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Aircraft Scatter

• Reflection of radio signals by airplanes

• First documented June 1930 at 33 MHz by 

L.A. Hyland of Naval Research Laboratory

• First mention in Amateur Radio Literature was 

by Henry Root W1QNG in Technical 

Correspondence section of QST in August, 

1967



Aircraft Scatter

• Emil Polock, W3EP, 

devoted 2 pages to 

AS in the ARRL 

UHF/Microwave 

Experimenter’s 

Manual, published in 

1990



Aircraft Scatter



GM4CXM heard by aircraft scatter at PA0EHG on 1296 MHz







Signal Strength Calculations: 

AS vs TS

Distance 144 MHz 1296 MHz 10 GHz

300 km AS  -30 dB            AS -21 dB AS -12 dB

600 km AS  -13 dB            AS   -3 dB                AS  +6 dB

800 km    AS     -2 dB            AS  +8 dB               AS +17 dB

950 km AS    +7 dB           AS  +17 dB              AS +26 dB

These numbers do not include the effects of 
Forward Scatter Enhancement.



Physics



More Physics

Bistatic Radar Equation for Path Loss:

L = 10 log((lambda**2)*S/(((Rt**2)*(Rr)**2))) – 153

L = total loss (dB)

Rt = distance from transmitter to reflector (km)

Rr = distance from receiver to reflector (km)

Lambda = wavelength (m)

S = radar cross section of aircraft (sq m)



A

• F-117 fighter 0.1

• B-2 bomber 0.01







Magic

• S factors were derived, measured 
with monostatic radar

• S factor for a 747-sized plane at 
144 MHz is 100

• For the special case of forward 
scatter where the scattering angle 
is 180 degrees the effective S is 
much larger: Sef  = 30,000

– Adds 25 dB signal (25 dB less 
loss)

• At 432 MHz, Sef = 240,000

– Adds 34 dB signal (34 dB less 
loss)

• At 1296 MHz may add up to 40-
50 dB



Physics Magic

When the forward scattering angle is 180 degrees:
We get constructive interference of the scattered radiation, called
“Diffractive Scattering” which gives us  
Forward scatter enhancement = 4*Pi* A/(lambda**2)

• For 1296 could expect 43 

dB enhancement

– So 1.7 dB signal margin 

becomes ~45 dB margin 







Something for Nothing?

• Beamwidth = 

(lambda * 45) /

(radius * Pi)

0.0430.0850.1430.1860.3291.0022.86483 dB beamwidth deg10 meters

0.0850.1710.2860.3720.6582.0055.72963 dB beamwidth deg5 meters

0.4290.8591.4321.8623.29410.0228.6473 dB beamwidth deg1 meter

Radius

10G5G3G23041296432144Frequency MHz



Maximum size of scattering object
to provide 3 dB beamwidth

of at least 3 degrees

0.1430.2860.4770.6201.103.349.54Radius (m)

10G5G3G23041296432144Freq (MHz)
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Elevation in degrees vs Distance for Aircraft Altitude 10,000 meters









Interesting Stuff from Down Under

• 1985 Doug McArthur, VK3UM, noted periods 

of ~ 24 dB enhancement due to aircraft scatter 

on 144 MHz

• Active discussion of aircraft scatter theory and 

activity in Australian / New Zealand amateur 

radio publications since that time

• VK7MO, VK3HZ  have done excellent long 

range aircraft scatter work on 10 GHz and 24 

GHz



10 GHz –VK7MO, 

VK3HZ
• 8-10 watts, 60 cm dishes

• JT65C for skew angles < 15 degrees

• ISCAT-A for greater skew angles
• ISCAT-A less affected by Doppler

• ISCAT-A better suited to short signal bursts

• ISCAT modes 5-6 dB less sensitive than 
JT65C

• There is now a 30 second JT65C mode

• Longest contact 842 km





24 GHz-VK7MO, VK3HZ

• 1.5 – 3 watts

• 38 - 47 cm dishes

• JT65C only 

• ISCAT-A not sufficiently sensitive

• Longest contact 427 km













What’s Needed?

1. A willing partner

2. Good station with accurate antenna pointing

3. SDR with waterfall

4. GPS locking for higher bands

5. Knowledge of when aircraft will be in suitable 

position (requires historical data)

6. Real-time knowledge of where aircraft are at 

any given moment while attempting a contact



Getting real-time data

• Directly off the air

• Via internet servers

• Both make use of mode S and/or ADS-B 
transponder data

• Both provide accurate real-time data

• Getting data directly off the air is fun, but 
for our purposes internet data is necessary



Realtime data at W3SZ

• $19.95 RTL2378 Dongle 
from Amazon

• WIMO-GP1090 antenna

• Kuhne 1090 MHz 
preamplifier

• Free RTL1090 
decoder/server software

• AircraftScatter Sharp or 
PlanePlotter

• I generally see 20-60 planes 
at a time
• Limited southern exposure 

due to State Forest















Internet Servers

• Use with a display/analysis program

• Initial approach was with PlanePlotter and add-

on software that I wrote

• Subsequently wrote C# program that obtains 

data directly from internet servers, has map and 

analysis functions integrated into one package

• This program also provides database 

capabilities which are very important for 

planning aircraft scatter sessions



AircraftScatter Sharp

• Displays real-time plane position 
information

• Displays direct path line between two 
stations, along with skew lines and a 
midpoint circle (both user adjustable)

• Visually highlights aircraft which are near 
the position of optimal forward scatter 
enhancement, with optional audible alarms 
as well



AircraftScatter Sharp

• Does real-time calculation of path loss, received 
signal strength at both locations based on plane 
position and station characteristics

• Allows storage of ALL received plane data in an 
integrated SqLite database, with automated 
query functions to permit tailored data analysis, 
useful for session planning and scheduling

• Map display and RF calculations can be done 
using the data of planes stored in SqLite 
database, just as with real-time plane data











































Conclusions

• Aircraft Scatter works!
• > 800 km on 10 GHz, > 400 km on 24 GHz

• Substantial enhancement can be achieved by 
using aircraft located near the midpoint of the 
direct path 

• Best results can be obtained by using software 
to predict when the most profitable times for 
operation will occur and to guide real-time 
aiming of antennas while operating

• www.nitehawk.com/w3sz/AircraftScatter.htm


