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When coaxial cable is used for high voltage 
pulse transmission, a voltage transient appears 
on the outer sheath conductor. Although the 
magnitude of the transient is in the order of 
only a few per cent, this amounts to several 
kilovolts in many cases and must be carefully 
considered in terms of its effect on instru
mentation, control and safety. To a first 
approximation, theoretically a coaxial cable 
should not develop any voltage on the outer 
sheath. A more refined analysis and model shows 
that the complete cancellation depends upon the 
self inductance of the sheath being exactly 
equal to the mutual inductance between the 
sheath and the center conductor. This condi
tion is never exactly satisfied due to current 
distribution effects, even when the distribu
tion is uniform and radially symmetric. The 
situation becomes worse when proximity effects 
are accounted for. The predicted sheath vol
tage agrees with experimental data within 
reasonable limits. 

MODEL OF INCW~ENTAL SECTION 
OF TRANSmSSION LINE 

INTRODUCTION 

The analysis of coaxial transmission lines is 
commonly based upon the incremental section 
model as shown in Fig 1. The self inductance 
of the center conductor is LJ the outer sheath 
L7 and the mutual is M12 • Tne lumped equiva
lent capacitance of the element is C. Also 
shown in Fig 1 is the equivalent model using 
uncoupled inductors with the corresponding re
lations between circuit valves. Note that if 
L7 = r112 the effective inductance of the outer 
sneath Ts zero (short circuit) and all the loop 
inductance is associated with the inner conduc
tor. In reality, L7 ~ Mp to within a few 
percent, however, tnere iS~a multiplicative 
effect such that a given percentage unbalance 
between L? and M1? leads to several times that 
percentage unbalance in the division of vol
tage between the inner conductor and sheath. 
This simple mechanism is the basis for explain
ing the existance of the voltage transient on 
the outer sheath. The equation relating the 
voltage on the sheath to the circuit values 
is plotted in Fig 2. and reads: 

(1) V2/V = K*(l-a) I (l+K*(1-2*a)) 
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where: v2 = voltage on the sheath 
V = impressed voltage 
K "' L2/Ll 
a "' M1?/t:.2 
L1 = Inner conductor inductance 
L = Sheath inductance 
M~2= Hutual inductance 

Note that as a changes from a<l to a> 1, the 
polarity on the sheath reverses. 

FACTORS AFFECTING MUTUAL INDUCTANCE 

Two factors affecting mutual inductance are 
the distribution of flux within the finite 
thickness of the sheath current, and the cur
rent distribution in the cable as determined 
by the proximity effect of other current 
carrying conditions such as ground plane 
images, etc. Consider first the simple 
case illustrated in Fig 3., that of a coax 
cross-section with a uniform current distri
bution and thus a flux field which is per
fectly concentric. By fundamental defini
tion, mutual inductance is measured by the 
flux coupling the inner conductor due to a 
unit current in the outer conductor. Thus, 
the mutual is measured by all of the flux. 
Also by definition, the self inductance of 
the sheath is measured by the flux coupling 
the sheath current due to a unit sheath 
current. The sheath current is uniformly 
distributed over the thickness T and the 
flux varies linearly from zero at the inner 
surface to maximum at the outer surface 
thus the flux internal to the sheath doesn't 
effectively couple all the sheath current, 
so L? will be less than M12• Modifying the 
inductance equation for cylindrical conduc
tors given by Grover to account for the 
uncoupled flux internal to the sheath one 
obtains the expression in equation (2) 
for the ratio M12;L2: 

(2) M12!L2 = l+(l/2)*LN(l/(1-b))/2*(LN(B/R2-1)) 

where: R2 = Mean radius of sheath (em) 
8 = Length (em) 
T = Sheath thickness (em) 
6 = T/R2 

Equation (2) is plotted in Fig 4. 

Consider now the effect of a non-uniform cur
rent distribution, the radially symmetric flux 
of Fig 3 will no longer exist, in fact, the 
flux between the sheath and center conductor 
will no ionger be zero. The simple evalua
tions of self and mutual inductance as above 
are no longer possible. 

