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The	N5BF	23	cm	EME	StaSon	
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Why	1296?	(1960)	
1.  It	is	the	first	ham	band	where	Faraday	polarizaSon	shi]	becomes	

negligible.	
2.  Lowest	ham	band	in	which	galacSc	and	solar	noise	are	at	a	

minimum.	
3.  Highest	ham	band	on	which	receive	noise	figure	of	less	than	1	dB	

are	possible.	
4.  Highest	ham	band	where	tubes	capable	of	a	kW	input	are	

available.	
5.  The	only	ham	band	where	we	were	definitely	assured	that	a	

competent	and	reliable	group	would	be	duplicaSng	our	efforts	on	
the	other	end.”	

	
•  	“Project	Moon	Bounce	As	Seen	from	Rhododendron	Swamp”	by	F.	

S.	Harris,	W1FZJ	at	
hKp://www.ok2kkw.com/eme1960/eme1960eng.htm	
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1296	at	N5BF	(2014-)	
•  Quiet	sky	and	environment,	parScularly	important	in	the	Big	City.	

–  2010	ARRL	Handbook	SecSon	30.9	and	Figure	30.64,	SecSon	5.8	and	Table	5.2.	
–  ObservaSonal	and	anecdotal	evidence	that	the	144	and	432	MHz	bands	are	not	very	quiet	in	the	Los	Angeles	

basin	and	that	it	is	even	worse	on	50	MHz	and	down.	
–  I	am	not	a	“drive	out	in	the	desert	for	the	weekend”	type	of	operator	despite	higher	acSvity	levels	on	the	

lower	bands.	
•  Enough	amateur	acSvity	to	be	worthwhile	by	my	standards.	

–  Experienced	23	cm	EME	operator	Doug	Millar	K6JEY	esSmated	about	85	acSve	staSons	worldwide	(in	2015).		
That	was	good	enough.	

–  Some	evidence	that	432	MHz	acSvity	worldwide	is	decreasing	while	1296	MHz	is	increasing.	
•  Faraday	rotaSon	negligible	

–  And	unimportant	due	to	current	convenSon	of	using	circular	polarizaSon.	
•  1296	technology	today	is	within	reach	of	a	hobby	budget,	good	performance,	beKer	than	1960.	
•  StaSon	capable	of	detecSng	self	echoes.	
•  ExploraSon	of	the	23	cm	EME	space	as	visible	from	my	house.	

–  Ready	to	operate	during	brief	or	cramped	availabiliSes.	
•  Decades	of	daydreaming	about	an	advanced	staSon	in	the	back	of	the	1971	ediSon	of	ARRL’s	“How	

to	Become	A	Radio	Amateur”	that	I	mistakenly	thought	was	1296	MHz.		(I’m	a	romanSc.)	
•  1296	is	where	amateur	radio	EME	started.		(diKo,	romanSc,	and	amateur	historian)	
•  “Top	Band”	of	microwaves	
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Red	Ses	to	1960	
Green	is	important	to	me	



GOTA	

•  Millar’s	Rule:	
“Get	your	staSon	on	the	air	then	improve	it.”		-	K6JEY	
People	tend	to	get	stalled	behind	infinite	complexity,	unobtainium,	and	perfecBonism	

•  Duncan’s	Rule:	
–  Not	about	scrounging	or	minimizing	$$	(within	reason)	
–  Is	about	fiong	a	real	project	into	Sme	available	–	N5BF	
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23cm35	Slted	up	-	2M12	shown	for	scale	

Single	Yagis	Don’t	Work	on	23	cm	

2014	

400	W	de	W6PQL	
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Tower	Here	(19’	Rohn	25)	

Tilts	Down	
In	Back	Yard	
Here	

OperaSng	Desk	
Was	Here	

Lot	Edge	

Down	Hill	

16
0	

(…	no	remodel)	
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“ConstrucSon”	Began	1/1/16	

Rohn	BPH25G	Hinged	Base	Plate	

Rohn	HB25AG	Adjustable	House	Bracket,	0-15”	

3”	hole	in	wall	ready	for	Heliax,	etc.	

1296 EME.  N5BF 2017 SBMS/MUD	 9	



Stop	and	Think	
•  432	a]er	all?	

–  No,	on	prior	research	
–  Comparison	was	a	wash	

•  8x	23cm49	really?	
–  At	least	500	pieces	
–  Linear	
–  Single	band	
–  No	
–  K2RIW’s	12-foot	stressed	parabola	

was	looking	really	good	about	now	
•  1974	ARRL	Antenna	Book	

–  Switched	to	RF	Ham	Design	parabola	
•  With	48	hours	to	go	

–  But	M^2	was	very	helpful	

1296 EME.  N5BF 2017 SBMS/MUD	 10	

(PA1T)	

(You	can’t	find	pictures	of	big	23	cm	
EME	yagi	arrays	for	good	reasons.)	



