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Wavelab 23 GHz module and PAOMHE control board [1.5-2.0 w out]

Wavelab units are salvage from ODU. XP model or XN model w/mod
Add 10 MHz ref
Add power/SMA relay/Ant
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« DBO6NT 24 GHz transverter

« Transverter model
. EME [24048] or Terrestrial [24192] models
. 2.5 watts output
. NF 3.5 dB

 Requires LO at 12024 MHz
 LO requires reference [10 MHZz]

o

24 GHz DBENT Transverter C (3 o

SA ‘ ES it
MKU 24 G3 U €4 illator U
54102 . 24104 MHz = = o pLL-2

MKU L0 843




24 GHz equipment

« Component build — ex. W5LUA

W2PED 1 watt amplifier DEMI sequencer TCK IF Board

12024 MHz LO

ANT I

LNA
UCT 108663-01 . Meanwell Q5 Digi LO
Double Oven )é\F(ER BERMbeEr o0y PS 100.2 MHz
10 MHz OCXO
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« Component build — ex. W5LUA

- —
'\ ~
..
QESA REF

12G LO UNLOCK

13.5Vdc
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« PA options
« Modified Wavelab XN model (cheaper than XP model) to utilize PA stage (2 w)

 Qorvo 5 watt amp

Key Features

¢ Frequency Range: 24.25 - 26.5 GHz

e Linear Pour: 26 dBm

e ACPR (Pour= 26 dBm, 802.11ac): -30 dBc
e Pour (Pin=20 dBm): 37 dBm
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* Dual band feedhorn for offset dishes (10 & 24 GHz)

e Homebrew

SMA
025! WR-42 ]
3/4" Copper Pipe
F— 20 —}F 104

 K2UA machined W1GHZ horn (rus.healy@gmail.com)

‘.A

> * 3 4¢

 Requires a SMAto wavegu'ide“transition
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 Prime focus

« K1FMS Wavelab implementation uses
RADIOWAVES dish — ebay seller: layahoo




24 GHz testing

- DEMI WSS

* Provides harmonic output
beyond 100 GHz

« With 10 MHz reference it is
stable as a LO (used in all
DEMI Kits)

« Supplied chart indicates how
to set frequency

INDEX FREQ FREQ SELECT JUMPERS | SUGGESTED APPLICATION
1l2]s]a]s[e]7]s]
32) 50.100 X |50.100 MHz WSS
33 70.100 X x [70.100 MHz wss
34) 144.100] X x| [144.100 MHz wss
35| 222.100) X X | X [222.100 MHz WSS
36 432.100) X X 432.100 MHz WSS
37 435.100) X X X |435.100 MHz WSS
38 302.100) X x [ x] " |s02.100 MHz wss
39) 303.100) X x [ x] xJs03.100 MHz wss
40) 315.100) X X 915.100 MHz WSS
41| 1275.100) X X x [1275.100 MHz wss
42| 1296.100) X x | [x] Ji296.100 mkz wss
43| X X x | x |2304.100 MHz WsS
4| 3400.100 X x | x |mn‘1nn MHz WSS
45| 5760.100) X X [ X X |5760.100 MHz Wss
46 3456.033 X x | x| x] |10368.100 MHz 1 3 Wss
47|  3456.014 X x [ xx] x]za132.100 MHz 1 7 wss
18] 28.100 X | x 28.100 MHz WSS
49 1420.000) x [x x [1a20.000 MKz wss
50| 2401.000) x [ x x| Jza01.000 mbz wss
51| 4838.420) x [x x | x J24192.100 MHz 15 wss
52| a139.2nr| x | x X I:'ma.mn MHz / 15 WSS
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DEMI WSS
set for 47
GHz with
waveguide
transition

Arduino
based
DEMI WSS
with
selectable
frequencies
using jog
button
(NTMS
website)
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- DEMI WSS
+ Use SMA 3dB attenuator on 24 GHz [1 mile DX using Wavelab and 18" dish]
« Log periodic, Vivaldi or horn good choices
« Travel kit with two WSS, two OCXO, Battery & PDU + Weatherbox
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« Use an audio meter for peaking antenna feed horn — design by
K6ML Mike Lavelle

