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Abstract:

An article, “Jupiter on Your Shortwave”, written by David Rosenthal 1, was published in the
December 1989 issue of Sky & Telescope. The article describes a small wire loop antenna and
suggests using this antenna for hearing signals from Jupiter. The plans for building this antenna
have found their way onto the internet and many folks have built it. We have performed
computer modeling as well as on-the-air, side by side testing of this (so called DDRR antenna)
with the Radio Jove dual dipole array. The Jove antenna proved to be vastly superior. Using the
Rosenthal antenna, we were barely able to detect very strong Solar bursts and no Jupiter signals.
While we encourage antenna experimentation, our testing results show that this antenna is not
suitable for radio astronomy. Despite its small size and ease of construction we do not
recommended it for anyone hoping to hear Jupiter.

An article, “Jupiter on Your Shortwave”, written by David Rosenthal !, was published in the
December 1989 issue of Sky & Telescope. Rosenthal describes a small wire loop antenna
attributed to a design by Bob Sickels (of SARA), and suggested using this antenna for observing
the natural radio emissions from Jupiter.
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The small wire loop is similar to at least one form of the DDRR (Direct Driven Ring Radiator)
antenna reportedly invented by Dr Boyer of Northrup in the 1950s. Rosenthal’s article provides
dimensional specifications for the construction of this antenna for use at 21 MHz. We have built
and tested the performance of this antenna in comparison to the Jove dual dipole array.

The Radio Jove project recommends a dual dipole array (Figure 1) for listening to Jupiter on
20.1 MHz. This antenna has the disadvantage of requiring a clear space, 30 feet by 45 feet, to set
up. Unfortunately, many folks interested in Radio Jove don’t have enough room for the antenna.
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Figure 1 The Jove dual dipole.

The small Rosenthal/Sickels wire loop seems an attractive alternative to the much larger dual
dipole array. This tiny loop antenna (Figure 2) has attracted many observers over the years. And
why not — it is only 2 feet square and very simple to construct.



Build a 21-MHz Jupiter Antenna 3. Tape four wood or plastic

sticks 12 inches long

to the loop. ||
2. Bend the wire into e
acircular loap.
- .
21in. / 12in
approx.
diameter

1. Start with a piece of stitf
copper wire 66 inches long

6. Pul the antenna Jupiter
5. Attach the center conductor on an easel and
aim at Jupiter. *

of coaxial cable to one end
of the loop, and the cable's
shieid to the screen.

4. Tape the sticks' other ends
lo a flat sheet of metal screen
or chicken wire, so the loop
slands 12 inches above it
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Figure 2 — The tiny loop antenna from Sky and Telescope 1989.

A group from the UK 2 used this design to build one inside a plastic table (Fig. 3)

Figure 3 — The upside-down plastic table antenna steered using an Armstrong rotor.



Still another website titled “A Simple Decametric Radio Telescope for Jupiter*, by Bob Greef
(Figures 4 and 5) uses the same article to construct his DDRR

Figure 4 — Bob Greef in the UK built this DDRR from the S&T plans.

Figure 5 — Bob aims for Jupiter



The Laboratory for Atmospheric and Space Physics (LASP) at the University of Colorado,
Boulder * presented a lesson plan (Figure 6) for middle and high school grades titled, “The
Jovian Basketball Hoop”
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The Jovian Basketball Hoop
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Lesson Summary Teaching Time: One 45-minute period
Students fashion a short-wave radio antenna that
allows them to detect and “listen™ to radio Materials

emission from Jupiter. Each ronwitineed:

* Short-wave radio
66 inches of stiff copper wire
Coaxial cable
2ft square metal screen or chicken wire

Prior Knowledge & Skills .
* Dowels enough to make 4 12-in lengths

* Radio waves
* Electricity and magnetism

AAAS Science Benchmarks
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Design and Systems
The Physical Setting
Energy Transformations

(You may also elect to do this activity as a
demonstration at the front of the class, in which
case only one set of materials is needed.)

NSES Science Standards
* Science as inquiry: Abilities necessary to

e Advanced Planning
do scientific inquiry

Preparation Time: 60 minutes

* Physical science: Transfer of energy (5-8). 1. Gather and prepare materials
Interactions of energy and matter (9-12) 2. Review lesson plan
* Science and technology: Abilities of
technological design v
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Figure 6 — LASP attributes this lesson plan to: The Great Learning Spot, High Energy
Astrophysics Division, Harvard- Smithsonian Center for Astrophysics.

