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VHF/UHF weak signal equipment and operations
1. Extend VHF/UHF Point-to-Point Range Using Higher Antenna Gain

This applies to any antenna and any mode
RX Sensitivity Improvement is 10((-Gain in dBi)/20) x Original Sensitivity

( Note: I use a negative sign in front of the antenna gain in the formula to get the proper multiplier.)

Example: If Sensitivity is 0.25uV using a 0dBi gain antenna, use of a 2.15dBi antenna 
(a dipole) provides the same Signal to Noise Ratio (SNR) with a lower incoming 
signal

New Sensitivity = 10 ( -2.15 / 20 ) x 0.25uV =  0.78 x 0.25 = 0.195uV
Some Calculated values for other antenna gains:

3dBi = 0.707 x 0.25  =  0.177 uV
6dBi = 0.501 x 0.25  =  0.125 uV
9dBi = 0.355 x 0.25  =  0.089 uV

12dBi = 0.251 x 0.25  =  0.062 uV
BUT….

OMNI-DIRECTIONAL ANTENNA GAIN DOES NOT ALWAYS IMPROVE RECEIVER
PERFORMANCE IN THE PRESENCE OF NOISE, INTERFERENCE OR MULTI-PATH.

Jim , WB6JNN, jeagleson945@gmail.com and  youtube/jimeagle1 (see Radio Electronics Stuff)



VHF/UHF weak signal equipment and operations
An Omni doesn’t eliminate noise, unwanted signals, or multipath 
reflections.

1.  Noise Sources surrounding your location will be picked up with the same 
gain as the desired signal.  Thus no improvement in Signal-to-External Noise.

2.   Interference Sources surrounding your location will be picked up with the 
same gain as the desired signal.  Signal-to-Interference will not improve.

3.   Reflected Signals surrounding your location will be picked up with the same 
gain as the desired signal.  Signal-to-Multipath will not improve.
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VHF/UHF weak signal equipment and operations
A Preamp often doesn’t help with external noise, unwanted signals, or multipath 
reflections.  It will amplify the noise, unwanted signals, or multipath signals along with 
the desired signal.

A preamp is most effective when long coax cable length causes significant signal loss.  

A mast mounted preamp will help in quiet locations or when a narrow beam antenna is 
aimed above the earth at the moon or satellites. 

A Power Amplifier used on the other end of the circuit will be effective since it raises the 
desired signal level at the your receiver compared to noise or interference at your 
location.  It won’t help with multipath problems, however.
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VHF/UHF weak signal equipment and operations
A Directional Antenna, like a high gain Yagi, often does eliminate unwanted 
interference signals, external noise, or multipath reflections during reception.  

1.    Noise Sources surrounding your location will be reduced in strength in most
directions.

2.    Interference Sources surrounding your location will reduced in most directions.

3. Reflected Signals, or multipath, will be reduced depending on their direction by 
about 3-10dB for Signal 1 and almost entirely for Signal 2 as shown below...
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VHF/UHF weak signal equipment and operations
High Gain Omni Vertical may offer protection from noise and Interference sources under
the antenna in the null or where vertical pattern has been flattened towards the horizon.  
It may offer some protection against neighboring house interference sources such as LED 
lights, Computers, etc.) but only if the Gain is high enough to narrow the vertical pattern 
sufficiently to reduce those sources (see the 5 and 15dBi patterns below, for examples).

Note that the 7dBi antenna (Black Lines) has less gain over the length of the house on which it is 
mounted compared to the 3dBi antenna.  The 15dBi antenna has less gain over both the center house 
and the houses on either side but will be physically quite large at 2m or even 70cm (432MHz).
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VHF/UHF weak signal equipment and operations

A High Gain Directional Antenna should offer 10-20dB protection from Noise and 

Interference Sources under the antenna in all directions except in its main reception lobe 

as shown below.  The amount of protection will depend on the minor lobes present in the 

particular beam pattern.  Satellite and Moonbounce antennas will also pick up less 

surrounding Noise and Interference when aimed significantly above the horizon.  

Note:  When using any antenna that has Gain higher than your present antenna you may 

also see an increase of Noise and Interference levels in the antenna’s favored direction. 

However the level of the Desired Signal will also be raised by the same amount.
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VHF/UHF weak signal equipment and operations

RX Range Improvement Due to Antenna Gain:

In Free Space with no interference or noise sources the additional range will be:

RX Range Multiplication =  10(Gain in dB/20)

Example:  6dB Antenna Gain provides:

Multiplier = 10(6dB/20) = 1.99 times

Thus 50 miles becomes 50 x 1.99 = 99 miles reception range, again assuming

there are no noise or interference sources within the pattern of the antenna. 

But…

Multipath reflection may also reduce the signal levels or distort signals or
more likely it will be that objects or terrain may block the signal or create   
multipath reflections.
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VHF/UHF weak signal equipment and operations

Earth Curvature Negatively Impacts RX Range Improvement:

Free Space only applies to unobstructed Line-of-Site such as Earth to a Satellite.