7 I~ 12k bC out
W ino14 AN
47
680 SET @ SET -28
2.7k ~185 ohms
€18 turn potd
SET F5 GAIN %) E
€18 turn pot)
uith front panel knob GAIN
— +4,59 7
PUR
oFF 15k 188
- 1 used a B-35 mV FS meter,
oon |z2u 422 [l Cound in my junkbox)
= = st o 8-188uR or B-1 nA should also uork
15k - adjust SET @ and SET-2@ pots to suit meters
N 1. set FS GAIN to max gain
2. aoply 1.5 V peak to peak audio at input
_[180n then adjust SET @ for full scale
T 3. next apply exactly B.15 V pk-pk audio input
4.5 then adjust SET -28 for full scale

WARNING: the 9V battery must be floatingi neither side may be connected to chassis (or external system)> ground

NOTE: The lower op amp generates dual rail ¢ +/- 4.5V ) supplies for both op amps
centered arcund the chassis ground so that the AC couple input can

swing above & below ground and be rectified by the upper op amp & diode

This design is for easy portable operation in the field, do not use an external power supply.
Remeber to turn off when not in use, to preserve battery life.

BE SURE THAT YOUR RX HAS AGC TURNED OFF !!!

For antenna measurements, start with GAIN switch = -8dB
Check linearity using 1@ or 20 dB pad, meter should agree

Peak the anterna main lobe on the test source
Adjust SET FS GAIN pot so meter reads @ dB (or other ref level of your choice)

Move antenna in Az or El to find -3 dB point (still using GAIN = -@ dB)> Audio Voltmeter
Move antenna again to find nulls, sidelobes or noise floor
(use GAIN = -28 dB for weak signals) useful for antenna range measurements

Rev 1.2
K&ML |WI Page 1 of 1
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 DBO6NT 47 GHz transverter

®
 Requires LO at 11736 MHz ::
« 30 mw output iy e °‘
° P ®
- NF6.0dB i S
® o ®
L

« PA options
* No commercial units at present

out

:7 GHz Transverter
47 G2

KU
4 47090 MHZ

47088 .-
% cusnEstectranic {5
—

L0 adjust

P KUHNEB'e‘fm'r-n‘c ot
- - -",.-Avtﬂl‘"

MADE IN GERMANY

Osciltator unit ) e N

MKy L0 8137
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« Two conical horns
e WIGHZ

o,
s
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* Prime focus
« 3D printed splash feed

EEEEEEEEEEE _‘{
[ il Dish Not.pdf (packratvhf.com)



https://www.packratvhf.com/attachments/article/15/Dish_Not.pdf
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* Prime focus
« Slide option for prime focus dishes — KM5PO

. Uses Arduino/linear actuator & limit switches
. Slides from RX position to TX position on PTT (4 seconds)

. Ports on transverter line up with WR19 waveguide inserted into Prime Focus splash feed
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* Prime focus
Slide option for prime focus dishes — KM5PO
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* Prime focus
« Slide option for prime focus dishes — W1GHZ

. Uses two conical horns that beam through hole in dish & reflect off splash feed

. Manually move from RX to TX with transverter mounted on rails system
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 Offset dish

« Homebrew feed horn and waveguide relay

' QuE 9k
A B g T
155 Tea LeSnvy . -
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o (Offset dish

 Homebrew feed horn and waveguide relay covered with Kapton tape




North

Texas

47 GHz Testing Ly

Microwave

Society

« DEMI WSS

D00 | c

DDDE@ | =
= e s — o]

« External harmonic mixer
* Find a friend and work together
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* Lose vs Dew Point higher than 10 GHz or “Low Dew Point is your

friend”
24GHz Loss vs Dew Point 47GHz Loss vs Dew Point
65
80 = it -
T 55 —
60 T _ 45
£ 1T < 35
= 40 7 t /
A £ 25 7
© 1 o
S 20 A T 15
z / 2
[=] 0 / Q
4 (=]
/ 0 \
-20 -15
0 25 ' ‘ ‘
0 04 0.2 0.3 04 05 06 07 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Loss per Km Loss (dB/km)




Light scatter
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Scattering in Communications

Scattering mediurn\‘

/ Scattm

WAIMBA MUD 2019

https://ntms.org/files/MUD2019/Authors_Speakers/WA1IMBA_ Tom_Williams/
WA1IMBA%20MUD%202019%20Scattering%20Presentation.pdf




« Rain scatter
e rainscatter.com by KOSM

24 & 47 GHz propagation
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Echo Top
(60,000 ft)
Point of max
reflectivity
(35.000 1)

[ esrze = @
| it s . @D oot
| Scomer 63.7" (undefned')
| Distance m -
Slem EMSSSA 2141300 e 3 Footprint of max e
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r Beta Test
o VA3ELE o « Click for inf
VA3TO Bright color indicates storm
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fn02ax

rainscatter.com/help/help.html
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N2WK
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https://rainscatter.com/help/help.html

 Terrestrial scatter

24 & 47 GHz propagation
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“Radio horizon” versus common volume scattering.

