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Introduction to Cylindrical FDTD

 Finite-difference time-domain (FDTD) is a technique which is used to solve Maxwell’s equations in
time domain EM by using numerical approximation of the derivatives, mainly in the cartesian
coordinates system [1].

 For cylindrical structure problems such as well logging [3] in Petroleum Engineering, the finite
difference time domain (FDTD) method in cylindrical coordinate is required

 The active and passive circuit elements can be used to design
different type of sources such as dipole antenna. So, it is
necessarily to derive updating equations for these elements in
cylindrical coordinate.
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Circuit Components
The simple circuit shown in the figure is implemented in the cylindrical FDTD (CFDTD) method.

• The Zs and ZL can be real or complex 
numbers.

• The waveform of the source Vs will be a 
Gaussian pulse to solve for a wide range 
of frequencies [1]. 

• The σ is the conductivity of the wire and it 
should be as high as possible to represent 
a perfect electric conductor.
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Updating Equation in z-direction

The circuit elements can be placed 
between any two nodes in the CFDTD.

• For this case, the following electric field updating equation in the z-direction
should be modified as follows:

where,

• The other coefficients can be expressed from (3) in [2].

• The is then modified with the new definition of
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Updating Equations for Passive and Active Elements
• In this work, the circuit elements at the source side is one of three combinations. The first combination is

a source with a resistor only, the second combination is a source with a resistor and a capacitor in series,
and the third combination is a source with a resistor and an inductor in series.

• The load side is a single element either a resistor, a capacitor, or an inductor [1]. 
• For the three cases in the source side, the current density in the updating equation can be represented as 

following:

For case 1:  ,s sZ R= ( )
1

12 ( , , ) ( ,  , ) ( , , ) ,
2

n n n S
iz z z

i S i S

z VJ i j k E i j k E i j k
A R A R

+ +∆
= + +

For case 2: 

and, for case 3:                          , we used the recursive convolution method   

,s s LZ R X= +
1 1
2 22 2 2( , , ) ( , , ) ( , , ) ,

2 (2 ) (2
 

)
n n nS
iz iz z S

S i S i S

L R t z t z tJ i j k J i j k E i j k V
L R t A L R t A L R t

+ −− ∆ ∆ ∆ ∆ ∆
= + +

+ ∆ + ∆ + ∆

s s CZ R X= +

( )

( )

1 1
2 2

1 1
2 2

( , , ) ( , , ) ( , , ) ,

1( , , ) ( , , ) ( 1 ( ,

 

 ,) , )

S

S

t
n n CR n
iz iz z S

t
n nCRn
iz z S iz

i S

Q i j k Q i j k e zE i j k V

J i j k zE i j k V e Q i j k
A R

∆
−+ −

∆
−+ +

× + ∆ +

= ∆ + + − ×

=



4/13/2020 6

The Simulation Parameters
• In this work, the following 

configuration will be 
implemented with  

• where
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• The following parameters are used in the
simulation:
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and

The step size:
and
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The Voltage Source and Sampled Voltage at the Load

• To compare the result from the simulation, the 
following theoretical equation is used:

• The transforming to frequency domain for the 
voltage source and sampled voltage must be 
done first to compare the results with the 
theoretical equation .
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CFDTD Results
• The voltage source in the frequency 

domain:
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• The sampled voltage vs. the 
theoretical results in the frequency 
domain:
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CFDTD Error Analysis 

The absolute and percentage errors between sampled voltage and the theoretical results.
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Conclusions and References

• The validation of integrating passive and active circuit elements into the CFDTD 
method and simulations is achieved. 

• Work is in progress to include nonlinear elements in this cylindrical formulation to 
address a larger array of electromagnetic problems. 
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