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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part IV) 
MEASUREMENT Of CHARACTERISTIC IMPEDANCE (Z0) 

In Part I it wa shown that the harac­
teristic impedance of pol ethylen -di-

lectric and teflon-dielectric cable JS 
constant at very low frequencies, de­
er a e omewhat in a medium-fre­
quency rang , and i again con tant at a 
lower value at very high frequencie . 
( ee Figure 3a.) Characteri tic imped­
ance can easily be determined at any 
desir d frequency if a uitable impedance 
bridge13 is available with whi h to 
measure the open-circuit reactance, 
X00, and short-circuit reactance, X80, 
of a ample length of cable. 14 The 

characteri tic imp dance is then Z0 = 

VXocXsc· 
The bridge method is the mo t satis-

factory method for measurements on 

cabl at low frequencie , such as 1 M , 
where the inductance varies with respect 
to frequency, and for m asurements on 

rubber-di lectric cable and other types 
of cabl in which capacitance is not in­
dependent of frequency. Twin-conductor 

cables are more difficult but can be 
measur d b use of th TYPE 874- B 
Balun connected between the bridge 
and the cable sample and adapt d to 
the desired frequency of measurement. 

Since polyethylene-dielectric and tef­
lon-dielectric cables have practically con-

tan t Z0 for all frequenci s above about 
20 to 40 Mc, and sin e it is this value of 
Z0 that enters into most applications 
and is usually Ii ted, an indirect method 
of measurinO' Z0 can be used. T'his m thod 
i based upon th following imple r la­
tion to velo ity of propagation (v) and 
capacitance ( C) : 

101,600 
Zo = 

(v in per cent) x (C in µµf per ft.) 
l JQur ales Engineering Department will be glad to make 
recommendations for any specific measurement problems. 
14Prc>ferably near on clc tric>al length of one-eighth wave­
lc>ngtb. 

ohms. Since C for polyethylene-dielectric 
or t flon-diel tri · cable is independent 
of frequen y, it · an b mea ured at any 
convenient low fr quency, su h as 1,000 

cycle . (IvIIL-C-17B Specification allows 
any frequ ncy from 1,000 cycles to 1 

M . ) The relative velocity of propao-a­
tion, v, can be determined, as outlin d 
in th following s ction, at any conven­
ient frequency above the reo-ion of chang­
ing characteri tic impedance. Then Z0 
can b calculated from the formula 
given. The advantagPR of thi indir- ·t 
method are that it is imple and require 
1 s expen ive equipment than the im­
pedance-bridge m thod, and th hio-h­
frequency part of the mea urem nt 
(measurement of v) can be made using 
ome of the same equipment that i 

n c ssary for the mea urement of at­
tenuation. rlhu w have r duced the 
measurement of Z0 to the easier m a -

urement of v and C. Because of the small 
variation in characteristic that occur 

from point to point along a flexible 
cable, it i desirable to use the same 
piece of cable for both measurements. 

MEASUREMENT OF VELOCITY 

OF PROPAGATION (v) 
The u ual r a on for making this 

measurement i , a implied above, to 
determin charact ri. tic impedan e (Z0), 
but the value of v is occasionally r -
quired for other rca ons. Since v is con-

tant at high frequ nci s (FiO'ure 3b), 
th frequen y of mea urem nt is not at 
all critical provid d that it is above 20 

to 40 Mc. The measurement can be 

made with the equipment shown in 
Figure 9. 

The TYPE 1208-B Unit Oscillator, 
amplitude-modulated, delivers power 
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through a TYPE 874-GlO 10-db Pad and 

a patch cord to a TY E 7 4-Q2 Adaptor 
fitt d with banana pluo- . The e plug into 

th ja k-top binding posts of a second 
'IYPE 74-Q2 Adaptor, ls and one end of 

the cabl sample is al o conn cted aero s 

the binding po t . ( onne ·tors are no 

us d on th cabl ampl f r this m a ure­
men .) The coaxial end of th e ·ond 

a aptor conne t one end of the TYPE 

874-VQ Voltm Detector, who e 

oth r end is t rminated in a T PE 874-
WM 50-ohm Tcrmina ion. Th de­
modulated audio env lop ignal is con­

nected by a pa ch cord to he TYPE 

1212- Unit :run Dete tor. The TYPE 

7 ...,0- H terodyn.e F · qu n y l\tleter is 
strongly recommended in order to im­
prov th ac ·uracy with which the fre­
quency I lrnown from 2% to 0.1% and 

to reduc very significan ly th danger 

of miscalculating the number of quar er­
wavel ngth , /., in the able sample, as 

de cribed below. 

