
BELL SYSTEM PRACTICES
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ADDENDUM 304-100-100
Issue 4, September, 1951

AT&TCo Standard

TRANSMISSIONCHARACTERISTICSOF

OPENWIRECIRCUITS

1. GENERAL

1.01 This addendummakes availableTables
NOS. 46 through59 to covertransmission

informationpertainingto J/Rcopper-steel(30
per centconductivity)wireandadditionalin-
formationregarding080 copper-steel(40 per
centconductivity)wire. These tables should
be attachedaccordingto pagenumberto those
nowcontainedin Section304-100-100.

1.02 Theinformationcontainedin Issues1, 2
and3 of this addendumis incorporated

in thisissuewithoutchangeexceptthatPara-
graph4 hasbeenchangedso thatCopper-Steel
is redesignatedCopper-Steel(40 per cent).
ThetablesprovidedwithIssue3 arereissued
andareunchangedexceptfor theinclusionof
thewords,ll(~Opercentconductitity)nin the
titleof TableNo.45. Thesetables,nun&red
11,12,13,28A,28B,42,43,Mand4S should
be insertedin the sectionby pagenumberand
the replacedtablesdestroyed.

2. CHARACTERISTICSOF 080 HARDDRAWN COPPER
WIRECIHCUITS

2.01 Tables 42 andh3 give, for 8-inchand
12-inchspaced conductorsrespectively,

drysndwet weatherattenuation,phasechange,
andimpedanceof 080hard drawn copper side
andphantomcircuitson DP insulatorsoverthe
frequencyrsnge from100to 30,000 cycles.
Thedryweatherattenuationon CSAor CS irsu-
latoreis thesameas thedryweatherattenua-
tionfor DP insulatorsshown on the table.
ThewetweathervaluesforCSAorCSinsulators
may be obtainedapproximatelyby addingto the
dryweatherDP insulatorvalues one-half of
thedifferencebetweenth dryandwetweather
DP insulatorvalues. TheDC loopresistance

Attached:
Tables11,12,13,28A,28B,

42,43,~and4~ datedOctober,1948
andTables46 throughS9 datedMay,1951.

permileof the 080 copper circuitsis 17.S
ohmsforthesidecircuitand8.8ohmsforthe
phantom

3. CHARACTERISTICSOF 109HIGHSTRENGTHSTEEL
AND134 STEELWIRECIRCUITS

3.01 TableU givesdryand wetweatherat-
tenuation,phase change,and impedance

of 109high strengthsteeland134steelwire
sideandphantomcircuitsovertherangefrom
300to 4000cycles.

4. CHARACTERISTICSOF COPPER-STEELCIRCUITS
hO PERCENT)

4.01 Table4S gives dry and wetweatherat-
tenuation,phase changeand tipedance

for the phantomsof 8- and12-inchspaced104,
128 and 165 copper-steel(4oper cent)con-
ductorsovertherangefrom200to4000cycles.

4.o2 Thedryweatherphaseshiftcharacteris-
ticsfor the6-inchspacedcopper-steel

pairs,whichforallpracticalpurposesmaybe
usedalsofortheotherspactigs,areshownh
thetable below. Other characteristicsof
copper-steelwirearegivenin thesection.

ZEzk PhaseShift- Hadians/Mi.
104mil 128mil 165mil

200
500
1000
1500
2000
2500
3000
4000
4300

.0134

.0238

.0402

.0566

.0732
● 0900
.107
●J-2
.175

.0115 .0098

.0215 .0195
●0379 .0361
.0552 .0S32
.on4 .0703
.0884 .0874
.106 .105
.40 .139
●174 ● 173
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Frequancy
Kilocycle8
PerSeaond

●1
.2
.5
1.0
1.5
2●o

~::
●

:::
9.0
10.0
11.0
111.o
20.0

z::
LOX!
50.0
60.0
70.0
80.0
90.C
100.0
11o.o
120.0
130.0
lIlo.o
150.C
160.0
170.0
180.0
190.0
200.0
300.0
lw.o

E::
700.0
800●o
900.0
1000.0

1SS 1, SECTION 304-100-100

?Amx Ua.11

DRYWEATHERA’XTENUATIONOF COHI?R PAI~

@lculatedforhami-drawncopprat68°F.
with 53 paira ofCS insulatorsper nib

Attenuation- db per Mile

165 MU wire With
Unifoxmspacingof:

g

.0260

.0306

.0335

.031J7

.0357

.0370

.038&

.0399

.ok32

.o&73

.0507

.0610

.061JL

.0673

.07JJ7

.0880

.101

.106

.122

.135

.l&8
J59
.17(2
.180
.189
.198
.207
.216
.2211
.231
.239
.2h6
.253
.260
.267
.328
;;,$

.L69

.508

.~IJb
●579
.612

Notosi

~

.02&9

.0290

.0315

.0326

.0336

.0348

.0361

.0377

.Ouo

.obl15

.o&80

.0575

.0606

.0633

.0705’

.0828

.099

.0999

.lllb

.i27

.139

.150

.160

.170

.178

.187

.195

.203
,?I.1
.218
.226
.233
.239
.2&6
.252
;;g

JJJ

.h81

.516

.51+9

.581

12w
—

.023

.027

.D29

.030

.031

.032

.033

.03JJ

.038

.0111

.olJh

.053

.056

.058

.065

.(!76

.087

.C92

.106

.1.18

.129

.139

.u8

.157

.165

.173

.181

.189

.196

.203

.209

.?16

.222

.?28

.?3b

.288
●335
.376
.LIL
J!h9
.h82
●513
●51b3

128 MU Wim with
UnifolmSPaCing Ofa

j$J

.0351

.0436

.0510

.0531J
●o5113
.0553
.0561
.0573
.0599
.06y
.0666
.0770
.0805
.091.b7
.09b3
.110
.1?6
.132
.151
.167
.182
.196
.2@9
.221
.233
.2bli
.25&
.265
.??ll
.?e3
.292
●301
.309
.Jlfl
.327
.1100
:g

.%9

.615

.659

.701

.71$o

QsJ

.0338

.olJ17

.01183

.050&

.CK12

.0521

.0530
;;$y

.!J59&

.0632

.0730

.O?ti

.0797

.0890

.1OM

.139

.125

.1112

.158

.172

.185

.197

.?@9

.?20

.?31

.2111

.250

.?59

.268

.?76

.285

.?93

.301
;;:

.lJ38

.L91
●~~o
.58JJ
.626
.666
.703

~n
—

.032

.039

.0L5

.0L7

.o~8

.9h8

.Oh!?

.050

.052

.055

.Q58

.067
,070
.073
.082
.096
.I.lo
.u6
.132
.l&7
.160
.172
.183
.19/J
.20LI
.2111
.?21.J
.233
.?lll
.2h9
.257
.265
.272
.28o
.288
●353
J108
.1158
.505
.5h6
.*5
.623
.658

10JAMl Wiruwith
Unifom Spaoing of 1
&

.ohh2

.0569

.0707

.0759

.0775

.0786

.0793

.0802

.0821

.081J3

.0867

.09%

.0991

.103

.Ull

.132

.:::

:lii

%
.23&
.249
.263
.277
●?90
.302
.31Jl
.325
.335
.31J5
.356
.366
.376
.386
.&72
.51111

:%
.722
.773
.821
.867

~

.0~26

.0%7

.0673

.0718

.0733

.07&l

.07119

.0?58

.0773

.0797

.0822

.0906

.0937

.0973

.107

.125

.m

.151

.171

.189

.206

.221

.236

.2h9

.?62

.?711

.286

.297

.308

.317

.3n
●337
.3h7
.356
.366
●U7
.=6
.578
.631J
.686
.735
.781
J!2L

~

.o111

.052

.063

.067

.068

.069

.070

.070

.072

.071J

.076

.08&

.007

.090

.099

.I16

.133

.llbo

.159

.176

.192

.206

.219

.232

.2U

.255

.266

.277

.287

.296

.305
●311J
.323
.332
.31J1
.&18
.ld33
.$~l
.591b
;64:

,732
.773

2. They My al.aobe wed, forpractiti purpoees,for caaes in
which the -r of paire of ineulatioopm dle la other
than 53.

Revised

1.ThesevalueamRyalaobeusedforeitherTollorDP Inaulatora.
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Frqutmay

Kilocycle
,kr Second

.1

.2

.5
1.0
1.5
2*O
2.5
3*O
L*O
5,0
6.0
9*O
10.0
I.1.o
li..o

%
30.0
ko.o
5&.g

70:0
80.0
90.C
100.@
11O.C
120.0
130.Q
111o.o
150.0
160.c
170.0
180,0
190.@

3%:;
11oo.o
500.0
600.0
700.0
800.0
900.0
1000.O

1SS 1, SECTION 304-100-100112

TAMS NO.12

WETWEATNERATTENUATIONOF00~R PAIJ6

Calculatedforhamkirawncopperat68°F.
with53pairs of CS insulatorsper mile

Attenuation- db nerMile

165MilWirewith
UniformSpacingoft

~

.0309

.03)49

.0376

.0390

.OJJOIJ
●OIL19
.Oulo
.olj57
.0500
.P51J9
.os91J
.0713
.0751
*(-)W37
.0883
.105
.122
.1?9
.1119
.16P
.185
.201
.216
.271
.245
.258
.270
●283
.295
.307
..318
.330
.3i11
.352
●361
.lJ60
.5/1?
.61P
.690
.757
.823
.8!36
.9M

Notes:

1.

