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The story

| will tell you the story of curiosity-driven research
into the role of radio wave polarization
in short-distance HF communication (NVIS).

Hidden messages:
© Prepare well, and you will find amazing things!
© Science is adventure!



Just an ordinary day at the office (2008)
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But then it happened ...

PAOSIM:

“I receive local stations on 3.5 MHz with
Right-Hand Circular Polarization,

and Jugoslav stations with

Left-Hand Circular Polarization, and ...~

)
We: “You ... what !I?”
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" real / not real
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But then it happened ...

We decided to visit him. And we stayed very late..!!

,\N O’\N \' 2x Alford loop

2x modified FT1000MP
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This is where the journey starts ... 0:03

We re-discovered the work of Appleton (1933) ...
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This is where the journey starts ...

... and combined it with ionospheric simulations
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This is where the journey starts ...

We followed the changing propagation over the day
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This is where the journey starts ...

We followed the changing propagation over the day

300

250

height [km] —
Y Y N
o (6)] o
o o o

&)
o

Witvliet, Ben A., et al. "Measuring the Isolation of the Circularly Polarized Characteristic Waves in NVIS
Propagation [Measurements Corner]." IEEE Antennas and Propagation Magazine 57.3 (2015): 120-145.
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This is where the journey starts ...
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We followed the changing propagation over the day
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This is where the journey starts ...

12

We followed the changing propagation over the day
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This is where the journey starts ...
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We followed the changing propagation over the day
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This is where the journey starts ...
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We followed the changing propagation over the day
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This is where the journey starts ...
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We followed the changing propagation over the day
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This is where the journey starts ... 005

We followed}he ch}ging propagation over the day
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This is where the journey starts ...
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... and divined the location of the Pot of Gold
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This is where the journey starts ...
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... and divined the location of the Pot of Gold

“band open”
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This is where the journey starts ...
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This led to a curiosity-driven experiment ...

If we transmit in linear polarization,
will we see RHCP
during “Happy Hour” ?
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A very adventurous journey (first leg)

This led to a curiosity-driven experiment ...

jonesphere
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A very adventurous journey (first leg)

... using equipment that was “just lying around” ©

F

5.39 MHz Turnstile Antenna

_ Rohde & Schwarz FSMR26

k \r 00,000

Witvliet, Ben A., et al. "The importance of circular polarization for diversity reception and MIMO in NVIS
propagation.” Antennas and Propagation (EuCAP), 2014 8th European Conference on. IEEE, 2014.
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A very adventurous journey (first leg)

... using equipment that was “just lying around” ©

Improvised phasing network
A =+90° or -90°
(switched)

Ap=0° \/
_./m\._

Ap=180°

Ap=90°

™M

Witvliet, Ben A., et al. "The importance of circular polarization for diversity
propagation.” Antennas and Propagation (EuCAP), 2014 8th European C




A very adventurous journey (first leg)
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... using equipment that was “just lying around” ©

Scrap-heap challenge
PAGA transmitter on 5.39 MHz

P =800 Watts, AP <0.1dB
f=5.39 MHz, Af<5Hz

1 minute on / 1 minute off
DCF controlled timing

Witvliet, Ben A., et al. "The importance of circular polarization for diversity reception and MIMO in NVIS
propagation.” Antennas and Propagation (EuCAP), 2014 8th European Conference on. IEEE, 2014.
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Results of the first leg

. : |
First ‘ Happy Hour” observations! LHCP radio signal

// RHCP radio signal
|| ‘

-------------------------------------------------------------------------------------------

i o | | 5 5 5 | CP radio noise
IR L _____________ o 1 - - -/ / RF |CP radio noise

il ldnm i M;Ww.

1530 11:30




Results of the first leg
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O

Arrived at the horizon, a new one that beckons ...

If we improve our turnstile antenna,

will we observe more

characteristic wave isolation ?
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A very adventurous journey (second leg)

So we made our Turnstile antenna very symmetrical




A very adventurous journey (second leg)
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... perfected the phasing network ...
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Witvliet, Ben A., et al. "Measuring the Isolation of the Circularly Polarized Characteristic Waves in NVIS
Propagation [Measurements Corner]." IEEE Antennas and Propagation Magazine 57.3 (2015): 120-145.
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A very adventurous journey (second leg)

... and increased the measurement speed 30x
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Results of the second leg

Now we see 25 dB characteristic wave isolation!
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Results of the second leg 010

Now we see 25 dB characteristic wave isolation!

] o 6)]
o o o

o

Signal strenght [dBuV] —

—
)
o B

N
o

isolation (L/R)

RH / LHCP [dB]
)

0 e :

] | | | i i | \ /;

58:00 03:00 068 09:00 12:00 15:00 18:00  “~21:00 00:00
sunrise Time [UTC] — sunset

Wife, UNIVERSITY OF

BATH

Radiocommunications
Agency Netherlands




Results of the second leg
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Now we see 25 dB characteristic wave isolation!
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Results of the second leg

All our measurements were on 1 path at 53" North.
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Results of the second leg
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O

So that made us wonder:

Can we confirm these results at a
different latitude, other distances

and azimuths?