RFHamDesign	3	m.	0.45	f/d	

Four	(heavy)	boxes	of	parts	

One	rib	assembled	
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12	ribs	and	5	rings	assembled	

Mesh	aKachment	

Feed	
Installed	

Assembly	performed	on	tower,	on	AlfaSpid	
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ConstrucSon	



Good	preamp	behind	marginal	relay	

Measuring	System	Noise	Figure	
with	Sabin	Noise	Source	
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RX	TesSng	



300	WaKs	at	Feed	

First	Sun	Noise	
ConstrucSon	ConfiguraSon	
Note	Feed	Shadow	1296 EME.  N5BF 2017 SBMS/MUD	 14	

TX	TesSng	



Tower	in	Maintenance	PosiSon	 Tower	in	OperaSng	PosiSon	
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Dish	in	“Feed	Maintenance	PosiSon”	
070/-20	

(photo	from	roof	ridge)	

The	day	I	fixed	the	connector	on	the	heliax	
(a]er	many	successful	tests	of	the	W6PQL	amplifier	
“Load	Fail”	feature)	



23	cm	EME	StaSon	

FT-817	

MacBook	Pro	
15”	

Mid	2010	
OSX	10.12.6	

WJST	
ZS6TW	

SignaLink	
USB	

SG	Lab	
TR1300	
V	2.2	

23CM2W500	
W6PQL	

Key	
Mic.	

28	VDC	@	50	A	

RF	Ham	Design	
3	m.	4.5	f/d	

RF	Ham	Design	
Dual	Mode	
Circular	Dish	
Feed	1296	MHz	

MoondSked	X	
GM4JJJ	

Browser	

HB9Q	
Logger	
Etc.	

AlfaSpid	RAS	

AlfaSpid	
ROT2Prog	

RX	

TX	300	W	

Relcom	
RDL_SR012	

Relcom:	
NC	–	LNA	to	Term.	
NO	–	LNA	to	Septum	RX	

terminator	

DB6NT	
MKU	LNA	
132	AH	

For	Clarity,	12	VDC	wiring	not	shown	
All	equipment,	including	AlfaSpid	12	VDC	
Except:	
SSPA	–	28	VDC	as	indicated	
Relcom	24	VDC	
MacBook	–	self	dongle	to	AC,	internal	baKery	

Bias-T	

LNA	power	

KeySpan	

Homebrew	
Switchbox*	 key	

RTS	
USB	

*Homebrew	Switchbox	
being	phased	out	

(Manual	Moon	Tracking)	

400	W.	1296	RF	

FunCube	
Dongle	

Can	be	switched	
Into	144	MHz	

RX	path	

“DIG”	mode	

0.3	dB	25’	7/8	Heliax	
0.6	dB	20’	LMR600	

6	dB	50’	LMR-400,	etc.	
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The	View	
(This	is	the	only	
straight	key	I’ve	
been	able	to	
tolerate	since	
1972.	
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Configuration One Two Three Four Five

Start Date 8/16/16 3/18/17 5/12/17

End Date 3/17/17 present 7/21/17
Septum 
choke

VE4MA 
feed

Power @ Feed 280 280 280

EIRP dBm 85.5 85.5 85.5

KW 352 352 352

Preamp G4DDK DB6NT G4DDK #2

Relay CX-520D Relcom Relcom

NF, sys., dB 2.19 1.50 1.41

deg. K 190 120 111.3

sun noise, dB 7.96 8.06 8.55

sigma 0.50 0.10 0.06

echoes, apogee -24.5 -22.0 -22.8

echoes, perigee -20.1 -18.9 -17.3

sigma 1.9 2.1 2.2

VK3UM done done done

Formal	
ConfiguraSon	
Comparisons	

Next	thing	to	
try	is	reducing	
RX	spillover	
with	choke.	
	
Already	have	
empirical	tree	
RX	data.	



6/24/17	Perigee	Echoes	Recheck	
ConfiguraSon	Three	

Note:		Moon	10	degrees	from	sun	

-24	

-23	

-22	

-21	

-20	

-19	

-18	

-17	

-16	

-15	

-14	

-13	

-12	

-11	

-10	
0	 20	 40	 60	 80	 100	 120	 140	 160	

160	pts.	

-17.3mean	
2.2	sigma	

-12.0max	
-23.0min	
11.0	range	

0.0011	slope	

before	

a]er	

Worried	about	poinSng	yesterday,	where	lagging	a	degree	or	two	in	each	direcSon	seemed	to	help	a	
lot,	realigned	on	sun	shadow	and	sun	noise	in	“measure	mode”.	
Change	was	minus	on	degree	elevaSon	and	minus	three	degrees	azimuth	from	old	indicated	to	new	
indicated.	
Re-did	yesterday’s	echo	test	but	not	as	long	and	got	beKer	staSsScs	by	about	two	dB.	
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-29	

-28	

-27	

-26	

-25	

-24	

-23	

-22	

-21	

-20	

-19	

-18	

-17	

-16	

-15	
7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17	 18	 19	 20	 21	 22	

6/9/17	Apogee	Moonrise,	BoKom	DeclinaSon,	Azimuth	125	(118-132)	
Picture	is	03:51,	125/015,	just	above	Rob’s	Oak	and	entering	my	pine	limbs.	
(Taken	from	north	ledge,	source	of	big	top	limb.)		

Moon	above	horizon	but	in	the	
Oak	across	the	street.	

Zone	used	for	
apogee	echoes	stats	

	-22.8	mean	
					1.7	sigma	
	-18.6	max	
	-27.1	min	
					0.17	slope	
					8.5	range	
				201	pts.		

802	pts.	

Traversing	Pine	Limbs	

ElevaSon,	deg.	

Echo	SNR	
dB2500	Hz	

1296 EME.  N5BF 2017 SBMS/MUD	 21	



-30	

-25	

-20	

-15	

-10	

-5	

0	

5	
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15	

-7.0	 -6.0	 -5.0	 -4.0	 -3.0	 -2.0	 -1.0	 0.0	 1.0	 2.0	 3.0	 4.0	 5.0	 6.0	

5/21/17	14:43Z	Beam	Cut	Echoes	

Degrees	from	148/049	

Quality	

Echo	SNR	dB2500	Hz	

Home	Spreading	22	Hz	
DeclinaSon	-2	deg.	
DegradaSon	0.8	dB	

max	-13.7	

3	dB	full	beamwidth	7	deg.	

