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Last month, I gave a lesson on decibels and how to calculate your effective transmit radiated 
power for a given transmitter output wattage, connector and cable loss estimates, and antenna 
gain.  (See the DHRA website if you missed it.)  The bottom line was, reduce your insertion 
losses as much as possible to maximize the power delivered to the antenna.  As an example, if 
your transmitter has 20 watts, and you lose 3 dB in your connectors and coax, you only deliver 10 
watts to the antenna (3 dB loss being ½ the power).  Up to this point, we have been considering 
“forward power”.  If your antenna has a perfect 50 ohm impedance match at your operating 
frequency, then all the power (10 w in our example) would be radiated.  It would be like having a 
perfect 50 ohm dummy load at the end of the coax, in which case all 10 watts would be 
dissipated in heat. However, in the real world, nothing is perfect – any component in the 
transmission system that deviates from 50 ohms, also called an “impedance mismatch”, will 
cause some of the power to be reflected back toward the transmitter.  So, now we will consider 
and discuss “reflected power”.

A transmitter is designed and rated to put out so many watts into a 50 ohm load.  Severe mis- 
matches from 50 ohms in the transmission system can reflect so much power back to the trans- 
mitter output stage as to cause a reduction in power (in designs with automatic protection), or 
permanent damage to un-protected designs.  The biggest culprits are damaged antennas, 
physical obstructions touching the antenna, or corroded or water-damaged connectors. 

The most common measurement of reflected power in Ham Radio is Voltage Standing Wave 
Ratio, or VSWR.  In the professional communications industry, the measurement called “Return 
Loss” is commonly used.  The equations to convert VSWR to Return Loss and vice versa are 
posted at the end of my notes, and there are plenty of on-line converter utilities available.  Ham 
Radio antennas may be specified to have a VSWR of 1.5:1 or better in their operating band.  
What’s this mean?  Picture an ac sine wave at radio frequencies traveling from the transmitter to 
the antenna.  If there is a perfect match, no power is reflected back toward the transmitter.  If you 
could probe the coax for ac voltage along its length, the voltage would be the same at all 
locations.  However, it the antenna reflects power back toward the transmitter, there will be 
locations in the coax where the forward and reflected voltages will add to produce a larger peak, 
and other locations where they produce a lower peak.  Thus, a “standing wave” can be observed 
along the coax by observing the envelope of the peaks.  The highest voltage divided by the 
lowest voltage is the VSWR.  For a perfect match, the highest and lowest voltages are the same, 
so the ratio is 1.0:1, the best case.  For the worst case, all the power is reflected back, and there 
will be locations along the coax where the forward and reflected waves cancel completely, leaving 
zero voltage.  This puts a zero in the denominator of the ratio, and dividing anything by zero 
results in infinity.  Thus, the VSWR scale goes from 1.0 at best to infinity at worst. Just briefly, 
Return Loss is a way of looking at reflections from a power and decibel, rather than voltage, 
viewpoint.  A directional power meter is used to measure the forward and reflected powers.  If 
100 % of the power is reflected (from say an open or shorted antenna), the forward and reflected 
powers will be equal, and the return loss (the difference) will be 0 dB.  This is equivalent to a 
VSWR of infinity.  If only a small amount of power is reflected, then the difference will be greater 
than zero.  A return loss of 50 dB (the reflected power is 50 dB less than the forward power) is a 
VSWR of practically 1.0.  A good rule of thumb is that 14 dB RL equals a 1.5 VSWR.  Anything 
higher than 14 dB is a better than 1.5 VSWR match. So, to insure a well-functioning station, 
periodically check the VSWR or Return loss of your transmission system and strive for the best 
match possible.  Equations with reference posted below.

VSWR – Return Loss Equations: 
            

Reference:   http://www.rfcafe.com/references/electrical/vswr.htm
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