H YeCTOTEH
JIMaIa30H U MO3BOJIsIBA HA0JII0/ICHUE HA CIIbHYEBATa aKTUBHOCT.

MonomnonHaTa aHTEHa TMPEACTABIsIBA HEHACTPOCHA IMMPOKOJICHTOBA
aHTEHa TMOJXOJAlIa 3a IpUeMaHe, HO HeaJeKBaTHA 3a Ipe/laBaHe Ha PaAUOBBIHMU.
Jpyro m3ncKkBaHe 3a M3IMOJI3BAHE HA aHTEHATA € BUCOKO HUBO Ha ()OHOBUS ITyM —
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chu3MepuMo ¢ (poHOBHS ITyM, HAOIIOaBaH B HUCKaTa yacT Ha YKB o0xBara gopu
B TUXU TI0 OTHOIICHUE Ha PaIMOBBIHUTE HE-TPAJICKA PETHOHHU.

[Ipennoxenara aHTeHa uMa 1Mo-100pH XapaKTEPUCTHKH OT ITOBEYETO IPYTH
AQHTCHU, TOIXOAAIIM 3a 3adadara. [sS IEeMOHCTpHpa NPEINMCTBA KAaTO MAaJKH
pa3Mepu, TpyJaHa 3a CUylBaHE, MPOCTOTa HAa KOHCTPYKIIHMSTA, ChCTOU C€ OT €IUH
SIUHCTBEH €JIEMEHT, KaKTO B E€JICKTPUYECKH IIaH, Taka W B MEXaHWYCH ILIaH.
Hpyrn mpemuMmcTBa Ha TMpemjioKeHaTa aHTeHa ca MHOTO HHCKara IleHa 3a
MIOCTPOSIBAHE W TONJAPBKKA, MPOCTOTA HAa HU3MOJ3BaHE, HUCKO TErJo,
MOPTATUBHOCT, BCEMIOCOYHOCT HA YCHJIBAHETO B paBHUHATA MEPICHIUKYJISIpHA Ha
AaHTEHHUS €JIEMEHT, eqHO00pa3Ha U TMIaJKa KPUBa HA YCHJIBAHETO KaTo (PYHKIHS OT
4ecToTara u Jip.

AHTeHaTa € IIOCTpOe€HAa 3a IUenMre Ha 1mpoekra radioSolariz
(www.radiosolariz.space), Koi#To TmpencTaBisBa OBJITAPCKH PaIHOTENECKOI,
uHuupax npe3 2019 r. B UHcTUTyTa 32 KOCMUYECKHU HU3CIIEIBAaHUS U TEXHOJIOT MU
npu bwirapckara akajemus Ha Haykure. [IpoekThT € MOAKpENeH OT peauiia
JU3aliHU U WHOBAIIMH, 3aiiuTeHu B [laTeHTHO BemoMcTBO Ha PeryOnuka beirapust.
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