(measured	at	6	dB	echo,	
3	dB	up,	3	dB	down)	

Centered	0.5	degree	before	predict	
Indicates	trailing	half	degree	is	best	poinSng	
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The	Moon	

Humanity’s	Beacon	from	AnSquity	
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0	 15	 30	 45	 60	 75	 90	 105	 120	 135	 150	 165	 180	 195	 210	 225	 240	 255	 270	 285	 300	 315	 330	 345	 360	

Pine	Tree	Tops	

Local	Horizon	

Some	Holes	in	Pine	Blockage	

Other	Trees	
Hard	Limit	

Moon	Arc	for	Equatorial	Day	

Moon	on	
celesSal	equator	

2017	November	2	UTC	
From	DM04vf	

0000	Astronomical	Moonrise	

0035	Hill	Horizon	

0140	Clearing	Trees	

0240	End	of	Europe	Window	

1030	contacts	possible	

1220	Astronomical	Moonset	
1150	Hill	Horizon	

contacts	
problemaSc	

Americas	
Only	

Catalina	

0600	CulminaSon	
Max	ElevaSon	
Due	South	 0700	VK	Window	Open	
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Pine	Tree	Tops	

Local	Horizon	

Some	Holes	in	Pine	Blockage	

Other	Trees	
Hard	Limit	

Moon	Arc	for	Next	Day	

celesSal	equator	

2017	November	3	UTC	
From	DM04vf	

0035	Astronomical	Moonrise	

0120	Hill	Horizon	

0230	Clearing	Trees	

0350	End	of	Europe	Window	

1150	contacts	possible	

1320	Astronomical	Moonset	
1310	Hill	Horizon	

contacts	
problemaSc	

Americas	
Only	

Catalina	

0655	CulminaSon	
Max	ElevaSon	
Due	South	 0740	VK	Window	Open	
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0	 15	 30	 45	 60	 75	 90	 105	 120	 135	 150	 165	 180	 195	 210	 225	 240	 255	 270	 285	 300	 315	 330	 345	 360	

Pine	Tree	Tops	

Local	Horizon	

Some	Holes	in	Pine	Blockage	

Other	Trees	
Hard	Limit	

Moon	Arc	for	High	DeclinaSon	Day	
2017	November	8	UTC	

From	DM04vf	

0440	Astronomical	Moonrise	

0540	Hill	Horizon	

0650	Clearing	Trees	

1000	End	of	Europe	Window	

1710	contacts	possible	

1850	Astronomical	Moonset	
1840	Hill	Horizon	

contacts	
problemaSc	

Americas	
Only	

Catalina	

1142	CulminaSon	
Max	ElevaSon	
Due	South	

1330	VK	Window	Open	
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0	 15	 30	 45	 60	 75	 90	 105	 120	 135	 150	 165	 180	 195	 210	 225	 240	 255	 270	 285	 300	 315	 330	 345	 360	

Pine	Tree	Tops	

Local	Horizon	

Some	Holes	in	Pine	Blockage	

Other	Trees	
Hard	Limit	

Moon	Arc	for	Low	DeclinaSon	Day	
2017	October	25-26	UTC	

From	DM04vf	

1920	Astronomical	Moonrise	

1940	Hill	Horizon	

Not	Ever	Really	
Clearing	Trees	

1940	End	of	Europe	Window	

0530	Astronomical	Moonset	0510	Hill	Horizon	

contacts	
problemaSc	
all	pass	

Catalina	

0025	CulminaSon	
Max	ElevaSon	
Due	South	

0000	VK	Window	Open	
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Working	Victor	UA9YLU	Through	a	Slot	in	Pines	/	Oaks	
DM04	to	MO92	
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Day	to	Day	and	Month	to	Month	

•  Everything	happens	about	the	same	local	Sme	
everywhere	in	the	world	each	day	
–  But	the	Sme	zones	are	different	
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Day	to	Day	and	Month	to	Month	

•  Everything	happens	about	the	same	local	Sme	
everywhere	in	the	world	each	day	
–  But	the	Sme	zones	are	different	

•  Everything	happens	about	50	minutes	later	each	day	
– Moon	proceeds	east	one	diameter	per	hour	(0.5o)	
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Day	to	Day	and	Month	to	Month	

•  Everything	happens	about	the	same	local	Sme	
everywhere	in	the	world	each	day	
–  But	the	Sme	zones	are	different	

•  Everything	happens	about	50	minutes	later	each	day	
– Moon	proceeds	east	one	diameter	per	hour	(0.5o)	

•  Everything	happens	2	hours	earlier	each	month	
–  Sun	proceeds	east	one	degree	per	day	
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The	Good	DeclinaSon	Times	
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Winter	 All	night	with	the	full	moon	

Spring	 A]ernoon	through	evening	with	the	first	quarter	moon	

Summer	 All	day	with	the	new	moon	(on	the	sun…)	

Fall	 Midnight	to	morning	with	the	last	quarter	moon	

This	is	true	south	or	north	but	most	of	the	staSons	are	
in	the	north	so	northern	seasons	and	condiSons	are	
favored	in	planning	and	on	the	air.	