It an be se n that this tem can be 
de ribed as con i tino- of 50-ohm gen­

erator of varia le fr qu n y driving an 
untuned oltmet r in parallel ' ith the 
cabl sample input. If the other end of 

15Thc TYPE 74-Q2 daptor is su['.lplied with two banana 
plug· and two binding posts. 

the cable ample is open-circuited, and 
if the oscillator frequency i varied, th 
cable-sample input impedance will ary 

between alternate maximum and mini­

mum values, with the minima marked 
by minimum indi a ion on the volt-_,... 

meter. It is well known that the minim 
occur when the leno-th of the cable sample 
i qual to an odd number of quart r­

wavelength . 
Th mea urem nt is made by findin · 

th fr quencies for two adjacent volt­
meter minimum r adings. Before u in · 

the frequencies so found, it i desirabl 
t find al o the n xt veral frequ nci 
for minima and to cho ·k tha th para­
tion between any two adj acen fre­
quencie are rea onably uniform, thu 
guarding again t b ing mi led by a po -
sible spuriou minimum. Call he lo\ r 
of the two frequencie to be u ed f 1 and 
the next high r on j2. The physical 
length, l, of the cable sample i al 
measured. To calculate per c nt v lo i 
from the e data, fir t determine the num­
ber, k, of quarter-wav lengths ontain d 
in the ample length at the fr qu ncy of 

f1 by m ans of the following approxi­
ma e16 relation: 

16This formula is approximate because of normal mea. -
urement error in det rmining fl and /2, and because k 
must ho an exact, odd integer. 

TYPE 1214-A 
(UNIT AUDIO) 
OSCILL ATOR 

(MODULATOA·lkcl 

1212-A UNIT NULL DE TECTOR 

AUDIO MODULATING 

�����__,
VOLTAGE 

TYP E 1208-B TYPE 1201-A 
UNIT POWER 

SUPPLY 

TYPE 874-R2! 
PATCH COAD 

TYPE 874-WM 50-0HM ����C��[l:'�tn"".- TERMINATION 

I 

TYPE 1203-B 
UNIT POWER 

SUPPLY 

WITH BANANA PLUGS I 
l 
) 

�CABL E SAMPLE 

L 0 - OPEN- CIRC UITED END 

Figure 9 .  Arrange­
ment of equipment for 
measurement of v­
locity of propagation 

I TYPE 874-02 ADAPTER 
TYPE 720-A I WITH BINDING POSTS 

HE T ERODYNE _.I\ 
FREQUENCY "-

METER ' LOOSE COUPLING 

(INNER CONDUCTOR CUT 
OFF FLUSH) 

in coaxial cables. 
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TYPE 874-VQ 
VOLTMETER DETECTOR 
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TWO TYPE 1000-PS V-H-F 
TRANSFORMERS TAPED TOGETHER 

Figure 10. Method of 
connections to twin­
conductor cables. The 
remainder of the meas­
uring system is identi­
cal with that of Figure 
9. Instead of copper 
foil ond tape, Type 
874-ZC Clamps can 

\ GROUNDED CONNECTION (FOR SHIELDED CABLES) 

,(rc,,��'-fl'·�-,,'-7r0��, ABLE SAMPLE 

----�����t-±ltfi�=::::::::::::!;)� 
TYPE 874-WM -==:=n-

be used, if desired. 
50 OHM 

TERMINATION 
PATCH CORD FROM 

GE NER ATO R 2 SEMICIRCLES OF 1* I I BUS WIRE 

k,,.....; 2f1 

-f2-f1 
using for the quantity (f2 -f1) the aver­
age difference bet\ een u e sive fre­
quencies. As calculat d k hould be 
very close to an odd integ r and hould 
b rounded off to thi integ r, which i 
th n used in the following formula to 
d termine per c nt v locity: 

(l in ft.) x (f1 in l\/Ic) 

v = (2.46) x (k, integer) 
per c nt. 

convenient length for the cable 
ample is about 25 feet, which will re ul 

in values for (f2 -.f1) of around 12 M 

for polyethylene-dielectri abl and 
around 15 c for polyethyl ne- nd-air­
dielectric cabl . I is convenient o 

hoose f1 in the 100- to 20 -Mc range, 
inc the heterodyne frequency met r i 

dir ct reading in hi range. If much 

long r able ampl or higher fre­
qu nc1e are used, ucce sive m1n1ma 
are mor clos ly spaced peTcentage­
wi , and there is the possibility that k 
will not be selected prop rly, an error 
that is not easy to detect. If the fre­
quency meter is not u ed it is recom­
mended that low r fr quenci s and/ or 

horter cable ample b u d to mini­
miz this dano-er. Th frequency range 
of he TYPE 120 - 0 cillator (65-500 
Mc) is adequat for mo t application . 

