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TECHNICAL N~~ORANW M

CH ARACTERISTICS OF SUDIIARIN ~� CABLE, TYPE 216

by G. M. Wena

INTROI”UCTION

Because infori*tion on the char acter i stics of submarine cable,

Type 216, was not readi ly available, , impedance meas~r5nents have been

made and characteristics computed. This memorandum has been prepared

f or future reference and for use by those ~t ho have expressed interest

• in the results.

•

T~1E HEA UR~ H~7~?S

Open circuit and short circuit impedances were neaswed at

8eleCtOd frequencies from 62.5 cps to 20 kc. A Z—an gle mete!~~7

Technology Instr ument Corporation , Type $1O—A,~cS used to find the

magnitude and angle of the impedance . The cable sample wa; a half-

mile (naut ical) reel (3 ,035 feet) procured under Na vy Contract NObsr .

52318 from Anaconda h’ire & Cable Comp any .
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Sub~iarine cable , Type 216, is a sixteen-conductor armored cable

with four conductors inside an inner shield arran,~cd as shown in

(?i~ure 1. b!ith ~~~ cable 9D~ ~~~ j~ee1. measurements were made of

adjacent and of opposite pairs, both inside and outside the inner

shield. Unused pairs were open-circuited. The test set-up is &oown

in Fi~xure 2~ and the specific pairs used are stated in the tabulation

of results,

Tilt C(~~ UT~TION~

Cable ch~racteristice were computed usft~ the foiloving relations.1

Jlew~red:

open-circuited impedance — 

~ 
Z~~( L~..

sbort~.circuited bapedance Z~~ Iz.~I ~~
c~liaracteristic 1n~edance:

z0 . (Z~~ • * K0 • 3

R — characteristic resistance, — characteristic roactanct

Propagation_ constant:

tanh 1’ (Z JZ ) *1 °°2
2 - 0.5 nautical mile

attenuation constant

p wavelength constant

;: ~~~~~~ ~n~~~ ;n;e;i;; ~~ ;~:;;:1937) p. 168.
2
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Attenuatien constant: in db/ai, ~~i • 8.686 a

edance~per mil:~~
Z — Z 0 y — I ~ + j2 itfL

R — resistance per nautical mile, L — inductance per

nautical mile, and f fre~’uency

Admittance per mil*:

t. _z_ — 0 + j 2~rfC
zo

C — condu ctance per nautical mile,

C — capacit ance per nautical mile.

The angle of the admittance , Y, is vcry close to ninety degrees

at all frequencie s considered. The conductance , C, equal to the

magnitude of 7 times the cosine of this angle, is not only very sm all

but als o changes rap idly with the small angle changes in the neighbor—

hood of nine ty degrees . The precisi on of meaauretmnt is not st~~ficient

to dete rmine these small ch anges accurately and values of 0 were not

obtained. Some values of L, ~di ich are dependent upon the sine of an

angle one degree or less, are also omitted.
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The re sults are tabu ]ated on the followin g page. The

characteristi c impedance and propaga ti on constant s are shown

in graphical form also. It should be remembered tl~~t these meas-

urements refer to cable on a reel , in air , with ambient tempera-

tur es fi fty degree s F. ,  to sevent y—fiv e degrees F. , and near sea

level atmospheri c pressure .
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c?l~~\crT. :LsTics 0l~’ TY ’t 216 SJJ~ ~ r~r~t c~iw;

_ _ _ _ _  _ _ _ _ _  

Shie]d (0range and iflack~~): 

