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1. Main loop – why 2 turns cross-over 

 
The lack of space as well as the radio noise specific to the urban area where I live creates me 
problems for  the traffic on lowbands. Being a fan of the 40 meter band, I tried to make a Moebius 
antenna to use only at the reception. After the first model made and tested, I realized that I need to 
understand a little more about how this antenna should be seen. 
 
What is a Moebius Antenna? Apparently it is a multi-spiral magnetic antenna, at least that’s how 
most authors present it. Although I found many references, I was unable to identify an author who 
would indicate a calculation formula that would allow a design to start from the basic parameters. 
 
Let see how is looking a Moebius loop. I am using a diagram from Ofer Aluf and his calculations 
(https://www.researchgate.net/publication/322351098_Moebius_loop_antenna_system_stability_a
nalysis_under_parameters_variation). 
 

 
 

Unfortunately, the theoretical formulas presented by the author can be more difficult to apply in 
amateur mode, although the study mentioned above is closest to the proposed purpose. 
 
Because I followed a more empirical approach, I made the following sketch, which I then tried to 
turn into something that could be mathematically modeled with simpler tools. 
 

https://www.researchgate.net/publication/322351098_Moebius_loop_antenna_system_stability_analysis_under_parameters_variation
https://www.researchgate.net/publication/322351098_Moebius_loop_antenna_system_stability_analysis_under_parameters_variation
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RED = TURN  no 1 
BLUE = TURN no 2 
BLACK = common point (coaxial screen) 
 
What is the red circle ? Is an inductance with a distributed capacitance. The inductance has 2 
components: the inductance of the coaxial cable and the inductance of the 1 turn coil formed by the 
coaxial piece.  Same, the blue circle.So, we can translate our antenna into the following circuit: 2 
parallel LC mutual coupled. 
 

 
 

For the first Moebius loop builded I used H1000 coaxial cable with 80 pF/m capacitance and 2 
microH/m. 
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The diameter of the loop is 150 cm, using the H1000 pieces of 240 cm each. 
 
The total lenght of coaxial cable is 580 cm, a very important aspect to be  used later regarding the 
capacity of loop. 
 
C= 80 (pF/m) x 2,4 (m) x 2 = 192 x 2 = 384 pF 
 
(capacity calculated from H1000 datasheet) 
 
The measured inductance of the each coils was 5.3 microH. 
 
(between Red and Black / Blue and Black) 
 
The measured inductance of entire 2T coil (Red and Blue) was 21.11 microH. 
 
21.11/4 = 5.27 microH (a small difference from 5.3 microH, acceptable) 
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Now, the big question. My intention was to use this antenna for 7 Mhz. Where is the resonant point 
? With variable capacitor open (minimum capacity)… 
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F res = 3141 kHz…. 

Clearly, the antenna cannot be tuned in 40 or 80 meter bands. 

1st Question – Why 3141 kHz ? 

So, we have 2 parallel LC mutual coupled, first LC is red turn coil with distributed capacity of the 
coaxial, the second LC is the blue coil with the distributed capacity of the coaxial. But beware, its 
own capacity is that of the whole piece of coaxial cable, not just half of it. 

So, for L= 5.30 microH and C=384 pF the theory say,  Fres = 3527 kHz. 

The error is somewhere to  11-12 %,quite a lot, but the approach can be useful in an empirical 
design. 

The next step was to adjust the variable capacitor to tune the antenna to 1840 Khz. The green 
capacitor (from coaxial inner to blue was found to be 82 pF for optimum SWR). 
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And now, the results for 2 consecutive nights, listening FT8 mode on 160 m band (600 and 
500 different stations heard). 
 

 
 
Conclusions 

1. Compared to a 10 meter wire, the Moebius antenna reduces the background noise in the 
160 m band by almost 4 S points and causes signals to appear from stations at distances of over 
5000 km. 

2. The bandwidth is very narrow, which leads to the need to restore the tuning depending on 
the temperature or wind vibrations. Good for CW, FT4/FT8 and with some limitation for RTTY. 

3. For design can be used software for magnetic loops combined with datasheets of the coaxial 
cable used. 

4. After calculation you shall find a limitation. For example, for 40 m band, using H1000 cable, 
the maxium diameter of the loop is aprox. 80 cm. Yes, for a better reception of stations from more 
than 10.000 km I will be very happy with a larger loop. 

