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PREFATORY.

HE OBJECT of this book is to give in a convenient
form the properties and dimensions of bare and
insulated wires and cables used in electrical construction.
No attempt has been made to describe the uses of wire in
any of the applications of electricity. To go into this
would require that the whole field of electrical engineer-
ing be covered.

It is believed that some of the matter is new. All of
the tables have been very carefully computed, and are
believed to be correct.

In nearly all cases the formule and constants used in
computing tables are given, 8o that the user can deter-
mine at once the basis from which the table was calcu-
lated. A considerable amount of work has been done in
testing samples to determine the proper constants. In
many cases this has taken more time than the actual
preparation of the tables.

It is hoped that the work will be acceptable to the
users of electrical wires, and that some of the labor
involved in the preparation of these tables will be saved
to those using the book.

Jonn A. RoesLing’s Sons Co.

TRENTON, N, J., May, 1897.
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JOHN A. ROEBLING’S SONS CO.

DECIMAL EQUIVALENTS OF PARTS

OF
AN INCH.
16ths.| 32ds. | 64ths. [ Mils. 16ths. | 32ds. | 64ths. Mils.
1 15.625 3 516.625
1 2 81.25 17 34 531.25
3 46.875 35 546.875
1 2 4 62.5 9, 18 36 562.6
5 78.125 87 578.125
3 6 93.75 19 38 593.75
7 109.8375 39 609.375
2 4 8 125. 10 20 40 625,
- 9 140.625 41 640.625
5 10 156.25 21 42 656.25
1 171.875 43 671.875
3 6 12 187.5 20 22 44 687.6
13 125 45 03.
o/ 14 218.75 23 46 718.76
15 234.375 47 734,375
4 8 16 250. 12 24 48 50.
17 . 49 765.625
9~ 18 281.25 25 60 781.25
19 296.875 61 796.875
5 10 20 812.5 13 28 52 2.5
21 328.125 53 828.125
u 22 843.75 27 b4 843.75
23 359.375 55 859.375
6 12 24 375. 14 28 b8 5.
25 390.625 67 £90.625
13 26 406.25 29 58 906.25
2 421.875 89 921.875
7 b7} 28 437.5 15 30 60 937.5
29 453.125 61 953.126
15 30 .75 31 62 968.75
31 484.375 63 984.875
8 16 82 500. 16 32 64 3




8 JOHN A. ROEBLING’S SONS CO.
WIRE GAUGES IN MILS.
Brown Birmingham N British
Numbers. | Roebling. & or B
Sharpe. Stubs, standard.

000 000 460, 464,
00 000 430. 432,
0000 393. 400.
000 362, 372,
00 331 348.
0 307, 3 324,
1 283, 3 300.
2 263. 284, 276,
3 244, 259. 252,
-4 225. 238, 232.
5 207, 220, 212
6 192, 203. 192,
7 177, 180. 176,
8 162. 165. 160.
9 148. 148. 144,
10 135. 134, 128,
1 120. 120. 116.
12 105. 109. 104.
13 92. 95. 9.
14 80. 83. 80,
15 . 2 72 72.
16 63. 65, 64,
17 54. 58, 56.
18 47. 49, 48,
19 41 42, 40.
20 35. ! 35. 36.
21 32, . 82, 32,
22 28. 25.35 28, 28.
23 25, 22.57 25, 24,
24 23. 20.1 22, 22,
25 20. 17.9 20. 20,
26 18, 15.94 18. 18.
27 a7 14.2 16. 16.4
28 16. 12.64 . 14.8
29 16. 11.26 13. 13.6
30 14. 10.03 12, 12.4
31 13.5 8.93 10. 11.6
32 13. 7.95 9, 10.8
33 11. 7.08 8. 10.
34 10. 6.3 7. 9.2
35 9.6 5.62 5. 8.4
36 9. 5. 4. 7.6




JOHN A. ROEBLING'S SONS CO. 9

WIRE GAUGES IN MILLIMETERS.

]
!
| Brown Birmingham
Numbers. | Roebling. or Nepba
Sharpe. Stubs. 2
000 000 11.683 11.785
00 000 10.921 10.972
0000 9.982 d 10.16
000 9.195 0.404 9.448
00 8.407 9.266 8.839
0 7.798 8.251 8.229
1 7.188 7.348 7.62
2 6.68 6.544 7.01
3 6.198 5.827 6.401
4 5.716 5.19 5.893
5 5.257 4.621 b. 5.385
6 4.877 4.116 5,156 4.877
7 4.496 3.665 4.572 4.47
8 4.116 3.263 4.191 4.064
9 3.759 2.906 8.759 8.657
10 8.429 2.588 3.404 3.251
1 8.048 2.305 3.048 2.947
12 2.667 2.052 2.768 2641
13 2.337 1.828 2.413 2,337
14 2.032 1.628 2.108 2.032
o 1D, 1.829 1.449 1.829 1.829
16 1.6 1.201 » 1651 1.626
17 1.872 116 1.473 1.422
18 1.194 1.024 1.245 1.219
19 1041 S116 1.067 1.016
20 .889 8118 9144
21 8128 229 8128 8128
22 Jq112 6438 112 112
23 635 5733 635 609 6
24 5842 510 § 558 8 .558 8
25 508 454 6 508 .508
26 4572 4049 4572 457 2
27 4318 3605 406 4 .41
28 406 4 8211 355 6 3759
29 381 2859 330 2 3454
30 385 6 2545 3048 315
31 3429 2267 254 2046
32 8302 2019 228 6 27148
33 2094 1798 203 2 254
£ 254 1601 1778 2337
35 2413 1426 127 2134
36 L2286 . 1016 198




JOHN A. ROEBLING'S SONS CO.

TABLES OF SPECIFIC GRAVITIES.

Metals.
’ Weighs roaE
Specific elg Specific | bolnt in
Names of metals. gravity. pe§_ oc:éﬂc heat. digﬂe:s
enheit.
Aluminum, €ast....ecnee| 2,57 166.06
(o hammere: 2.67* 166.67
Antimony .. 6.702* 418,37
Arsenic... 5.763% 359.76
Barium... 4.3 249.7
Bismuth.. 9.8222 613.14
Cadmium . 8.604° 537.1
Caleium . 1.566¢ 97.76
Chromium. [1:8% 455.7
Cobals ... 8.6 536.
8.8 565.27
8. 554.21
8. 548.59
8. 558,47
559.25
¢ pressed, .. 8.931° 557 52
“  electrolytic. 8.914° 556.46
. 1 202.1:
467.1;
486.29
490.03
714.45
2.2411 139.
Manganese.. y 430.73
Mercury.... 56811 .98
Nickel ... 7.832 488.91
20.32 e 1267.22
10.52212 656.84
E |00 60.68
2.5044 TG e IS
7.2012 456.14 056 2 442,
6.861% 428.29 0955 | 773,
1, Wéhler. 8. Brezenius.
2. Brisson, 9. Marchand & Scheerer.
3. Clarke. 10. Musschenbroek. ~
4. Matthiessen. 11. Playfair & Joule.
5. Stromeyer. 12. Bergman.
6. Bunsen. 13. Watts’ Dictionary.

7. Hatchett.

14. Gay-Lussac & Thenard.




JOHN A. ROEBLING'S SONS CO.

TABLES OF SPECIFIC GRAVITIES.—(Cont.)
Liquids.

Names of liquids.

Specific gravity.

Temperatures.

0.815 71 At 50° F.

0.883 At 59° F.
Chloroform.. 1.491 At 62.6° F.
Carbon bisulphide... 1.2931 At32°F,
Ether........ 0.7204 At 60.8° F.
Glycerine .......oceeemecerenne. 1.263 6 At 59° F.
Hyadrochloric acid 127 o
Mercury ....... 13.596 At32°PF.
Nitric acid 1.552 At 59°F,
Oil of turpentine.... 0.855 to 0.864 At 68° F.
Linseed oil............. 0.94
Olive oil......... 0.915
Sulphnrie acid. 1.854

Gases.

Names of gases.

At 0°C. and 760
mm. pressure

At 0° C. and 760
mm. pressure

compared to water. |compared to air.
Air. 0.001 292 8 1
Oxygen.... 0.001 429 3 1.105 63
Nitrogen. 0.001 255 7 0.97137
Hydrogen 0.000 089 54 0.069 26
Carbonic dloxide.... 0.001976 7 15291
Mo S S} ooosssy 041472
0.623

Aqueous vapor




12 JOHN A. ROEBLING’S SONS CO.

WEIGHTS OF SUBSTANCES.

‘ Average weights
Names of substances. per cubic foot.

Pounds.

Asphaltum... 87.
Brick, common, hard 125,
Brlckwork pressed brick. 140,
112.
Coal anthracite, sohd of Pennsylvani........eevvene 93.

& broken, loose.
4 bltuminous, solid..........

broken; loose..

Coke, loose, of good coal...... ....

Eurth common loam, dry, loose ..
moderately rammed,
b a8 a soft, flowing mud..........ecvvenne.
Gneiss, 168.
Granite. 170.

Glass, Crown 162.75
“ flint

Tce at 0° C
Lime, thoroughly shaken... ok o0 75.
Masonry, of granite or Ilmestone, well dressed ....... 165.

Mortar, bardened 103.
Mudﬂdry close, 80to1
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THE COMPARISON OF THERMOMETERS.
Fahrenheit to Centigrade.
(t° F. —82) X § = Degrees C.

P iy - Nl sl e O R e
3 o 3 ‘S @ p°3 3
El =
IR R AERERE R RE AR
P 2 = & e & = 2 <)
Eld| 814 814|358 (2|58
& S | &= S | & 3 = & g | 8
50 | 10. || 61 | 161 72 | 222 8 | 283 94 | 344
51 | 106 1671 78 | 2281 84 | 289 | 95 | 35
52 | 11|l 63 | 172[ 74 | 233 || 8 | 294 | 96 | 85.
53 1781 75 | 23.9( 8 | 30. 97 | 361
54 | 122 65 | 183 76 | 244 8 ! 806 98 | 367
85 | 128 66 | 189 77 | 2. | 8 | 8.1 99 | 37.
56 | 1331 67 | 194 78 | 256 8 | 317 [ 100 | 37.8
57 | 139 68 | 20. | 79 | 261 9% | 822
68 | 144 69 | 206 80 | 267 | 91 | 328
59 | 15 4 70 | 211 81 | 27.2| 92 | 838
60 | 156 7 82 | 2781 93 | 339
Centigrade to Fahrenheit.
$1°C +32=Degrees F.
) £ @ 8 ] & < -
3 e e e
g » £ = g = 2
g 2 g i g 8 g 3
3 & 3 & 3 = S 4
10 50. 18 64.4 26 78.8 34 | 92
1 518 19 66.2 27 80.6 35 | 9.
12 53.6 20 68. 82.4 36 96.8
13 55.4 21 69.8 29 842 || - 37 | 98.6
4 57.2 2 71.8 86. 38 | 1004
15 59. 23 73.4 31 87.8 9 | 102.2
16 60.8 24 75.2 32 89.6 40 | 104
17 62.6 25 77. 33 91.4




14 JOHN A. ROEBLING’S SONS CO.

ELECTRICAL UNITS.