_ _ _  -
~~~~~

Cl’S OC SC SC ~ ° Nepers/ nadians db ’mi thms/ mli/ 4d/
______ 

ohms Deg. oixtts Dej~. ohms ohms nil, — /rni, ‘ mu. ni. mi.
62.5 47500 —90.0° 13.5 0.2° 566 566 0.0237 0.0238 0.206 26.9 .107
125 24000 ~90.0 13.5 1.0 406 399 .0332 ~0338 .288 27.0 —-- .106
250 12000 —90.0 13.6 3.0 293 278 .0462 .0487 ~,4O1 27.3. .90 .106
500 5990 —89.9 13.8 9,5 220 186 .0620 .0731 .539 27,2 1.45 .106
1 icc 3000 —89e $ 14.3 19.5 169 119 .0794 .113 .690 26.~) 1.53 .105
1.5 kc 2025 —90.0 15.2 27.0 150 91. ? .090’? .3.47 .788 27.0 1.4.5 .104
2 kc 153C —90.0 16.6 34.0 141 74~€ .0989 .184 e859 27.9 1.43 .104
5 kc 623 -Su.? 26.8 57.5 124 35.~; .113 .393 .979 28.1 1.43 .101
10 kc 310 —S9~2 48.4 69.5 121 20.€. .126 .660 1.10 29.0 123 .0874
20 1cc l4~ -90.0 9905 72.5 

- 
117 17.2 ~~3.~~ _ ~~~~~ ~~~~~~~~~ .0949

Adjacent Pair Inøide Shield (Average of Black and Green and Black ~iid ~‘hite) :
125 239o0J —9 0~0 13~8 2,0 41.3 ~399 .0334 .0346 ,290~ 27.6~ -~~~~~~ .1.06
250 32000 —90.0 3.3.8 4.2 298 277 .0461 .0497 ~4Ol 27.6 1.35 .107
500 5950 —90.0 14.2 9.0 221 189 ~0634 ~0743 ~.550~ ~~~~~ 1,42 .107
1 Icc 3000 —90.0 14,8 18.6 17]. 123 .0817 .11.4 .7101 23,0: L,51 .106
1.5 Icc 2035 —90.0 15,8 25.8 152 95..~ .0932 .149 ,809~ ~~~~~~O 4 ~~ 1.~4? .104
2 Icc 1.530 —90,0 17.2 31.8 144 78.9 .102 .18~ .889 2~.l; 1,44 .104
5 Icc 635 —90.0 26’~5 52.0 123 42.~ .128 .383 1.12 31.~ L32 .0992
10 Icc 309 —89.9 44~2 63.6 114 2C,.’~1 .136 .655 1.18 32.9 1.13 .0911
20 1w 134 —88.7 86.6 70.0 106 ~~~~ .182 1.36 1.58 43.1! 1.12 0101

Opposite Pair Inside Shield (Black and Red): . .

125 2580C —90.0 13~.7 2,0 428 413 .0320 .0332 ,27~ 27.4~ .0988
250 13000 —90.0 13 .,E 6.0 315 284 .0436 .0434 .378 27.4 1.84 .0980
500 6500 —90.0 14.] 11.0 237 188 .0592 .0719 .514 27,6 1.87 0 0980
3. Icc 3300 —90.0 14€~ 22.0 184 124 .,0749 .111 .65] 27.6 1.78 .0965
1.5 Icc 225C —90.0 16.5. 29.0 166 97.~ .0965 .1.48 .75] 28.8 1.70 .0943
2 Icc 1690 —90.0 1802 35.0 156 81.( .0951 .184 .826 29,7 L67 .0940
5 kc 680 .90.0 29.3 52.0 134 46.( .130 .389 1.13 35.3 1.47 .0926
10 Icc 330 —89 .5 47,4 62. 5 1.22 29.~ .162 .710 1,40 40~3 1.30 .0926
20 Icc 1413 —87.5 91.2 71.0 115 16.~ .184 1.33 1.60 43.4 1.19 .0917

Opposite l’air Outside Shield (Orange and Clear) :
62.5 52500 —90.0 13.8 2,0 612 591 .0225 .0233 0195 27.6~ 2.45 .0969

125 27000 —90~0 13.,8 5.0 450 412 .0305 .0333 .265 27.5 3.06 00942
250 13700 —90.0 13.8 10.0 334 280 .0462 .0484 .401 29.0 2.04 .0976
500 (3800 —89.9 14.5 18.0 254 184 .0543 .0744 .472 27,5 2.& .0934

• 1 ko 3600 —89.9 16.7 31.0 23.4 120 .0670 .112 .582 27.7 2.5]. .0846
1.5 kc 2420 —89.9 19.7 40,0 198 91.’~ .0760 0162 .660 30.0 2065 .0869
2 kc 1870 —88.2 23.0 46.0 193 ?5. 0855 .204 .743 35.9 2.76 .0650
5 kc 750 —90.0 42.0 60.0 171 45. ’ .116 .450 1.01 400 6 2.28 .0834
10 Icc 370 —90.0 71,8 67. 0 157 44.~ .148 .811 1.29 59.8 1.92 0 0801
20 Icc 167 —90.0 145 67.5 153 30.~ .198 1.50 1.72 75.3 1.97 .0771

See Figure 1 for arrange~’cnt of conductors.

~ee section III for definit ion i:;f ~~~~~~ at head of tabl e.,

.BBLAVA1~~L~9,~ . ~
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ARRANGEMENT OF CONDUCTORS
SUBMARINE CABLE TYPE 216

FIGURE I
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