The	Sidereal	Month	is	27.3	days	
The	AnomalisSc	Month	is	27.5	days	
The	Syndonic	Month	is	29.5	days	

All	the	charts	go	with	the	Sidereal	Month	
because	it	goes	with	the	stars	or	“inerSal	
space.”	
We	think	in	terms	of	the	Syndonic	or	
“Solar”	Month	since	we	are	locked	to	the	
solar	day.	
The	perigee-apogee	goes	with	the	
AnomalisSc	Month…	



Beat	Notes	of	the	Month(s)	
Month	 Period,	Days	 Period,	Secs.	 Frequency,	Hz	

Sidereal	Beat	
Note	 period,	secs.	 period,	years	

Sidereal	 27.32166204	 2360591.6	 4.23623E-07	 stars	

Syndonic	 29.53058796	 2551442.8	 3.91935E-07	 sun	 3.16875E-08	 31558169.09	 1.000018034	

AnomalisSc	 27.55455	 2380713.12	 4.20042E-07	 perigee	 3.58041E-09	 279297557.7	 8.850405534	

Draconic	 27.21222	 2351135.808	 4.25326E-07	 node	 -1.70372E-09	 -586949399.8	 -18.59930412	

Tropical	 27.32158	 2360584.512	 4.23624E-07	 equinoxes	 -1.27199E-12	 -7.8617E+11	 -24912.23745	

Others	
For	reference	

	

Saros	is	a	hybrid	
of	Draconic	and	

Syndonic	

Day	 86400	 1.15741E-05	 (G-22)	

Year	 31558152.96	 3.16875E-08	 (C-30)	

sunspot	cycle	 694279365.1	 1.44034E-09	 (G-35)	

hKps://en.wikipedia.org/wiki/Month	 1.296E+09	 (Eb+25)	
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Perigee	and	High	DeclinaSon	Aligned	
November	2017	-	good	

Perigee	and	High	DeclinaSon	in	quadrature	
November	2019	-	OK	

Apogee	and	High	DeclinaSon	Aligned	
November	2022	–	Sad	(for	the	north)	
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The	anomalisSc	month	does	this	

Apogee	/	Perigee	~	406/356	k-km	
40*log(406/356	~	2.3	dB	“degradaSon”	
(“radar”)	
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Sun	and	Moon	DeclinaSons	2017	

Lunar	InclinaSon	to	equator	near	minimum	19	degrees.	
Lunar	InclinaSon	to	eclipSc	~	5	degrees.	
EclipSc	nodes,	eclipse	seasons,	in	February	and	August.	

August	21,	2017	Total	Eclipse	
Viewed	from	Wyoming,	DN53aq	
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The	Saros	Cycle	–	18	years,	11	days,	8	hours	–	
Does	This	
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Sun	and	Moon	DeclinaSons	2020	
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Lunar	InclinaSon	to	equator	near	solar	23.5	degrees.	
Lunar	InclinaSon	to	eclipSc	~	5	degrees.	
EclipSc	nodes,	eclipse	seasons,	in	June	and	December.	
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The	Saros	Cycle	–	18	years,	11	days,	8	hours	–	
Does	This	
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Sun	and	Moon	DeclinaSons	2024	
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sun	
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Lunar	InclinaSon	to	equator	near	maximum	29	degrees.	
Lunar	InclinaSon	to	eclipSc	~	5	degrees.	
EclipSc	nodes,	eclipse	seasons,	in	March	and	September.	

MoSon	of	sun	
In	a	week	

MoSon	of	moon	
In	two	days	
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The	Saros	Cycle	–	18	years,	11	days,	8	hours	–	
Does	This	



Working	the	23	cm	EME	Band	

In	2016-2017	
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First	Contact	

•  Katz’	Rule	
– “TRANSMIT!”		-	K2UYH	

– On	one’s	first	contact,	don’t	just	calculate	and	
tune	around	looking,	transmit	so	they	can	find	
you!	
•  (ObservaSon	a]er	my	first	QSO	indicates	that	lots	of	
newcomers	do	this)	
•  Through	paSence,	I	was	unwiongly	W1PV’s	first	23	cm	
EME	QSO	–	he	had	experience	but	not	on	1296	
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First	Contacts	
•  K2UYH	(#1)	Al	(plus	CW)*	
•  HB9Q	(#2)	Dan	
•  DK3WG	(#3)	Jurg	
•  G4CCH	(#4)	Howard	
•  KNOWS	(#5)	(schedule	proposed	by	Carl)	
•  VA6EME	(#6)	Randy	
•  I1NDP	(#7)	Nando	
•  IZ5TEP	(#8)	Fil	
•  K5DOG	(#9)	Esteban	(was	Stevedog)	
•  Then	1st	ARRL	weekend	2016	
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*All	JT65C	except	as	noted	



JT	QSOs	
•  Follow	the	template,	click	the	buKons:	
–  CQ	N5BF	DM04	
– N5BF	K6JEY	DM03	
–  K6JEY	N5BF	DM04	OOO	
–  RO	
–  RRR	
–  73	
–  73	

•  One	minute	each,	6	minutes	total	
•  SNR2500	Hz	is	standard,	always	reported,	<	0	dB	
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This	is	what	a	typical	
loud	(-11)	staSon	
(NC1I)	looks	like.	
	
This	is	CW	quality	and	
audible.	
	
Base	tone	(0)	is	
1270.5	Hz	audio.	



QRM	
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This	is	what	a	
nearby	repeater	
looks	like.	
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This	is	what	“shorthand”	
signals	look	like.	
	