An evaluation of the proximity effect on 
mutual inductance for simple geometrical 
cases was done by computer using the model 
shown in Fig 5. The inner and outer con
ductors and their images were modeled using 
100 independent current filaments, 50 for 

97 

FIG 3 

Current and flux 
distribution in 
Coax outer sheath 

1.01 

"' -' ....... 
"' £ 

1. nn 

9 

I 
\ 

Rz(cm) 

\ • I ' , , __ , 
\ ' ', ___ ,., 

FIGURE 5 

Current 
Dist. 

....j 1- T 
Rz--

' I ...... ..... __ _,.,/ 

2 

I 
I 

Filamentry model of oax and ground 
plane image 

I ; 
I § 

I 
I 



each. By symmetry, the tota 1 number of fila
ments in the model is 400. Using expressions 
for the self and mutual inductances in terms of 
the geometry, a solution for the 100 inde
pendent currents was obtained using Creamers 
rule to solve the loop equations on a CYBER 
176 computer. The ASPLIB library program 
DECOMP was used to evaluate the 100 x 100 
determinants. This model was used to evalu
ate only the proximity effect, thus in free 
space, i.e. no images, it was calibrated to 
give zero voltage on the sheath. This was 
accomplished by adjusting the diameter of 
the filaments to null th,0sheath voltage to 
less than one part in 10 per unit of 
impressed voltage. The diameter used to 
accomplish this was 1.07596 times the cir
cumference of the conductor being modeled 
divided by 100. 

The net proximity effect on M1 ~ as a function 
of the distance of a RG-19 coax above a 
ground plane is shown in Fig 6. In Fig 7 are 
current distributions due to various prox
imity effects. The cases shown are for a 
RG-19 cable spaced 1.04 sheath radii from a 
ground plane. Case 1 is the distribution 
in the outer conductor with the coax center 
conductor used as a return in the normal 
manner. Case 2 is with the center conduc
tor removed and an infinite ground plane 
carrying the return and Case 3 is with the 
center conductor removed and the image 
carrying the return (two wire open line). 
Notice the remarkable insensitivit~ to the 
proximity effect a coax has ( 1.5%) com
pared to the other cases, The effects of 
various geometrical distortions are shown 
in Fig 8. The initial geometry of the 
three cases shown is an RG-19 spaced 1.04 
radii from ground. Case 1 is for the cen
ter conductor moved off center along the 
X axis by~ .25 sheath radii. Case 2 is 
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for the center conductor moved along 
they axis by~ .25 sheath radii. Case 3 
is for an eliptial distortion of the 
sheath, elongated along the y axis by 0 to .25 
sheath radii. 

Comparing the data of Figures 2, 6, and 8 it is 
obvious that the ratio of mutual to self inductance 
M1 ~/L? is predominantly determined by the thicK
ness of the outer sheath and the proximity and 
mechanical distortion effects can be neglected in 
most cases. 
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MODEL OF A REAL CIRCUIT 

Shown in Fig. 9 is the circuit model of a pulse 
transmission coax including the ground plane. 
The cable is a Dielectric Sciences DS-2019, 61 
meters long and modeled at an average of 15 em 
above the ground plane. The distributed circuit 
of the cable and ground plane is modeled by 100 
finite elements. The driving source is 330 KV 
with a one microsecond rise time and a 27.68 
ohm source resistance. A FORTRAN computer code 
was used to solve the circuit by coventional 
loop current techniques. The result of the 
analysis giving the voltage from sheath to 
ground at the sending end is plotted in Fig. 10, 
also shown is the measured voltage. The cable 
was driven through a pulse transformer, CCG is 
the secondary to ground capacitance and RA is 
a 60 ohm resistor used to monitor the voltage 
via a current transformer. 

CONCLUSION 

It is concluded that the transient voltage which 
develops on the sheath of a coaxial cable under 
pulse conditions may be explained, analyzed and 
reasonably well predicted based upon the differ
ence between the mutual inductance and the sheath 
inductance of the cable. 
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