Time for a Quantitative Test

Richard Flagg and I decided to do a side by side test of this tiny loop antenna and the Jove dual
dipole array. If it worked as a limited space alternative to the much larger Jove antenna that
would be great. Following the Sky and Tel instructions, the antenna was constructed (Figure 7)
and compared with a standard Radio JOVE dual dipole phased array over the course of a year.
Observations were made of both Solar and Jupiter events using single frequency receivers and
SkyPipe software. The DDRR was also used with an SDRPlay 1 software defined radio to
ascertain its viability as an antenna for spectrographic purposes.



Figure 7 — The test antenna.

Construction of the antenna (Fig. 7) followed the specifications of the article. The antenna was
fed with RG8X coax which had a measured loss of 1.1 dB into an Icom R75 receiver, which had
been previously adjusted to produce its maximum dynamic range.

Initial measurements of the antenna (made with an MFJ-259B analyzer) showed an SWR greater
than 25:1 (Table 1) across a wide range of frequencies.




A simple matching network (Fig. 8) was constructed to present a better match to the receiver
(Table 2). The antenna was positioned in proximity to the JOVE dipoles and was tilted to 50
degrees, the elevation of Jupiter at transit at my observatory.

Initial measurements

Searching the Internet provided no proof that this particular antenna had been tested, even with
the most rudimentary equipment, or a side by side comparison test performed. No EZNEC
analysis evaluation could be found.

So, the first step was to evaluate by measurement. Our initial measurements of the antenna
(made with an MFJ-259B analyzer) showed an SWR (signal to wave ratio) greater than 25:1
across a wide range of frequencies.

DDRR Measurements Without Matching Network DDRR Measurements With Matching Network
Frequency MHz R X SWR Frequency MHz R X SWR
19.00 0 61 > 25 19.00 100 124 4.7
19.25 0 60 > 25 19.25 105 81 3.2
19.50 0 59 >25 19.50 78 56 2.5
19.75 0 58 >25 19.75 50 56 2.8
20.00 0 56 >25 20.00 33 63 4.0
20.25 0 55 >25 20.25 23 72 6.1
20.50 0 54 >25 20.50 14 81 9.6
20.75 0 53 > 25 20.75 12 90 13.5
21.00 0 52 > 25 21.00 9 100 19.3
21.25 0 51 >25 21.25 6 108 >25
21.50 0 49 >25 21.50 4 116 >25
21.75 0 48 >25 21.75 2 126 >25
22.00 0 47 > 25 22.00 0 135 >25
Table 1 — Original SWR Table 2 — SWR with matching network
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Figure 8 — A simple matching network.

Calibration

The R75 used with the tiny loop and a Jove II receiver used with the Jove dual dipole array were
both calibrated using the Cal Wizard in Jim Sky’s SkyPipe program. Using a standard noise
source, the calibration changes the scale of SkyPipe from relative SkyPipe units to antenna
temperature referenced to the antenna feedpoint. The Jove antenna was phased to a 50 deg
elevation angle (Figure 9) at an azimuth of 180 degrees.

EZNEC
201 MHz o liBes, . 50 deg

Outer Ring = 8.44 JBi

Figure 9 — Jove antenna beaming pattern



Total Field EZNEC
— 50 deg

Plot courtesy of Bruce Randall

20 MHz

The beaming pattern of the DDRR loop antenna under test

Observational Results

While the sun has been relatively quiet, and Jupiter’s southern declination is less than ideal,
several solar bursts and Jupiter storms were observed over the course of the year allowing us to
draw some useful conclusions.



Solar — 4 April 2017
NOAA Event 2630 - 1657 UT - Type V/2

Note scale differences
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16:56:00 16:67:00 16:58:00 16:59:00 17:00:00
(Red) 20.1 MHz Calibrated Jove receiver/Dipoles - (Blue) 20.1 MHz Calibrated lcom R75/DDRR. Test antenna

JOVE Dipoles - 4 April 2017 — Calibrated measurement of solar burst - 20 MK peak. Galactic
background at 85kK. Burst 24 dB above the galactic background.
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(Red) 20.1 MHz Calibrated Jove receiver/Dipoles - (Blue) 20.1 MHz Calibrated lcom R75/DDRR Test antenna

DDRR 4 April 2017 - Calibrated measurement of solar burst which rises from galactic
background at 2.5kK to solar burst peak of 3kK. This is a 0.7dB rise compared to the 24 dB rise
on the Jove dual dipoles. The sun is at transit where the null is.
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Comparison of two solar events - 24 June 2017

HNRAD - 6/24/2017
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DDRR 3 dB rise above background

The sun is off axis where the lobe is better aimed
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General Galactic Background — April 4, 2017

HNRAQ - 7/19/2017
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[Red) 20.1 MHz Calibrated JOVE Receiver/Dipoles

JOVE Dipoles — Average GB = 80 kK

(processed by detecting the minimum value of 10 samples and then averaging
10 minima points together).

