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ABSTRACT 

A pulsed nngmg method was used to measure the in

ductance and resistance of several special coaxial cables used 

at the Los Alamos Scientific Laboratory as transmission lines 

in banks for controlled thermonuclear research. The cables 

are described, the method of measurement is outlined, and 

the properties of the cables are given. 
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INTRODUCTION 

In designing a capacitor bank for controlled 
thermonuclear research experiments, it .is of criti
cal importance that the electrical characteristics 
of the components be known in order to meet 
certain rise time· and energy transfer require
ments. 

This report presents the results of measure
ments of inductance, resistance, and capacitance 
for several coaxial cables commonly used as trans
mission lines in energy storage capacitor banks. 

It is difficult to get good design numbers for 
coaxial cable at the frequency of interest. Often 
the manufacturer's values published for their 
commercial cables do not agree with the actual 
values displayed by the cables when used at fre
quencies different from the frequency of measure
ment. In many cases even these values are not 
available, since the cable is of special design. 

This n=!port gives the results of direct measure
ments of cable inductance and resistance made in 
a ringing capacitor discharge circuit, that is, in a 
circuit which closely appr'oximates the actual use. 

In general, the current range over which the 
measurements were made was 10,000 to 50,000 A 
and the frequency range was 10 to 65 kcj sec. The 
exact range is given for each cable type. 

The designation of the cable type is given as 
it is commonly known at the Los Alamos Scientific 
Laboratory. If other designations are known, these 
are also listed. 

Fig. 1. Sectioned Piece of RG 17/14 Cable. 
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Cable designations of the form a/ {3 indicate 
its construction. A cable designated aj f3 would 
have its outer conductor made according to the 
specifications for the outer conductor of RG a/ U 
and its inner conductor made according to the 
specifications for the outer conductor of RG {3/ U. 
For example, 17 j 14 has the same outer conductor 
as RG 17 j U (RG 218/ U) and its inner conductor 
is the same as the outer conductor of RG 14/ U 
(RG 217 j U). Figure 1 shows a sectioned piece of 
RG 17 j 14. Because some standard cables have a 
double outer braid, some of the cables thus made 
may also have double braid as an outer or inner 
condur.tor. 

The graded cables are made with a thin layer 
of conducting polyethylene just outside the center 
conductor and just inside the outer conductor. 

THEORETICAL CONSIDERATIONS 

The capacitor discharge circuit of Fig. 2 may 
be represented by the equivalent circuit shown in 
Fig. 3, where R. is the resistance of the source, 
L. is the inductance of the source, Rc is the re
sistance of the cable and Lc the inductance of the 
cable. Let Rt = Rs + Rc and Lt = Ls + Lc. 

The source is understood to include the ca
pacitor, the switching ignitron, and whatever· 
amount of cable is necessary for connections. 

r...,.----~~SHORT 

Fig. 2. Capacitor Discharge Circuit. 

Fig. 3. Equivalent Circuit. 



The current m this circuit 1s giVen by the 
equations 

-(R /L)t/ 2 
I=Ie t t 

0 sin wt 

-(R /L)t/2 
i = Ae t t cos(wt + rp) 

where A and rp are constants depending on w and 
Rt/ Lt. These values are not important to the fol
lowing. 

The period of I is equal to 

21T 
I-- = 

w 

21T 

For the circuits under consideration (mini
mum damping- high reversal) 

and 

or 

2 
'T 

2 
41T c 

Let A.c be the inductance per unit length of the 
cable. Theu lhe total inductance, Lt = L. + Lc, 
can be written Lt = L. + AcX, and dLt/dx = 
A.c, where x is the length of the cable. Hence 
Ac can be determined from the slope of the plot of 
Lt versus the length of the cable. 

For the determination of Rt = R. + Rc, con
sider the ratio of two successive peaks of i 
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-(R /2L)t 
Ae t t 1 cos(wt

1 
+ rp) 

but 

cos(wt1 + rp) = -cos(wt + WT /2 + rp ) 

and, therefore 

Thus 

\ +T/2 

or 

where At/ A2 is the ratio of two successive extrema 
of i. As in the case of the inductanr.P., wP rl\n 

write 

R = R + r x 
t s c 

dRt 
-=r 
dx c 

whP.rP. r o 1., the resistance por unit length of the 
cable, and we determine rc from the slope of a 
plot of Rt versus the length of the cable. 



MEASUREMENTS 

A 101-ft length of test cable was connected 
to a 15-p.F capacitor with an ignitron used as a 
switch. One end of the cable was shorted to com
plete the circuit. A Rogovski loop placed around 
the anode stud of the ignitron was used as a signal 
pickup. 

The capacitor was. discharged through the 
cable, and the integrated signal from the Rogovski 
loop was recorded by photographing an oscillo
scope trace. Then the cable was shortened by 20ft 
and another discharge recorded. This procedure 
was repeated, removing 20 ft of cable each time, 
until the cable was used up. 

The total system inductance was calculated 
from the known capacity of the capacitor and the 
ringing frequency. The inductance was then 
plotted as a function of cable length. The slope of 
the graph gives the inductance per foot of the 
cable and is indPpPnrhmt of the pulsing source. 
Figure 4 shows such a plot for 8/59 cable. 
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Fig. 4. System Inductance vs Nominal Oable Length 
(8/59 Cable). 