Final and official recommendation of the Chamber of Dele-
gates of the International Electrical Congress,
held at Chicago, 1893.

Resolved, That the several governments represented by
the delegates of this International Congress of Elec-
tricians be, and they are hereby, recommended to
formally adopt as legal units of electrical measure the
following: As a unit of resistance, the international ohm,
which is based upon the ohm equal to 10° units of resist-
ance of the C. G. S. system of electro-magnetic units, and
is represented by the resistance offered to an unvarying
electric current by a column of mercury at the tempera-
ture of melting ice 14.452 1 grams in mass, of a constant
cross-sectional area and of the length of 106.3 centimeters.

As a unit of current, the international ampere, which is
one-tenth of the unit of current of the C. G. S. system of
electro-magnetic units, and which is represented suffi-
ciently well for practical use by the unvarying current
which, when passed through a solution of nitrate of
silver in water, and in accordance with accompanying
specifications,? deposits silver at the rate of 0.001 118 of
a gram per second.

1. In the following specification the term silver voltameter means
the arrangement of apparatus by means of which an eleectric current
is ed through a solution of nitrate of silver in water. The gflver
voltameter measures the total electrical quantity which has passed
duriug the time of the experiment, and by noting this time the
time average of the current, or, if the current has been kept con-
stant, the current itself can be deduced.

In employing the silver voltameter to measure currents of about
one ampere, the following arranfements shonld be adopted :

e kathode on which the silver i8 to be deposited should take
the form of a platinum bow! not less than 10 centimeters in diameter
and from 4 to 5 centimeters in depth.

The anode should be & plate of pure silver, some 30 square centi-
meters in area and 2 or 3 millimeters in thickness.

This is supported horizontally in the liquid near the top of the
solution by a platinum wire passed through holes in the plate at
opposite corners. To prevent the disintegrated silver which is
formed on the anode from falling onto the kathode, the anode
should be wrapped around with pure filter paper, secured at the back
with sealing wax.

The liquid should consist of & neutral solution of puresilver nitrate,
containing about 15 g;trts by weight of the nitrate to 85 parts of water.

The resi ce of the vol ter ch somewhat &s the current




JOHN A. ROEBLING’S SONS- CO. 15

As a unit of electro-motive force, the international volt,
which is the electro-motive force that, steadily applied
to a conductor whose resistance is one international
ohm, will produce a current of one international ampere,
and which is represented sufficiently well for practical
use by 1292 of the electro-motive force between the poles
or electrodes of the voltaic cell known as Clark’s cell,
at a temperature of 15° C., and prepared in the manner
described in the accompanying specification.?

As a unit of quantity, the international coulomb, which
is the quantity of electricity transferred by a current of
one international ampere in one second.

As a unit of capacity, the infernational farad, which is
the capacity of a condenser charged to a potential of one
international volt by one international coulomb of
electricity.

As a unit of work, the joule, which is equal to 107 units
of work in the C. G. 8. system,-and which is represented
sufficiently well for practical use by the energy expended
in one second by an international ampere in an interna-
tional ohm.

As a unit of power, the wait, which is equal to 107
units of power in the C. G. 8. system, and which is repre-
sented sufficiently well for practical use by work done at
the rate of one joule per second.

As the unit of induction, the henry, which is the
induction in a circuit when the electro-motive force
induced in this circuit is one international volt, while
the inducing current varies at the rate of one ampere
per second.

passes. To prevent these changes having too great an effect on the
current, some resistance besides that of the voltameter should be
inserted in the eircuit. The total metallic resistance of the circuit
should not be less than 10 ohms.

2. A committee, consgisting of Messra. Helmholtz, Ayrton and Car-
hart, was appointed to p i for the Clark’s cell.
Their report has not yet been received.
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COPPER WIRE.

N THE following tables of copper wire the value of

the mil-foot is taken as the standard.

The temperature coéfficient is interpolated for 60° F.
and 75° F. from the values given in the second table.

In the table for B. & S. G., the actual sizes to which
wire is drawn, are used.

In many cages the nearest whole number of pounds is
taken when the variation is less than that found in actual
weights of drawn wire.

In computing the weights, the specific gravity of copper
is taken at 8.89, water being at its greatest density 62.425
pounds per cubic foot.

International ohms are used, unless the kind of unit
is specifically stated.

The following formule were used :

Resistance per 1000 feet at 60° F, =0 1380_‘ :694

Resistance per 1 000 feet at 75° F. =
Weight per 1 000 feet = .003 027 X d3.
‘Weight per mile =015 983 X d2.

10 507.4
as,

The following data and formulee may be useful :

One B. A. unit=.988 9 legal ohms = ,986 6 International ohms.
One legal ohm =1.011 22 B. A. units =.997 67 International ohms,
One International ohm =1,013 58 B. A. units = 1002 33 legal ohms.
One cubic foot of copper weighs 555 pounds.

One cubic inch of copper weighs .321 2 pounds.

30.815

Resistance per 1 000 feet at 60° F.= Welght per 1 000 feet.
31.804

750 . —— e s

Resistance per 1 000 feet at 75° F. Fwelgktyi] ot

If a copper wire of length 1, diameter d, and weight w,
has a resistance R at temperature t, then its conductivity
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by diameter is given by the first formula, and by weight
by the second.

alk alk

= e R©O="0
blze blzc
cﬁ?}t. B w.

Here, a is the resistance of a mil-foot in same units as
R, k is the temperature coéfficient for t° Centigrade, and
b is the resistance of one meter-gram at temperature t°
and in same units as R.

When 18 in meters and w in grams, ¢ =1.

When 1 igin feet and w in grams, ¢ =.092 9.
When 1 is in feet and w in pounds, ¢ = .000 204 8.

Mile-ohm = weight per mile X resistance per mile.

Mile-chm at 60° = 859, International ohms.
Mile-ohm at 60° = 868.9, B. A. units,
Mile-ohm at 60° = 861, Legal ohms,

The following tables are taken from the report of the
Standard Wiring Table Committee, published in the
report of the meeting of the American Institute of Elec-
trical Engineers, held January 17, 1893 :

MATTHIESSEN’S STANDARD.
(Recommended by the Commftwe).

B. A. Interna-
uivalent length of & units, | Legal ohms. |yson 1 ohms,
Eq ngt!
square mm.

mercury column.

104.8 cms, | 106.0 cms, 106.3 cms,

Resistance at 0° C. of Mat|
thiessen’s Standard—
Meter-gram soft copper......... 148 65 14206 14173
Meter-miliimeter soft cop-
.020 67 02035 0208

POT. . R
Cubic centimeter soft cop-

.000 001 616| .000 001 598 000 001 594

9.72 9.612 9.60
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TEMPERATURE COEFFICIENTS.

Table of temperature variations in the resistance of pure

soft copper according to Matthiessen’'s

standard and formule.

|
SRABT | SolE

m mm. RRAVBT | I8BER |0BF 5 %~M&n78~%&%u% £33
.m wmm SHUSR | TSRS (SERTT 3B | BR3IR  B8ELER  BI2RZ (223
24 bbb ol B be e b bl o e b Sl B be b L B b e b L M b e B Rttt N T
5 S8 SO [ SITSS | SO | SSSTT | SOSS3 [ SSSSS |[SSTST | SSS
=
£3 =
@2 T EonR %%%ﬂ%_mmm%n 520y | BRBERN | ZRLB5 | KKRAE 538
b ANNY LIRS RS =0
80 25
2 | ¥ | 39333 3593% T3use BRa2
g% © sScac
nm |
b |
@ o
S|
S LE
=
‘myeso]
*30UBISISA
JO JUBIOI0D
arnysradmay,
*9apv1d
-hue) see1op SriNiRW |0Or®R | ZANRN | ASRAZ | RNARN (885K | 8S23R | 888

uy aangsredwa],
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PROPERTIES OF COPPER WIRE.
English system—Brown & Sharpe gauge.

o Resistances per 1 000
= ‘Weights. feet in International
4 He ohms,
. ] ] i
E 8 adl
L] g5 | 1000
= )
g E 2 355 foep | Mile. | AtG0°F. | At 75°F.
z =] <
000 460. 211 600. 641. (3382 048 11 049 66
000 410. 168 100. 2 687, 060 b 062 51
00 365. 133 225. 403. (2129, 076 42 .078 87
0 825. 105 625. 820, |1688, 096 39 099 48
2 289. 83 521. 253. 1335. Jd219 1258
2 258, 66 564. 202, 11064, 152 9 1679
3 229. 52 441. 159. 838. 194 1 2004
4 | 204 41 616. 126. 665. 2446 2525
5 182, 83 124. 100. 529, 3074 8172
6 162. 26 244, 79, 419. 387 400
7 144, 20736, 33L 491 6067
8 128, 16 384, 50. 262. .621 4 6413
9 114, 12 99. 39, 268. 7834 8085
10 102. 10 404. 32. 166. 978 5 1.01
n 91 8281, 25. 182, 1.269
12 81 6 561. 20. 105, 1.562 1.601
13 72. 5184, 15.7 83, 1,964 2.027
14 64, 4 096. 12.4 65. 2.485 2.565
15 57. 8 249, 9.8 62, 3.133 3.234
16 51 2 601. ey, 42, 8.914 4.04
17 45. 2025, 6.1 82. 5.028 5.189
18 40. 1 600. 4.8 25.6 6.363 6.567
19 36. 1 296, 3.9 20.7 7.855 8.108
20 82, 1¢4. 3.1 16.4 9. 10.26
21 28.5 812.3 2.5 13, 12.53 12.94
22 25.3 640.1 19 102 | 1569 16.41
23 22.6 510.8 1.5 8.2 19.93 20.57
A4 20.1 404, 1.2 65 25.2 26.01
25 17.9 320.4 97 b1 | 81.77 82.79
26 15.9 252.. it 4. 40.27 41.56
27 14.2 201.6 61 8.2 50.49 52.11
28 12.6 158.8 .48 2.5 64.13 66.
29 118 127.7 .39 2. 79.78 82.29
30 10. 100. 1.6 | 101.8
81 8.9 79.2 24 1.27| 128.5 132.7
32 8, 64. 19 1.02f 159.1 164.2
33 7.1 50.4 15 81| 202 208.4
34 6.3 39.7 12 .63 256.5 264.7
35 5.6 81.4 b || 324.6 836.1
36 b. 076 4 | 407.2 420.3
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PROPERTIES OF COPPER WIRE.—(Cont.)
English gystem—Birmingham wire gauge.