2.

~

.0300

.03L5

.0359

.0372

.038L

.oI@

.oL19
JM38
.o1179
.O<?ll
.0%7
.0686
.072L
.0757
.c81J8
.101
.11?
.1211
elld.1

.162

.179

.1911

.2o9

.2214

.237

. ?50

.263

.?75

.?87
●299
.310
.321
J;;

.352
;;$

.6o8

.679

.71J6

.R12

.876

.937

12.
—

.0288

.0318

.0338

.0350

.0367

.0377

.03911

.0U3
JxJ57
.0501
.f)51$l
.0650
.0682
.o?lL
.0800
.0953
.111
. U8
.137
.15JJ
.1?1
.1.86
.201
.215
. ?28
.?@
.253
.?65
.2?7
.288
.?00
.311
.322
.333
.3h2
.LLo
.521
.597
.668
.736
.902
.967
.928

128YilWire with
UnlfonnSnacingof:

~

.0U3

.0&89

.0558
.0582
.0595
.C6c%
.9621
.0636
.067L
.0710
.071J8
.0877
.092b
.0967
.m
●M
.IM
.156
.1/71
.702
.222
.2&1
.258
.775
.?92
.307
.3.22
.336
.ysm
.36L
.377
.390
.11o2
.L15
.126
.!nJo
.635
.722
.8011
.PPo
.951J
1.027
1.@95

82

.01102

.fM72

.0533

.0551J

.0567

.0580

.0593

.(-%08

.06111

.0680

.0721

.OfM

.0895

.09?9

.lcll

.123
●l&?
.150
.l.71J
;;::

.23?

.25o

.266

.283

.297

.312

.326

.3ho

.353
:;:

.391
Jlot.1
.~l~
.528
.621
.708
.789
.86/J
.939
1.012
1.079

~

.0389

.o1151

.0!502

.0522

.05311

.05U
w;

.0608

.06116
●@a3
.0796
.0833
.c87&
.0978
.116
●135
●IL?
.165
.185
.201J
.222
.238
.255
.271
.?85
.299
.313
.327
.339
.35b
~;$

;{;;

.5111

.606

.692

.7711

.81A9

.921J

.997
1.065

1o11Iltilwixwwith
Unifom Spacingof:

~

.0518

.0632

.0762

.0813

.oe33

.08L7

.0859

.0870

.0898

.0930
;:;;3

.112

.116

.1?9
●151
.175
.185
.213
.?37
. ?60
.281
.301
.320
.~39
.356
.373
.389
J105
.1,19
.lt311
.jJ9
M:

.1191

.620

.725

.823

.91L
1.000
1.083
1.161J
1.?39

~

.0505

.0612

.0705

.0775

.0793

.0905

.0R19

.0831

.0857

.0889

.0923

.103
●106
.110
.12?
.l&ll
.167
.1’16
.203
.227
.2L9
.270
.289
.?!$
.326
.3L3
.359
.?75
.390
.&05
.1121
.&35
.1150
●ML
.)177
.603
.708
.905
.895
.980
1.C63
1.l&3
1.218

WhenTollorDP Inmlatora am involvedthe above lossesshould
be correctedby addingthe dlffermtial loss given in Table 13.

Whenthe numberof pairs of CS insulatorsper mile is other
Pan53,add to ttm above losses (algebraically)the quantityD[~3 -1]

where D is the diffemmtial 108s given In Table 13andn is
the numberof P* of insulators. In the caae of Toll or DP
inaulatoreeM D(~-1)

12 w
—

.0&89

.0587

.0691

.0730

.07b6

.0757

.0771

.0782

.0807

.09110

.0873

.0975

.101

.105

.11.6
●137
.159
.168
.191J
.217
.238
.?58
.277
.?95
.313
.329
.3L5
.361
.T76
.35@
●U%
.MO
.&3L
.fJfJ8
.IJ60
.586
.688
.78L
.87L
.958
l.clll
1.121
1.197

Retied October, 191@



U3 1SS1,SECTION304-100-100

Frequency
Kilocycles
Per Secord

10
20
30
lJo

z

E

lE
110

&
l!bo
150
160
170
MO
190

z
boo

E
700
Roo
900
1000

TASLE NO. 13

WET AND DRY WE4TNERATTENUATIONDIFFERENCES

Calculatedforopenwirepairsofhard4’awn
copperwithuniformspacingand 53 pairsof

CSinsulatorspermile

DifferenceBetweenWetandky Weather Condition?
Attenuation- db per Mile —

165MI1Win?with 128MilWireWith

UniformSpacingof’a Uni?onnSpacingof:

~

.011

.017

.023

.027

.033
,039
.Oll?
.M7
.051
.055
,060
.0611
.068
●072
.076
.079
.CwA
.0!38
.092
.091J
.:32
.162
.192
.221
b21J9
.279
.307
.33&

Notes:

1.

2*

~

.012

.Cll’

.O?ll

.029

.0311

.939

.CNIIJ
JM9
.VJJ
.69
.063
.068
.072
.077
.081
.091J
.088
.93
.997
.100
.UL1
.173
.201J
.235
.265
.296
.327
●3%

~

.@13

.019

.025

.031

.936

.Ob?

.0/47

.052

.%’7

.062

.066
,571
.076
.0!31
.085
.091
.095
●lCO
.105
.108
.152
.186
.221
.?511
.287
.320
●3!JJ
.385

12.
—

.013

.020

.027

.m3

.039

.Ou

.(-)50

.055

.060

.065

.07Q
J)?;
.Cn30
.085
.090
●W7
.101
.106
.111
.1111
.161
.198
.23b
.269
.303
.339
;37;

Tlm attenuationchanuefxwmdryto wt weather
Toll or DP insulators1s about twice that for

For other than 53pdre of insulatorsper mile
the ●bovedif fexwntial loaeeaproportionally.

1)~Mil Wire with
UnifonnSpacingof:

g

.013

.019

.026

.n32

.037

.o~~

.oJtJ3

.0514

.(-)5?