200 km on 24 GHz achieved
e 99 km on 47 GHz achieved

T1 Transmitting
antenna

\ / ’”‘"7

=d,+d,=2h, + v2h,
d in miles, h, md h, m feet

Ht=100’, SQRT 200 = 14.14 miles
Or 22.75 km

Receiving

/ antenna

SCATTERING VOLUME

Figure 1. Though the antennas at A and B cannot “see” each other directly, they cun both

“see” ® common region labeled the “scattering volume.”
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WS5LUA

(3] EEET T L beemeeeeee b LT beeeeeea T [ T b s beemeeeee
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’ -
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EMLPO/E
A= ]
alk- sakss L ssssha
o i) &0 B W
Iim
WSLUA ‘h\”‘\ 49 ;r :J:ﬂu’: CENTRAL STATES \;‘7
Confirming QSO with '/‘ mspPo e RER
Microwave v
Y Day Month Year uTC [ Socety v
v 01 0224 | )3)3
— 10 Band DXCC
MHz ;35; 2Way § QStc § WAS 50,144,220,432,1296 MHz
WAC 50,144,432,1296,2304,
47088, | Cw e, 2 3400,5760,10368 MHz
EME 50MHz through 78GHz
FLEX- 6602 - DBONT XTR | \(cc 50MHz through 24GHz
JAREMNS LNA4 2,548 MF Ex WB5LUA & WASQZE
'
FLYSWATTER @ s0 Grid EM13qc8il

TAX @soY sl For

A BES7 99/<m Qso
ow 472! 73

33°7'7.3"N. Lat
96° 36' 49.3" W. Long
Collin County
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« Water tower bounce — tune to beacon, scan horizon for peaks
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Building bounce

KM5PO <> K9PW CSVHFS July 2023 North Little Rock. KM5PO<>W5LUAF.D. June 2024
10/24/47 GHz Qs via building bounce 10/24 GHz Qs via building bounce
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K4QF Ben

« Tower bounce — CSVHFS July 26, 2024

KMS5PO 47 GHz to
tower
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24 & 47 GHz propagation

Tower bounce — August 3, 2024

No direct route existed but tower bounce was strong off Cedar Hill tower farm

oo
l:*‘“
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24 & 47 GHz propagation

« Tower bounce

e Cedar Hill tower farm consists of 12 towers tallest is 1732 feet

d=d +d =+2h + +2h

d in miles, h, and h, in feet

« Radio horizon = SQRT 3464 = 59 miles

Richland Towers Tower 1732’
American Towers Tower 1660’
Richland Towers Tower #2 1633’
KTVT Tower 1588’
GBC LP DBA Tower 1581’
WEFAA Tower 1580’
KPLX Tower 1558’
American Towers Tower #2 1551'
KXAS TV Tower 1535
KXTX TV Tower 1535’
QOK Tower Hitchcock 1375’

Hill Tower Cedar Hill 1240'
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https://en.wikipedia.org/w/index.php?title=Richland_Towers_Tower_Cedar_Hill&action=edit&redlink=1
https://en.wikipedia.org/wiki/KTVT_Tower
https://en.wikipedia.org/wiki/WFAA_Tower
https://en.wikipedia.org/wiki/KPLX_Tower
https://en.wikipedia.org/w/index.php?title=American_Towers_Tower_Cedar_Hill&action=edit&redlink=1
https://en.wikipedia.org/wiki/KXAS_TV_Tower
https://en.wikipedia.org/wiki/KXTX_TV_Tower
https://en.wikipedia.org/wiki/KQQK_Tower_Hitchcock
https://en.wikipedia.org/w/index.php?title=Hill_Tower_Cedar_Hill&action=edit&redlink=1
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« Tower bounce
« Cedar Hill tower farm consists of many towers — all it takes is one!
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« Tower bounce

« Cedar Hill towers are clumped within 1000 meter area

nelRdRY Gedartilllire
; Stationy2
; V

: | KLTY-EM/Arlingtor
-EM/Arlington/afe f ’
{ & . ' DallaS EAWERha e /
Doty:Moo * /A " 1 (' /