Shorthand	available	for:	
RO	
RRR	
73	
	
(Everyone	dri]s	down.)	
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An	example	of	JT	
picking	out	one	
signal	in	the	
presence	of	
overlapping	QRM	



EW1AA	
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This	is	the	smallest	staSon	I’ve	worked	on	JT65C.		100	W.	



The	23	cm	Problems	
•  Doppler	
•  Trees	

–  Absorb	TX,	4-5	dB	typical	based	on	recepSon	reports	
•  With	other	variables	so	this	is	not	well	determined	

–  Noise	and	Absorb	RX,	8	dB	measured	on	K2UYH	CW	CQ,	DUBUS	
•  Worked	in	the	clear	at	0205,	251/051,	-12	
•  Struggled	to	pick	out	CQ	in	the	trees	later	at	0400,	265/040,	-20	
•  Suspect	4-5	dB	absorpSon	and	the	rest	increased	noise	floor	
•  Thin	pines	

–  Oaks	are	seen	to	be	infinite	absorbers	
•  LibraSon	can	be	>	30	Hz	

–  Eats	up	elements	and	characters	at	20	WPM	
–  Causes	missed,	mangled,	or	misread	tones	on	JT	

•  Doppler	– echoes	can	fall	outside	of	SSB	passband	
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Doppler	ConvenSon,	self	echo	

My	Self	Doppler	is	
+3000	Hz	
Moonrise	

DX	Self	Doppler	is	
-2000	Hz	
Moon	is	seong	

.060	 .063	

Moon	Hears	me	at	
Half	my	self	Doppler	
Moon	Hears	DX	at	
Half	his	self	Doppler	

.0616	

.0605	

.0615	

Mutual	Doppler	is	
+500	Hz.	
No	one	needs	to	know	
other’s	locaSon	or	
mutual	Doppler	for	
this	to	work.	

.0626	
.0606	.0631	

My	TX	

DX	TX	

My	Sig	Heard	

DX	Sig	Heard	

1296.xxx	
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Doppler	ConvenSon,	simplex	

My	Self	Doppler	is	
+3000	Hz	
Moonrise	

DX	Self	Doppler	is	
-2000	Hz	
Moon	is	seong	

.060	 .063	

Moon	Hears	me	at	
Half	my	self	Doppler	
Moon	Hears	DX	at	
Half	his	self	Doppler	

.0586	

.0605	

.0615	

DX	knows	my	locaSon	
and	that	I	am	listening	
on	my	transmit	
frequency.		Tunes	
TX	=	RX	–	2*mutualDoppler	

.0596	.0601	

My	TX	

DX	TX	

My	Sig	Heard	

DX	Sig	Heard	

1296.xxx	

.0576	

Echoes	
Don’t	
MaKer	

(plus	100	Hz	so	you	can	see	it	on	my	dial)	
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Looking	East	Calls	2nd	Period	
•  I	didn’t	know	this	unSl	a]er	I’d	wriKen	and	
turned	in	this	paper!	
–  1st	period	even	minutes	
–  2nd	period	odd	minutes	
–  CW	convenSons	are	different:		2	minute,	2.5	minute,	
and	are	not	much	employed	today	

•  How	do	you	know	your	frequency	if	you	don’t	
have	reference?	
–  (See	Millar’s	Rule”	just	get	on	the	air	then	work	on	
stuff	like	this)	

– Meanwhile,	use	beacons	
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ON0EME	
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This	is	ON0EME	in	the	
bad	QRM	I	have	on	
1296.000.000	
	
They	are	GPS	locked	in	
JO21jg.		From	Doppler	
informaSon	can	
compute	your	own	LO	
offset.	
	
(K6QPV/B	DM12mq	is	
not	GPS	locked.)	



ON0EME	
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Another	ON0EME	trace	
in	QRM.	
	
Starts	right	a]er	
minute,	stops	right	
before	minute.	



ON0EME	
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Autonomous	CW	transmiKer	on	1.296000000	GHz	
Whenever	moon	is	>	10o	in	JO21jg	(Belgium)	
3.7	m.	400	W.	



CW	during	DUBUS	

1296 EME.  N5BF 2017 SBMS/MUD	 55	

This	is	what	CW	looks	like.	
	
And	a	‘579’	doesn’t	mean	the	
same	thing	here	that	it	means	on	
40	m.	
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Echoes	
	
(digital,	but	CW	
looks	about	the	
same	if	you	have	
a	steady	fist)	



CW	QSOs	(and	SSB)	
SNR2500 Hz	 RST	 Remark	

-20	 -	 Typically not workable	

-18	 539	 Half hour of repeating everything	

-16	 559	 Nominal with similar station	

-14	 569	 Easy QSO	

-12	 579	 First try, even in trees	
(SM4IVE:  10 m. 100 W.)	

