
Estimation of Frequency-Impedance Characteristics 
of Parallel Wire 

Atsuo Mutoh, Shuichi Nitta, Masahiro Wakai and Toshio Inomata 
Faculty of Technology 

Tokyo University of Agriculture & Technology 
2-24- 16 Naka-cho, Koganei, Tokyo 184, JAPAN 

Abstract: This paper clarifies high- 
frequency characteristics of parallel wire used 
for power transmission by means of experiment, 
tries to calculate impedance on high-frequency, 
shows technique to theoretically calculate the 
frequency-impedance characteristics of parallel 
wire deeply related to noise generation 
mechanism by taking frequency characteristics 
of leakage conductance into account, and shows 
the method to estimate noise waveforms 
generated on power-line. 

Characteristics of noise generated on 
power-line are dominated by the frequency- 
impedance characteristics of power line[ 11. 
Generally speaking, high frequency 
characteristics of coaxial cable used for high 
frequency signal transmission are given by 
specification sheets published by 
manufacturers. Although frequency-impedance 
characteristics (f-2 chs.) of wire are important 
to estimate characteristics of noise generated on 
it, f-2 chs. of parallel wire often used for power 
transmission have never been clarified 
theoretically. 

In this paper, f-2 chs. of parallel wire are 
calculated theoretically and it is shown that 

calculated f-2 chs. are in good agreement with 
measured f-2 chs. Further, the method to 
estimate noise waveforms generated on power- 
lines is shown with the examples. 

FREQUENCY-IMPEDANCECHARACTERISTICS 
OFPARALLELWIRE 

In this chapter, the method for calculating 
f-2 chs. of parallel wire is shown. In this 
calculation and experiment, a parallel wire 
prescribed by JIS-C-3342 (JIS; Japanese 
Industrial Standard) is used. The specification 
of the wire prescribed by JIS is shown in Table 
1. 

Fig. 1 (a) and (b) show the experimental 
apparatus. Wire is put on the reinforced 
concrete floor directly. In order to investigate 
the influence of the difference between wiring 

Table 1. Specification of Parallel Wire 
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50cm 

(a) In the case that wire is straight (b) In the case that wire is coiled itself up 

Figure 1. Experimental Apparatus to Measure Frequency-Impedance Characteristics 

Frequency (Hz) 

(a) In the case that wire is straight 

104 105 
Frequency (Hz) 

(b) In the case that wire is coiled itself up 

Figure 2. Frequency-Impedance Characteristics of 
Parallel Wires (Measured) 

L R L R 

Figure 3. Distributed Constant Circuit 

shapes, f-2 chs. are measured for two types of 
wiring shapes shown in Fig. 1. In the case of 
Fig. 1. (a), wire is straight and in the case of (b) , 
wire is coiled itself up. These impedances are 
measured by the impedance analyzer (HP4 194). 
Fig.2 (a) and (b) show the measured f-2 chs. of 
the wire whose length is 50m, corresponding to 
experimental apparatus shown in Fig. 1 (a) and 
(b) , respectively. As the frequency becomes high, 
the parallel and series resonance points appear 
alternately and the impedance converges to 
characteristic impedance of the parallel wire. 
Both f-2 chs. shown in Fig. 2 (a) and (b) have 
similar tendency. So, only the characteristics 
of wire shown in Fig. 1 (a) are discussed in this 
study. 

It is well known that parallel wire can be 
modeled by distributed constant circuit shown 
in Fig. 3. Impedance 2 of distributed constant 
circuit is given by Eq.( 1). 
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: characteristic impedance 
: propagation constant 
: load impedance 
: wire length 
: resistance 
: inductance 
: capacitance 
: leakage conductance 
: angular frequency 

. . . ...(l) 

The value of R is given by specification shown in 
catalog, but the values of L, C, G are not given 
in catalog. Permeability (cl), dielectric constant 
(E) and dielectric dissipation factor (tan 6) of 
insulating materials are quoted from the 
handbook written about specifications of 
insulating materials, and sizes of wire are given 
by catalog [2]. 

Authors try to calculate the values of L, C, 
G using these parameters. The values of R, L, 
C, G are calculated by Eq.(2)-(5). The feature of 
this study is that frequency characteristics of 
conductance G are taken into account. 