.0611

.069

.0714

.079

.093

.098

.091J

.098

.103

.10!3

.111

.156

.192

.227

.261

.291J

.Y28

.362

.391J

CS insulators.

reduce(orIncreaae)

~

.OUJ

.021

.028

.OYJ

.Oljo

.01J6

.052

.057

.063

.068

.073

.0?9

.ONJ

.089

.on

.101

.106

.111

.u6

.119

.168
●205
.2h3
.28o
.315
.353
.%9
●&~

Revised Ootober, 1948



TJU3XJ!NO. 28A

B COPPER - STEEL TREE WIRE

TABLE I ATTENUATION AI’.lD
PHASE CHAIW3E- 68%

Attenuation - DB Per Mile

Size 080 with Size 10.4with
Uniform Spacing of’: Uniform Spacing of:

Freq.
~“kc. 8!! 121! (511 QIt 12II

— —

Dry Weather

0.269 0.2S7 0.243 0.185 0.175 0.16)4
.357 .337 .313 .226 .212 .196
.368 .347 .321 .232 .218 .202
.372 .351 .326 .23S .222 .205’
.378 .357 ● 331 .239 .225 .208
.390 .369 .343 .252 .238 .221
.45’4 .435 ●JJ3-2 .323 .311 .296
.S72 .556 .539 .456 .446 .)J36

Wet Weather

0.277 0.26S 0.251 0.190 0.181 0.170
.371 .352 .328 .23r{ .225 .210
.385 ● jf$ .340 .247 .234 .219
.392 .372 ● 347 ● 253 ● ?40 .225

:g
.381 .356 .2s9 .247 .232
.408 .385 .286 .271!I .260

● 539 .Ij24 .508 ● )404 .396 .388
.708 .700 .69L .585 .S82 .580

Phase Change - Radians Per Mile

Size 0130 with Size 10)4 with
Uniform Spacing of: Uniform Spacing of:

Dry Weather

0.0)+9 0.048 0.047
0.232 0.231 0.229
0.345’ 0.343 0.340
0.420 0.liL8 0.415
0.533 0.530 0.s26
1.02 1.02 1.01
3.02 3.01 2.99
5.29 S.26 S.23

0.0.44
0.228
0.340
0.414
0.s26
1.01
2.99
5.23

0.043
0.226
0.337
0.43-2
0.s23
1.00
2.97
5.20

0.942
0.224
0.335
0.408
0.519
1.OO
2.9s
5.17

Wet Weather

0.050
0.234
0.348
0.424
0.5’38
1.03
3.05
5.33

0.049
0.233
0.346
0.422
0.535
1.03
,3.03
5.31

0.047
0.231
0.344
0.419
0.531
1.02
3.01
S.28

O.ohl
0,230

0.343
o.lLL8
0.530
1.02
3.01
S.28

0.043
0.228
0.341
0.415
0.s27
1.01
3.00
5.25

0.042
0.226
0.338
0.412
0.s24
1000
2.98
5.22

..



TABLE NO. 28B

Freq.
kc

1
6
9

11
14
27

J

1
6

B COPPER - STEEL TREE WIRE

TABLE II. CHARACTERISTICIMPEDANCE

CharacteristicImpedance - Ohms

Size 080 with Uniform Spacing of: Size 104 with Uniform Spacing of:

(511 /3 II 1211
— —

Dry Weather

710-j443 743-j452 789-j464
558-j97 592-j98 639-j98
552-j66 586-j67 634-j69
X&J 584-j!ZJ 632-j55

. 582-j43 630-j43
;::;;2 580-j22 628-j22

578-j7 626-j7
5b41j3 578-j3 626-j3

Wet Weather

705-jMl 737-j4.39
553-j93

781-j449
58;-::; ~:;-::;

547-j63
. .

545-j52 ~79~j~2 626-j51
m-m 577-j41 624-j40
541-j20 575-j20 622-j19
539-j5 573-.i5 620-jh
~39-j2 573-!jl 620-jl

(511 /3!! 1211
— —

Dry Weather

608-j293 641-j298 686-j304
5’28-j59 562-j59 610-j59
526-j40 560-j40 607-j40°
524-j33 558-j33 6c)6-j33
523-j26 557-j26 6@-j26
522-j13 ;5&;~3 6(M-j13
521-j4 603-j4
521-j2 555~j2 6G3-jl

Wet Weather

603-j284 635-j288 (55[-:;;3
&J ;;;-:;;

601-j37
520~j30 g;:;;; 600-j30
519-j23 .

599-j23
51;-;y ;$:;~ 598-jll

. .
~97-j2

517:jl 550~j0 597-jO

d
.



Freq.
kc

.1

.2
S

1.0
1.5
2.0
2.5
3.0
4.0
S.fl
9.0
10.0
14.0
20.0
30.0

Freq.
kc

.1

:;
1.0
1.5’
2.0
2.5’
3.0
4.0

Attenuation db/mi.
~ Wet

.056 .075

.075 .090

.099 .111

.111 .123

.115’ .12’7

.117 .130

.118 .132

.119 ● 134

.120 .138
●12P .141
.129 .156
.131 .160
.142 .177
.161 .204
.190 .248

Attenuation db/mi.
Dry Wet

.046 .069

.060 .078

.076 ● 091

.082 .097

.083 .100

.084 .103

.085 .105

.085 .107

.086 .111

TABLE 42

Characteristicsof 080 Hard Drawn Copper

8“ Spacing - DP Insulators - 680F

Side Circuit

Phase Shift
Radians/mi. Characteristic Impedance
Dry Wet ZJ! Wet

.0073 .0062 13s0-jl186 = 17Qi’fi~0 l)i5’6-j’780= 16J2/~0

.0111 .0103 1017-j’188 = 128767~0 1062-j629 = 123)J/~0

.0209 .0207 T66-j~8 = 873/~0

.0372 .0375 683-j234 = 722/~0
7i’O-j36T= 853/~~0
678-j210 = 710/’0

.05Q .0547 662-j162 = 682/~0 657-jlh3 = 672/iZ!TZ~0

.0712 .0719 653-j123 = 664/~cI 6117-j109= 65’6/m”0

.0884 .089 649-j99 = 6s7/~0 6~3-j8’J = 6119/Tm0

.X06 .107 6L7-j83 = 6s2/m0 6~0-j72 = 61JlJ~-o

.Uo .1.42 61~5-j63 = 648/m0 638-j5b = 640/~0

.175 .177 6u-jsl = 6)J6/~o 636-j43 = 637/~0

.314 .318 642-j29 = 6b3/’’f1° 6J4-j23 = 63)JZdJ0
● 349 .353 642-j27 = 643/mi0 63b-j21 = 634/~0
.489 .493 641-j21 = 6u/m0 634-jM = 634/~S0
.697 .704 640-j17 = 640/m0 633-j12 = 633/~~0
1.04 1.05 638-j13 = 638/m0 631-j9 = 631/~0

Phantom (Of Nonpole Pairs)

Phase Shift
Radians/mi. Characteristic Impedance
Dry Wet Dry Wet,—

.0063

.0098

.0193

.0358

.QS27

.0698

.Q869

.104

.139

.0050 823-j689 = 10’13~n0

.0089 632-j)&6 = 774/~0

.0191 503-j226 = 551/m0

.0362 465-j122 = )J31/~0

.0s36 457-,j83 = 464./m0

.0711 453-j63 ‘ 457/m0
● 0886 452-jsO = 455/Tm0
.106 451-jh2 = 453/-mE0
.l.!l.l 450-J32 = 451/m0

878-j359 = 949/Z575°
666-j314 = 736/m0
5’04-j181= 536/m0
459-j99 = L70/mc’
449-j67 = LL!lfumo
U5-jL9 = hL8/=~0
443-j39 ~ ldfJ~~
hh2-j32
lA1-j23 = Lb2f&g130

.



Freq.
kc

.1
● -

.;

R
2.0
2.5
3.0
4.0
5.0
10.0
20.0
30.0

Freq.

kc

●1

:;
1.0
1.5
2.0
2*5

i:

Attenuation db/mi.
Dry Wet

● 05’4 .074
.072 .087
.094 ● 107
.104 .llL7
● 107 .120
.109 .123
● 110 .125
.110 .127
.112 .131
.114 .134
.123 .153
● 150 ● 197
●177 .2,40

Attenuation db/nxi.

$?4. Wet

.048 .059

.062 .071

.080 .088

.087 ● 095

.089 .097

.090 ●099
● 090 ● 100
.091 ● 102
.092 .104

TABLE 43

Characteristicsof 080‘HardDrawnCopper

12’1S~acinE- DP Insulators- 68°F

Side Circuit

Phase Shift
Radians/mi.

JZZ. Wet

.Q071

.0108
,0205
.0369
.0s38
.0710
.0882
.106
.Uo
.175
● 349
.697

1.04

.Q060

.0100

.0204

.0373
● 0544
.0718
.0892
●107
.142
.177
● 354
.705

1.05

Characteristic linpedance
~ Wet

11.@6-j1224
lC)64-j809
812-j426
729-j236
l’08-j162
700-j123
696-jloo
694-j84
692-j63
691-j~l
689-j27
687-j16
68$j13

1861JQQ0
1337/m5°
917/mm0
766/~0
726/~8°
7u/-Tm0
703/TmJ0
699/’0
695’/~0
693/TZZ@
690/’S0
687/~0
685/”0

Phantom (Of Nonpole Pairs)

Phase Shift

~
Q Wet

.0065
● 0100
.0196
.0360
.0530
●0700
.0875
● 105
●l.39

.0058

.0096

.0196

.0365

.0539

.0712

.0890
● 107
.U1

1510-j774
1109-j632
813-j368
722-j208
700-j143
692-j107
688-j86
686-j71
684-j53
683-jM
681-j20
6i’9-jD
678-j8

Characteristic Impedance
~ Wet

7q2-j700

607-j437
k76-j223
43;-;;?

b25:j62
424-j5J0
b23-jb2
422-j32

.057/Iiio
748/TZT!0
S26/m0
454/i5m’0
437/T5m0
h29/”0
h27/~0
M;z

●

849-j51C)’
62$j374
474-j201
M;-:y.