-04	 53	 SSB	
(PI9CAM 25 m. 150 W.)	
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LibraSon:	
Eats	up	elements	and	characters	at	20	WPM	
MiSgaSon	is	lots	and	lots	of	QSM	
You	hear	pieces,	write	them	down,	piece	them	together	

CoordinaSon	Warning:	
	Easy	JT	staSons	may	be	below	the	CW	threshold	(~10	dB	difference)	
	JT	works	down	to	-28	or	even	-30	with	Deep	Search	and/or	averaging	enabled	

	



SSB	QSOs	

•  Same	as	CW	
•  A	“small”	staSon	like	mine	does	not	resolve	
the	moon	so	it	gets	all	the	libraSon	from	all	of	
the	moon	

•  Female	voice	helps	(like	everywhere)	
– PI9CAM	operator	was	Joanna	DJ5YL	
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A	QSO	Is	

•  From	long	long	tradiSon	
– Both	callsigns	heard	on	both	sides	
– Something	else	heard	on	each	side	
– Rogers	heard	by	both	sides	
– 73	opSonal	
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Assistance	/	CoordinaSon	
•  CALL3.TXT	–	tells	algorithm	what	to	try	first	

–  It’s	like	knowing	the	answer,	which	we	o]en	do	
–  But	not	always…	

•  The	HB9Q	logger	hKp://www.hb9q.ch/hb9q/	
•  The	reflector	

–  hKp://www.nlsa.com/nets/moon-net-help.html	
•  The	“432	and	Above	EME	NewsleKer”	K2UYH	
•  E-mail	schedule,	info	from	hKps://qrz.com/	

–  But	what	works	beKer	is	just	to	find	people	when	they	are	actually	on	the	air	
•  14.345	Sunday	1500Z	seems	to	be	QRT	
•  Assistance	and	coordinaSon	is	controversial	and	ubiquitous	

–  For	GOTA,	use	all	the	assistance	you	need	
–  For	contest	or	award	credit,	check	the	rules	
–  ARRL	allows	and	encourages	coordinaSon	now	–	DUBUS	prohibits	(even	pre-

coordinated	contacts	are	penalized)	
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Assistance	/	CoordinaSon	
•  The	very	first	amateur	radio	EME	QSO:	

–  W1BU	W6HB	
–  Three	hours	in	the	middle	of	the	night	7/17/60	
–  Telephone	(long	distance)	the	whole	Sme	
–  T/R	involved	“box	wrenches”–	and	landline	coordinaSon	
–  Other	miSgaSons	

•  Yelling	at	people	to	
–  Stop	stomping	around	and	upseong	the	LO	
–  Stop	making	noise	so	he	could	hear	in	headphones	
–  Etc.	

•  For	GOTA,	use	all	the	assistance	you	need	

•  The	“Credit	QSO”	was	7/21/60	@	0600	PDT	(presumably	unassisted)	
–  Report	was	8	dB	in	100	Hz,	poinSng	in	fog	(would	be	-6	in	JT	today)	
–  2	dB	system	temperature,	170K	

•  	“Project	Moon	Bounce	As	Seen	from	Rhododendron	Swamp”	by	F.	S.	Harris,	W1FZJ	at	
hKp://www.ok2kkw.com/eme1960/eme1960eng.htm	
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InteresSng	“Excuses”	
•  Receive	Only	
•  No	ElevaSon	
•  PoinSng	in	your	direcSon	not	calibrated	well	enough	
•  Can’t	see	as	far	west	as	DM	due	to	building	to	the	west	(EU)	
•  Rare	DX	vacaSoning	at	Disneyland	this	month	
•  I’m	at	the	“Weinheim	ConvenSon”	this	weekend	
•  Don’t	have	(whatever)	set	up	yet	(digital,	CW,	etc.)	
•  I’m	on	6	cm	this	weekend	
•  ElevaSon	rotator	just	blew	a	fuse	

–  Did	work	some	months	later	
•  Whenever	I	turn	my	23	cm	dish	controller	all	the	lights	flash	
•  My	dish	is	on	the	west	side	of	the	tower	(Australia),	I	can	only	work	

Europe	
•  Work	(!)	
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But…	

•  Ops	like	PA3DZL	will	accommodate	
– Had	agreed	to	schedule	via	e-mail	
– Was	at	a	restaurant	with	family	
– Was	in	touch	by	e-mail	and	logger	
– Let	me	know	he	was	on	the	way	
– Arrived	home	with	3	degrees	of	moon	le]	
– Made	the	QSO!	

•  There	are	many	stories	like	this	
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0	

50	

100	

150	

200	

250	

8/16/16	 9/16/16	 10/17/16	 11/17/16	 12/18/16	 1/18/17	 2/18/17	 3/21/17	 4/21/17	 5/22/17	 6/22/17	 7/23/17	 8/23/17	

N5BF	23	cm	EME	QSO	aKempts,	completes,	iniSals,	etc.	

AKempts	

Complete	QSOs	

Unique	Calls	

JT65C	IniSals	

CW	IniSals	
DXCC	

U.S.	States	
Canadian	Provinces	
SSB	IniSals	

ARRL	
	October	
	2016	

ARRL	
	November	

	2016	

DUBUS	
	CW	–	no	aid	

	2017	

ARI	
	23	cm	
	2017	

Others	are	just	
good	weekends	with	
hustle	–	see	text.	
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N5BF	23	cm	EME	StaSsScs	
August	16,	2016	-	August	16,2017	
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QSOs	A'empted	 237	 		

QSOs	Completed	 184	 78%	compleSons	

Unique	IniSal	Callsigns	 88	 (some	callsigns	on	both	JT65C	and	CW)	

JT65C	IniSals	 73	 83%	(KN0WS	completed	in	JT65C2)	

CW	IniSals	 29	 33%	

SSB	IniSals	 1	 PI9CAM	/	DJ5YL	op.:		25	m.	100	W.	