Table 2. Calculated Parameters of Parallel Wire 

102 103 104 105 10" IO7 lo8 
frequency f [Hz) 

Figure 4. Frequency-Impedance Characteristics of 
Parallel Wires (Calculated) 

R=p . . . ...(2) 

. *. * * (3) 

...... (4) 

...... (5) 

where, R: resistance per length 
L: inductance per length 
c: capacitance per length 
G: leakage conductance per length 

In order to evaluate frequency-impedance 
characteristics of parallel wire, Eq.(2)-(5) are 
substituted for Eq.( 1). Fig.4 shows f-2 chs. of 
parallel wire calculated from Eq.(l)-(5). The 
values used for the calculations are shown in 
Table 2. Fig.4 shows that the calculated 
frequency-impedance characteristics are in good 
agreement with measured characteristics shown 
in Fig. 2. 

From the above mentioned, it is shown that 
f-2 chs. of parallel wire can be calculated 
theoretically. 
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Switch 

Figure 5. Experimental Apparatus in Order to 
Observe Noise Waveforms on Parallel Wire Figure 7. Parallel Resonance Circuit 

constant circuit.[ l] Fig. 7 shows the equivalent 
circuit structured by lumped constant 
expressing power-line. In this circuit, if Eq. (6) 
is satisfied, damped oscillation occurs. 

L, -&+R,’ . . . . . . (6) 
I 

where, R, : resistance 
Figure 6. Observed Noise Waveforms across A and B 

on the Circuit in Fig. 5 
c,: capacitance 
L,: inductance 

NOISE WAVEFORMS GENERATED 
ON POWER-LINES 

Using the f-2 chs. of parallel wire calculated 
by the method obtained in previous chapter, 
estimation of noise waveforms generated on 
power lines is tried in this chapter. 

Experimental apparatus is shown in Fig. 
5. The parallel wire has the same specification 
as it used on the previous experiment. Current 
I, flows through parallel wire and mechanical 
switch S,. When switch S, turns off, current 
breaks and noise waveform is observed across 
A and B shown in Fig. 6. 

Noise generating phenomena on wires 
which are usually represented by distributed 
constant circuit can be considered on lumped 

The angular frequency CO, of the damped 
oscillation is nearly equal to the lowest angular 
frequency 0, of parallel resonance point on f-2 
chs. and shown in Eq. (7). 

O1=& . . . ...(7) 

The sharpness S of resonance point is defined 
as Eq. (8) 

s$L 
Al 

where, 

e.....(8) 
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x,: reactance of inductance or 
capacitance at resonance point 

Using the value of S, characteristics of damped 
oscillation waveforms can be estimated.[ l] The 
number N of the oscillation until these peak 
values becomes l/23 is shown as Eq. (9) 

N=S+I . . :. . . (9) 

And, peak value of damped oscillation E, is 
shown as Eq. (10) 

E, = I,@-” lJs . . . . ..(lO) 

where, I,: initial current 

Using the above equations, characteristics 

Table 3. Constants of Resonance Point 

d 

I 
I 

x0 1 104.5 (i-2) I 
t IO I 40 crnki 1 

Table 4. Specification of Damped Oscillation 
(Calculated) 

fl 8 13 (kHz) 
N=S+l 14 

I 
I 

El I 3.94 (V) I 

Table 5. Specification of Damped Oscillation 
(Measured) 

fi 1 (MHz) 
N=S+l 13 
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Figure 8. Calculated Waveforms based on Table 4 

of noise waveforms generated on power-lines can 
be calculated. The values necessary for 
calculations are obtained using the method 
proposed in the previous chapter and shown in 
Table 3. The characteristics of damped 
oscillation generated on parallel wire calculated 
by Eq. (7)-(10) are shown in Table 4 and Fig. 8 
shows calculated waveforms. The noise 
waveforms measured by an oscilloscope (LeCroy 
Model 9354AL) is shown in Fig. 6 and 
characteristics of these waveforms are shown 
inTable 5. Comparing Table 4 with 5, it is shown 
that calculated values are in good agreement 
with measured values. 

From the above mentioned, the following 
conclusions are drawn. 

(1) Frequency-impedance characteristics of 
parallel wire used for power-transmission 
are clarified. 

(2) Technique to estimate frequency-impedance 
characteristics of parallel wire are shown. 

I 
I 

El I 3.1 (V) I Those results are utilized for estimation of 
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the characteristics of noise generated on power 
lines. 

The future issues are to clarify the 
characteristics of power lines connected to 
various kinds of equipments (inductive and 
capacitive load). 
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