Plane Earth losses follow a different formula:

RX Range Multiplication =  10(Gain in dB/40)

Example:  6dB Antenna Gain over a curved earth actually provides:

Multiplier = 10(6dB/40) = 1.41 times

Thus 50 miles becomes 50 x 1.41 = 70 miles reception range, again assuming

there are no noise or interference sources or blockage within the pattern of the antenna.

And 

Multipath reflections may also reduce the signal levels or make signals distorted or even 

un-copiable plus the further away a signal can be received, the more likely it will be that   

objects or terrain may block the signal in addition to having more potential to produce  

multipath reflections.
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VHF/UHF weak signal equipment and operations
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MODULATION Type vs Input Carrier-to-Noise Ratio to Output Signal-to-Noise Ratio:

SSB *FM

* Due to its narrower bandwidth, SSB will 

have 13dB better CNR at 2.5 kHz BW 

when compared to FM at 20 kHz BW.

Noise Power  = 10*Log(BW1/BW2)



VHF/UHF weak signal equipment and operations
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Demonstration of the weak signal advantage of SSB over FM for Simplex 
operations…



VHF/UHF weak signal equipment and operations
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Basic Receiver Noise Levels
NRX = -174 dBm + 10*LOG (BW)

RX Noise Level vs Rx Bandwidth:

RX Noise in 1 Hertz Bandwidth     =   -174.0 dBm
RX Noise (10dB CNR Sensitivity)

NRX in    500 Hz BW (CW Narrow)         =     -147.0 dBm (-137.0 dBm or 0.032 uV)
NRX in  2200 Hz BW (SSB Narrow)      =    -140.5 dBm (-130.5 dBm or 0.066 uV)
NRX in  2700 Hz BW (SSB Wide)           =    -139.7 dBm (-129.7 dBm or 0.073 uV)
NRX in  6000 Hz Bandwidth (Digital Narrow)  =    -136.2 dBm (-126.2 dBm or 0.112 uV)
NRX in 12000 Hz Bandwidth(Digital Normal)  =    -133.2 dBm (-123.2 dBm or 0.154 uV)
NRX in 20000 Hz Bandwidth(Typical FM)         =    -130.9 dBm (-120.9 dBm or 0.224 uV)

Thus SSB Wide vs Typical FM = -130.9 – (-139.7)  = 8.8dB in favor of SSB.
And 500 Hz CW vs SSB Wide  =  -139.7 – (-147.0) = 7.3 dB in favor of CW.

(CW vs FM = 16.8 dB) 

But…
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Expected Noise Levels in Urban, Suburban, Rural and Airport…

http://users.okan.edu.tr/didem.kivanc/courses/EEE307.html
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VHF / UHF Noise Levels
WORLD METEOROLOGICAL ORGANIZATION DATA

CBS/SG-RFC 2005/Doc. 5(1) 
https://www.wmo.int/pages/prog/www/TEM/SG-RFC06/Ambient-RF-noise.pdf

Horizontal Polarization
Urban Noise*
SSB FM

-108.4 /  -99.0 dBm
0.9uV     2.5uV

-131.1 / -120.7 dBm
0.06uV    0.21uV

-133.1 / -123.9 dBm
0.05uV   0.14uV

-133.3 / -124.1 dBm
0.05uV  0.14uV

*SSB at 2.4 kHz BW
FM at 2.0 kHz BWNoise vs BW = 10*LOG(BW1/BW2)
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VHF/UHF weak signal equipment and operations
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2 Meter SSB stations located in Santa Cruz (Tom), Fremont (Jim), and Clovis (Ken, near Fresno)…

Signals as received at WB6JNN with a 9 element beam antenna.
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CT8/W6PQL in the Azores worked ON4KHG in Belgium via Tropo on FT8 in 2019
2875 km  (1786miles)

And, of course, both stations have done this many times using Moonbounce)



VHF/UHF weak signal equipment and operations
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Jim’s CT8/W6PQL Moonbounce and Tropo Circularly Polarized Array in the Azores

Jim is also active on HF using the vertical barely visible down on the rocks just right of 
the house in this picture.  I have worked him using 250W into a dipole.
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VHF/UHF Propagation Modes in Northern CA

1. Reflections off Mountains:  Mt. Umunuhm, Loma Prieta, Western Hills, Mt. Diablo

2. “Knife Edge” Signal Bending (Refraction)

3. Tropospheric Ducting (Temperature Inversion)

4. Airplane Reflections (Rapid Flutter)

5. Really tall towers such as Mt. Umunuhm, Loma Prieta, Canada College, Mt. Hamilton, 
Mt. Diablo, Fremont Peak (Salinas), Chews Ridge (SE of Carmel), Mt St Helena (North 
Bay)

6. Moonbounce (FT8 has open this up to 100-200W with a 9 to 12 element beam.  Larger 
stations are able to work the “QRP” guys using moderate power and antennas.)
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LEO (Low Earth Orbit) Satellites provide regional to full North and Central 

American coverage for up to 12- 15 minutes several times each day.

TI2VLM QSO with KI7USA through AO-91 using its FM transponder
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