DXCC	EnSSes	 29	 14	confirmed	

U.S.	States	 11	 4	confirmed	

Canadian	Provinces	 3	 2	confirmed	

Most	CompleSons	 12	 VA6EME	DO44,	Randy	(nice	auto-Doppler)	

Calls	to	east,	Eu,	Asia,	Afr	 58	 65%	

Calls	in	Americas	 25	 28%	includes	VE4MA	in	both	MB	and	AZ	

Calls	to	the	west,	Au,	Ja,	As	 6	 7%	includes	UA9YLU	MO92	



Three	Contests	
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OperaSng	
Time	

44:50	 Two	weekends,	
October	and	
November	‘16	

AKempts	 52	 Online	coordinaSon	
is	encouraged	

QSOs	 36	 12	CW,	24	JT65C.		
Dups	logged,	not	
counted	

MulSpliers	 26	 States,	provinces,	
other	DXCC	
countries	

Score	 93,600	 		

Rate	 0.80	 Yes,	1.25	hr.	/	QSO	

New	IniSals	
Overall	

29	 		

OperaSng	
Time	

11:01	 48	hour	
weekend	

AKempts	 19	 Not	counSng	
“didn’t	get	
enough	to	call”	

QSOs	 18	 CW	only,	no	
coordinaSon	
during	event	

MulSpliers	 15	 Unique	prefixes,	
e.g.	G3,	G4,	K5,	
W5…	

Score	 27,000	 		

Rate	 1.6	 37	minutes	/	
QSO	

New	IniSals	
Overall	

3	 		

OperaSng	
Time	

3:30	 48	hour	weekend	

AKempts	 6	 		

QSOs	 5	 3	JT65C	(3),	1	CW	
(20),	1	SSB!	(20)	

MulSpliers	 4	 2x	Italian	
StaSons	Worked	

Score	 196	 Category	A,	3	m.	
parabola,	x1	
mult.	@	1296	

Rate	 1.4	 		

New	IniSals	
Overall	

4	 Worked	PI9CAM	
on	CW	and	SSB!	

2016	ARRL,	Oct/Nov	 2017	DUBUS,	Apr	 2017	ARI	Spring,	May	

Embarrassing	goofs:	
	RA3AUB	–	Doppler	wrong	sign	for	west	
	K4EME	–	Didn’t	know	how	to	accommodate	Simplex	



23	cm	EME	Log	Spreadsheet	(during	DUBUS)	
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23	cm	EME	“Looking	For”	Spreadsheet	
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“Looking	For”	doesn’t	work	for	everyone	–	e.g.	SM4IVE	in	DUBUS	or	IK2MMB	in	the	ARI	–	SS	trick	



Levels	of	Amateur	Obsession	
•  10.		Quit	job,	family,	etc.,	sit	on	the	air	and	internet	24/7	(12/7	for	EME)	in	order	to	jump	immediately	on	

all	opportuniSes.		Spend	off	Sme	(the	other	12/7)	and	resources	to	the	limits	to	improve	capabiliSes.	
•  9.		Sit	on	the	internet	24/7,	leave	whatever	(job,	family,	etc.)	to	rush	to	the	staSon	and	respond	to	any	

opportuniSes	seen	there	immediately.		Work	deals	for	capability	improvement.	
•  8.		Stay	online	and	on	air	at	all	Smes	something	else	(job,	family,	etc.)	doesn’t	interfere.		Push	special	

events	as	equal	priority	to	job,	family,	etc.	
•  7.		Stay	online	and	on	the	air	when	at	home	(or	at	the	staSon)	and	without	the	priority	pushing	-	(i.e.,	

lower	priority	than	job,	family,	etc.)	
•  6.		Check	opportuniSes	daily	and	work	to	coordinate	with	the	rest	of	life.	
•  5.		Plan	for	maximized	effect	in	limited,	allocated	Sme	and	resources	at	appropriate	priority.	
•  4.		Has	a	staSon	that	he/she	once	set	up	in	a	season	of	obsession	and	turns	it	on	once	in	a	while	when	

somebody	makes	a	request.	
•  3.		Be	a	reasonable	person	and	see	what	you	can	do	in	your	“spare	Sme.”	
•  2.		Talk	to	somebody	about	it	once	in	a	while.	
•  1.		Daydream	about	it	once	in	a	while.	
•  0.		Not	interested.	
	
•  4/3/17	

1296 EME.  N5BF 2017 SBMS/MUD	 69	



Seat	of	the	Pants	Link	Budget	
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Value	  	 dB	 units	

My EIRP	 352 KW	 +85.5	 dBm	

Fraction of Sky Occupied by Moon	 5.1 ppm	 -52.9	 dB	

My power on moon disk	 1.8 W	 +32.6	 dBm	

Percentage reflected (from various research)	 7%	 -11.5	 dB	

Isotropic sphere around moon @ earth distance	 2x1018 m2	 -182.7	 dB (m2)	

Area of 3 meter dish	 7.1 m2	 +8.5	 dB (m2)	

Power Intercepted (neglect efficiency and losses)	  	 -153.1	 dBm	

Dish efficiency of 70% applied twice	  	 -3.0	 dB	

Boltzmann’s Constant in 2500 Hz @ 110 Kelvin	  	 -144.2	 dBm	

Expected echo SNR	  	 -11.9	 dB	

VK3UM echo predict	  	 -12.4	 dB	

Observed echo (best ever)	  	 -9.9	 dB	

Observed echo (typical perigee)	  	 -17.3	 dB	

Close enough for “seat of the pants”	  	  	  	

Who	knew?	



