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Imagine a RF system  comprising the following:

• TX of 25Watt, 
• Connected to a Band Pass filter that has a loss of 

20%
• Feeder cable of 15 meters that has a loss at the 

operating frequency of 50% per 100 meters
• 4 connectors that each have a loss of 5% and
• Antenna that has a gain of 400% over a dipole. 

What is the ERP?



• That just looks so complicated and requires 
some math to arrive at the correct answer in a 
reasonable time.

• The equation could look similar to this:
[(25  x 0.8) x [1-(15/100) x (x/50)]/100 x (1-0.08) x 
4] however there is most likely a mistake 

• There must be a better way. There is………..it is 
the wonderful engineering tool called the dB.



What is dB and how do we use it?

What is a dB? It is a most value tool for the radio 
engineer. It allows you to simple add or subtract power 
levels to work out quickly system gain or loss. This is 
basically a relative level but can also be used as an 
absolute level when a suffix is used.

So what is the dB. It is defined as the logarithmic ratio 
between two powers. 

dB = 10log (P1/P2)



dB = 10log (P1/P2)

Where P1 is equal to the Power out of a device 
(network) and P2 is equal to the Power into a 
device.

So in practical terms, lets say we have a RF 
Amplifier and apply 1 Watt at the input and 
measure 4 Watt at the output, we know then 
that the gain of the Amplifier is 4.

By using the dB formula, we can convert that to 
a dB gain by applying the numbers to the 
formula. 



As the output is bigger than the input, it would be 
a gain is calculated as follow:

dB = 10 Log P1/P2 

= 10 log 4/1
=  10 x 0.602
= 6.02 dB

If the power gain was only 2, then the dB gain 
would be = 10 log 2/1 = 10 x 0.301
resulting in 3dB.



Should the network be changed to a filter or 
antenuator which does not have gain but a loss, then 
the gain would be a negative figure and a negative 
figure is a Loss. ( a negative gain is considered as a 
loss)

If we put 10 Watt through a filter and the level at the 
output is now 8 Watt, then we can apply that to the 
formula:
dB = 10 log (8/10)

= 10 x -0.0969
=-0.969

However, it needs to be rounded up or down and will 
become -1 dB.



So to further our understanding regarding dB as a 
tool, lets see what happens, when power is increase 
by 25% through a device and then by 10 fold.

dB = 10 log (1.25/1)
= 10 x 0.0969
=0.969 

However round up to 1dB
&
dB = 10 log (10/1)

= 10 x 1
=10 dB



Now that we have established an understanding 
regarding dB, let us now look at some of the short 
cuts we can use when using the dB as an engineering 
tool. To start, we must remember that the dB is a 
logarithmic ratio between 2 powers. 

We will look at what happens regarding:
• Voltages and Impedances
• The dB memory table



Now lets see what happens for a gain of 100 and 1000:

dB = 10 log (100/1)
= 10 x 2
= 20dB

& 
dB = 10 log (1000/1)

= 10 x 3
= 30dB

There are important to remember.



Referring to power using Ohms law, we know the 
following:

Power = V2/R

Applied to the formula dB = 10 log (P1/P2)

Therefore, dB = 10 log (V12/R)/(V22/R)

Only if the impedance is constant as in an RF system 
being 50Ω and for audio typically 600Ω, we can then 
manipulate the formula as follows:

dB = 10 log (V1/V2)2 = 20 log (V1/V2) as R cancels out



To use the dB to even a great level as an engineering 
tool, here are some rules to remember. If we amplify a 
signal by 2, then using the formula we have a gain of 3 
dB. Let’s look at more short cuts.

We earlier saw that if the gain increased by a factor of 
10, then dB gain was 10 dB. (Don’t be deceived as there 
is a special pattern that must be understood.)

Here are some more for you which you can prove 
yourself:



dB Power change

3 2

6 4

10 10

20 100

30 1000

60 1000000

-3 ½

-6 ¼

-10 1/10

-20 1/100

-30 1/1000

-60 1/1000000

1 1.25

-1 0.8



dB Voltage change

6 2

20 10

40 100

60 1000

-6 ½

-20 1/10

-40 1/100

-60 1/1000

For Voltages where R is the same:



So now that we have the basics and a foundation, lets 
do a practical exercise:

TX

BPF

RX

BPF

150 kM

• TX power 25W Freq 450 MHz
• BPF loss each = -1dB
• Cable loss 8.9dB /100m
• Cable length TX 15m Rx 20m
• Connector loss each – 0.1dB 

connector
• TX antenna gain 0dB dipole
• RX antenna 6dB dipole 
• Assume free space path what 

is the SS at the RX?





dB 20W = 43dBm

TX 44 25W =(20 x 1.25) = 43 + 1 = 44dBm

Conn -0.4

FL -1 dB M Tot Loss

Cable -1.3 Per M 0.089 15 1.335

Ant 0

PL -125

Ant 6

Cable -1.78 Per M 0.089 20 1.78

Conn -0.4

FL -1

-80.88 dBm



To sum up.

If you can master this Engineering Tool and use it 
regularly you, will save yourself so much time and 
will be able to very easily diagnose problems and 
the effect of them.  

The beauty of using the dB all you need to do is 
know the tables and learn how to add and to 
subtract. No complicated calculations.



Q & A:

For more on Basic RF Technology, please register for the Basic RF Training 
Courses presented by Electrotest Ltd.
eMail: steve.williams@electrotest.co.nz 
Contact: 021 729 429


