
 Making Friends with the Decibel, Oct. 9, 2014                                                 by Steve Decho, KE6FX    

    Tonight is “back to school” night, so grab a pencil and notepad so you’ll be ready for the homework assignment! 
I’m calling tonight’s lesson “Making Friends with the Decibel”.  Don’t worry, it’s easy stuff, but stuff you need to 
know.
     First, why should you care about decibels?  You all are familiar with the use of Watts for absolute power:  A 
Watt is one joule per second, a joule being the amount of energy needed to pass one amp of current through one 
ohm of resistance for one second. You know that your100 watt light bulb is brighter than a 60 W bulb. You may 
own a 1-W handy-talkie, or maybe you have a mobile rig with a 5 W low power position and a 20 W high power 
position.  But, the transmitter is just the first element of a transmission system.  You have to connect your 
transmitter to an antenna using coax cables with connectors and adapters.  Maybe you use an external amplifier to 
boost your transmit power.  Your antenna may specify that it exhibits “gain” over an isotropic radiator or ¼ wave 
whip. 
   All the components after your transmitter specify their losses or gains in decibels (dB), not in Watts.  For 
example, one coax adapter may have ½ dB loss at 400 MHz.  RG-8U coax has 2.9 dB loss per 100 ft, while the 
smaller RG-58U coax has 12.4 dB loss per 100 ft.  Antennas may have a “gain” of 2 dB to over 12 dB on a specific 
band.  So, to determine the overall effectiveness of your transmission system, you have to deal with the decibel, like
it or not!
     The decibel (dB) is a logarithmic unit used to express the ratio between two values of a physical quantity, often 
power or intensity. The decibel was created by Bell Labs and named in honor of Alexander Graham Bell. Decibel 
means 1/10th, of a bel.  The formal expression of power decibel is:

This expression is posted in the training item notes on the Licensing & Training page (scroll down) at 
draperhamradio.wordpress.com, so you don’t have to memorize it now.  Since dB’s are logarithmic units, ratios are 
related to powers of ten.  For example, a 10 dB increase is a times ten multiplier, while a 10 dB decrease is a 1/10 
multiplier.  A 20 dB increase is a 100 multiplier (102 ) while a 20 dB decrease is a 1/100 multiplier (10-2).  A 3 dB 
increase is approximately a 2x multiplier, while a 3 dB decrease is a ½ multiplier.  I have included a chart on the 
website of common dB values for your use.  Look at the power ratio column for our discussion.  (I have a column 
for amplitude ratio for completeness, since dB is sometimes used to express voltage ratios.)

To analyze your transmission system, calculate or look up the losses and gains in dB of all the components after the
transmitter.  Simply add the gains and subtract the losses arithmetically.  For example, if you have 7 dB of antenna 
gain, 1 dB of connector/adapter losses, and 2 dB of coax loss, your net system gain or loss is:
               7 dB – 1 dB – 2 dB  = 4 dB     
Since the result is positive, you have a net gain   (and gain is good).   Too much crummy coax, or a lot of 
connectors and adapters, may result in a net loss, which is what you don’t want.

Now that we know the system gain is +4 dB, we can now see the effect on the transmitter output power.  Our 
transmit power is specified in Watts, but our gain is in dB.  They don’t combine directly – we have to first convert 
our Watts into something that is compatible with dB.  Fortunately, Bell Labs also defined an absolute power unit 
that is compatible – the dBm. That is, dB referenced to 1 milliwatt.  By definition, 0 dBm = 1 mW.  The formal 
expression is:

        where the power P is in milliwatts
1
dBm is logarithmic: 0 dBm=1 mw; 10 dBm=10 mw; 20 dBm=100 mw; 30 dBm=1000 mw, or 1 w, etc.  See the 
chart on our website for common values, or use any of the on-line watt-to-dBm converters on the web.
http://www.wirelessguys.com/calculations/watts_to_dBm.php   or 
http://www.rapidtables.com/convert/power/Watt_to_dBm.htm (added by Mary Turton, KC9APG on 16Oct2014).

https://draperhamradio.files.wordpress.com/2014/10/db-lesson-oct-9-2014-by-steve-decho-ke6fx.pdf
http://www.wirelessguys.com/calculations/watts_to_dBm.php
http://www.rapidtables.com/convert/power/Watt_to_dBm.htm


    So, getting back to our example earlier – lets say our transmitter puts out 20 watts and we have 4 dB of gain. We 
find that 20 W = 43 dBm from the converter utility.      Then, 43 dBm + 4 dB of net system gain = 47 dBm total 
system power.  Finally, convert 47 dBm back to watts, and we see that we have 50.1 W of effective isotropic 
radiated power (EIRP).  Using this same process, we’ve calculated that the DHRA repeater’s 46 W transmitter has 
the effective power of 316.2 W.

So, here is your homework problem: Calculate the effective power for a station that has:
A 5 W transmitter, an external 10 dB power amplifier, 1 dB of connector losses, 2 dB of coax loss, and 6 dB of 
antenna gain.  The answer will be announced and posted next week.  Good luck!
      

dB power ratio
amplitude

ratio
dBm power (watts)

  100  10 000 000 000 100 000 0 0.001
90 1 000 000 000 31 623 10 0.01
80 100 000 000 10 000 20 0.1
70 10 000 000 3 162 30 1
60 1 000 000 1 000 33 ~2
50 100 000 316.2 36 ~4
40 10 000 100 40 10
30 1 000 31.62 50 100
20 100 10 60 1000
10 10 3.162
6 3.981 1.995 (~2)
3 1.995 (~2) 1.413
1 1.259 1.122
0 1 1

-1  0.794 0.891
-3  0.501 (~1/2) 0.708
-6  0.251 0.501 (~1/2)

-10  0.1 0.316 2
-20  0.01 0.1
-30  0.001 0.031 62
-40  0.000 1 0.01
-50  0.000 01 0.003 162
-60  0.000 001 0.001
-70  0.000 000 1 0.000 316 2
-80  0.000 000 01 0.000 1
-90  0.000 000 001 0.000 031 62 

 -100  0.000 000 000 1 0.000 01