Th rror of m a ur m n equal the 
um of the ror in d termining l and the 
rror in determining j1. The ph sical 

length of the cable srumple an probably 
be measur�d with an accuracy of ±Y2 
inch or better, but end effects must also 

be consider d. The equivalent. el ctrical 
"l ncrth ' (du to fringe apa itan ) of 
th p n ·ircuit at h far end of th 
cabl an be }rcpt to l than 7.;l in h, 
and the l ng h of cable input connec-

ion to th binding posts kept to le s 
than Y2 in h with rea onable care and 
for all but h largest cable type . 'I hese 
end eff cts will b approximately om­
pensated if 7.;l inch (or more for larg r 
cable ) is added to the m a ur d leno·th 
of the cable proper. All thing on ider d 
in typical a es th rror of mea uring l 
is about ±0.4o/c for a 25-fo t lencrth. 
Th rror of m a uring frequency i ± 
2o/c if th alibration of h TYPE 12 -B 

illa or i u d dir ctly bu he u e 
of the TYPE 720-A Heterodyne Fre­
quency tfeter improve this to ±0.1 
Therefor , the over-all accuracy of d -
t rmining per cent velocity can b about 
±0.5'7£. Because of the variations in 
characteristic impedance along the able 
mentioned earlier, thi ac ·uracy i prob­
ably som what b tt r than i icrnificant. 

Th m a urem nt of t\ in-condu tor 
cable , hield d or un hi Id d, i mad 
in ,·actly he sam wa a ju t d crib d 
ex p that two 'I YPE 1000-P5 \ -H-F 
Tran form r (un un d, balanced-to­
unbalanced trans£ ormers for the 50-
250-Mc rano- ) are used to connect the 
generator and the voltmeter, respec­
tively, to th input end of th cable 

ample, a· shown in Figure 10. Th t\ 
tran former ar trapped t geth r with 
copper foil (to provid a common 
oTound) and ap , and t' o short s mi-
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ircles of Number 11 A WG bus wire 
join together the balanc d nds of the 

ransformers and are at th sam time 

rminals to which he cabl ample is 
onnec ed. If he able ample has a 

shield, this should be conn cted by 
means of a short, wide copp r trap to 

he common ground of th tran former . 

MEASUREMENT OF CAPACITANCE (C) 

AND CAPACITANCE UNBALANCE11 

The capacitance p r foot (C) of able , 
usually r quir for the determination 

of characteristic impedanc (Z0) and 
u eful in its own right for inspe tion 
purposes and for cir uit calculations at 
low frequencies, can be ea ily measur d 
with very high accurac . The high ac-

uracy is de irable for two r a n : (1) 
Th rror in Z0 as det rmined from 

m asured valu of velocity of propa­

gation (v) and capa -itan e (C) i the um 

of the errors in bo h measurements, and 
minimizing the capa itan e rror helps 
to main tain reasonable a ·curacy for 

Zo. ( ... ) In th m a ur m nt of capaci­

tance unbalance of hi ldcd twin- on­
ductor ·able , th final an wer is directly 
proportional to he cliff r n e bet\ e n 

two, nearly equal , m asured apacitance 

valu , and, if mo t of the allowed cable 
toleran e i to b u iliz d, ac urate 
mea urements are essential. We have 
already een that for polyethylene­

dielectric and eflon-dielec ric able the 
apacitance is indcpenden of frequ n y 

and that MIL pe ifi a ion allow the 
use of any frequency betwe n 1 000 

c cl and 1 Mc for the m asurement. 

In the in ere t of a curac it is best to 

lect a low frequency, and 1 00 cycle 
i u ually mo t convenient. The TYPE 
716-C Capacitance Bridge is w 11 suited 

for thi measurement because of its 

wide capa itance range and its high 

accuracy. 

The measurement of capacitance un­

balance is made by connecting variou 
combinations of the two inn r on­
ductor and hield to the bridge as out­

lined in MIL-C-17B Specification .
1

1 

For best a ·curacy the substituti n 

method i r ommended . U ing the cor­

rec ion hart mounted on the pan 1 of 
each instrument , one can ob ain an ac­
curac of ±0.1 0 or ±0.8 µµf, which-
ev r i greater, for apacitan alu 

up to 1 000 µµf . Twen y-five feet of 50-

ohm poly thyl ne abl normall has 
a capacitance of about 750 µµf, to which 

the 0. µµf a uracy fi ure applies. If 

longer amples are u d makin th 
capacitance greater than 1,000 µµf, 
the 0.1 0 a cura y can be maintained 

through th u of TYPE 1409 tand­
ard onden ers. TYPE 505 onden r 

are a isfa tory for initial balancing. In 
the measurem nt of capacitance unbal­
anc , capacitance differences of le . 

than 00 µµf \'\ill b en oun red, an I 
th a uracy of ±0. µµf can b in1-

proved o ±0.2 µµf if de ired by the 
use of worm corr ction data supplied 
with the TYPE 716-C Bridge on specia l 

order. 

