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ABSTRACT

In this paper, we have taken into consideration the effect of fluctuations on the
distributed parameters in a transmission line due to physical conditions like
temperature, humidity, atmospheric dust, wind etc. The crucial idea is to carry
out the calculation of fluctuations in the distributed parameters by
transforming continuous time Fourier series into discrete time Fourier series
with the help of appropriate sampling in space and time. The DFT equations
enable us to write MATLAB programmes for solving the Perturbative matrix
linear equations. The distributed parameters of a transmission line [R, L, G, C]
are assumed to be constants plus small random functions of space and time.
The line voltage v (t, z) and line current i(t,z) then satisfy linear first order
partial differential equation in (t,z) whose coefficient are random t-z functions.
We apply here first order perturbation theory to a Bi-variate Fourier series of
[ER,EL,EG,RAC], so that we obtain linear matrix equation for Fourier series
coefficients of @V& @I in terms of Fourier series coefficient of
[ER,EL,EG,AC]. The source and load conditions gives us up to first order
values of v(t,0) and i(t,0). Assuming the space time Fourier series coefficients
of [BR, BL, BG, BC] to be uncorrelated random variables, we obtain
expressions for the voltage and current correlations along the length of
transmission line. We use these correlations to estimate the variances in the
Fourier series coefficient for [ER, AL, @G, C] based on correlation matching
(Method of Moments).

KEYWORDS: Distributed parameters, First order perturbation theory, Bi-
variate Fourier series, unperturbed voltage and current, uncorrelated random
variable, Method of Moments, DFT.
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INTRODUCTION

The study of Transmission line is based on the calculation of distributed parameters
R, L, G, C [1, 2] from the basic linear partial first order differential equation.
Distributed parameters are calculated from the above method doesn’t take into
account the random fluctuations occurring inside the parameters.

Thus we have taken into account the effect of disturbance on [R, L, G, C]
parameters with space and time. With the use of first order perturbation theory, we
have obtained linear matrix equations for the Fourier series coefficient of V and &l in
terms of [@R, BL, AG, AC] and unperturbed voltage and current. v(t, 0) and i(t, 0)
gives us the source and load boundary conditions. The end product is an expression
for v(t, z) and i(t, z) as the sum of non-random plus linear function of the Fourier
series coefficients of BIR(t, z), AL(t, z), AC(t, z), AG(t, z). We finally suggest a
technique to estimate the variances in the Fourier series for @R, BL, @G, BIC based on
correlation matching.

Mathematical Equations: As we have extracted R, L, G, C parameters with FTDT
method and other numerical tools for 2-D transmission lines [3, 4], the introduction of
random fields to R, L, G, C parameters, supported by first order perturbation theory
approach, transforms the distributed parameters into-

R(t,z) =Ry + 6.R,(t, 2)

L(t,z) = Ly+ 6.L,(t,z)

G(t,z) =Gy + 6.G(t,2)

C(t,z) = Cy+6.C,(t,2)
—V,(t,z) = R(t,z) xi(t,z) + (L(t, 2) * i(t, 2)),
—i,(t,z) = G(t,z) xv(t,z) + (C(t,z) * v(t,z)),

mrnt

R, (t,z) = Z R(n,m)\/z_Tsin(nZZ)sin T

nm=1

.t z) = Z C(n,m)\/z_Tsin(nZZ)sinm:t

nm=1

G,(t,z) = HZ; G(n,m) \/fl_TSin (ngz) sin m:t

L,(t,z) = Z L(n,m)\/z_Tsin (nzz) Sinm;rt
:vgtz z) _ (R + OR(t,2)) *i(t,z) + %((LO + 5L1(t,z))) «i(t.2)
lth,Z) = (Go + 8G,(t,2)) * v(t,2) + &((Co +66,(t.2))) * v(t,2)

Thus i(t,z) and v(t,z) can be expressed in terms of their Fourier series
expansions-

i(t,z) = 52 i(m,n) * Uy, (t,2) + iy(t, 2)
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v(t,z) =6 Z v(m,n) * up, ,(t,z) + vy(t, 2)

av, ) di,
"oy Rl theg,

vy .

F + Ryiy + Loa_z = ¢4(t,2)
diy dv,

—— +Govy + COE = @,(t,z)

0z

Where,
0:(6.2) = ~Ry 6 Dig(t, )~ D )
aC,(t,z)
(t,2)

— 7D
ot 0

@2 (t,z) = =G, (t, 2)vy(t, 2) —
Yo = \/(RO + jwLy) * (Gy + jwCp)

Hence transforming time domain linear partial differential voltage and current

equations in frequency domain we get-
V(z,w) =V,e YoZ +V_ g YoZ
V+e—VOZ — V_e—VOZ

1(z,w) = B
0

Thus representing frequency dependent voltage and current equations in matrix

form-
9 [ﬁl] _ [ﬁl(w,z)] N [qal(w,z)]
aZ il 0 il(w,z) @2((‘)12)
Where,
A = [ 0 R, +ja)L0]
07 Gy +jwC, 0

Now calculations are made for source conditions i.e. z=0, to obtain source voltage

and current-
Ve(w) = Vi (w) + V()

Similarly,
Is(w) — V+(w)R—0V— (w)

From above values of voltage and current (in frequency domain), parameters like
Reflection coefficient is being calculated and compared with the one calculated using
time dependent terminations [5], and hence gives us values of voltage and current at a

specific distance, d from the load.
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RESULTS:
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Figure (1) Time dependent and frequency dependent unperturbed voltage and current

CONCLUSION:

As we have chosen different values of N, results in varying propagation constant,
leading to different plots for voltage and current in time and frequency domain.
Higher value of N leads to clearly defined peaks. However in the existing techniques
we get fixed plots for voltage and current which is being determined by fixed value of
frequency and propagation constant
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