.418~js6
U6-j4S
K&j38
414-j28

1697/m0
1276/m0
892/wS0
75@zm0
714/=50
700f mw
693/~_0
690/v10
686/m0
694/m”
681/~D
67v/~0
678/~0

990/-550
728/Wo0
mmo
446filiZZJ0
429/ii80
.422nm0
41-8/_6T0
4’1-7/-5m0
4u/-mT

G
m

.
.



Freq.
kc

.3
100
2.0
;::

.3
1.0

;::
ho

●3
1.0

n
4.0

$’

! ●3
E 1“0

2.0
2
* 3.0
3 4“0
?

g

s

TABLE ~

Characteristicsof 109 HighStrength Steel and 13~ Steel Wire

0.8 Oz. Zinc Coating - 1211Spacing - 680F

DP Insulators

109 Side Circuits

Attenuation db/mi.

Z?ZZ— Wet

.181

.289

.407

.528

.623

● 166
.2S9
..366
.466
.548

.136
● 250
.389

● 502
.599

.123

.220
● 341
.436
.516

.207

.313

.436

.560

.660

.195

.286

.396
● 502
.588

.159

.273

.IJ16
● 533
.632

.lb9

.z46

● 371
.h70
.5’S4

Phase Shift
Radians/mi.

x. Wet

.028 .026

.067 ● 068

.121 .095

.167 .169

.212 .2i5

Characteristic Impedance
Dry

h-1754-j1314= 2192~”
1279-j629 = 1425 2 .18°
llb2-j443 = 1225/zimo
1054-j383 = l121mo
loo4-j339 = 1060/~50

109 Phantoms (Of Non~ole Pairs)

.026 .025 969-j713 = 1203

P

o

.r3611 .065 721-j334 = 7952 :80

.115 .116 642-j237 = 68420.27°

.160 .162 598-j200 = 631/~0
● 204 .207 572-j176 = 598/~0

134 Side Circuits

.026 .025 M63-j9M = 1826/~0

.069 ● 070

R

1252-j520 = 1356 22. 0
.120 .l,Z1 1084-j404 = 1157 20. 30
.167 ● 168 loo4-j348 = 1063/’o
.209 ● 212 945-j311 = 99_5/lKZO

134 Phantom Circuits (Of Nonpole Pairs)

.024 .023 883-j524 = lo27/-&K@

.064 .064 F711-j281 = 765 21.~7°

.1.12 .114 625-j219 = 662/~0

.156 .158 579-j185 = 608/”0

.197 ● 200 5’48-j165 = 572/~S0

Wet

1818-jl122 = 21.36/”o
1274-j578 = 1399/m@
1130-jh13 = 1203{20.08°
lol~2-j360 = 1192/mo
991-j320 = 1041/~0

KM16-j588 = 1165/’0
717-j300 = 777/z-m

/’-63$j215 = 67’018. 0°

@
58q-j185 = 61717. 0
563-j164 = 5861 .230

I-J
‘L&l
‘f

Iv

159$)-j788 = 1783/mo
124s-j473 = 1332[~0
1~73-j377 = n37/m60
992-j328 = lo4’5/mm
933-j294 = 978/~0

902-j415 = 993/m0
706-j249 = 749/’0
617-j199 = 648/~lJo
570-j172 = 595’/i6T0
539-jU3 = 560/i5TE0

..



139-3

TABLE 45

1SS 1, SECTION 304-100-100

Characteristicsof NonpolepairPhantoms of Copper-SteelWire(bOPerCentConductivity)

8~Tand12!!Spacings - DP Insulators - 68°F

E?!&

200
500
1000
1500
2000
2500”
3000
4000

200
500
10GO
1500
2000
2600
3(X2O
4000

200
500
1000
1500
2000
2500
3000
4000

200
500
1000
1500
2000
2500
3000
4000

200
500
1000
1500
2000
2500
3000
4000

200
500
lCOo
1500
2000
2500
3000
4000

Attenuation
db/ml.— ——

DrJ ?Iet—

.0?7 ●097

.104 .120

.120 .136

.126 .143

.129 .146

.131 .152

.133 .155

.135 .159

.080 .100

.109 .125

.127 .143

.134 .150

.136 .156

.141 .160

.142 .163

.144 .167

.060 .077

.977 .091

.088 .101

.090 .105

.091 .108

.092 .111

.093 .113

.094 .117

.063 .079

.082 .095

.092 .106

.096 .111

.098 .114

.099 .117

.100 .119

.101 .123

.043 .057

.051 .063

.055 .068

.058 .071

.057 .073

.958 .075

.059 .077

.060 .081

.045 .058

.954 .066

.059 .071

.060 .074

.061 .076

.062 .078

.063 .080

.064 .084

Phaee Shift
Raiians/mi. CharactwisticImp_eclance
~ Wet Dry

——
Wet— — —

104-Uil~ire- 8“ Spacin~

.011 .010 706-.j555= 896~.~

.021 .021 528-j299= 607~~~

.037 .037 467-j172= 496~~”

.054 .055 450-j121= 466/TT6
..071 .072 443-j93 = 453/lTzK5
.087 .089 439-.j75= 445-
.104 .106 437-j63 = 442/~
.138 .141 434-j48= 437/m

104-hiilWire - 12”spaciIl&

.012 .010 676-j540= 865~Si6i

.021 .021 501-j294= 581/w5

.038 .038 440-J171= 472~~

.054 .955 422-j120= 439/Kw

.071 .072 414-j92 = 424~.~

.068 .089 410-j75 = 417/TT6

.105 .106 408-j63 = 413/m

.139 .141 405-j48 = 408/v

128-UilWire - 8“ Spacin~

.010 .009 590-j423= 733~~

.019 .019 474-j216= 521~0~

.036 .036 438-j120= 454fITzTz5

.053 .054 42B-j83 = 436fl~-

.070 .071 424-JG3 = 429/”

.087 .098 422-j51 = 425\~

.KM .106 421-j43 = 423,~

.138 ,140 420-J33 = 421/~

128-MilWire - 12qSpaci~

.010 .009 570-j412= 703-

.020 .019 447-J213= 495/zz?F

.036 .936 410-jl19= 427~~

.053 ,054 400-j83 = 409~

.070 .071 396-j63 = 401~.~

.087 .098 394-j51 = 397/r?z?

.194 .106 392-j43= 394/Kz@-

.138 .140 391-j33= 392/~#

~65-LfilWire - 6“ Spaci~

.009 .%8 501-j290= 579/rF

.010 .016 429-j137= 450/11

.035 .035 411-j73= 417/I?SzFF

.052 .053 407-J50= 410/-T?FF

.069 .070 406-j38 = 408/~

.!)86 .900 405-j31= 406/~

.103 .105 404-j26 = 405f%?w

.137 .140 403-j20 = 403fm-

165-UilWire- 12°Spaci~
.009 .%0 474-J205= 553/mx?5
.018 .010 401-j136= 423/f~”
.035 .036 383-j73= 390flT
.952 .053 379-j50= 3021~
.069 .070 377-j30= 379/’@
●086 .008 376-j31= 377/T’m
.103 .106 375-j26= 376fi~
.137 .140 374-~20= 375/Tm8

- 750-j408= 654-
534-j252= 590m
463-J149= 486fl~6
444-3105= 456fl~
436-j80 = 443/I&zCi5
431-j64 = 436f~@
429-j53 = 432f10~
426-j40 = 428/~

720-j406= 628fi~
508-j252= 567-
437-j150= 462~%
417-,jM36= 430fl~
408-jL31= 416fi~i%
404-j65 = 409/xfl
401-j54 = 405/Y?7P5
390-j41= 400-

