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Introduction  

The logarithmic scale is used to expand small details in a physical response in 

similarity of some types of mirrors where they enlarge small objects. This is 

indicated by Figure 1 where )log()( xxf =  is plotted in the ordinate as a function of 

the independent variable x in the abscissa. The figure suggests that ∞−→)0log(  

whereas 0)1log( = . Also since we are using a logarithm of base 10, one could make 

the following calculations 

 

 

 

1)10log( =  

2)10log()100log( 2
==  

 

                                                                                                                Fig.1 log(x) function 

A 10 times of a certain number in the horizontal axis just increase the vertical axis 

by one unit. Consider two numbers around 1=x , 

3.02log1loglog)5.0log(
2

1
−=−==  

18.03.048.02log3loglog)5.1log(
2

3
=−=−==  

Thus around x=1 the log(x) function behaves like a linear function; a difference of 

one unit in the horizontal axis results in a 0.48 difference in the vertical axis. 
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Power Calculations 

Log- scale is used in power budget calculations due to its simplicity. Instead of 

multiplication/division in linear  scale, the operation is transformed to 

addition/subtraction. Figure 2 shows this in a simplified form. 

 

Figure 2 Log transformation 

Where A= log(a) and B= log(b). To define powers in terms of dB one may 

remember that if a current "I" is passing through, or a voltage "V" around, a resistor 

R=1 Ω, then the power loss  

 � = �
�
= �

� Watt                                             Fig.3 Power loss in R    

Now consider 10 log P=20 log I=20 log V. 

A scaling up factor of 10 is used for convenience. The result is usually written as 

dBW. Some comments will be given in the next example but if one considers a 

reference of 1mW of power then 

 dBm=10 log (
�

���
)= 10 log P – 10 log 10��= dBW+30 

This is the dBm, i.e, dBmW. 

Example 
This example was considered by Visser, "Antenna Theory", p. 42 . 
 

A λ/2 dipole operating at 100 MHz having a again of 2.15 dBi is used as a broadcasting antenna. the power accepted 

by the transmit antenna is 1 KW. The minimum required power delivered by the receiving  antenna is 1 nW. If the 

range is 500 Km, calculate  the minimum gain of the receiving antenna. 

Solution  

– linear scale 

……………�� =
����

����

��

��
��…. 

  =
��

�
�	��                     (*) 

Where � = ����

�

�
�

, substitution gives a value of 4.3865 × 10
�

= 126.4	��. The transmitted 

and received powers can also be written as 

R=1Ω 

   log	(∗)  A+B 



Pt Pr 

Gt Gr 

L 

 �	 = 10	
�10� = 30	��� = 60	��, and 

�� = 10	
�10�� = −90	��� = −60	��.  

From which one would find �� = ���

����
= 2.67 = 4.27	���. 

-Log scale  

Eq. (*) can be understood using the following chart 

 

 

  

                                                                     Fig.3 Power flow calculation 

From which one may write 

 ���� = �	�� + �	 + �� − � 
Or,  

�� = ���� − �	�� − �	 + � = 4.25���  
Or, 

 �� = ����� − �	��� − �	 + � = 4.25��� 
Don't mix between dBW and dBm; G and L are unitless. 

Suppose we use �� = 4.25���, then to find PrdB  

���� = �	�� + �	 + �� − � = −90��� = −60��,  also 

����� = �	��� + �	 + �� − � = −60�� = −90���. 

Note here though G and L are in dB we could calculate Pr in dBm if Pt is expressed in dBm. 

Therefore, we  can write  

dBW± dB= dBW 

dBm± dB= dBm 

dBW-dBW=dB 

dBm- dBm=dB      see how Gr is calculated. 

In conclusion 

• dBW+dBW or dBm+ dBW are not allowed. Why? 

• Remember in calculating EIRP = PtGt if Pt=10W and Gt=10. It is wrong to say EIRP =100 

dBW, but it is 100 Watt =20 dBW = 50 dBm. 

• Finally, remember that a power is not measured in dB and a gain/directivity/loss is not 

measured in dBW or dBm. 