5. The diameter of the loop can be increased if you are using coaxial cable with lower 
capacitance / meter. For example, RG 11 (75 ohm) has 53 pF/meter, RG63 (125 ohm) has 32 
pF/meter. 

 

Why larger diameter of the main loop ? 

For better efficiency. To understand what means 2% efficiency, thing about -16 db (up to 3 S-points) 
comparative with ideal loop. 

So, larger main loop means lower specific capacitance of coaxial cable, or very low capacitance. 
Something it doesnt exist on commercial market. Lets imagine a home made coaxial cable, air 
dielectric, 120 mm outer diameter and 5 mm inner diameter. 

This will be 17,5 pF/m capacitance. But is very hard to build and use it on the roof in a windy area. 
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2. Using aluminium strip lines  

What if are using parallel line ? 

Lets try with 100 mm spacing parallel line, with 10 mm wire or tube. Thats mean 9,5 pF/m 
capacitance.  

Lets try the same thing with aluminium plate (stripline). Not so heavy, easy to make an aproximatly 
circle with it. 

Acording Rudy Severns N6LF (Conductors for HF antennas, ARRL QEX magazine, 
November/December 2000), at high frequencies, all the current is on the outer perimeter... so, only 
the lenght of the perimeter counts. 

Looking in the local stores, I found aluminiums plates, 260 cm lenght, 15 x 1,5 mm profile. The 
section perimeter is 33 mm, so is the equivalent of 10,5 mm tube diameter. So, I buyed 4 pieces of 
260 cm lenght and another 100 cm pieces for 3 connections parts (the cross-over conection and the 
middle point conection). 

Another parts needed: an old fishing telescopic rod (the lower segments, for a better mechanical 
stability), some fiberglass or pertinax spacers, tube conectors, etc. And dont forget the variable 
capacitor, try to find a buterfly air capacitor. I have an old one, 3mm spacing between plates, 120 pF 
total capacity with the sections connected in series. 

For the cross-over point I made 2 pieces of pertinax, in a design like a hairpin, to obtain 5 cm 
distance between the turns of the coil.  

The result is a 171 cm diameter main loop, 2 turns spaced at 10 cm. 
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On the lower side, on one side you have to connect the variable capacitor, on the other the tor 
transformer (if you want to use toroid transformer to load the antenna, or only the coonectors if you 
are using the Faraday loop coupling). 
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Now, try to found the final position, in the garden or on the roof. As you shall see, is a big difference 
for coupling details, depending the working position of the antenna. 
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The first tests was made only on 80 m band, with toroidal transformer coupler. 

 

 

I used an 31 ferite tor. What I found: 

- With 12 turns, the swr was better than 1.1:1 when the antenna was in the garden, at aprox. 
1 m above the ground (on 80 m band). When I moved the antenna on the roof, the swr 
moved to 2.5:1.... on 80 m band and worst on 40 m band. 

- With 9 turns, the situation was switched. On the roof the swr was 1.07:1 !!! 
- A lot of CMC (common mode current), so you have to insert a lot of ferites on the coaxial 

cable, imediatly after the transformer. 

 

The problem was the swr on 40 m band. Also, it seems 31 ferite it not the best option for 80/40 m 
bands. From Frank Dorenberg experience, you have to sacrifice somewhere. 
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So, the second try was:  

3. The Faraday coupling loop 
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I used H1000 coaxial cable to build the loop, and the diameter was larger than the result from 5:1 
ratio. The 5:1 ratio means 34,2 cm diameter.  

With 38 cm diameter for Faraday loop the results was very good if the antenna was in the garden (1 
m above the ground). On the roof, the SWR raise to 1,7:1 on 80 m band. 

With 30 cm diameter for Faraday loop, the situations was changed. On the roof the SWR was under 
1,1:1 on 80 m band. No other fine tuning operations was made, the connection point of Faraday 
loop was very close (let say 5 mm) near lower point of the middle point of main loop and an 
aproximative alignement of the Faraday loop with main loop.  

And, NO CMC !!! (no common mode currents) 
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4. Some calculations 

 

Efficiency - single turn vs multiturn loop  

For this comparison I used YO4UQ software - SOFT_MagLOOP_2007.xlsx 

 

Efficiency (%) 

 3,5 Mhz 7 Mhz 

1 turn 3% 25 % 

2 turns 6% 40 % 

 

 

More tests and diagrams will be available after I shall finish the stepper motor comand for variable 
capacitor. 
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