62E1-j304= 696-
= 506fl?i%

:::-;:0 = 444pI
42l-j69 = 427/~@
417-j52 = 420/~
415-j41 = 417/rm
413-j34 = 414/-z?lY5
412-j25 = 413/~6

6C0-j307
449-j170
406-j102
394-j70
3&3-.j53
307-j43
38G-j35
304-j26

516-j198= 553/zTB
427-j104= 439pKFw
405-j56= 409/-’?
400-j38= 402/~~
398-j28= 399/rw
397-j22= 390/rv
396-j16 = 396/~@
396-j13= 396/~~

490-j203= 530-
4oo-j107= 414/-K9F
370-j50 = 362/~
373-239 = 375/m
371-j29 = 372/~
369-j23 = 370m.m
369-j19 = 369/~~
368-j14 = 368/~@

Reissued October, 1948



Freq.
kc

o
.1
● -
.;
1

1.5

2.;
3
4
5
10
15
;;

I!lo
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

139-4 1SS 1, SECTION 304-100-100

TABLE NO. 46

Primaryconstants of 80 hlil40$ CopperSteelWiresat 68T
53 Pairsof CS InsulationPer Mile

Resistance
Ohms per

Mile Loop

43.7
43.7
43.7
43.7
43.8
43.9
44.0
44.2
44A
44.8
45.2
46.3
46.7
47.2
g.;

48:2
48.7
49.3
49.9
50.6
51.4
52.2
53.0
53.8
54.7
55.6
56.5
57*5
58.4
59.4
60.4

Dry Weather )
Capacitance )
Microfarad per )

Xile Loop )

Inductance
Millihenri.esper Mile Loop
6!! 8!! 1211 .

3.37
3.37
3.37
3.37
3.37
3.37
3037
3.36
3.36
3.34
3033
3.31
3.29
3.28
3.28
3.27
3.27
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26
3.26

3.71
3.71
3071
3.70
3.69
3.67
3.62
3..5’9
3.57
3.54
3.S2
3.48
3.47
3.46
3.45
3.45
3.45
3.45
3.45
3.45
3A5’
3.45
3.45
3.44
;.:

3:44
3.44
3.44
3.J.14
3.4A
3.4.4

;00917 .00878

3.97
3097
3.97
3.96
3.92

;.;;

3:82
3.80
3.78
3.76
3.73
3.72
3.’/2
3.71
3.71
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3*7O
3.70
3.70
3.70
3.70
3070
3.70

.00808

Dry Weather
Leakance

Micromhos per
Mile Loop

● 007
.012
.028
.058
.I)76
.098
.119
.lbo
.180
.220
.)108
m’;

1.075
1.390
1.695
1.985
2.280
2.s70
2.86o
3.120
3.390
3.650
3.970
11.2j0

4.500
4.800
5.100
5.400
5.700
6.000



139-5 1SS 1, SECTION 304-1 OO-1OO

Freq.
kc

o
.1

:;

1.;

2*;

;
5

z
20
;:

::

;:
90
100
110
120
130
140
150
160
170
180
190
200

TABLENO. ~7

Primwy ConstantsOf 104 U 30% COpperSteelWiresat 680F
S3 Pairsof CS InsulatorsPer Mile

Resistance
Ob per

Mile Loop

34.4
34..4
34.5
34.7
35.0
35.3
3s.6
36.o
36.5
37.3
38.o
39.4
39.7
40.1
40.8
41.0
U*3
41.6
42.o
42.4
42.7
113.1
43.5
43.9
$.;

45:3
M’*9
46A
47.0
47.5
48.1

Dry weather )
Capacitance )
Microf=ad per )
lfileLOOP )

Inductance
IfillihenriesPer Mile LOOP61! 81!
— 12n

;.::

3:36
3.35
3*34
3.32
3.27
3.24
3.22

~~-3.19
3.17
3013
3.12
3*11
3.10
3.10
3.10
3.10
3.10
3.10
3*1O
3.10
3.10
3010
3.10
3.10
3.10
3.10
3.10
3.10
3010
3.10

.00967

3.54
3.54
3.57
3.53
3.52
3.50
3.46
3.42
3.40
3.37
3.35
3.31
3.30
3.29
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28
3.28

.00912

3.8o
3.80
3.8o
3.79
3.78
3.76
3.71
3.68
3.66
3.63
3.61
3.57
3.56
3.55
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54
3.54

.00846

DrY Weather
Leakance

M.icromhosper
Mile Loop

● 007
.012
.028
.0s8
.076
.098
.119
.140
.180
.220
.408
.S78
.748

1.075
1.390
1.695
1.98s
2.28o
2.S70
2 ● 860
3.120
3.390
3.6s0
3.970
4.230
4.500
4.800
5.100
5.400
5.700
60000

Issued~, 1951



Freq.
kc

o
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139-6

TABLE NO. 48

1SS 1, SECTION 304-100-100

Primary Constants of 128 Mil 30% Copper Steel IClresat 68%
.53pairs of CS Insulators Per Mile

Resistance
Ohms per
Mile Loop

22.’7
22.7
23.2
23.7
21J.6
24.9
25.2
25.4
25.5
25.8
26.o
26.7
27.0
27.3
27.9
28.1
28.4
28.7
29.0
29.3
29.7
30.1
30.6
31.1
31.6
32.2
32.8
;;.:

34:7
;;.$

●

Dry Weather )
capacit~ce )
~crofarad per )
ltlleLoop )

Inductance
Millihenries per Mile Loop
611 ~l! 121?

3.22
3.22
3.22
3.21
3.17
3.13
3.10
3.07
3.05
3.03
3:01
2.98
2.97
2.97
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96
2.96

● O1o11

3.40
3.40
3.40
3.39
3.35
3.31
3.28
3.2s
3.23
3.21
3.19
3.16
3.15
3.15
3.3-4
3.14
3.14
3.1.!J
3*1.4
3.14
3.14
3.14
3*I.4
3.I-4
;.:;

3:14
3.14
3.14
3.14
3.14
3.14

.00951

3.66
3.66
3.66
3.65
;.;;

3:5’4
;.$

3:47
;.;:

3:bl
3.41
3.40
3.40
3.40
;.$

3:40
;.:

3:40
;.g

3:40
3.40
3.1$o
3.40
3.40
3.40
3.40

.00878

Dry Weather
Leakance

Micromhos per
Mile Loop

.007

.012

.028

.058

.076

.098
● IL9
.140
.180
● 220
.408
.578
.748

1*075
1.390
1.695
1.98,5
2.280
2.570
2.86o
3.120
3.390
3.650
3.970
4.230
4.500
L.800
5.100
5.400
5.700
6.000

Issued Play,1951



139-7 1SS1,SECTION 304-100-100

TABLE NO. 49

Attenuationof 80 Mil bo$ CopperSteelWiresat 680F
53 Pairsof CS InsulatorsPer Mile

Dry Weather ticrease due to Wet
Attenuati~n - db per Mile Weather - db

Freq.-kc fj?t 811
per Mile

1211 b!1 tin 12!!

.1

.2
●5

1
1.5
2

2.5’
3
4
5
10
15

g
40
50
60

E
90
100
110
120
130
40
150
160
170
180
190
200

1)

2)

.095’

.131

.193

.245’

.271

.286

.296

.303

.313

.320

.334

.340
●344
.347
.351
.355
.36o
.365
.370
.376
.382
.389
.395
.402
● )409
.417
.424
.432
●439
.4117
.455

● 093
.128
.187
.23S
.2S8
.272
.282
.289
.298
.304
.319
;;;;

.332
● 335
.338
● 343
.348
1:$

.36s
● 371
.378
● 384
.391
.398
.405
.413
.)420
.428
.435

.089

.122

.179
●222
.243
.2S6
.264
.270
.278
.283
.296
.301
● 303
.307
.310
.314
.318
:;;;

.333
● 339
:;;:

.3$7

.363

.370

.377

.384
;;$

● 405

● 010
.008
.006
.006
.007
.007
.007
.038
.009
.010
.014
.017
.021
.028
.033
.038
.042
.047
.051
.056
.060
.065
.070
.075
.080
.085
.090
.095
●100
.105
.110

-

.010

.008

.006
● 006
,007
.007
.007
.008
● 009
.010
● 015
.018
.022
.029
●f)35
● Obo
● Ow
.050
.055
.060
.06s
.070
● 075
.080
.08s
.090
● 095
● 100
● 105
.111
.117

.010

.008
● 006
.006
.007
.007
.007
.008
.009
.010
.015
● 019
.023
● 030
.036
.042
.052
.Q58
.064
.070
.076
● 079
.Q84
.090
.096
● 101
● 107
.113
.s,18
.123
.128

The attenuation change from dryto wet weather for either Toll
or DP insulators is ~bout twice that for CS insulators.