. | " Resistances per 1000
= Weights. | feet in International
8 Ho ohms.
a = o |
B g gl
2 ] =i
= 22 1000 x -
5 5 i §25 | feot. Mile. | At60°F. | At75°F.
Z a <
0000 | 454 | 206116 [624. (3294 .049 39 050 98
000 = 425 | 180625. | 547. |2 887. 056 36 058 17
00 | 380, | 144400. |437. 2308 0705 072 77
0 | 340. | 115600. |[350. (1847 088 07 .090 &9
1 | 300. | 90000. |272. [1438. 131 1167
2 | 284 | 80636 244, (1289, 126 2 1303
3 | 29, | 6708 |203. (1072 1518 1566
4 | 238 | 56644, | 171 905. 1797 1855
5 | 220. | 48400. | 146. 778. 1 71
6 | 203 | 41209, | 125 659, 247 255
7 | 180. | 32400. 5 518. .314 2 3243
8 | 165 | 27225 | 8 435, 8739 3859
9 148 | 21904 66. 350. 4648 4797
10 | 134 | 179%. | 287. d 5852
i | 120, 14400 || 44, 230. 707 7297
12 | 109. | 11881 36. 190. .856 9 884 4
13 95. 9 025. 2.3 | 144. 1.128 1164
4 83, 6 889. 208 | 110. 1478 1.525
15 72. 5184. 157 83, 1.964 2.027
16 65. 422, 12.8 68. 241 2487
17 58, 3364. 10.2 54 3.026 3.123
18 | 49 2401 | 73 | 384 | 424 4376
19 42, 1764. 53 282 5.771 5.957
20 | 35, 122. 3.7 196 [, 8311 8.577
2t | 82 1024 3.1 16.4 9.942 1026
23 | 28 T84 24 125 | 12.99 134
23 2. 62. | 1.9 10. 16.29 16.81
2 22, 484 || 15 7.7 | 21.08 2171
25 20. 400. | 12 6.4 | 25.45 26.27
2 18. 324, .98 52 | 3142 32.43
27 | 16 236. 77 41 | 3977 41.04
28 14. 196. 59 3.1 | 5194 53.61
29 13. 169. 51 2.7 || 60.24 62.17
30 12 144. 44 23 || 707 72.97
31 10. 100. 3 16 || 108. 105.1
32 9. 81, 2% 13 [ 125.7 129.7
33 8. 64. 19 1.02 || 159.1 164.2
34 7. 49. 15 .78 | 207, 214.4
35 5. 2. 075 4| 4072 420.3
36 4 16. 048 256/ 636.3 656.7
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PROPERTIES OF COPPER WIRE.—(Cont.)
English system—New British standard gauge.

o Resistances per 1000
= Weights. feet in International
] ES ohms,
g | & PEL
2 | 22| 2Bl | iow
g g'é $&3 fee, | Mile. || At60°F. [ At75°F.
Z a < o
000000 | 454. | 2152906, | 652. |3 441, .047 29 0488
00000 | 432. | 186624, | 565. |2983, 054 55 0568
0000 | 400. | 160 484, 2557 63 065 6
000 | 372, | 138384 | 419, [2212 073 57 075 93
00 ' 348, | 121104. 367 (1935 [, .08407 d
0| 324. | 104976 | 818. (1678 969 8 .100 09
1| 300 90000. || 272. |1438. 1131 1167
2 | 278, 76176. f 231 {1217, 1336 1879
8 | 252 63504, [192. 1015 11603 1655
4 232 53 824. || 163, 860, 1892 1952
5| 212 | 44944 | 1 718. 12265 2338
6| 192 36864, || 112. 589, 276 2 285
7| 176 30976. | 94. 495, 3287 .3392
8 [ 160. 25600. | 77. 409, 3977 4104
9| 14 20736, | 63. 831, 491 5067
10 | 128 16884, | 50. 262, 6214 6413
1| 116 13 41 215, 756 6 7809
12 [ 104 10816. | 83. 173, 9413 97156
13 92, 8464 2.6 | 185 1.208 1.241
14 80. 6 194 | 102 | 159 1.642
15 72. 5184 | 157 83. 1.964 2.027
16 64 4006 | 124 65. 2.486 2.565
17 8136. 9.5 50. 8.246 8.351
18 2304, i 36.8 | 4419 4.561
19 | 4o 1600. 4.8 2.6 | 6.363 6.567
20 36. 1296. 8.9 20.7 | 7.85%5 8.108
21 1024, 8.1 164 | 9.942 10.26
2| 28 784. 24 12,5 || 12.99 134
28 24, 576, 1.7 9.2 | 17.67 18.24
24 484, 15 7.7 | 2103 21711
2 20. 400, TP) 64 | 25.45 26.27
2% 18. 324. 98 5.2 | 8142 82.43
27 16.4 269, .81 43 | 87.85 39.07
28 14.8 219. g 85 | 46.48 47.97
29 13.6 185. 8. || 55.04 56.81
30 12.4 153.8 47 2.5 | 66.21 68.34
81 11.6 134.6 41 2.15| 75.66 78.09
32 8 116.6 1.86( 87.28 90.
33 10. 100. 3 1.6 [ 101.8 105.1
34 2 84.6 26 1.35 120.3 1241
35 8.4 70.6 21 113 144.3 148.9
36 7.6 57.8 27 .92|| 176.3 181.9




22 JOHN A. ROEBLING'S SONS CO.
PROPERTIES OF COPPER WIRE.—(Coni.)
Metric system—Brown & Sharpe gauge.
N N El Resistances per kilo-
£8 & &5 meter in Interna-
o 2 £88 tional ohms.
g S XS 288
5 | 88 | g25 | 388
g CE ogd SLE | At 60° F. | At T5OF,
Z a < =
000 | 11.683 107.2 954.3 1578 1629
000 | 10.404 85.01 756.8 1987 12061
00 9.266 67.43 600.2 2507 2588
0 8.251 53.47 480.4 .3162 3264
1 7.548 42.41 377.4 .3999 4127
2 6.544 33.63 299.3 .501 8 5179
3 5.827 26.67 237.4 6369 6574
4 5.19 21.16 188.3 8026 8284
5 4.621 16.77 149.3 1.009 1.041
6 4.115 13.3 118.4 1.273 1.314
7 | 3.665 10.55 93.9 1.611 1.662
8 3.263 8.362 74.5 2.0 2104
9 2.906 6.633 59. 257 2.653
10 2,588 5.26 46.8 3.21 3.313
11 2.306 4173 87.1 4.033 4.163
12 2.052 3.307 29.5 5.001 5.258
13 1.828 2.625 24 6.443 6.65
14 1.628 2.082 185 8,155 8.416
15 1.449 15649 14.7 10.28 10.61
16 1.201 1.309 1.7 12.84 13.25
17 115 1.039 9.23 16.5 17.02
18 1.024 8236 7.32 20.88 21.55
19 911 6 6527 5.8 25,77 26.6
20 8118 5176 4.6 82.62 83,
21 29 4104 3.65 41.11 42.45
2 643 8 3255 2.89 52.16 53.
23 5783 2581 2.16 65.39 |- 67.49
24 5105 2047 1.82 82.68 85.
25 454 6 1623 144 104.2 107.6
26 4049 1288 115 132.1 136.3
27 .360 6 1021 .908 165.1 171
28 3211 081 5 2104 217.1
29 2859 0642 572 261.6
30 2545 050 9 452 834, 344.8
31 2267 0404 859 421.6 435.4
32 .201 9 082 284 522, 538.7
33 1798 0254 226 662.7 683.7
34 1601 0201 179 841.5 868.4
85 1426 .016 141 1065. 1099.
36 127 0127 1 336, 1879.
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WEIGHTS OF COPPER WIRE.

Metric system—per kilometer, in kilograms.

Brown Birmingham |
Numbers. | Roebling. & or h;:n%;lrgsh
Sharpe. Stubs. 2
000 000 954.3 o 970.9
00 000 833.9 o o 841.6
0000 696.5 954, X 721.5
000 591, 756.8 814.5 624,
00 494.1 600.2 651.3 546.2
0 425.1 480.4 521.3 4734
1 361.2 377.4 405.8 4058
2 311.9 299.3 363.3 3435
3 268.5 2374 302.6 286.3
4 228.3 188.3 255.3 -242.7
5 193.2 149.3 218.3 202.7
6 166.2 118.4 185.9 166.2
7 141.3 93.9 146.1 139.7
8 1183 74.5 122.8 1154
9 98.8 59. 98.8 93.5
10 82.2 46.8 81 73.9
11 64.9 37.1 64.9 60.7
12 49.9 29.5 53.6 48.8
13 38.2 2.4 39.8 382
14 28.9 18.5 311 28.9
15 23.4 14.7 23.4 23.4
16 17.9 9957, 19.1 186
17 13.2 9.23 15.2 14.1
18 9.96 7.32 10.8 104
19 7.58 5.8 7.95 7.22
20 5.52 4.61 5.62 5.85
21 4.61 3.65 4.62 4.61
22 3.54 2.89 3.54 3.54
23 2.81 2.16 2.81 2.59
% 2.38 1.82 2.19 2.19
25 18 144 1.8 1.8
26 1.46 115 1.46 1.46
27 13 908 116 1.21
28 115 72 884 988
29 1.02 Bb72 762 .833
30 .884 452 649 604
31 822 .359 451 607
32 762 .284 .365 .525
33 544 226 289 451
84 451 179 22 .381
35 406 J41 113 319
36 .365 113 071 .26
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HARD-DRAWN COPPER WIRE.
British Post-office specifications.

0
Diameters. Weights per mile. 53’ o .55‘ &
48 | & |Eef
28 E [8FS g
1 . . 1% - = o 5 =
< | & g |< | 8| d|&g,| g [BEgS
I3 g ] & =] 5d ) g w&;;,'
4| &8 | B {5 | 81 8|85 | B (8808
g| 5| g |g| 5 & |58 | & |Es&s
[~ = ~ (=] = A = A (=
224 | 226 22014 (| 800 | 820 | 780 2400 | g (15 | 1098
194 | 196 191 600 [ 615 1800 | ©<20 | 1.464
158 | 16014 | 155% | 400 | 410 | 390 || 1300 | £ {25 | 2195
112 | 1183 | 110% | 200 | 205 | 195 650 | g (20 | 4391
97 98 9514 || 160 | 15334 1461 490 :{ 25 | 5.855
79 80 8 100 | 10234 9714 330 | .= (80| 8782

“The wire shall be capable of being wrapped in six
turns around wire of its own diameter, unwrapped and
again wrapped in six turns around wire of its own diam-
eter in the same direction as the first wrapping, without
breaking; and shall be also capable of bearing the
number of twists set down in the table, without
breaking.

“The twist-test will be made as follows: The wire will
be gripped by two vires, one of which will be made to
revolve at a speed not exceeding one revolution per
second. The twists thus given to the wire will be reck-
oned by means of an ink mark which forms a spiral on
the wire during torsion, the full number of twists to be
vigible between the vises.”

According to the above table, the mile-ohm of copper
required is 878 pounds. This corresponds to a conduc-
tivity of 96.6 per cent., taking the value of the mile-ohm
of 100 per cent. copper as 859.
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TENSILE STRENGTH OF COPPER WIRE.