\ g
‘Tawer Service A * ! KSCS;EMIFort Worth/ (@

< DaI‘Ias:-Ft. Womhv /

-

KJKK-FM
Dallas-Et"\s

KMGC-FM Lallas/{i@
Dallas:Ft. Worthiei
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* Dish 3 dB beamwidth:
« 6=70*(A/D)
e 24GHzdish=76cmsoB8=70*(1.2cm/76cm)soB8=1.1°
* 47 GHzdish=45cmso06=70*(6 cm/45cm)soB8=.9°
« SohCahToa — solve for Opp — call it HWD half beam width distance

* At 30 km the 3 dB beamwidth is:
tan(0.55 °) = HWD/30 km
rearrange: HWD = tan(0.55 °) x 30 km
HWD = .0096 x 30 km = .288 km
288 m

T

half BW=.55"

4— 30 km DX

576 m
More to scale:
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 Aircraft scatter
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https://w3sz.com/AircraftScatter.htm
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e Other

In searching for your peak:

Off direct path peaks — beware of unusual paths that may appear
Random A/C scatter can appear suddenly and often does not last long

A water tower or building may be producing a reflection
Work the contact (do not “romance the signal”)!
Write down odd observations for further study.

If you brought binoculars look in the distance for a tower or building.
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« 10/24 dual band feeds
« Peak on 10, switch to 24
« Peaking by finding the first null on both sides then split the angle

« Separate 10 & 24 dishes — parallel edges!

o 24/47 feeds on same offset dish
« Bestif 24 GHz signal is weak!

« Use a closely mounted (24 GHz) Vivaldi in horizontal polarization next to 47 GHz
feed. Integrate Wavelab XN low cost module for 24 GHz receive only.

 Heat issues
« DBG6NT LO & other equipment can overheat (get specs vs ambient temps)

» Peltier cooling
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Homework

« Location, location, location

« High ground, falling away terrain in the path of the signal
 Little to no foliage in first 1000 meters

« Verify access to the location

Is it located on a right-of-way?

Is there automobile traffic?
Light versus heavy (be aware of 24 GHz QRM)

Do not use school property
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Pointing accurately - K7/TFRY

K7FRY.com accepts a single or double set of grids (up to 10 characters)
« This is your primary trusted data. From this you will extract landmark(s).

« Bearing is displayed by this tool as 264.87 degrees, say 265 TRUE
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« Set a very accurate line in Google from your location to target
« Correlate street view to K7FRY to locate suitable landmark

Google’s
street view
after setting |
route line

from your

location to
the target

trees not far out tree in distance

b4 Y N <
e f AL 3 e
\e ©720243G 000 el W] I NN o
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» Use Google maps to tilt view to verify landmark(s)

gCampbell EM23ad19ig

——
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* Find landmark when you go to location