- O
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A very adventurous journey (third leg)

What if we'd change latitude ... ?

Earth’s magnetic field
tilt angle

— LB LR

The Netherlands

4

Barcelona, Spain
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A very adventurous journey (third leg)

... and measure 6 paths simultaneously?

dual CP
transmitter

dual CP
transmitter

Tx1
Tx2 A / 1 kHz I
P, e >
Rx
i (o] o < [Tp] (o]
-~ S -
T dual CP
receiver
dual CP
transmitter
Tx3 Frequency = /

dual CP
transmitter
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A very adventurous journey (third leg)

... and measure 6 paths simultaneously?

amﬂiﬂri'éﬂ Regqional Franc
——Ees Pyréenees-Ariegecises

Cooperation with
LaSalle University
of Barcelona, Spain

Tarragona
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A very adventurous journey (third leg)
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... and measure 6 paths simultaneously?

2 synchronous

Apache Labs antenna inputs
ANAN-200D receiver

6000 (x2)
meas/sec
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A very adventurous journey (third leg)

No more scrap-heap challenge transmitters!

Turnstile

Antenna 2 Watts

T~

Automated transmit sequence

DDS1 % L/ l - 60 s .
L 12 s
DDS2 R [> 4 % U

- LHCP RHCP ID LIN OFF

TCXO “C

________

Dual channel
transmitter

%

| o P UNIVERSITY OF

Witvliet, Ben A., et al., "A transportable hybrid antenna-transmitter system for the generation of elliptically polarized
waves for NVIS propagation research]," European Conference on Antennas and Propagation, Davos, 2016.




A very adventurous journey (third leg)
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No more scrap-heap challenge transmitters!

Wire antenna elements
and baluns

Beacon transmitter

Mast 6.3 m

Mastfoot

Battery
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A very adventurous journey (third leg)

40

No more scrap-heap challenge transmitters!

transmitter

dipole
antenna

|
|
(2x) |
mast :
height |
nylon 6.3 m :
guy |
wires :
,"* end o :
1 height battery \ |
+ 1.5 m ) i
!: ‘-‘-——-’
! = - width 25 m (7 MHz)
atl—

AYRUfr, UNIVERSITY OF
Witvliet, Ben A, et al., "A transportable hybrid antenna-transmitter system for the generation of elliptically polarized 3% .
waves for NVIS propagation research]," European Conference on Antennas and Propagation, Davos, 2016. Gy
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A very adventurous journey (third leg)

12 months later, time to hit the road!

8 antenna masts

16 dipole antennas

8 beacon transmitters
2 meas. receivers

10 batteries

32 guy wires

2 tool sets

(3 researchers)
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A very adventurous journey (third leg)
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12 months later, time to hit the road!

Travel to Spain 1800 km
Visit University Barga 200 km
Installing beacons 900 km
Retrieving beacons 900 km
Travel back 1800 km +
Total 5600 km
(3,500 mls)
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A very adventurous journey (third le

Interesting field work!

. Beacon 1

We're in
sheep shit!




A very adventurous journey (third leg)
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nteresting field work!

Beacon 5
G




A very adventurous journey (third leg)
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Interesting field work!

On Holy Ground
(by mistake)




Results of the third leg

And interesting results!
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Results of the third leg
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0:17

And interesting results!
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Results of the third leg

And interesting results!
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Results of the third leg

Morning Happy Hour, beacon 1

- 60 s —

12 s
il S

Tx LHCP RHCP ID LIN OFF

Happy Hour reception in linear polarization

| RHCP LHCP

) A0
OFF

70

2 80
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Isolation
>20 dB!
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Results of the third leg 0:20

Interesting results

*» Happy Hour propagation very well visible
s >20 dB isolation between ordinary and extraordinary wave
“ Fading much more pronounced in linear polarization

»» 2 Watt beacons produced excellent SNR
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And they lived happily ever after...

What brought this adventure us?

* Increased knowledge of NVIS propagation
“* New ideas to improve NVIS links
** Friendship with LaSalle University of Barcelona staff

+» A lot of nice stories to tell

Radiocommunications SiRUgp, UNIVERSITY OF

Agency Netherlands l;‘ﬁ?bé% BATH




NVIS Field Research in Spain

Questions?
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NVIS Field Research in Spain
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Contact information

dr. ing. Ben A. Witvliet
email peSb@xs4all.nl, b.a.witvliet@bath.ac.uk

Free publication download from

https://www.researchgate.net/profile/
Ben Witvliet/publications
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NVIS Field Research in Spain
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