Breaking weight. Breaking weight.
Pounds. Pounds.
Numbers, Numbers,
B. & 8.G. B. & 8. G,
Hard- - Harad- An-
drawn. | nealed. drawn. | nealed.
0000 8310 5650 9 617 349
000 6 580 4480 10 489 27
00 5226 3553 1 388 219
0 4558 2818 12 307 174
1 3746 2234 13 244 138
2 3127 1772 14 193 109
3 2480 1405 15 158 87
4 1967 1114 16 133 69
5 1559 888 17 97 55
8 1237 700 18 ki 43
7 980 655 19 61 34
8 778 440 20 48 27

The strength of soft copper wire varies from 32000 to
36 000 pounds per square inch, and of hard copper wire
from 45 000 to 68 000 pounds per square inch, according to
the degree of hardness.

The above table is calculated for 34 000 pounds for
soft wire and 60000 pounds for hard wire, except for
some of the larger sizes, where the breaking weight per
square inch is taken at 50 000 pounds for 0000, 000 and
00, 55 000 for 0, and 57 000 pounds for 1.




JOHN A. ROEBLING’S SONS CO. 27

BI-METALLIC WIRE.

Numbers, Diameters Welg]?%tg Per Breaking weight.
B. & 8.G. in mils. Pounds. Pounds.
0000 460 3200 10500
000 410 2587 " 8600
00 865 2022 7000
0 325 1620 5700
1| 289 1264 4600
2 25§ 1003 3800
3 229 797 3200
1 204 629 2600
5 182 490 1790
6 162 398 1500
|
1/ 144 314 1210
8 128 246 1020
9 114 203 850
10 102 157 660
11 91 127 520
12 81 100 410
14 64 63 260
16 51 40 160
18 40 25 100

This wire consists of a steel center with a cover of
copper. Its conductivity is about 65 per cent. of that of
pure copper. The percentage of copper and steel may
vary a trifle, hence the strength and weight must be ap-

proximate.
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STRANDS OF COPPER WIRE.

OPPER WIRES are laid up into concentric strands
or into ropes of geven strands. A rope of seven
strands each composed of seven wires, is called a seven
by seven rope, and is usually written 7x7. The number
of wires that can be made into a strand is limited by the
capacity of the stranding machinery. Two hundred
wires is the usual limit of a concentric strand, and one
hundred and thirty-three wires of a rope.
In a strand of circular milage, C. M., composed of n
wires of diameter d, with a weight per 1000 feet w, then
we have

C. M. =ad*Xxn,
C. M.
=

dzJC. M.
n
W =.00305 X C. M.

The weights of strands are calculated about one per
cent. heavier than a solid wire of the same circular
milage, while the resistance is calculated for the solid
wire.

In specifying how a strand shall be made, the number
of wires to be used or the diameter of each wire may be
given. In the first case the wire usually has to be
specially drawn, and this will delay an order, especially
a small order, unduly. Tt is, therefore, better to specify
the size wires B. &. S. G, of which the strand is to be
made.

The diameter of a strand may be calculated by multi-
plying the diameter of one wire by the factors given in
the table at the bottom of the opposite page, according
to the number of wires composing the strand.
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STRANDS OF COPPER WIRE.

Diameters and properties.

Diameters. Weights. sy
SRS
g s
£a, | T g 8
mils. o
b lgsgtimafl Nearest| 1000 | py || S=T
E & inch. 32d. feet. i E R
4 [
1.152 1% 3050 | 16104 010 51
1.125 1% 2808 15 299 011 06
1.092 1% 2745 14 494 011 67
1.062 1/ 2593 | 13 688 .012 36
1.035 13 2 440 12 883 01313
999 1 2288 | 12078 014 01
963 31 2135 11273 015 01
927 15 | 1988 | 10468 2016 17
.81 %% 1830 9 662 017 51
856 % 1678 8 857 0191
819 1 1525 8052 021 01
770 i3 1378 7247 023 35
728 A 1220 6442 2026 27
679 1 1068 | 5636 .080 02
630 54 916 4831 03502
590 1 762 | 4026 | .04203
530 i 645 | 3405 | .04966
470 i 513 | 2709 | 06251
420 Yu 406 2144 078 87
375 8% 322 1700 .099 48
330 Y 255 | 1346 1258
291 s 203 1072 1579
261 & 160 845 .200 4
231 % 127 671 2526
Numbers of Numbers of
wires. Factors. wires, Zachrs.
3 2 75
7 3 91
12 41 108
19 5 127
27 614 147
37 7 169
48 8y 192
61 9 27
7x7 9
7x19 15 e canese
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DIAMETERS OF WIRES IN STRANDS.
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DIAMETERS OF WIRES IN STRANDS.—(Continued.)

.
] DREA HRX e O QW u:ao
b BQmwn (ana o oeosn [ce
| B EEEEEAP PEP R
(= qexme [goan  [nowvas o
| & GNINS | SEgsy | desves eld
5 Elesrallentolladeo oo
| & SRANS |Hondn | Seove | dd
2 warn o fage 0| woaae [~
| & SE8dY | Z8gdd | Seeve | aa
I RNMOE | QAWM W (OREON | 00
% S8EEE |Hxgs |S0de | el
5 RWHRD (BN | NG | 0D
8 SEUKS |ARNGY (Forsv |&a
2 | 2| 9990 |n o0 |azeae |on
;| & £ | $8855 |dagEs [gored |3
E 4 ame [ m we o [aw
< | ¥ | § | 9938 |neddy |ggess |va
| £
2l a0 2| nnoes|woe & |oowwa o
£ | B | § | #595d|88"ed |Sa0es [ve
Bi B2y
2 | o | B asne. | ozes | 2ozas (oo
@ | & | 2sigds |gRKKsS 282w |9
78 aararn [a-waw oenaw (oo
- S2d9T | RHELRH | Zfher o
i W W Jnnagiirwan |
& £5€2% |dngds [Hense o8
vanee nmn o oeens |~
2293 |g¥add |g=gde |ve
- wrson wvane [an
= §$§§ n%ﬁ:ﬁ {REIZ (o
q .:‘!: O IQHO\OW ;ﬂ‘lﬂl\ 0.0!
s HEsEs | $E34¢ |BRgSy (50
| ey ot o oMl eyl il
i 5 gide 582 | $28%e |8y
i Egadg
| ennea | omoo [aan v |0
o F-4=1~1 =3 o @
h g5553 |s0C88 #2dsR R
I
Sy
SRy | g8Red [asvas [ogazs | ag
=]




JOHN A. ROEBLING’S SONS CO.

Numbers, Brown & Sharpe gauge.

NUMBERS OF WIRES IN STRANDS.
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IRON WIRE.

N COMPARING tables of the weights of Galvanized
Iron Wire it was found that the weights of the
various sizes were not consistent with each other in the
same table, and that no two tables seemed to agree in
regard to the specific gravity of the material.

This table is calculated from the formula, weight per
mile =D? X .013 9, which seems to be the most likely
value for galvanized iron wire. This corresponds with
a specific gravity of 7.73, and a weight per cubic foot
of 483 pounds.

Steel wire is slightly heavier, and it is probable the
constant in the above formula should be .014 for galva-
nized steel wire.

The following average values of the mile-ohm were
used in calculating the resistance per mile at 68° F., the
International ohm being the unit :

Kind of material. Minimum. Maximum. Average.

E B.B., . 4500 4800 4700
B.B, 5300 6000 5500
Steel, 6000 7 000 6 500

The breaking weight of any wire equals its weight per
mile multiplied by 3 for E. B. B., 3.3 for B. B, or 3.7 for
steel, all annealed and galvanized. This corresponds to
53 100 pounds, 58 410 pounds, and 65490 pounds per
square inch, respectively.

The strength of steel wire varies from 50 000 pounds
per square inch to over 300 000 pounds, according to the
kind of material and its treatment.

By taking 100 000 pounds per square inch as the break-
ing strain of steel wire, the breaking strain of any other
wire may easily be computed from the table. For a wire
of 80 000 pounds per square inch breaking strain, take
eight-tenths of the tabulated breaking strain for that
size wire at 100 000 pounds per square inch given in the
table.
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GALVANIZED IRON WIRE.
‘;I Breaking
I | Weights, . Resistance per mile
' | Pounds. r ‘;g}fn“d‘;_- n ohms.
;5 | BEg
é? ‘ %E 1000 One 1 B.B
g el E g | feet. | mile. ron. | Steel. |E. B.B.; B.B. | Steel.
z |A
0 | a0 (804 |1607 |48 | 9079 | 298| 842 405
1 800287 | 1251 | 3758 | 7068 3.76 | 44 5.2
2 | 284212 [ 1121 | 3368 | 6335 419 | 491 | 58
3 | 259 | 177 932 || 2796 | 5268 5.04 | 59 6.97
4 238 | 149 787 || 2361 | 4449 | 597 | 699 | 826
5 | 220 | 127 673 | 2019 | 3801 | 699 | 818 | 9.66
6 203 109 573 | 1719 | 3237 821 | 96 | 11.35
7 | 180 8 450 1350 | 2545 || 1044 | 1221 | 1443
8 | 165 | 72 378 | 1131 ‘ 2138 { 1242 | 1453 | 17.18
9 148 | 58 305 915 | 1720 | 1544 | 18.06 | 21.35
10 | 134 || 47| 250 750 | 1410 | 18.83 | 22.04 | 26.04
u | 120 38 200 600 | 1131 | 2848 | 27.48 | 32.47
12 109 | 31 165 495 | 933 | 2846 | 33.3 | 39.36
13 9% | 2 125 375 709 | 87.47 | 43.85 | 51.82
u o 8| 18 96 268 | 541 || 49.08 | 57.44 | 67.88
15 72 } 137 7 216 | 407 | 6523 | 76.33 | 90.21
16 65 | 111 59 177 832 || 80.03 | 93.66 | 110.7
17 58 | 89 47 141 264 10056 | 1204 | 139,
18| 4 ] 63| 38 99 189 | 1408 | 1648 |1%4.8
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GALVANIZED IRON TELEGRAPH WIRE.

Western Union Telegraph company’s specifications.
{Condensed).

“1. The wire to be soft and pliable,and capable of elon-
gating 15 per cent. without breaking, after being galva-
nized.

“2. Great tensile strength is not required, but the wire
must not break under a less strain than two and one-
half times its weight in pounds per mile.

“3. Tests for ductility will be made as follows: The
piece of wire will be gripped by two vises, 6 inches apart,
and twisted. The full number of twists must be dis-
tinctly visible between the vises on the 6-inch piece.
The number of twists in a piece of 6 inches in length not
to be under 15.

“4. The weight per mile for the different gauge wires to
be: for No. 4,730 1bs.; No. 6,540 Ivs.; No.8,3801s.; No.
9, 320 tbs.; No. 10, 250 Ibs., or,as near these figures as
practicable.

