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Abstract: An arbitrary lossless antenna can be equivalent to a RLC circuit where the element values depend on the 
frequency. A general method is presented to determine these element values and some numerical results are given.  

1. Formulation 

In terms of the stored electric energy and magnetic energy and the radiated power from the antenna, a 
RLC equivalent circuit can be constructed for an ideal antenna, whose element values are defined by [1-2] 
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where I is the terminal current; eW�  and mW�  are the stored electric energy and stored magnetic energy  
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respectively. In the above expression,  AX  is the antenna input reactance 
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The antenna Q is then given by 
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Therefore once the antenna input impedance is known the element values of the equivalent RLC circuit 
are then determined. (2) is well known in circuit theory and can be easily derived for a bounded 
microwave system where the electromagnetic energy is confined in a finite region. In this case the stored 
electromagnetic energy is simply equal to the total electromagnetic energy for a lossless system. An 
antenna is an open system, and some of its energy radiates into free space. The total electromagnetic 
energy around the antenna and the radiated energy into free space are both infinite. But their difference is 
a finite quantity, which is defined as the stored electromagnetic energy. (2) and (3) indicate that to find 
the stored energies we only need to know the difference between the stored electric energy and magnetic 

energy. The difference m eW W−� �  can also be determined by making use of the Poynting theorem in the 

frequency domain (for definition of V∞  and 0V  used below see Fig. 2 of ref. [2]) 
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where mW  and eW  are the total average magnetic energy and electric energy stored in the region 0V V∞ −  

respectively; ˆ(1/ 2 ( )rad

V
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∞∂

= ⋅∫ S n r  is the radiated power. Note that in the above equation we have 

used the fact that m e m eW W W W− = −� � . The left-hand side of (5) can be expressed as 
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where φ  and A are the scalar and vector potential functions given by 
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where R ′= −r r , 0 0/η µ ε=  and 0 01/c µ ε= . Inserting the above equations into (6) we obtain 
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It follows from the above equation and (5) that 
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Thus once the current distribution is known the calculation of the energy difference is simply an 
integration. 

2. An example 

Let us consider a dipole antenna. A dipole antenna can be represented by various equivalent circuits [e.g., 
3]. Assuming that the dipole antenna has radius 0a  and length 2a and current flows on the outer 

cylindrical surface of the dipole. The current distribution on the wire surface can be assumed to be 
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The terminal current is given by 0 sinI I ka= . The stored electric energy and stored magnetic energy are 

shown in Fig.1. A dipole has an infinite number of resonant frequencies, where the stored electric energy 
is equal to the stored magnetic energy. The element values of the RLC circuit are shown in Fig.2. The 
radiation Q is shown in Fig.3. 
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Fig.1 Stored energies of a dipole 
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Fig.2 Element values of equivalent circuit for dipole antenna 
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Fig.3 Radiation Q of a dipole antenna 

3. Element values for small antennas 

When the frequency is very low the calculation of the frequency derivative appearing in (2) is becoming a 
challenging task due to the numerical errors. Fortunately alternative expressions for the stored energies of 
small antennas have been derived in [1] to get rid of the frequency derivative, i.e.,  
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 Note that the stored energies are always positive. The above equations can be used to evaluate the 
element values of small antennas. 

References 

1. Wen Geyi, A Method for the Evaluation of Small Antenna Q, IEEE Trans. Antennas and Propagat. 
Vol. AP-51, Aug. 2003, 2124-2129 

2. Wen Geyi, Perry J., Yihong Qi, Foster reactance theorems for antennas and radiation Q, IEEE Trans. 
Antennas and Propagat. Vol. AP-48, Mar. 2000, 401-408 

3. T. G. Tang, Q. M. Tieng and M. W. Gunn, Equivalent circuit of a dipole antenna using frequency-
independent lumped elements, IEEE Trans. Antennas and Propagat. Vol. AP-41, Jan. 1993, 100-
103 

5
0 / 2 10a a −=  

Q 

- 1034 -t- 1032 -


