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ABSTRACT 

A new method of solving the problem of transmission lines excited 

by distributed series voltage sources and shunt current sources is 

presented. This solution procedure is convenient for electrical 

engineers familiar with transmission line theory. This theory can be 

applied in evaluating electrical transients induced on cables by 

externally originated excitation sources such as incident 

electromagnetic fields [EM1 (electromagnetic interference), EMP 

(electromagnetic pulse), and lightning] o r  ionizing radiation. 
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INTRODUCTION 

The solution described in this paper is offered as an alternative 

to classical solutions of the problem of transmission lines excited by 

distributed sources. The perceived merits of the new solution are that 

it is concise, easy to understand, and simple to use for engineers 

familiar with basic transmission line theory. 

The problem of transmission line excitation by distributed sources 

is familiar to electrical engineers because it is encountered in the 

coupling of electromagnetic waves on lines. Present solution methods of 

this problem (in terms of Green's functions' and others') are 

refinements of classical so1utions.3~4 

presented as unique and independent of the conventional transmission 

line theory. The new solution procedure described in this paper uses 

circuit analysis to translate the effects of these distributed sources 

into equivalent voltages and currents that are compatible with the 

voltage and current equations describing the normal mode of operation of 

the transmission line. 

These solutions are typically 

TRANSMISSION LINE THEORY RESULTS 

In its normal mode of operation, the line of length II, 

characteristic impedance Zo, and propagation constant Y is driven by 

voltage source V, with internal impedance Z, and is terminated with load 

of impedance Z,. The voltage V(x) and current I(x), at the point x from 
the input of the line, are given' by 
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- 2 Y ( R  - x )  -2Yx 
PL = P 2  e 9 Ps = P 1  e t 

where 

Left of point x (input), the line looks like an impedance Zs(x) and 

right of point x like an impedance Z,(x) given by 

( 4 )  

DESCRIPTION OF THE NEW SOLUTION 

Consider the circuit configuration of Fig. 1. The sources E(x)dx 

and J(x)dx launch two propagating waves, one to the right (+I and one to 

the left ( - ) ,  on the line. The analysis of the transmission line 

response to the sources E(x)dx and J(x)dx will be subdivided into two 

parts, one each f o r  the line sections to the right and t o  the left of x. 

The response of the line to the right of x can be obtained by 

replacing the line to the left of x by its Thevenin equivalent circuit. 
The Thevenin equivalent voltage is 

The response of t h i s  section is described by Eqs. (1) through (5 )  

with V, replacing dVt and Z,  replacing Z s ( x ) .  
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F i g .  1 .  Transmiss ion  l i n e  e x c i t e d  by d i s t r i b u t e d  s o u r c e s .  

The i n c i d e n t  v o l t a g e  wave t o  the  r i g h t  of x is 

where 

The inc remen ta l  v o l t a g e  and c u r r e n t  r e s p o n s e s ,  a t  p o i n t  z on t h e  

l i n e ,  t o  the s o u r c e s  E(x)dx  and J ( x ) d x  are: 
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The s u b s c r i p t  p l u s  (+) deno tes  the wave t r a v e l i n g  i n  the p o s i t i v e  x 

d i r e c t i o n .  

S imi la r ly ,  the  r e sponse  of the  l i n e  s e c t i o n  t o  the l e f t  of x can  be 

ob ta ined  by r e p r e s e n t i n g  the  l i n e  s e c t i o n  t o  the  r i g h t  of x by its 

Thevenin e q u i v a l e n t  c i r c u i t .  The Thevenin e q u i v a l e n t  v o l t a g e  is 

Consequent ly ,  f o r  t he  l i n e  s e c t i o n  we f i n d  t ha t  the i n c i d e n t  

v o l t a g e  wave t o  the  l e f t  of x is 

The incremented v o l t a g e  and c u r r e n t  a t  a p o i n t  z < x are 

-Y ( x-2 1 dx , z < x  9 (13) 

The t o t a l  v o l t a g e  and c u r r e n t  r e sponses  t o  E(x)dx and J ( x ) d x ,  a t  

any p o i n t  z of the l i n e  are: 
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where 

v+(x) e Yx dx , 
0 

(17)  

The r e s p o n s e  a t  t h e  t e r m i n a t i o n  Z, can be found by the  s u b s t i t u t i o n  

z = R i n  the above e q u a t i o n s ;  t h e y  are: 

S i m i l a r l y ,  the  v o l t a g e  and c u r r e n t  a t  the  t e r m i n a t i o n  Z , ,  a re  
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The above a n a l y s i s  and r e s u l t s  a p p l y  a l so  for lumped ( p o i n t )  

sou rces .  

e x p r e s s e d  as i n  terms of t h e  del ta  f u n c t i o n  as 

P o i n t  s o u r c e s  E and J ,  at point xo of the line, can be 

f o r  z > xo 

0 '  
e , z t x  

f o r  z < xo 

V - ( X o )  -Y(xo-z) 
-2YZ) e , z < x o  . 

zO 
(27) 

As a demons t r a t ion ,  c o n s i d e r  t h e  l i n e  d r i v e n  by the s o u r c e  E = Vi 

a t  the  i n p u t  (xo  = 0 ) .  S u b s t i t u t i o n  i n  E q s .  (24 )  and (25) y i e l d s  

and 

as expec ted  from conven t iona l  t r a n s m i s s i o n  l i n e  t h e o r y ,  E q s .  ( 1 )  and 

( 2 ) .  
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This procedure was applied to the solution of EMP-induced 

transients in transmission lines. By comparison with previous solution 

procedures, this method is more convenient for use by engineers familiar 

with transmission line theory. 
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