T"' in-conductor cables can b m a -

ur d u ing he thr e-measuremen 

method . 

The T -p 1214-A nit scill ator (400 

or 1 000 y 1 ) alr ady required for 

the velocity-of-propagation m a ure­

ment i a v ry satisfactory generator 

for the bridg , and th TYPE 1212-A 
Unit Null Detector (als u d in the 
oth r m a urement), wi h th TYPE 
1951-A Filter is an excell nt bridge d -

tector. No other equipment i ne ded. 

-W. R. TH R TON 

(To be concluded) 
17Because the measurement of capacitance unbalance, a 
characteristic of shielded twin-conductor cu.bles, is dis­
cussed in I\HL-C-l 7B Specification, it will not be discussed 
in detail in thi article. 

l 
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The equipment for the mea urements 

di cu sed in this article includes many 
items li t d in previous installments. In 
addition, the following are needed: 

Quantity 

1 
2 
l 
] 
1 
1 
2 

Item Price 

Type 1214-A Unit Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . $ 7 5.00 
8.50 

1 2.50 
30.00 

14 5.00 
85. 00 
55. 00 

Type 874-Q2 Adaptor . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . .  a $ 4.25 
Type 874-WM 50-ohm Termination ............................. . 

Type 874-VQ Voltmeter Detector . .. .................. ........ ..... . 

Type 1212-A Unit Null Detector . . . ............................. . 

Type 1201-A Unit Power Supply . ................ ....... .. .. .. . . 
Type 1000-P 5 V -H-F Transformer ... . . . . . . . .. . . . .. . . .. . .  @ 27.50 

MOTOR DRIVE FOR VlO, V20 VARIACS® 

driven models, a li ted in the table 

below. The e mod ls do not have ball 

bearing and are supplied without case . 

Prices rriven in the table are p r unit 
for a minimum quantity of 5 unit . 

For less than 5 units, add th et-up 
charge. 

Type numbers are made up as follows: 

..----------- Variac Type No . 
.--------Motor Drive 

I
r ------ Travers Tirol' 

,...I ----Capacitor* 

I 
Micro witch<'t-i* 

--** 
VlOHG3 D 16 C K S 

The popular ' 10 and \ ·20 8 ne of 

Y ariacs IS now available In motor-

* Capa ·itor and 1nicro. \,;tches are supplied on all m.odels. 
**Add R to all type numbers for n1otor- lriYen VlO and 
V20 mo<l<•L-1. 

]20 240 480 240 960 
Y .  Yes Y<'.· 

Yes Ye Yes Yes Yes Yes 
Seconds for 

320 TravC'r. e 8 16 32 32 64 128 
Set-Up Charge 

Prorated 
Variac Type 1-4 Units 
VlO $1 38.00 $1 38. 00 $138.00 $138.00 $138.00 $1 38.00 $12.00 
V 1 0G2 184.00 184.00 184.00 184.00 184.00 12.00 
V 1 0G 3  218.00 218.00 218.00 218.00 218.00 12.00 
VlOH 1 39.00 139.00 139.00 139.00 139.00 139.00 12.00 
V 10HG2 18 6 .00 18 6.00 18 6.00 186. 00 18 6. 00 12. 00 
V 10HG3 221.00 221.00 221.00 221. 00 221 .00 12. 00 

V20 162. 00 162.00 1 62. 00 162.00 162.00 162.00 12.00 
V20G2 236.00 236.00 236 .00 236.00 236.00 12.00 
V20G3 292. 00 292.00 292.00 12.00 
V20H 16 2.00 162.00 162.00 1 62.00 1 62.00 162.00 12.00 
V20HG.2 236.00 236.00 236. 00 236. 00 236 .00 12.00 
V20HG3 292.00 292.00 292. 00 12.00 
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STORAGE BOX FOR TYPE 102 -P OSCILLA OR NITS 

Typ 
1021-PlO 

mm n h ld 

.: t nvr • of OS('i] ), t r 

111 U.' hU!-) fr flll Hl ly } Il U. 

Price �������������� 
Storage Box . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . I $118.00 

General Radio Company 
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