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First, a word from our sponsors:
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Nathaniel Vishner, KB1QHX, Sec/Treas.
and the rest...



What problem are we addressing?

* Expansion of Eclipse Mob: Distributed HF monitoring. The great
natural experiment is RF monitoring during solar eclipses.
* (they’re hard to schedule, so semper paratus)

» As the average reflection height changes, beacon signal path lengths
change and produce a Doppler shift.

* HF Doppler provides surrogate ionosphere measurement.

* We're paying good money already for excellent beacons in Colorado!
Yay, NIST! (don’t defund the NIST!)



Why examine high-frequency signals?
SKIP!

ncy Waves Pass Through the Atmosphere

«Higher Frequency

In 1912, amateur radio | R .
operators were limited to B B e [ G
frequencies above 1.5 MHz ' s P .
(200 meters on down). The
government thought those
frequencies were useless.

This led to the discovery of
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NIST provides physical measurement standards.

—ch-g

STANDARD REFERENCE MATERIAL®

2387
Peanut Butter

Www.nist.gov/srm

NIST

ronal Institute of Standards and Technology
0%y Administration, U.S. Department of Commerce

You thought EE was so special? Food science labs have to be calibrated, too.
nist.gov on standard peanut butter (smooth)



https://www.nist.gov/blogs/taking-measure/going-nuts-over-nists-standard-reference-peanut-butter

WWYV is the NIST’s time and frequency standard

“The heartbeat of
shortwave radio,”
broadcasting time,
RF/AF frequency,
and technical
ephemeraon 2.5, 5,
10, 15, 20, and
sometimes 25MHz.

100t anniversary

1 October 2019!
Party in Fort Collins!
Be there or be R?!



We do not forget our northern friends:

But note that
7335 kc.

moved to
7.850 MHz.

Times and
allocations
change.

THANK YOU FOR YOUR
REPORT OF THE DOMINION
OBSERVATORY'S VOICE
TIME SIGNAL ON:
3330 ke.

7335 ke.

14670 kc.

' DOMINION OBSERVATORY
OTTAWA CANADA




April 2019 Frequency Measuring Test

0200 - 0225 UTC, April 12

The format of the April Frequency Measur-
ing Test (FMT) will be to measure a
single-frequency signal transmitted first

on 40 meters then on 80 meters from one
station in eastern Oklahoma: K5CM.

The FMT will begin at 0200 UTC, April

12 (Thursday evening in North America).
Measure the transmitted frequency and
report your results at the new ARRL

FMT page, fmt.arrl.org. Results must be
submitted by 0200 UTC on April 15, at
which time the results will be published on
the website.

To be listed in the “Green Box” of the
results, submit a measurement with an
accuracy of better than 1 Hz.

Although the “call up” is scheduled to start
at a very specific time, KSCM will try to
start earlier. Every effort will be made to
start the key-down measurement period at
the published time.

94 April 2019

40-Meter Schedule — Near 7065 kHz
(times are UTC)

02:00 Call up for 3 minutes
02:03 Key down 2 minutes

02:05 End 40-meter run

80-Meter Schedule — Near 3599 kHz

02:20 Call up for 3 minutes
02:23 Key down 2 minutes
02:25 End FMT

reprinted with permission; April 2019 QS




By 1927, ionospheric sounding was established,

providing data for shortwave communication.

Al
a0 T
oy
e BB
% g
o 3n
3 gL
2 e
(4
3 :
N fof — > 9w
3 il
@ ®
9 <

ME&A~ WW-"
CYSLRS 3 S AR

“¥he irst ionojram made with
& multi=frequency

automatic ionecsonde

APRIL 20 1933

- ~800

700 £
£
v 7800
Ta i
oy
2 ':L ~400 %
i ; , 'g
S s ; =300 =
ﬂ 'haE E
t{: ’ -200 =
L
-100
MEGACYCLES 0

The sscond ion@?aﬂn made with
a multi=frequency

automatic ionosonde

14554 - 1505

o5 MiIN.

APRIL 20 1933.

1933, first
multifrequency swept
ionosonde recordings.

“Ice pick” recording
straight up, here from

Beltsville, Maryland.

NOAA on ionosondes



https://catalog.data.gov/dataset/ionosonde-stations

Ham mentors are all “Elmer.”
Perhaps ham ionosphere measurers are “Lou”:

Skip, skip, skip to my Lou,
Skip, skip, skip to my Lou,
Skip, skip, skip to my Lou,
Skip to my Lou, my darlin’.