For other than S3 pairs of insulators per mile reduce (or increase)
the above differential losses proportionally.

Issued May, 19s1



139-8 1SS 1, SECTION 304-100-100

Freq.-kc

.1

.2
●5

1.;

2.;
3
4
5

z
;;

40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

1)

2)

TABLE NO. SO

Attenuation of 104 Mil 30% Copper Steel Wires at 680F
53 Pairs of CS Insulators Per Mile

Dry Weather Increase due to Wet
Attenuation - db yer Mile Weather - db per Mile
6lf /3if 12~t (j!! B?! 12!1

.086

.I18

.172

.213

.234

.247

.2s6

.264

.276

.284
● 300
.305
.308
● 315
.318
.321
.324
.328
.332
J;:

.342
A(J

● 354
.358
.364
.368
.374
.378
.384

.084

.115

.166

.204

.223

.235
,~~
● 251
.261
.269
.284
.288
.291
.298
.300
.303
.3o6
.310
.31-4
● 317
.320
.324
.327
.332
.335
A&

● 349
● 355
.359
.364

.080

.13.o

.158

.193

.210

.220

.227

.234
● 243
,250
.263
.268
.272
.277
.279
.282
.285
.288
.292
.29s
.298
.302
● 305
.309
● 313
.317
.322
.326
,331
.335
.340

.008

.007

.006

.006

.007

.007

.007

.008

.009

.010
● 013
.016
.019
.025
.031
.936
.042
.047
.052
.057
.062
.066
.071
.076
.081
.085
.089
.093
.097
sol
.105

.008
● 007
.006
.006
.007
● 007
.007
.908
● 009
.010
● cm
.016
● 019
.026
.032
.037
● olJ3
.048
● 054
.05’9
.06b
.969
● 074
.079
.983
.088
.094
.098
● 103
.108
.Ill

.008
● 907
.006
.006
● 007
● 007
.007
.008
.909
.010
● 01.4
.017
.021
.928
● 034
.040
.dJ6
.052
.057
.063
.068
.073
.Q79
.0811
.089
.094
● 101
.106
.ru
.u6
.-119

The attenuation change from dry to wet weather for either Toll
or DP insulators is about twice that for CS insulators.

For other than SB pairs of insulators per mile reduce (or increase)
the above differential losses proportionally.
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139-9 1SS 1, SECTION 304-100-100

Freq.-kc

.1

.2

.5

1.;

2*;
3
4
s’

g
20

30
40
50
60

!:
90
100
110
120
130
140
150
160
170
180
190
200

TABLENO. 51

Attenuation of 128 MU 30% Copper Steel Wires at 68%
53 Pairsof CS InsulatorsPer Mile

Dry Weather Increase due to Wet
Attenuati& - db per Mile
(j!! (3!1 1211

——

Weather - db per fie
611 /311 121!

● 071
●097
.137
.168
.18I.
.189
● 194
.197
.202
.205
.214
.218
.221
.226
.229
.232
.235
.238
.~~
.2k5
.249
,254
.259
.264
.269
.27b
.280
.286
.292
.298
.305

.068
● 093
.132
● 160
.172
.179
.184
.186
.191
.1911
.202
.206
.208
● ~yj
.216
,219
.222
.225
.228
,232
.235
.240
●2U
.249
.254
.259
.2611
.270
.276
.282
.288

.065

.089

.124
● 149
.160
● 166
.170
.171
●177
.179
.187
.190
.192
.198
● 200
.203
.206
.209
.211
.215
.218
.223
.227
.231
.236
.241
.246
.XJY
.257
.262
.268

.006
● 005
.005
.005
.005
.006
.006
.006
.007
.008
.012
● 015
.017
.024
.029
.034
.039
.044
.oh9
.!)54
.059
.063
.068

.072

.977

.081

.084

.088

.Q93
●W7
.100

.006

.006

.O@

.00,5

.005

.006

.006

.907

.008
● 009
● 013
.016
● 019
.025
● 031
.036
.042
m;;

.057

.062
● %6
● 071
.076
.081
.085
.090
.094
.098
.102
.106

● 007
.036
● 005
.005
.005
.006
.007
● 008
● 009
.010
● 013
.017
● 020
.027
.033
.039
.04,4
.050
●055
.060
● 065
● 070
● 075
.080
.085
.090
.096
●101
.106

::5

1) The attenuation chsnge fmm dryto wet weather for either Toll
or DP insulators is about twice that for CS insulators.

2) For other than S3 pairs of insulators per mile reduce (or tirease)
the above differential losses proportionally.
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139-10 1SS 1, SECTION 304-100-100

TABLE NO. 52

Ihpedance of 80 Mil hO% Copper Steel Wires at 68°F
53 Pairsof CS InsulatorsPer Mile

Dry Weather hpedance - Ohms
Freq.-kc bn n 1211

.1 19p6-j18% 2045-j1937 2136-j2015
1.4#my lJJ85-j1334 m&U:5

:; -“ 1016-j780
1 780-j486 812-j488 859-j502

1.5
2

2.5’

:
c

16
15

:
40
50
60
70
80
90
100
110
120
130
I&o
150
160
170
180
190
200

705-j360
67’()-j285
650-j236
638-j201
:::.:;;:

.

604:j66
601-jbs
599-j34
;;;-:;;.

597~j14
596-jlp
596-jlo
596-j9
596-j8
%&-:;

.

596:j6
596-j6
596-j6
596-j5
596-j5
596-j5
596-j5
596-jh
596-j4

‘740-j358
702-j284
681-j235
669-jzoo”
&::;;.
63+j66
630- jbs
629-jjb
628-j23
627-j17
627-jU
627-j12
627-jlo
627-j9
62?-j8
627-j?
627-j7
626-j6
626-j6
626-j5
626-j5
626-j5
626-j5
626-jS
626-j4
626-j4

785+367
749-j289
728-j239
715-j204
702-j157
&;;8

.

680:j45
679-j34
678-j23
678-j17

:;;-:~

677-j10
677-j9
677-j8
677-j7
677-j7
677-j6
6?7-j6
:;;-$.

:;;:;;.

677-j5
677-j4
6?7-j4

1) Wet weather
at 1 kc and

impedance is about % less at .1 k, 1.6%less
about1.1%less at 10 kc and above.
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139-11 1SS 1, SECTION 304-100-100

Freq.-kc

.1
●2
.5
1

1..5
2

2s
3
4
5

10
15
;;

40
50
60
70
80
90
100
llo
120
1.30
40
150
160
170
180
190
200

TABLENO. 53

IinpedanceOf 104ml 30% COPPersteel~es at 680F
53 Pairsof CS Insulatorsper Mile

Dry WeatherEnpedance- Ohms
b“ 811 12 !1

1736-j1631
1267-jl120
878-j651
713-j404
656-j295
627-j234
611.-j19b
6o1-j166
&L&

572~j~7
564-:;;.

~67:j20
566-j15
566-j12
566.:$)

.

g6::;
.

566:j6
566-j6
566-j5
566-j5
566:$

.

566-j4
566-j4
566-;$

566:j3

1791-j1676
1309-jl150
911-j665’
gl’&m&

6s8:j235
:$-$;;.

622-j131
616-j107
605-j57
603-j38
601-j29
6~-j20
6oo-jM
6oo-j12
6oo-jlo
6oo-j9
600-j8
600-j7
6oo-j6
6oo-j6
6oo-j5
6oo-j5
6oo-j5
600-jb
600-jh
600-j4
6g-;:

600:j3

1863-j1737
1365-jl188
9~b-j682
788-jU.7
732-j302
703-j238
688-j197
679-j168
668-j131
663-jlo8
652-j57
650-j38
648-j29
647-j20
647-j15
647-j12
6.47-jlo
647-j9
:$-:;.