“5. The electrical resistance of the wire in ohms per
mile, at a temperature of 68° Fahrenheit, must not exceed
the quotient arising from the dividing the constant num-
ber 4 800 by the weight of the wire in pounds per mile.
The coéfficient .003 will be allowed for each degree Fah-
renheit in reducing to standard temperature.

“6. The wire must be well galvanized, and capable of
standing the following tests: The wire will be plunged
into a saturated solution of sulphate of copper, and per-
mitted to remain one minute, and then wiped clean.
This process will be performed four times. If the wire
appears black after the fourth immersion, it showg that
the zinc has not been all removed, and that the galva-
nizing is well done ; but if it has a copper color, the iron
is exposed, showing that the zinc is too thin.”
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GALVANIZED SUPPORTING STRANDS.

‘What weight per foot will a half-inch ordinary strand
support if the strain is one-half the breaking weight, the
span 120 feet, and the deflection .01 of the span or 1.2
feet ? ’

One-half the breaking weight of a half-inch ordinary
galvanized strand is 4 160 pounds. The value of S for
above span and deflection, table page 50, is 1 500.2.
Dividing 4 160 by 1 500.2 we find the total weight per foot
to be 2.773 pounds. Deducting from this the weight per
foot of the half-inch galvanized strand we have 2.263
pounds as the weight per foot of cable that this strand
will support. While it is true that a factor of safety of
two in this work is too small, yet the cables help in a
great measure to carry their own weight. It is believed
that galvanized strands will easily carry the loads indi-
cated on page 89.

This strand is composed of seven wires, twisted
together into a single strand.

Estimated breaking strength.
Diameters in | Weights per 100 Pounds.
32d8 of an feet.
inch, Pounds.
Ordinary. Special.
16 61 8320 16 640
15 48 7 500 15 000
14 37 6 000 12 000
12 30 4700 9400
10 21 3300 6 600
9 18 2 600 5200
8 1Y% 1750 3500
7 84 1300 2 600
6 614 1000 2000
5 4 700 1400
4 2% 375 750
3 2 820 640
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SUPPORTING CAPACITY OF GALVANIZED

STRANDS.
Ordinary.
2 Spans in feet.
%24
E: % 100 110 120 125 130 140 150 175 200
e
FE :
a @0 Weights of 1000 feet of cable. Pounds.
16 2818 | 2516 | 2263 | 2152 | 2050 (1867 (1709 { 1391 | 11564
154 12520 {2247 (2020 | 1920 | 1827 | 1663 520 1 1234 | 1130
14 20 1812|1630 | 15650 | 1476 | 1344 | 1230 | 1001 900
12 1580 11409 (1266 | 1204 [ 1146 | 1043 953 T4 640
10 1110} 899 | 890 846 | 805| 7 670 544 450
9 860 | 765 | 680 652 | 620 | 663 | 513 414 340
8 685 | 521 | 468 445 | 423 | 885 | 352 285 235
7 433 885 846 313 284 260 210 172
6 837 | 300 | 270 257 | 245 | 223 ) 204 165 137
Special.
@ Spans in feet.
o
<& .
°g ﬁ
BoE 100 110 120 125 130 140 160 17 200
897
822
g‘&?"a Weights of 1000 feet of cable. Pounds.
16 6146 5482 | 5036 | 4814 (4510 4244 8928 | 3292 | 2818
15 5520 14974 | 4520 | 4320 | 4134 [ 3808 | 8520 | 2948 | 2520
14 4430 (3994 | 3630 | 3470 | 3322 303? 2830 | 2372 | 2030
12 460 (3118 | 2832 { 2708 | 2592 | 2 8 2206 | 1848 | 1580
10 2430 1990 {1902 | 1820 |1676 (1550 | 1298 | 1110
9 1900 | 1710 | 1540 | 1484 11420 | 1306 | 1206 | 1008 860
8 128511157 | 1051 1005 | 961 | 885 | 819 685 585
o 953 | 857 778 | 746 | 712| 655 | 607 507 473
6 737 | 663 603 | 677 | 558 | 509 | 472 893 837

Dip = .01 of span.
Factor of safety of two.
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CURRENTS."
FUSING EFFECTS OF CURRENTS.

Table giving the diameters of wires of various materials

which will be fused by a current of given strength.

= S)i

W. H. PrEECE, F.R.8.
N

0.3417
0.3617

|

%
5]
5
=]
=l
2
2
&
©

Ll
8
25
S

i

285
303
322

‘sorodue uy JuarIny |

7 0000 WO - > W O RO
ws=s | B3ZSq B3gei gzoes |BIaRs
PRT| 33338 | 23333 | 85888 | 33883
e BB | BeRe® | HaSE RN
15 =0 vmmwm | 822EF | 2582% |szEes
o pueruiy | 33333 | 33333 | 33355 | 25538
o — 00 BN | © &~ Nen -
e w.m.m.m:_ 2gees  £izzn  483ac
g ‘85T g=18"
g oy | 22222 | 22883 (33888 (883 AR
L] L=
& ‘00 $=8
g pPloup[g | 2E22S | QfSs=g | SogoaliEciies
g
@
g 087 o=%
a ‘QPATIS UBTIIOD | S22 | S2ESS | 22222
TL g=8
‘anupeg | SeSeSliSees e
_8a 1=®
woupmny | S2SSS | 82828 | 229888 | gseee
555, 01=8
‘raddop




41

JOHN A. ROEBLING’S SONS CO.

*S[BUTWA) 9T} JO 10970
Bu1100n oy Judraad 0} §B 08 POXI ST 91 YOIGM O S[BUIULID) 9T} USMIOQ [IBUS] UL UOUI SUO B} 639]
9( 194U P[NOYS PUE ‘98N IO JNO-IND S[QEI[SI JS0W PUB 9$3q 9y} soyeur oxim 10ddoo a1ng *9[q8) 9SIY
9y} WOJJ U0 JB UAXE) 9 UBD ‘s3Inorr SurySI-0LI)0s[e 10 BOSTY IO ‘S100-IND ,, JO OZIS YL —HLON

8PS'T 6L%°1 . P81 889’8 £8°0 288 208°¢ TI19'8 gI1 ZEL 10070 | BOIOO a8
#06'T 28°'L L9230 L¥8¥ 6999 oL ¥L'L L¥01 aryL 188 1000 | #G10°0 08
e8F°T 8L80 996°C L99° 299’8 9176 116 99°8T ¥5°81 T08 100°0 | 8 ¥10°0 8%
€88 €818 €96°¢ G09°L Ly'1L 89°CL 6%°CT o88L ¥LIS Q¥ G000 810°0 9
66¥°F ¥ 288°¢ L30T gal 90°LT 88°9L LY £¥'ee 893 8000 00 ¥2
1999 Qaur'9 69°L oL feraraa V5 8C°¥% €9°e8 8% €R9 ¥00°0 820°0 T
617'6 00'6 T'IT ¢'1g woe LSS 88°¢8 8IS L6°69 181 900'0 980°G 0
L4 98°8T LE°LT r'ge 26°67 66°F¢ 2878 aL'6L LLOT 919 010°0 8700 81
2836 81T 86'9% 9609 6°9L 89°18 8L'88 8°3TL 89T 16L 910°0 ¥90°0 91
T 2865 arLe SeIL ¢'L01 €8IT LI 9'LLT 813 L29 3200 800 ¥
24
81g =8 08 g=—8 il
68 T=0 | “form ‘9 1="8 | 'BFL =B | '0CLF=B b I ‘TLL G=%8 ‘asg L=8 | ‘F1C 0I="3 d « £
‘pBeT cdwﬂﬂ L] T ‘wory | ‘prouysid :m_w._wwwfw ‘mnujyerd |‘wuujungy| ‘eddop | - EP 'n‘_nwwmm .H M
. Dl

‘SeIe98UI puRe SOZ[8 SNOFICA JO S6ITA O8NJ 0% peljnbel seleoduwe oyj SUTAO0YS O[AB]
(pomupuo) ) —gINIIYAD 0 SIOFIIT HNISAI




42 JOHN A. ROEBLING'S SONS CO.

HEATING EFFECTS OF CURRENTS.

REPORT read before the Edison Convention, at

Niagara Falls, August, 1889, by A. E. Kennelly,
gives complete formule and tables based on experi-
mental data, showing the heating effects of electric
currents. This report was published in the Elecirical
World, beginning with the edition of November 23,
1889.

The tables in this book are taken trom curves con-
structed from data given in the above report.

The table page 43 gives the rules of the various insur-
ance companies, together with one column giving the
current whose double would cause a rise of 40° C. This
is the safe carrying capacity recommended in Kennelly’s
report.

The table page 44 gives the diameters of various wires
and the current they will carry with a specified rise in
temperature. The wires are insulated, and the condi-
tions are similar to those met with in house wiring in
mouldings or conduits.

The table page 45 is computed for bare wires suspended
indoors, and gives the current carried with the corres-
ponding rige in temperature.

The table pagé 46 is computed for outdoor wires, not
insulated.

In these tables all wires are solid.

Insulation increases the current a wire will carry with
a given rise in temperature, because the radiating surface
is increased,and for the same reason a strand will carry a
larger current than a solid wire.

One square inch of bright copper radiates .003 9 watts
per degree Centigrade rise in temperature, and one
square inch of blackened copper, .009 watts, under the
same conditions. Convection seems to be dependent
only on length, and may be taken at .053 watts per foot
per degree Centigrade rise.
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HEATING EFFECTS OF CURRENTS.
Insurance rules for carrying capacity of wires.

L3
g ] 8
R 2 National Board | o Egu
o =2 g of Fire Under- =3 580
L CE] = writers, s Z =
3 g8 E g& 238
. | o= 2 A2 |geE
A L Z) 2K oo | & Redg
£ | 225 | 9 839 |L8%%
£ EER | B || omp | 2R |EEcE
E] EEY] 45 work, | Work. 2238 | 5S%8
e Z & A
000 174 175 218 312 175
000 146 145 181 262 U |
00 128 120 150 220 120 105
0 108 100 125 185 100 83
1 88 % 105 156 8 66
2 73 70 88 181 70 52
3 61 60 3 110 60 41
4 52 50 63 ] 50 33
5 3 45 53 7 45 2%
6 %6 35 45 65 35 21
7 31 30 et 30 16
8 2 2 38 46 2 13
10 18 20 25 82 2 8
12 13 15 17 23 15 5
14 9 10 12 16 10 3
16 6 5 6 8 [ 2
18 5 e 3 5 3 1
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HEATING EFFECTS OF CURRENTS.—(Cont.)

Carrying capacity of insulated wires in mouldings.

(Kennelly’s formula.)