Workability	HeurisSc	
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d2
dx * pdx	 mode	 Heuristic QSO	
>300	 JT65C	 EW1AA	
>5000	 CW	 SM7FWZ	

>50,000	 SSB	 PI9CAM	

N5BF	is	2700	on	this	metric,	self	spot	is	typically	-16	to	-20	
	
ON0EME	is	5500	on	this	metric,	typically	-14	
	
G4FUF	is	2x49	yagis	*	400	W.	
Approx.	1	m.	dish	equivalent	(so,	“400”)	
Linear	polarizaSon,	another	3	dB	down	
	
All	aKempts	to	date	with	4x	yagis	have	failed	
…	much	less	8x	yagis	



Conclusion	
•  Everyone	on	23	cm	EME	
is	a	celebrity	
–  Everyone	wants	to	work	
everyone	else	

•  Humanity	is	what	it	is	and	
Smekeeping	is	what	it	is	
because	of	the	moon	
–  EME	is	a	great	way	to	get	
back	in	touch	

–  (Humanity	may	exist	
because	of	the	moon)	
•  (but	that’s	another	talk)	
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Working	the	Spring	2017	ARI	



See	you	on	the	Moon!	
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Moonset	out	the	window	
from	the	shack	 Young	moon	a]er	8/21/17	eclipse	



Backup	
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Further	Reading	
•  Master’s	Thesis	-	2015	

– Magnus	Lindgren	SM6XMA	
–  “A	1296	MHz	Earth-Moon-Earth	CommunicaSons	System	–	
Theory	and	PracSce”	
•  Department	of	Earth	and	Space	Sciences	
•  Chalmers	University	of	Technology	
•  Gothenburg,	Sweden	

–  hKp://publicaSons.lib.chalmers.se/records/fulltext/
217884/217884.pdf	

•  Excellent	and	thorough	discussion	of	the	concepts,	
pracScaliSes,	and	history	of	EME	including	in	depth	
look	at	the	theory	behind	link	analysis	and	noise,	
construcSon	projects,	and	basically	geong	it	going	
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QSLs	

•  Treasurewood	ProducSons	
•  TreasurewoodArts@gmail.com	
•  Katherine	L.	D.	Wallin	KG6HUI	
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The	Barely	Works	Technology	Four	

1.  23	cm	EME	
2.  6	m	meteor	scaKer	
3.  3	cm	contesSng	
4.  Everything	else	
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Todo	List	9/1/17	
•  Integral	100	KHz	SDR	for	improved	noise	measurements	and	operaSonal	band	scanning.	
•  Shack	PC	for	WJST,	VK3UM,	DSP-10	and	other	PC-only	so]ware.		I	have	shown	that	this	can	be	done	on	an	Apple	

computer,	but	having	to	run	Parallels	(a	PC	emulator)	to	run	important	amateur	radio	so]ware	is	always	
problemaSc	and	someSmes	impossible.	

•  Good	frequency	reference.		I	have	a	Packrat	GPS	Receiver	and	SG	Lab	TR1300	V	2.3	(that	takes	the	10	MHz	
reference	input)	siong	here	ready	to	build	up.		On	the	long	to-do	list	…	soon	as	I	finish	wriSng	this	paper.	

•  Cake	Pan	choke	for	exisSng	septum	feed.		Siong	here	–	diKo	…	to-do	list.		This	will	be	ConfiguraSon	Four.	
•  VE4MA	feed.		ConfiguraSon	Five.		DiKo	to-do.	
•  QRSS	CW.		It	seems	to	me	that	operators	would	be	able	to	read	CW	right	off	their	waterfall	displays	for	much	less	

signal	than	could	be	copied	by	ear	at	regular	CW	speeds.		Character	elements	would	go	for	seconds	so	that	the	
paKern	in	the	scrolling	spectrum	would	be	clear.		Transmissions	would	go	for	a	minute	or	two,	similar	to	digital	
modes.		Could	be	automated.		I’ve	tried	this	a	few	Smes	but	think	it	will	take	working	with	a	QSO	partner	over	the	
air,	and	probably	over	the	telephone,	to	get	it	going	under	23	cm	EME	fading	condiSons.		Anyone	interested?	

•  DSP-10	PUA43	contacts.		Some	on	the	band	have	expressed	interest.		I	need	the	frequency	reference	working	and	
the	DSP-10	hooked	back	up.	

•  Other	bands?		There	is	no	current	plan	or	equipment	for	other	bands,	but	I	did	upgrade	to	the	10	GHz	mesh	on	the	
RFHamDesign	dish,	just	in	case.		In	the	present	EME	world,	however,	the	possibility	of	“random”	QSOs	seems	to	
top	out	at	23	cm.	

•  Boost	the	23CM2W500	input	30	VDC,	possibly	gaining	1	dB	of	output	power.	
•  Try	the	exisSng	2	meter	and	70	cm	tropo	staSon	(no	elevaSon)	to	work	the	Big	Guys	on	those	bands.		Just	need	to	

hook	up	a	SignLink	to	that	rig	and	make	a	schedule.		...	to-do.	
•  Try	the	10	GHz	portable	contest	rig	(1	m.	8	waK)	on	the	big	3	cm	guys.		Need	to	add	digital	to	that	rig.		…	to-do.	
•  		
•  So,	as	always,	I	have	an	unreasonably	long	to-do	list.	
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Notable	Quote	
•  17-10-25	00:47:14	k5dog	k5dog	

–  Name	Steve	
–  Equipment	3.6	meter	Dish	with	150	waKs	on	23	cm,	450	w	on	70	cm	
–  Locator	EM00wh	

	

•  “23	cm	is	really	the	bestest	for	EME.	Plenty	of	acBvity,	good	challenge,	and	
even	CW	acBvity.”	
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