A similar procedure was followed to deter
mine the resistance per unit length. The total 
system resistance was calculated from the total 
inductance and the decrement as determined from 
the oscilloscope trace. The slope of the plot of re
sistance versus cable length then gave the resist
ance per unit length of the cable. A typical plot 
(8/59 cable) is shown in Fig. 5. 

The capacity of the cable was measured on 
a G. R. 1650 impedance bridge. 
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Fig. 5. System Resistance vs Nominal Cable Length 
(8/59 Cable). 

100 

It was tacitly assumed in the procedure out
lined above that the inductance and resistance 
were essentially independent of frequency over 
the range of the measurement. This will be true 
if the skin depth is equal Lu, o1· greater than, one
half the thickness of the conductor. This condition 
is met by all the braided cables except those which 
have a conductor made according to the specifica
tion for the outer conductor of RG 217, i.e., types 
17/14, 17/14 HV Graded, 19/14, 19/14 HV 
Graded. For these cables, the total braid thickness 
is somewhat greater than two skin depths at the 
high-frequency end of the measurement. It is not 
clear how this should affect the measurement, 
since the braided conductor allows field penetra
tion to the center of the conducting region with
out requiring that the field pass through the con
ductor. At any rate, the change in inductance is 
small. The resistance could be affected somewhat 
more. Care should be taken in applying the results 
for these cables when frequencies higher than 35 
kc are expected. 

Five cables have solid or larger twisted center 
conductors: RG 8/U, 20-P2 BICC, RG 217 jU, 
RG 218/U, and RG 19/U. For RG 8/U, the radius 
of the center conductor is 0.014 in.; the highest 
test frequency for this cable was 28 kc at 'which 
the skin depth is 0.15 in., and thus the inductance 
and resistance should be unaffected by the fre
quency change. 

An estimate of the inductance charge for 
20-P2 BICC, RG 217 /U, and RG 19/U indicates 
that the inductance variation should be less than 
4% over the test frequency range. However, the 



resistance variation for these cables is large 
enough to make the resistance measurement by 
this method invalid. Thus, the values of R given 
for these cables represent average values over the 
frequency range. 

gives the results for the solid center conductor 
cables. The tables also give the thickness of the 
interconductor insulation. In each case the dielec
tric is polyethylene. The indicated errors in Table 
I are due mainly to reading errors, while the 
errors given .in Table li reflect mainly the effect 
of skin depth. changes. Unfortunately, it is true 
that almost all the cables are used at voltages far 
higher than the manufacturers recommend. It is 
hopecl thnt thf.l im1.1btion thiclme3.~ dnl<t will ait.l 
in selecting the proper cable for a given voltage. 

RESULTS 

Table I gives the measured values of Rift, 
Ljft, and Cjft for the braided cables, and Table II 

TART.E I 

Measured Values for Braided Cables 

Inductance Resistance Frequency Range of 
Type per ft (nH) per ft (mohms) Measurement (kc) 

8/59 (14/13) 50.+ 1.5% 4.8 + 1.5% 18 - 39 
8/142 55 + 1.1% 3.9 + 1.6% 17 - 38 
Type 4 (P14-4) 26 + 2.0% 3.1 + 1.4% 24 - 50 
17/14 36 + 1.6% 1.1 -+: 1.4% 21 - '1·7 
17 j14 HV Graded 40 + 1.5% 1.1 + 1.1% 20 ~ 41 
19/14 49 + 1.1% 18 - 40 
19 j14 HV Graded 54 + 1.1% 0.97 + 1.8% 17 - 36 
19/17 17 + 1.8% 0.71 ± 2.0% 31 - 64 
YK 198 (Belden) 28 + 1.5% . 2.3 + 1.3% 9..3 - 50 

TARLE II 

Capacitance 
per ft (p.p.F) 

65.0 
40.0 

120.0 
78.2 
75.5 
51.7 
53.5 

136.0 
110.5 

Measured Values for Solid Center Concluctor Cables 

Inductance Resistance Frequency Range of Capacitance 
Typ~ per ft: ( nH) p~:;1 [ l ( llluluus) lvieasurement (kc) per tt (p.p.F) 

RG s;u 104 -+- 1.5% 3.7 + 2.6% 12 - 28 29.8 
RG 19/U 86 + 2.5% 0.97 + ? 14- 40 29.5 
20-P2 RT\.C 35 + 3.8% 1.0 -+- ? 21 - 45 129,0 

RG 217/U 95 + 2.7%. 2.0 + ? 13 - 28 30.0 
(RG 14/U) 

HlT 218/U 86 + 3.8% 1 .1 ± ? H- 42 29.5 
(RG 17 /U) 
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Average 
Insulation 

Thickness (in.) 

0.067 
0.070 
0.036 
0.110 
0.140 
0.225 
0.225 
0.100 
0.048 

Average 
Insulation 

Thickness (in.) 

0.104 
0.330 
0.050 
0.121 

0.242 