HNRAO - 7/19/2017
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(Blue) 20.1 MHz Calibrated lcom R75 Receiver/DDRR

DDRR- Average GB = 3.39 kK

(processed by detecting the minimum value of 10 samples and then averaging
10 minima points together). DDRR is only a few percent efficient yielding
very low antenna temperatures.
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Galactic Hump — 19 June 2017

Note 12-hour time scale

HNRAO - 7/19/2017
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(Red) 20.1 MHz Calibrated JOVE Receiver/Dipoles
JOVE Dipoles 19 July 2017 (minima averaging).
Galactic background max to min ratio 2.2 dB.
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DDRR 19 July 2017 (minima averaging).

No detectable rise in galactic background.

* Power line RFI 0300 UT — 0510 UT
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Jupiter 30 March 2017

JOVE Dipoles
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(Red) 20.1 MHz Calibrated Jove receiver/Dipoles - (Blue) 20.1 MHz Calibrated lcom R7S/DDRR Test antenna

Jove dual dipole. Galactic background 75kK. Jupiter burst peaks about S00kK (about 8 dB
above the background)
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DDRR antenna — no Jupiter bursts visible

14



Non-Io-A Storm — 6 May, 2017
SDRPlay RCP2 TFD/RCP vs SDRPlay RCP1 DDRR

HMRAD - 05/06/2017 - UTC - TFD Anay - RCP - SDRPlay - RSF2
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SDRPlay RSP2 — Terminated Folded Dipole/RCP

* TFD used in this test has slightly higher gain than JOVE dipoles because it’s circularly polarized

HNRAD - 05/06/2017 - UTC - DDRR Smal wire loop - SDRPlay - RSP
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Conclusions

The Jove antenna typically measured a galactic background temperature on the order of 65
kilokelvin (kK). At the same time, the DDRR yielded galactic background temperatures of less
than 3 kK. This is interpreted to mean that the DDRR is very inefficient, on the order of a few
percent efficient. This is not surprising for such a small antenna with very low radiation
resistance and high capacitive reactance. Ohmic losses in the loop apparently far exceed the
radiation resistance. The consequence is that very weak signals are delivered from the DDRR. It
is possible that a very low noise preamplifier at the DDRR terminals could help.

The DDRR failed to receive any identifiable signals during periods of moderate strength Jovian
radio noise storms. A solar burst that rose 24 dB above the galactic background on the Jove dual
dipoles produced a deflection of approximately 0.7 dB on the DDRR.

Summary

It is unfortunate that the tiny loop antenna has crept into the literature as a limited space antenna
that can be used successfully for reception of solar and Jovian signals.

Real world, side by side comparisons, of antenna performance are of real value. When
something looks too good to be true it usually is. Unfortunately, novice observers often are
unable to distinguish between a good and bad design.

The authors point out that there is currently some uncertainty regarding the provenance of the
antenna described in Sky and Tel. That is the one which we tested and refer to as the DDRR. Is
this truly a Bob Sickels design as Rosenthal states, or can it be traced back to some earlier
observer? Did Bob recommend a larger loop, perhaps a quarter or half wavelength long — some
say he did. Regardless of the exact history — our goal was to test the antenna described in Sky
and Tel and that is what we have done.

The continued use of the antenna as described in Sky & Telescope can only serve to discourage
new amateur radio astronomers wishing to participate in the Radio JOVE project and other radio
astronomy endeavors. It’s persistence on the internet is demonstrated by the original Sky &
Telescope article, the group from the UK that used this design to build one inside a plastic table,
the website: “A Simple Decametric Radio Telescope For Jupiter”, by Bob Greef” and the most
surprising of all, The University of Colorado, Boulder presenting it as a lesson plan for middle
and high school.

Finally, we want to stress that the Jove program encourages antenna experimentation in the
hopes of being able to accommodate more observers who are challenged for antenna space. The
quest continues.
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This experiment is finally laid to rest
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