Rise in temperalure in degrees Centigrade,

2 5° 100 15° 200 30° 40° 50° ’ 60° ! 70°
2

& :

5 Diameters of wires in mils.
300 . 446 411 886 367 | 354
280 wass 427 393 369 350 | 338
260 ) 450 409 375 852 333 | 821
240 430 38! 356 333 315 | 304
20§ e | - 3¢ 370 | 337 | 315 | 208 | 285
200 448 414 386 350 317 295 280 | 268
190 437 403 375 339 308 286 270 | 258
180 4 391 3 328 298 277 260 | 249
170 411 878 352 317 287 266 250
160 || ... 398 864 340 305 276 256 241 | 229
150 45 883 351 326 293 265 244 230 | 218
140 431 370 338 312 281 253 232 220 | 206
130 417 822 269 240 220 8 195
120 4 839 308 285 255 228 208 195 | 182
110 383 322 292 70 240 214 195 182 | 170
100 362 302 276 253 223 182 168 | 158
90 343 284 259 237 208 185 168 154 143
80 822 264 240 218 192 1 158 139 130
70 300 242 2! 198 174 152 139 123 116
60 275 220 195 176 155 135 122 108 101
50 X 175 152 132 118 91 86
40 217 169 144 128 110 95 7 70
30 178 136 115 100 85 73 58 54
20 132 1 71 69 59 40 37
10 8 68 42 35 30 s o
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HEATING EFFECTS OF CURRENTS.—(Cont.)

Bare copper in still air.

Rise in temperature, degrees Centigrade.

1° 20° 40° 80°
I 5 : o ; o i
3 a o a M = 24 a -
g | 2|8 |2 |2 |2 |5 2|3
g [ m ] [ a | & a | A
E Diameters of wires in mils,

1000 968 | 911 | 750
950 930 | 878 | 728
900 893 | 844 | 695
850 88 | 809 | 666
800 823 | 771 | 638
750 785 || 734 | 610
700 748 || 696 | 580
650 708 | 660 | 550
600 668 | 621 | 518
675 648 || 603 | 303
950 628 | 583 | 488
525 607 || 663 | 461
500 584 | 543 | 455
475 563 || 523 | 439
450 541 | 501 | 421
425 520 || 479 | 406
400 498 || 457 | 387
375 475 | 435 | 369
350 452 || 418 | 850
325 428 || 390 | 831
800 408 | 366 | 812
275 877 | 311 | 292
250 351 || 317 | 272
225 323 | 291 | 252
200 296 | 265 | 229
175 266 || 239 | 208
150 226 | 210 | 194
125 206 | 182 | 161
100 300 170 | 150 | 135

9% | 315 272 158 | 137 | 128
80 || 286 246 143 | 124 | 112
70 | 259 220 127 | 110 | 100
60 || 226 194 ™ 112 97 | 87
50 | 191 167 95 82 | 74
40 | 156 140 78 68 | 61
30 || 120 111 60 54 | 48
20 82 76 44 40 | 36
10 40 38 28 26 | 24
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HEATING EFFECTS OF CURRENTS.—(Cont.)
Bare copper suspended outdoors.

‘- Rise in temperature, degrees Centigrade.

50 10° 200 400
N ; o o = q o .
< - = o a ] = o
&0 < >3 Q
I - I S I A A T - A A I I
g o ® & ) 3 m [
5 Diameters of wires in mils.

1000 962 932 771 745 ‘I 620 | 594
950 928 897 744 720 | 595 | 572
900 894 865 715 692 | 574 | 532
850 868 843 639 665 | 530 | 530
800 || v | e 839 810 672 649 | 537 | 512
750 [ e 975 804 715 643 620 | 515 | 49
700 | 963 933 767 739 613 591 | 491 | 472
650 || 916 889 729 703 582 561 | 467 | 449
600 || 869 690 665 554 532 | 442 | 426
575 || 845 813 671 647 538 517 | 429 | 414
550 || 820 789 650 627 522 501 | 417 402
525 || 795 | 630 l 609 | 506 | 487 | 404 | 389
5 770 740 610 589 489 470 | 3% | 876
475 | 745 | 719 589 | 569 473 455 | 377 | 363
450 || 719 693 568 548 453 438 | 363 | 350
425 || 690 667 546 526 136 422 | 349 | 336
4 661 ] 524 504 418 406 | 334 | 322
375 || 682 610 502 484 | 899 | 377 | 819 309
350 | 601 581 478 462 | 380 | 360 | 304 295
825 | 571 562 453 439 362 | 342 | 289 2790
300 | 540 522 428 415 342 826 | 273 | 264
275 | 509 492 04 | 392 321 309 | 257 | 219
250 | 477 460 378 367 300 200 | 240 | 222
225 | 445 430 351 343 280 270 | 223 215
2 410 399 324 316 259 0 | 205 | 198
175 | 878 365 296 289 285 227 | 186 | 180
150 | 834 329 267 258 211 202 | 166 | 161
125 | 205 290 235 226 185 177 | 145 | 144
100 | 254 202 193 157 152 | 123 | 120
9 | 236 230 186 178 145 40 | 114 | 111
80 [ 216 212 17 164 182 128 | 104 | 102
70 | 198 192 156 120 | 120 116 94 | 91

177 170° | 187 182 | 107 104 83 | 80
50 | 155 147 119 15 | 92 87 72| 70
130 124 100 % | 77 73 62 | 59
30 || 104 100 78 75 61 5% 50 | 45
20 73 70 54 53 43 40 84 | 30
10 40 3 27 26 20 18 6| 14
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SPANS.

HE formule used in calculating these tables of
lengths and straing in spans of wire are those
of a catenary of small deflection. They are given in
Weisbach’s Mechanics of Engineering, page 297, (seventh
American edition, translated by Eckley B. Coxe, A. M.)
In these tables the horizontal strain at the center of
the span is given. The strain at any other point equals
the strain at the center plus the weight of a length of
the wire equal to the perpendicular distance of that
point from the lowest point of the wire in the span.
For ordinary spans this is negligible. For any given
wire the longest possible span is one where the deflec-
tion is about one-third of the span.

The effects of temperature on the strains of wires in
spans is at first sight so great as to render the other con-
siderations of little importance. The table, page 53, is
calculated on the assumption that the supports of the
spans are perfectly rigid under all conditions of strain
and that the wire is inelastic. This is never true in
practice. The changes in direction in a pole line afford
a chance for the strains, due to a shortening of the wire
by a fall in temperature, to be taken up by a bending of
the supports.

If the elastic limit of hard-drawn copper wire of
60 000 pounds breaking strain be taken at 20 000 pounds,
then 8 will equal 20 000 divided by 3.85, the weight of a°
piece of copper one foot long and one square inch in
section. This makes S equal 5195. Looking at the
table of values of 8, page 50, this value for a span of 130
feet comes between a deflection of .003 and .004. In the
same way the allowable deflection for any other span of
hard-drawn copper could be found or for any other
material by substituting the proper terms for the elastic
limit and the weight per foot given above.
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The following gives the practice of some of the tele-
graph and telephone companies in their line construc-
tion:

SPECITICATIONS FOR STANDARD
CONSTRUCTION O HARD-DRAWN COPPER.

2 st Spans in feet.

‘5 )

&eg .

gEE| w | 100 ’ 115 ’ 130 ‘ 150 ’ 200

av

E.::E

& = Sag in inches.

—30 1 2 24 3 4 8

3k | k| k| B || &
30 18 3 g 522 eﬁ 127
0 2 Y 5% 7 9 15
80 sé 54 7 85 14 18
100 itd 7 9 1 14 217

For spans between 400 and 600 feet, the dip shall be
1-40th of the span.

For spans between 600 and 1 000 feet, the dip shall be
1-30th of the span.

Another company uses 40 poles to the mile,and in the
East allows three-inch dip at center of spans. In the
West, where the variation of temperature is greater, 10
inches dip is allowed in summer, and 8 inches in the
winter. This construction applies to both copper and
iron wire,and has been found by actual experience to
give satisfactory results.

The following formulsee were used in calculating the

tables :
(1) 8 X W =horizontal strain on wire at center of span

@ s=7 X
o =)
@ x=38— /g5y

® x-ngl—gy_-
2.
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In these formule

y = one-half span.

1= one-half length of wire in span.
x = deflection at center in same units as y.
w = weight per foot of wire.

Suppose we have a span of 200 feet of hard-drawn cop-
per wire weighing one pound to 10 feet, and a deflection
of two feet or .01 of the span.

100\ *
@ s:( 7 ) +12.
= 250038 +.
® 1=100 [1 ” ;(%0)’].
= 100.026 6 +. 2
21=200.063 +.
@ X = 7501 — 4/56 265 001 — 80 000.
=2
) x= 'aooos—soooo
2
—a

In caleulating the table, page 53, the deflection of the
line was determined at — 10° F. by formula 4, the value
of 8 being 30 000 divided by 3.85 or 7 792. For the other
temperatures the length of the wire was calculated from
the following formula :

Length =1 (1 +.0000098t).

Here t is the difference in temperature in degrees
Fahrenheit.
By formula 5 the deflection corresponding to the new
length was found.
The coéfficients of linear expansion for each degree
Fahrenheit are as follows :
Copper, .000 009 3.

Iron, .000006 8.
Lead, .000 016.

L2 s i Carj
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TEMPERATURE EFFECTS IN SEPANS.

Temperature in degrees Fahrenheit.
Spansing 1o°| 300 ‘ 400 | 500 | 60° | 700 | 800 | %00 l 1000
s |
Deflections in inches.
50 o Pt I e 1) 9|10 |11 |1 |
60 f IS 1 Gl o b U 5 M PSS ICh 8 (T BT
0 (1 Jw|w!e|s|u|B ||z
80 § 12| 1 | 18|14 | 15|16 |17 | 18] 19
% (16| 18| 14 |16 |17 |18 |19 |2 |a
00 19! 14 |16 |17 |19 2 |21 |2 |2
0 |23 16|18 |19 | 21 |22 |2 | B | 2
120 (28| 17|19 |2 |2 |24!2|x|3s
10 [ 32 19 |21 | 28 | 25 | 26 | 8 | 29 | 81
40 37 | 20 | 28 | 25 | 27 | 28 | 30 | 82 | ss
10 48| 22 | 24| 26 | 28 | s0 | 82 | 84 | 86
60 49 | 28 | 26 | 28 | 30 | 32 | 34 | 36 | 38
1w | 55| 25 | 28 | 30 |82 |3 |3 | 38 | 4
180 62| 26 | 29 | 82 | 34 | 37 [ 39 | 4 | 43
J l 28 | 31 { 3¢ |3 |3 |41 |4 | 4
200 I 7.7 I 8L | 33 | 3 | 38 | 41 | 48 | 45 | 48

Hard-drawn copper wire, 60 000 pounds strength per
square inch.
Strain at —10° F., 30 000 pounds per square inch.
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WEATHERPROOF WIRE.

Our Weatherproof wire is put on reels in long lengths,
and has a hard, smooth finish, presenting the least pos-
sible chance for adherence of ice and snow. We keep in
stock all sizes given in the accompanying table, to 0 000
B. & 8, in both double and triple braid.