This resulted in a
successful 47 GHz &

gso at 60 km.

~~~~~~

Signals were 569
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* Note that there is good “takeoff” on both ends

« Terrain is falling away fast on the rover side making the landmark appear
more distant or slightly below the near horizon

HeyWhatsThat Path Profiler

-

Targe . Rover

|

B show scale || O straight line fixed exaggeration (eg.2)[ |
show lines @ true line of sight =
O frequency (MHz, e.g. 5800
= flat Earth 9 ) y range (e.g. -20,100)
® curved Earth
(D) 5 fracti .14
plate carée || refraction (e ) Rusal
@ great circle | 33 ‘
@ English O Metric Decimal places (0-6) |0 ®DpD.0DDDDD® O DD° MM.MMMM O DD® MM §S.5S"
g P

Keyboard shortcuts | Map data ©2024 Imagery ©2024 Airbus, Maxar Technologies | SOm L1 | Terms | Report a map eg]
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e True versus Magnetic bearing

» True North is directly over the earth's axis.

 Magnetic North is somewhere over
Canada, moving towards Russia.

* A Magnetic bearing is in relation to
Magnetic North.

 ATrue bearing is in relation to True North.

BWSIWIE North Boliva
> &

Line

Path | Polygon | Cirde | 3Dpath | 3D polygon
Measure the distance between two points on the ground

« Be aware of software/mapping bearing
values
. Google values are TRUE degrees
. K7FRY values are TRUE degrees

«  Theodite app provides both MAGNETIC and TRUE S
and the red dot!

Map Length: 5.32  Mies
Ground Length:

. {
WASTKU QT.H



V Accuracy counts &

Both stations need to be pointed accurately
the impact of being off 2 degrees
At 30 km the miss Is > 3000 meters

“

e R
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Theodite iphone app — game changer

Theodolite

Catalog #: 1952-67

Object Name: Theodolite

Date Made: ca. 1770

Artist-Maker: Ramsden, Jesse; Made by
Place Made: England; London

Materials: brass; copper; wood; mahogany; brass
Dimensions: H: 13.1/2" x: W:8"x.D: 7"
Place Used: Monticello; Poplar Forest
Class: Surveying & Navigational T&E
Credit Line: Gift of Lucy Cocke Elliott, 1952

Description v

Narrative ~

In 1778, Jefferson purchased a sophisticated surveying instrument called a theodolite, which
measured both horizontal and vertical angles with telescopes to insure accurate
measurements. In addition to land surveying, Jefferson used his theodolite to fix the true
meridian of Monticello, perhaps in his observation of a 1778 solar eclipse, and in a complex
trigonometric equation, used measurements by the theodolite to determine the elevation of

the Peaks of Otter, a landmark in the Blue Ridge Mountains.

Ramsden, Jesse  Surveying & Navigational T&E  Monticello Poplar Forest Theodolite

|https://colIections.monticelIo.org/mDetaiLaspx?rlD=1952-67&db=objects8£]
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Theodite iphone app — game changer

Combines augmented reality for measurement, bearings (True and
Magnetic) plus GPS/Grid, maps, 2 axis inclinometer.

The “RED DOT” is your friend (and target for aiming).
View through camera can be zoomed to 4 x.

EM23ce02 1 593ft
=

02/18/24 | AND 15:36:49

LRIl

(458 a’u'\}'v' N @ 265°)

264° S84W 4693mils MAG wﬂf NEW...
| v I - - )
| 240 | |Avy =134 Lo
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Review

 K7FRY obtain landmark should match
« Google street view landmark which should match
« Elevated google route view of landmark.

« Theodite (if you use it) “target” red dot should line up with expected
(K7FRY & Google) route to target

I
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* Alocation was found on Google with “high” altitude. We decided it
was worth the effort to do the homework.
 Initial info showed an elevation of 846 feet with terrain falling away
for the first 9 miles. The target also had a good takeoff to the rover.
Rover ) Target
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« K7FRY.com accepts a single or double set of grids (up to 10 characters)
« This is your primary trusted data. From this you will extract landmark(s).
« Bearing is displayed by this tool as 170.71 degrees, say 171 TRUE

pyAaqoeN Py uoisaid

Latitude: 33.118576 Longitude: -96.613889
Elevation: 189 m / 620 ft

Locator: EM130C&BIL (map, sat, terrain, hybrid)

Distance from EM13PM7SAW - 45.78 km (28.45 mi)

Bearing ~ 170.89" (reverse bearing ~ 350.8%"°)
Midpoint - lat: 33.321707 lon: -96.652514

Mackey:Rd
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« Use Google maps to tilt view to verify landmark(s)
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Crossroads hard to see in image but note the 171 degrees TRUE
and 168 degrees Magnetic. This is dead nuts on!
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Wavelab 24 GHz groups.io - https://groups.io/g/Wavelab24GHz

The Audio Meter and schematic shown is a design from K6ML, Mike Lavelle, of 122 GHz DX record
fame.

The portable WSS driven by arduino is found
here: https://www.ntms.org/files/Feb2023/NTMS%20WSS%20Presentation 20221210.pdf

Brian Justin WA1ZMS Path loss vs Dew Point charts: http://walmba.org/mmwloss.pdf

Tom Williams WA1MBA Scatter
paper: http://www.walmba.org/papers/WA1MBA%20Scattering%20Super%202019%20Paper.pdf

Ben K4QF presentation on tower
scatter: https://www.ntms.org/files/August2024/MUD%20TV%20Transmit%20Tower%20Reflections
%20I1.pdf

ERRATUM: | got Fred Stefanik's call wrong on the slide showing his 12" dish. It should be K1FMS. Fred
comments that the unit shown on the slide is now in the hands of Dave and Linda Sumner,
K1ZZ/KA1ZD who made a number of 24 GHz contacts with the setup on first leg of the contest.

WWW.NTMS.ORG



https://groups.io/g/Wavelab24GHz
https://www.ntms.org/files/Feb2023/NTMS%20WSS%20Presentation_20221210.pdf
http://wa1mba.org/mmwloss.pdf
http://www.wa1mba.org/papers/WA1MBA%20Scattering%20Super%202019%20Paper.pdf
https://www.ntms.org/files/August2024/MUD%20TV%20Transmit%20Tower%20Reflections%20II.pdf
https://www.ntms.org/files/August2024/MUD%20TV%20Transmit%20Tower%20Reflections%20II.pdf
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