::=::

647-j5
647-j5
647-j5
64’1-jb
647’-j4
6M-j4
;g-;$

647-j3

1) Wet weatherimpedanceis about~% lessat .1 kc, 1.6%less
at 1 kc and about1.1% less at 10 kc and above.
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139-12 1SS1, SECTION 304-100-100

TABLE NO. 54

Impedanceof 128 Nil 30% CopperSteelWiresat 68°F
53 Pairsof CS Insulatorsper Mile——

Dry WeatherImpedance- Ohms
Freq.-kc U 811 12!1

.—

.1 1398-j1278 14.45-j1314 - 1509-j1363

.2

.5

1*;

2.;
3
4
5
10
15
:

40
50
60
70
80
90
100
no
120
1.30
tio
150
160
170
18o
190

ld@-j8’i’6 1080-j898 lJ-32-j929
751-j497
&7-j304
598-j218
58gnJ.
562:jU9

555”j91
!Z1-j74
Sl&j39
542-j26
W&:.
M&#
54G7
5Lj6
541-j5
541-j5
5L1-jb
!3iL”jh
!A1-jb
541-j3
!XL-j3
541-j3
541-j3
541-j3
541-j3
5hl-j3
541-j3

i’83-j5i)6
669- j308
630-j220
612-j172
6o1-jtil
;&g9.

584~j?4
5’78-j39
S76-j26
g;.:;;

57s~j10
57!5-j8
S7S-j7
57$j6
~?$j~
~?%j~
~?~-jb
575-j4
57S-j4
575-j3
!575-j3
575’-j3
575-j3
57$j3
575-j3
57$j3
5’7$j3

828-js19
714-j312
676-j223
6s8-jl?3
648-j142
642-j120
63$j92
631-j?4
62$ j39
:;+;.

622~j13
622-jlo
622-j8
622-j7
622-j6
622-js
622-j~
622-j4
622-j4
622-j4
622-j3
622.j3
622-j3
622-j3
622-j3
622-j3
622-j3
622-j3

1) Wet weatherimpedanceis about
at 1 kc and about1.1%less at

5%1-s at .1 kc, 1.6% less
10 kc and above.
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139-13 1SS1, SECTION 304- 100-1 W

TABLE NO. 55

~opagation Constant of 80 M 40% Copper Steel WireS at 68~
53 Pairs of CS Insulatorsper Mile

Freq.-kc

.1

:;
1

1.5

2.;

5
10
15

;:
40
50
60

::
90
100
I.lo
120
130
40
150
3.60
170
180
190
200

Dry Weather Propagation Constant - Per Mile
61! Bft 19N

.Olm+j.ouj
.o151+j.o166°
.0223+j.0283
.C)282+j.0&8
.0312+j.0609
.0329+j.0772
.03Q+j.0936

●o3)&9+j.llo
.0360+jeUlI
.0368+j.177
.0385+j.3118
.0392+j.519
.0396+j.690
.0400+jl.04
.040h+jl.38
.0409+jl.T2
.04.14+j2.06
.0420+j2.41
.0426+j2.75
.0433+j3.09
.04.4(Yj3.)&
.0448+j3.78
.f)455+jU2
.@63+j4.~7
.0471+j4.81
.0L80+j5.15
.0488+j5.50
.0@7+j5.84
.0!506+j6.18
.0515+j6.~3
.0524+j6.87

.olo7+jeo113

.oIh7+j.01611

.0215+~.0280

.02’7(Mj.0M8

.0297+j.0596

.0314+j.0775

.0326+j.09~

.0333+jollo

.0343+j.143

.0351+j.177

.0367+j.348
●0374+jo519
.0377+j.690
.0382+jl.03
.0385+jl.38
.0390+jl.72
.0395+j2.06
.0400+j2.41
.~406+j2.75
.0413+j3.09
.04.20+j3.44
.0427+j3.78
.0435+jh.12
.Cll&2+j4.b7
.0)&O+j4.81.
.0458+j~.lg
.0466+j5.50
.0475+j5.84
.0h83+j6.18
.0k92+j6.53
.0501+j6.87

~L..

.olo2+j.0M)8°

.ol@+j.o158

.0205+j.0271

.0255+j.0436

.0280+j.059h

.029k+j.()’?6()

.0304+j.092h

.0311+j.lo9

.0320+j,142

.0326+j.176

.0341+j.347

.0347+j.518

.031@+j.690
●0354+jl.03
.0357+jl.38
.0362+jl.72
.0366+j2.06
.0372+j2.hl
.0377+j2.7~
.038k+j3.09
.0390+j30~
.0397+j3.78
.0404+jk12
.f)411+j4047
.0418+j4.81
.0426+j5.15
.043h+j5.~0
.Oh42+j5.8h
.o&b+j6.18
.0458+j6.~3
.0467+j6.87

1) The real component of the propagation constant is given in nepers
per mile and the imaginary component in radians per mile.

2) Resl component of wet weather propagation constant can be obtained
from wet weather attenuation values (Table IV) by dividing by
8.686. The imaginary component is about 1% greater than for dry
weather at 1 kc and above.
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TABLE NO. 56

Propagation Constant of 104 Mil 30% Copper Steel Wires at 68°F
53 Pairs of CS Insulators per Mile

Dry WeatherPropagationConstant- Per Mile
Freq.-kc 6‘~ 8t! 12n

.1

.2
●5

1.;

2*;

t
5

10
15
;:

40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200

1)

2)

.0099+j.0105’

.0136+j.o154

.@198+j.W!67

.0246+;.0&33

.0269+j.0598

.0284+j.0762

.0295+j.0927

.@30J4+j.110

.Ojl’7+j.14j

.f)32’7+j.lT?

.0j46+j.3h7

.0js2+j.~ly

.035s+j.6Y()

.oj6j+jl.Oj

.0j66+jl.j8

.f)j6Y+jl.TZ

.0j7’j+jZ.06

.0j?y+j2.kl

.0j82+j2.’7g

.0385+j3.09

.0389+j3.4b

.039h+j3.78

.0398+jL.12

.0h03+j4e47

.0L08+j4.81

.0L13+j5.15

.0U9+j5.50

.0&24+j5.84

.0L31+j6.18

.0436+j6.53

.0h42+j6.87

.0096+j.olo3

.0132+j.0150

.ol?l+j.0261

.0235+j.0J427

.025’+jm0591

.02’71+jo07~~

.W8C)+j.0921

.0289+j.109°

.0300+j.143

.@309+j.176

.@32’7+jo3b7

.0331+j.518

.0335+j.689

.OJ..@jl.O3

.0346+jl.38

.@349+jl.i’2

.03s3+j2.06

.03s7+j2.U

.0361+j2.7s

.~36s+j3.09

.0369+j3.44
●0373+j3.78
.0377+j4.12
.0382+j~.47
.0386+j4.81
.0391+j5.ls
●0397+J5*50
.f)h02+j~.84
.0408+j6.18
.0413+j6.~3
.0419+j6.87

.0092+j.0099

.0U6+j.OU~

.C)182+j.W54

.0222+j.041y

.0241+j.C$84

.02sj+j.O’748

.0Z6Z+j.0Y15

.@26y+j.108

.0280+j.142

.0288+j.lT6

.0jC)3+j.346

.OjOg+j.s18

.Ojlj+j.68g

.Ojly+jl.oj

.0j21+jl.j8

.0j25%jl.T2

.0328+j2.06

.03j2+j2.hl

.!)j36+j2.Ts

.OjjY+jj.Oy

.0343+j3.h4

.f)j4?+jj.Y8

.0jgl+j4.12

.0X6+j4.hT

.0X0+j4.81

.0j65+js.ls

.Oj’70+jJ.sO

.0j7s+js.84

.0J81+j6.18

.0386+j6.~j

.0Jgl+j6.8T

The realcomponent of the propagation constant is given in nepers
per mile and the imaginary component in radians per mile,

Real component of wet weather propagation constant can be obtained
from wet weather attenuation values (Table V) by dividing by 8.686.
The imaginary component is about 1% greater than for dry weather at
1 kc and above.
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139-15 1SS 1, SECTION 304-100-100

TABLE NO. 57

Propagation Constant of 128 Mil 30% Copper Steel wires at 6~F
53 Pairs of CS Insulators per Mile

Freq.-kc

.1

.2

.5
1

1.5

2.;