In the Stranded wires, we keep only the most com-
monly used sizes. We make this Feed Wire Strand
either concentric or cable-laid, as desired.

FIRE AND WEATHERPROOF WIRE.

For interior work, we manufacture a Fire and Weather-
proof insulation. Full information concerning weights,
diameters and prices furnished on application.

UNDERWRITERS’ WIRE.

Underwriters’ wire seems to be used chiefly for inside
work. Its weight is about the same as double-braid
‘Weatherproof.

WEATHERPROOF IRON WIRE.

We keep in stock 10, 12 and 14 B. W. G., both double
and triple braid.

Weiglﬁts pgr mile.

ounds.

Numbers, Iéncggﬁs in

B.W.G. Miles,

Double braid. Triple braid. i

4 997 1102 1%
6 718 73 i
8 483 548 %
9 403 464 1
10 350 410 1
12 X 240 265 ¥4
14 150 176 is
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WEATHERPROOF WIRE.
' Double braid. Triple braid. Approxi-
A n;ate
K £ Weights. £ Weights, ety el
Em' ! o% el Pounds. q;%{.,’ ) Pounds, IR
5 SERg CESd
Bs B2ag 1000 Z2a5] 100 Reel.| Coil
E"" :S'c.,...‘ feet. Mile. g-u-—- feet, Mile. |Reel.| Coil.
0000 | 2 76 | 3781 | 24 75 | 4092 [2000 | 250
000 | 18 | 575 | 3086 | 22 | 630 | 332 (2000 | 250
0 | 17 465 2455 18 490 2587 || 500 | 250
0| 16 375 | 1980 | 17 400 | 2112 | 500 | 250
1 1 285 | 1505 | 16 306 | 1616 | 500 | 250
2 14 5 | 1204 | 15 268 | 1415 | 500 | 250
3| 18 190 | 1008 | 14 210 | 1109 | B00 | 250
4f 1 152 803 | 12 1 866 || 250 | 125
50 10 | 120 | e | 1 | 15 | 7es | 260 | 180
6 9 98 518 | 10 112 591 || 275 | 140
T8l s 66 g9 [ 9 8 412 | 200 | 100
0| 7 45 28 8 55 290 | 200 | 100
121 6 30 158 7 1 % 185 | %
“j| 5 2 106 6 | 2 187 2
6. 4 14 74 5 20 206 f| | 2
B 3 10 53 SRT0IS 8| ..!| 2
STRANDED WEATHERPROOF FEED WIRE.
‘Weights, Approxi-
1 Outside Pounds. p};m:
Circular ai Sourth
mils. Inches. on rgels
i 1000 feet. Mile, Toot, -
1000000 | 1% 3550 18744 800
900 000 1§§ 3216 16 976 800
800 000 11 2 15 206 850
o0 | 1k | 273 1432 850
700 000 1% 2545 13 438 900
650 000 TR0 575 12 556 900
600 000 1% 2210 11 668 1000
550 000 1 2043 10787 1200
500 000 jtH 187 9900 1320
450 000 1% 1703 8992 1400
400 000 jee 1 8078 1450
350 000 1 1358 7170 1500
300 000 35 1185 6257 1600
250 000 H 1012 5343 1600

The table is caleulated for concentric stran
are larger.

ds. Rope-laid strands
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RUBBER WIRE.

E MANUFACTURE rubber insulated wires for all
purposes, including wires and cables for aerial,
underground, and submarine use. The copper conductor
is tinned, and then covered with a cement of pure
rubber, which causes the succeeding coat of rubber to
adhere firmly to the wire. This layer consists of white
rubber without sulphur. Over this is a layer of vulcan-
ized rubber, and the whole is covered with a finishing
braid of cotton saturated with a Weatherproof com-
pound, which protects the rubber from mechanical in-
jury,and from the action of the air. A poor quality of
rubber insulation is inferior to Weatherproof, and we
would recommend our Fire and Weatherproof insulation
for inside work, rather than an inferior rubber wire.

A good rubber wire should have its conductor central,
the insulation should adhere firmly to the wire, it should
not crack or become brittle after use,and it should show,
after immersion in water for twenty-four hours, the same
insulation resistance per mile as when tested after being
first put in water. The absolute number of megohms
per mile depends on the age of the rubber used, together
with other details of manufacture, and is not always a
sure guide to the quality of the insulation. Uniformity
of insulation among several coils of wire made at the
same time, or among the various conductors of a cable,
is a much more valuable aid in detecting a poor piece of
wire, as in this case an insulation lower than the average
shows a local defect, which, in time, will be likely to
cause trouble.
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CRESCENT RUBBER WIRE
Stranded conductors.

A Sizes of wires in
Num Outside | Weights | strands. B.& 8. G.
bers, Circular diam- per 1 000
B. & S.G. 3 eters. feet,
R Inches. | Pounds. | Regular. | Flexible.
17y 3690 8 12
1343 3370 8 12
14 3020 8 12
1y 2 685 10 12
1% 2345 10 12
1% 1885 10 N
Iy 1723 10 14
it 1560 10 14
13 1878 10 1
7% 1155 10 14
i 995 10 1
0000 3% 866 10 15
000 1 725 10 15
00 covveese 1 613 n 15
¢ | Outside diameters in Bizes of wires in
Fo 32ds of an inch, W;’:f%l&tﬁ strand. B. & 8. G.
.g.a T Pfeet,
2 Solid. |Stranded,| FOUR% | Regular. | Flexibie.
0 18 20 489 12 16
1 16 18 393 12 16
2 14 15 309 12 18
3 13 14 244 13 18
4 12 13 198 14 20
] n 12 168 15 20
6 10 11 146 16 20
8 8 10 106 18 22
10 8 8 77 20 25
12 7 7 55 20 25
14 6 6 35 21 25
16 5 5 25 2 25
18 4 4 20 25 25
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MAGNET WIRE.

HE BARE COPPER intended for Magnet wire is
specially drawn and annealed, great care being
taken to have it true to gauge, and soft.

A differente from the standard, of one mil, is allowed
on sizes larger than No. 10 B. & 8. G.; from No. 10 to
No. 14, three-fourths of a mil variation is allowed, and
any wire smaller than No. 14, one-half a mil variation is
allowed.

The insulation is smooth and uniform, and is kept
true to gauge to within one mil of the required
diaweter.

We manufacture any special kind of Magnet wire
required, flats, squares and strands.

We understand that a No. 6 B. & S. square Magnet
wire measures 162 x 162 mils.

Flats are designated by their width and thickness,
Thus a flat Magnet wire 340 mils wide and 40 mils thick
would be designated as a 340 x 40 flat Magnet wire.

Strands can be furnished of any size, insulated with
double or triple windings of cotton, or any combination
of braids and windings that may be desired.
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MAGNET WIRE.

Outside diameters.
Mils, Approxi-
AL, Déi::f:fr weiuglg:: on
Bo &5, G e ilas reels,
Double. Single. Pounds.
0 325 343 337 200
1 289 807 301 200
2 258 276 270 200
3 229 247 241 200
4 204 222 216 200
5 182 200 194 200
6 162 178 172 200
7 144 160 154 200
8 128 142 137 200
9 114 126 122 200
10 102 112 108 200
1 91 101 97 200
12 81 91 87 200
13 72 81 78 160
14 64 73 70 160
15 87 66 63 50
16 51 60 87 50
17 45 54 51 50
18 40 49 46 50
19 36 45 42 50
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GERMAN SILVER WIRE.

Resistance per 1000 Resistance per 1 000
R feet. . feet.
a_(b o
% Ll
B‘? 18 per 30 per 'g‘?! 18 per 30 per
gm centum, centum. Em centum. centum.

6 7.20 11.21 22 295.38 459.48

7 9.12 14.18 23 370.26 575.96

8 11.54 17.95 24 468.18 728.

9 14.55 22 25 590.22 918.12
10 18.18 28.28 26 748.08 1163.68
11 22.84 35.53 27 937.98 1459.08
12 28.81 44.82 28 119124 1853.04
13 36.48 56.75 29 148L.22 2304.12
14 46.17 71.82 30 18918 29428
15 58.21 90.55 31 2388.6 3715.6
16 72.72 113.12 gl 32 2 955.6 4591.6
17 93.40 145.29 33 3751.2 5835.2
18 118.20 183.87 34 4764.6 7411.6
19 145.94 227. 85 6031.8 9382.8
20 184.68 287.28 36 7 565.4 11 768.4
21 232.92 362.32 -

The resistance of German silver wire varies according
to the method of manufacture and the materials used.

From actual tests on wire with eighteen per centum of
nickel, extending over ten years, it seems that eighteen
times the resistance of copper, at 75° F., represents very
closely the resistance of this alloy. This value is rather
under than over the average results of the tests.

For the thirty per centum alloy, we have to depend on
the results of a single series of tests,and while the results
are believed to be correct, they are not as reliable as
those given for the eighteen per centum German silver
wire. We take the resistance of the thirty per centum
alloy at twenty-eight times the resistance of copper, at
75°.

The International ohm is taken as the unit of resist-
ance.
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OFFICE WIRES.

Office wire is usually made with a wind and a braid of cotton
saturated with paraffine. It is sometimes required with a
double braid or triple braid of cotton. The most common
colors are red and white. Any combination of colors ¢an be
farnished.

Damp-proof Office wire has the inside wind saturated with
black Weatherproof compound, while the outside finish is the
same as ordinary Office wire.

Annunciator wire has a covering consisting of two wraps of
cotton saturated with paraffine. The outer covering is made
in solid colors or combination of two colors, -

Double conductors for house wiring are of various kinds.

Two conductors twisted together, without any outside cover,
form a convenient method of wiring for bells, telephones, ete.
These conductors may be 18 B. & S., with double braid Weather-
proof or with Annunciator insulation.

Two-conductor Office wire may be two Office wires laid side
by side and covered with a two-colored Office braid, or it may
consist of two Annunciator wires so insulated.

Weatherproof cables consist of 18 B. & S. G. Annunciator
wires, twisted into a cable and covered with rubber tape and a
braid of cotton saturated with Weatherproof insulation. They
weigh about ten pounds per 1 000 feet per conductor. For work
inside building, in dry places, the rubber tape may be omitted,
and the finishing braid made any color to correspond with the
woodwork.

Lamp cord is furnished in silk or cotton insulation. Green
and yellow is the standard color combination.

Weights per 1000 feet. 8izes of Lamp cord.
Tl e e RS
¢ B Office Annunciator

s iy Silk. Cotton.

14 17 15 3% s

16 12 10 & %%

18 9 7 * i

20 7 429 1% e
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POWER CABLES.

E MANUFACTURE power and electric-light

cables, with jute, paper or rubber insulation.

The thickness and kind of insulation depend on the use

for which the cable is intended. The table of diameters

and weights is based on % insulation on a side, and is
approximately correct for any kind of insulation.

Specifications for Underground Cable of 500 000 C. M.