(old squaredance caller’s song)



Beacon measurement: Was WWV'’s first
Sputnik monitoring? (amplitude, not freq.)

1958, WWV's 20 MHz signal: tracked the
disintegration of Sputnik.

Dr. John Kraus at OSU figured that what was
left of Sputnik would exhibit “meteor scatter,”
writ large. His prediction was correct. WWV's
strengthened for durations lasting over a
minute. In addition, the strengthening came
from a direction and at a time of day that
agreed with predictions of the paths of
Sputnik's last orbits. Kraus was able to draw up
a complete timeline of Sputnik's
disintegration.

New York Times 1958 on Krause and WWYV

so de Ani de LA zborul prinulul satelit ArTiFICIAL AL pAnANTULu
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https://timesmachine.nytimes.com/timesmachine/1958/01/19/83389221.pdf

What has changed? The availability of highly
stable beacons such as WWV...

* WWV is maintained at ~3x10-18 through
the NIST-F2 cesium fountain

* (don’t quote me on this. WWV isn’t
directly controlled by that clock)

<<and>>

The GPS constellation distribution of
~3x10-13 stable frequencies worldwide,
cheaply and compactly.

Bodnar Mini GPS, £99.99
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http://www.leobodnar.com/shop/index.php?main_page=product_info&products_id=301

Frequency
estimation on

the cheap:
Low-IF receiver.

Nice one from
AAQZZ.

Use 1000 Hz
IF for analysis.
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/Z/RX-40: “Nothing groundbreaking
here.” —AAOZZ in QST article
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fldigi analysis mode for frequency estimation

& Fldigi

e 00 fldigi - AASVU

File OpMode Configure View Loghook Help |~ spot [FRyD |7 TxD [ TUNE]

Rig CAT- 75-5908( (3] O |os0 req

On off call Name In_ Out Notes
H1442 ”1522 ”STOR < ;II H ]rlr %‘ The last call I selected
\511 ‘Pf[ ICMY| iLOCE ]AZ J*ﬂ Luldhl}n'gul to clear it

\ Kenwood TS-5908 Dial Frequency (down 1ke for better hearing

The fldigi set to Frequency Analysis OpMode
Mouse selected the WWYV signal on the waterfall
The actual frequency of the signal or

what you would watch while adjusting
the SO-3 TCXO for calibration.

Qdec2 M|Cdec2M | CRep M BTU I | LoTW LoTW M AGN? M |[RRENN M |[ShortBrag | CALLX2 |Frequency |[SNandIMD| Brag | 2
._.—._
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|_WF ]I*I
ANALYSIS | | |Freq 10000000.00 |$ arc [rsal

Underlying math:

Jeffrey Tsui and Sam Reisenfeld,
“A highly accurate DFT-based
parameter estimator for
complex exponentials,”

Journal of Telecommunications

and Information Technology Jan
2006
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WWYV Received frequency deviation from
10 MHz nominal, Hz, mid-August 2018

WWYV Doppler measurement: ?disturbances
around dawn from solar storm activity

Sunrise

Time, seconds since 00:00 UTC
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Doppler Data Plots

Observations, Conjectures, and Future Directions



No radio operator is an island.

Each station going “SK” diminishes us,
For we are involved in radio

And physics and IEEE.

Therefore, send not to know

For whom the cesium clock tolls,

It tolls for thee.

John, WDONNE

M Hi hi
(yes, we know: John Donne,

Meditation 17
Devotions upon Emergent Occasions)

[“silent key”]

W8EDU on saving WWV



https://w8edu.wordpress.com/save-wwv/

Sunrise and Sunset Observations
WWV10 2019-03-16 (Filtered Data)

Observed Frequency Difference (Hz)
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10MHz vs 5MHz 2019-03-17 (Filtered Data)
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Possible Travelling lonospheric Disturbances (TIDs)

Observed Frequency Difference (Hz)

WWV5 2019-02-27 (Filtered Data)
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Back to our typical day that we first showed

Observed Frequency Difference (Hz)

WWV10 2019-03-16 (Filtered Data)
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Strange occurrences in the Night

Observed Frequency Difference (Hz)

WWV10 2019-02-03 (Filtered Data)
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Simultaneous WWYV Frequency Measurements
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