{
5
10
15
;;

$

60

;:
90
100
110
120
130
140
150
160
170
180
190
200

Dry Weather Propagation Constant - Per Mile
6!t n 1211

.0081+j.0089 .0079+j.0086 .0075+j.0083

.Olll+j.0132 .0108+j.0129 .0103+j.0125

.0158+j.0239 .0152+jo0234 .0143+j.0228

.0193+j.0405 .0184+j.0399 .0173+j.0394

.0208+j.0570 .0198+j.@6h .0185+j.0559

.0218+j.0736 .0206+j.0731 .0189+j.0715

.022h+j.0903 .0212+j.0898 .0196+j.0894

.0227+j.107 .0215+j.107 .0197+j.106

.0233+j.141 .0220+j.141 .0204+j.140

.0237+j.17~ .0224+j.175 .0207+j.17h

.02.46+j.3h6 .0232+j.3~~ .021~+j.34~

.~251+j.518 .0238+j.517 .0219+j.517

.0254+j.689 .Q237+j.688 .0221+j.688

.0261+jl.03 .0246+jl.03 .0227+jl.03

.0264+jl.38 .0248+jl.38 .0230+jl.38

.~267+jl.72 .02.52+jl.72 .0233+jl.72

.027~+j2.06 .~255+j2.06 .0237+j2.06

.027L+j2.@ .0259+j2.41 .0240+j2.lQ

.0278+j2.75 .0262+j2.75 .0243+j2.75

.0283+j3.09 .0267+j3.09 .0248+j3.09

.0287+j3.44 .0271+j3.44 .0252+j3044

.0292+j3.78 .0276+j3.78 .02~6+j3.78

.0298+j4.12 .0281+j4.12 .0261+j4.12

.0303+j~.47 .0286+j4.47 .0266+j40~7

.0310+j4.81 .0292+j4.81 .0272+j4.81

.0316+j5.1~ .0298+j5.1~ .0276+j5.U

.0322+j~.~0 .0304+j5.~0 .0283+j5.50

.0330+j~.84 .0311+j5.84 .0290+j5.84

.0336+j6.18 .0318+j6.18 .!)296+j6.18

.0343+j6.~3 .032b+j6.53 .0302+j6.53

.0351+j6.87 .0331+j6.87 .0309+j6.87

1) The real cmnponent of the propagation constant is given in
nepers per mile and the imaginary component ~ radims per
mile.

2) Real component of wet weather propagation const~t can be
obtained from wet weather attenuation values (Table VI) by dividing by
8.686. The imaginary component is about l% greater than for
dry weather at 1 kc and above.
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Freq.
kc

.1

:;
1

1.5

2*:
:
5

10
15
20

E
5’0
60

;:
90
100
110
120
130
140
15’0
160
170
180
190
200

i

139-16 1SS 1, SECTION 304-100-100

TABLE NO. 58

Phase Delay of Copper Steel Wires at 68°F
‘S3 Pairs of CS Insulators per Mile

16.78
12.24

8.48
6.89
6.34
6.06
5’.90
5.81
5’.69
5’.63
5.5’3
5’.50
5*49
S.48
5.47
5*47
5’.47
5.47
5’.47
5.47
5.47
5.47
5.47
5.47
5.47
5’.47
5’.47
5.47
5*47
5.47
5’.47

Phase Delay - Microseconds per Mile
80 fil 40$ 104 Mil 30% 128 ml 30$

61! ~II 12II 6!1 ~II 12” 6II ~II 12fl
—— —,

18.29
13.2L
9.00
7.14
6.46
6.14
5’.96
!5.85
S.72
5.65
5.54
5.51
5’.49
5’.49
5.48
5’.48
5.47
5’.J-l7
5*47
5.47
5*47
5*47
5*47
5*47
5*47
5’.47
5*47
5*47
5.47
5*47
5.47

17*94
13.02
8.87
7.o8
6.41
6.10
S.92
5’.82
5’.71
5.66
5.53
5.50
5.49
5.48
5.48
5.b8
5*47
5.47
5.47
5.47
5’*47
5.47
5.47
5.47
5.47
5.47
5*47
5’.47
5*47
5.47
5.h7

17.24
12.54
8.62
6.911
6.33
6.05
5.88
5.78
5.67
;.;;

5:49
5.49
5.48
5.48
5.47
5.47
5’.4?
5.47
5.47
5.47
5’.47
5.47
5*47
5.47
5.47
5*47
5947
5’947
5’.47
5’*47

16.31
11.93
8.30
6.79
6.27
6.01
5.86
5.77
5.67
5’.62
5’.52
5*L9
5.48
5’*47
5.47
5*47
5’.47
5.47
5.47
5.47
5.47
5’.47
5.47
5.47
5.47
5.47
5.47
5*47
5.47
5.47
5*47

15.74
11.54
8.09
6.67
6.19
.5’.95
5.82
5*74
5.65’
5.61
5.52
5’.49
5.48
.5’.47
5.47
;.:;

5’:47
5*47
5*h7
5.47
5.47
5’.47
5.47
5.47
5*47
5*47
5’*47
5’.47
5.47
5.47

14● 11
10.,54

7*59
6.44
6.04
5.86
5’.75
5.68
5’.61
5.5’7
5.50
5.49
5.48
5*47
5’.47
5.47
5.47
5.47
5*47
5.47
5.47
5.47
5*47
.5’*47
5.47
5.47
5.47
5’.47
5*47
5.47
5.47

13*74
10.27
7*L4
6.36
.5.99
5.82
5’.72
5.66
5’.59
!5.%
5’.49
5.48
5.118
5.47
5*47
5.47
5*47
5*47
5.47
5’.47
5.47
5*47
5’.47
5.47
5*47
5.47
5’*47
5.47
5.47
5’.47
5*47

13.24
9.93
7.27
6*Z6
5.93
5.78
5.69
5.63
5.58
;.;:

5:48
5.47
5.47
5*47
5*47
5.47
5*47
5.47
5.47
5*17

5.47
5’*L7

5’.47
5.47
5’.~7
5.47
5.47
5.47
5.47
5.47

1) Wet weathervaluesare about1% higherat 1 kc and above.

IssuedMay, 1951



Freq.
kc

.1

.2

.5

l.;
2

2.5

i
5
10
15

:
ho
50
60
70
80
90
100
llo
120
130
1.40
150
160
170
180
190
200

I

130-17 1SS1,SECTION 304-100-100

TABLE NO. 59

Velocity of Propagation of Copper Steel Pairs at 68%?
53 Pairs of CS Insulators per Mile

5’4700
75500

KLlooo
140000
155000
163000
168000
171000
175000
177000
180000
182000
182000
182000
183000
183000
183000
183OOO
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000

m:
113000
1.42000
156000
1.64000
169000
li’2000
175000
177000
180000
182000
182000
182000
183000
183000
183ooo
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183OOO
183000
183000
183000

58000
79700
116000
l)AOOO
158000
165000
170000
173000
176000
178000
181000
182000
182000
183000
183000
183000
183000
183900
183000
183000
183OOO
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000

Velociiy - Miles per Second
104 Mil 30% 128 Mil 3@

6t! ~II 1211 It 8!! 12It
—. —. —

59600
81700
u8000
U5000
158000
165000
169000
1’72000
176000
1’78000
181000
182000
182000
183000
183000
183000
183000
183900
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000

61300
83800
120000
1117000
159000
166000
171000
173000
176000
17’8000
181000
182000
182000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183ooo
183000
183000
183000
183000
183000
183000
183000
183000

63~~
867oo
124OOO
150000
161000
167000
172000
174000
177000
179000
181000
182000
182000
183000
183000
183000
183000
183000
183000
183000
183ooo
183000
183000
183000
183ooo
183000
183000
183000
183000
183000
183000

70800
9J4900

132070
155000
165000
171000
17@)o
176030
178900
180000
182000
182000
182000
183000
183000
183000
183ooo
183000
183000
183000
183000
183000
183000
183000
m3000
183000
183000
183000
183000
183000
18300Q

72800
97400

134000
157000
167000
1’72000
175000
177000
179000
180000
182000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000

75500
101000
138000
160Qo0
169000
173000
178000
179000
180000
182000
183000
183000
183000
183000
183000
183OOO
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000
183000

1) Wet weather velocities are about 1% less at 1 kc and above.
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