1. CorPER CONDUCTOR.

The conductor shall consist of 47 wires, each 104 mils in
diameter, and shall weigh not less than 1.525 pounds per foot.
The copper used shall have a conductivity of not less than 98
per cent,

2. INSULATION.

The insulation shall consist of paper not less than s thick,
and shall form a wall of uniform thickness around the con-
ductor.

3. SHEATH.

The insulated conductor shall be enclosed in a pipe composed
of lead and tin. The amount of tin shall not be less than 2.9
per cent. The pipe shall be formed around the core, and shall
be free from holes or other defects, and of uniform thickness
and composition.

4. INSULATION RESISTANCE.

The insulation resistance shall be not less than 300 megohms

per mile, at 60° F.
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POWER CABLES.

hts,
guzﬂéer(s}, Circular mils. dg‘?l:zitggu. 1W Ogégfeet'.

5 - Inches. Pounds,
1000 000 pEt] 6685
900.000 13 6228
800 000 133 5773
750 000 15 5543
700 000 113 5315
650 000 1% 5088
600 000 133 4857
550 000 134 4630
500 000 1% 4278
450 000 134 3923
400 000 14 3619
350 000 1 8416
300 000 134 3060
wisaese 250 600 175 2732
0000 211 600 14 2533
000 168 100 1% 2 300
00 133 225 1 2021
0 105 625 B 1772
1 83521 3% 1633
2 66 564 7% 1482
3 52 41 H 13860
4 41 616 3 1251
6 26244 Ete 1046
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TELEPHONE CABLES.

Lead-encased for underground or aerial use.

HE INSULATION of these cables is dry paper.

We manufacture several styles of 19 B. & 8. G., 20

B. & 8. G.,and 22 B. & 8. G., according to the use for

which they are intended. The most common size is 19

B. & 8. G. We also supply terminals and hangers. To

determine the size supporting strand to use with these
cables, consult tables page 39.

Specifications for Telephone Cables.

1. CoNDUCTORS.

Each conductor shall be .035 89 inches in diameter, (19 B. & 8.
G.,) and have a conductivity of 98 per cent. of that of pure
soft copper.

2. Cork.

The conductor shall be insulated, twisted in pairs, the length
of the twist not to exceed three inches, and formed into a core
arranged in reverse layers.

3. SHEATH.

The core shall be enclosed in a pipe composed of lead and
tin, the amount of the tin shall be not less than 2% per cent.
The pipe shall be formed around the core, and shall be free
from holes or other defects, and of uniform thickness and
composition.

4. ELECTROSTATIC CAPACITY.

The average electrostatic capacity shall not exceed .080 of a
microfarad per mile, each wire being measured against all the
rest and a sheath grounded; the electrostatic capacity of any
wires so measured shall not exceed .085 of a microfarad per
mile.

5. INSULATION RESISTANCE.

Each wire shall show an insulation of not less than 500 meg-
ohms per mile, at 60° F., when laid, spliced and connected to
terminal ready for use; each wire being measured against all
the rest and sheath grounded.

6. CoNDUCTOR RESISTANCE.

Each conductor shall have a resistance of not more than 47
B. A. ohms, at 60° F,, for each mile of cable, after the cable is
laid and connected to the terminals.
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TELEPHONE CABLES.

lsazae 888

ggg3da

-

Number rs. Outside diameters. fVog‘i)ghts,.
pal Inches, Pourfgg.t
1% 214
% 302
b 515
% 629
5% 47
# 877
1# 912
1 1214
15 1375
1 1566
1 1758
1% 1940
18 2332
1fe 2748
1% 2985
1y 3176
154 8365
134 3678
143 3867
1% 4055
14§ 424
2 4430
2% 4804
24 5180

2% 5505
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TELEGRAPH CABLES.
Lead-encased for underground use.

HESE cables are made of either rubber, cotton or
paper insulation. The sizes and weights are ap-
proximately correct for rubber and cotton insulation.
Both sizes and weights are slightly reduced for paper
insulation. In all cases the cables are lead-encased.

Specifications for Telegraph Cables.

1. ConpUCTORS.
_ Each conductor shall be .064 inches in diameter, (14 B. & S.
G.,) and have a conductivity of 98 per cent. of that of pure
copper.
2. Core.

The conductors shall be insulated to % with cotton, and
formed into a core arranged in reverse layers. This core shall
be dried and saturated with approved insulating compound.

y 3. SHEATH.

The core shall be enclosed in a pipe composed of lead and
tin. The amount of tin shall not be less than 2.9 per cent.
The pipe shall be formed around the core, and shall be free
from holes or other defects, and of uniform thickness and
composition.

4. INSULATION RESISTANCE.

The wire shall show an insulation of not less than 300 meg-
ohms per mile, at 60° F., when laid, spliced and connected to
terminals ready for use, each wire being measured against all
the rest and the sheath grounded.

5. ConpUucTOR RESISTANCE.
Each conductor shall have a resistance of not more than 28
International ohms, at 60° F., for each mile of cable, after the
cable is laid and connected up to the terminals,
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TELEGRAPH CABLES.

14 B. & 8. G. 16 B. & 8. G. 18 B. & 8. G.
Insulated to . Insulated to . Insulated to .

g & 3 : ] ;

4 +3 z o B <

£ 2 A% g B Cronl

B8 028 B 088 £ 08D <l

g
55|32 | g8 |3dE | @ s |
5% 3 £S) o BOM ]

£ | 8 " | 8% | BT | 8 e,
1 % 808 % 299 % 291
2 Ts 438 T 421 i 356
8 % 673 % 546 s 421
4 5% 810 & 670 3 486
5 A 972 5% 793 Y% 551
6 1 1182 bt 946 i 616
7 % 1295 A 965 & 681
10 1 1512 i 1155 % 820
12 Ifs 1873 % 1827 % 978
15 17 2263 H 1518 1 1148
18 1% 2528 19 1880 % 1318
20 1% 2756 13 2076 1 1477
25 P 3250 1% 2496 1 1690
30 19 8515 18 2768 17 1908
85 it 3910 1% 8040 15 2116
40 134 4175 134 3312 14 | 2330
45 113 4441 1 3633 1% 2471
50 14§ 4885 14 8755 18 2628
55 2 5100 14 3978 184 2866
60 24y 5365 134 4200 17 8104
65 2% 5631 143 4422 13§ 3245
70 2% 5897 1% 4644 1% 3402
80 2% 6408 2 5087 184 8798
90 275 6916 2 5402 143 4027
100 20 7875 2% 5720 134 4275
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AERIAL CABLES.

HESE cables are made from double-coated rubber
wire, taped. After standing, the cable is double-
taped and covered with tarred jute, over which is placed
a braid of heavy cotton saturated with Weatherproof
compound. This outside covering protects the rubber
from the action of the air and from mechanical injury.
The separate wires are tested in water,and no wire is
used which will not fully meet a water test. The result
is a cable which will work under water as well as on a
pole line, if there is no danger of mechanical injury.
The ordinary size for telegraphic work is 14 B. & 8.,in-
sulated to 4. A trace wire can be placed in each layer,
if desired.

The size galvanized strand to support these cables may
be found from the table page 89. Suppose the span is
130 feet and a 10-conductor 14 B. & S. G. Aerial cable is
used, then from these tables it is seen a }-inch ordinary
galvanized strand will support a cable weighing 423
pounds per 1000 feet, with a 130-foot span.

Specifications for 14 B. & 8. Aerial Cable.
1. CONDUCTORS.

Each conductor shall be .064 inches in diameter, (14 B. & 8. G.,)
and have a conductivity of 98 per cent. of that of pure copper.

2. CORE.

The conductors shall be insulated to & with rubber and tape, and

formed into a core arranged in reverse layers.
8. PROTECTIVE COVERING,

The core shall be covered with two wraps of friction tape and one
wrap of tarred jute. Over this there shall be a braid saturated with
‘Weatherproof compound.

4. INSULATION RESISTANCE.

Each wire shall show an insulation resistance of not less than 300
megohms per mile, at 60° F., after being immersed in water 24 hours.
This test shall be made on the core after all the conductors are laid
up, but before the outside coverings are put on.

6. CONDUCTOR RESISTANCE,

Fach conductor shall have a resistance of not more than 28 Inter-
national ohms, at 60° F., for each mile of cable.
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AERIAL CABLES.
Rubber insulation.
14 B.& 8. G. 16 B. & 8. G. 18 B. & 8. G.
Insulated 10 . Insulated to . Insulated to .
£ ; v ] : X
8 £ o3 £ 3 g -3
g5 | o83 | 22 | g38 | 22 | 022 | £
HEAERE AR BE OF
=0 - @ Cd
Z° | 8 BT | 8 " 1 8 3
2 | % 102 3% 92 % 82
3 | Y 149 % 126 i 104
VR 183 3% 155 = 127
5 | 226 5% 198 i 151
6 || % 260 # 222 s 175
7 1 297 % 251 5% 200
10 1 401 % 335 1 256
12 1 465 i# . 803 % 296
1B - 14 563 1 468 # 855
18 18 651 17 541 % 413
20 14 714 14 593 E?] 452
25 18 863 1% 708 1 541
30 1 1008 1% 824 1 633
3% 1% 1147 1% 938 1 723
40 1% 1268 1% 1058 134 813
45 1% 1431 1% 1182 1% 903
50 134 1677 1% 1311 124 994
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SUBMARINE CABLES.

o 3
§ Armor wires. mt%h&eéﬁ'm&
;E dl(:ut.sltde
2 meters,
] Number | Num-
s bers, 1000 feet. Mile.
é = of wires. | g WG,
1 7% 12 8 1250 | 6600
2 1 15 8 1722 9092
3 134 14 6 2363 12477
4 1% 16 6 2794 14 752
5 1% 16 6 2968 15 671
6 124 16 4 8822 20 180
7 13 16 4 3972 20 972
10 1% 18 3 5404 28 533

The core consists of 7 X 22 B. & 8. tinned copper wires,
insulated with rubber to % of an inch, laid up with
proper jute bedding.

We are prepared to furnish telegraph cables with
gutta-percha insulation. This is the best insulation for
submarine work, and its reliability and durability more
than make up the difference in cost between it and any
other insulation.

We are prepared to furnish submarine cables of any
description for use in electric lighting and street railway
work.

No list of these cables can be made, owing to the vary-
ing conditions to be met.
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THE COLUMEBIA RAIL-BOND.

HE COLUMBIA BOND consists of three parts, two
copper thimbles and the
connecting copper rod. On
each end of this copper rod is
a truncated cone-
head with a fillet
at the base. The
inside of the
thimble is tapered
to fit the head on
the bond, whilethe
outside is slightly tapered in the opposite way.

In applying the bond, the cone-shaped heads are
placed in the holes in the rail from one side and the
thimbles are slipped over them from the other.

A portable hand-press is then applied, and the wedge-
shaped head of the bond is forced into the thimble so
that it is not possible to see the line separating the
thimble and the head in a cross-section of the two.

The end of the head of the bond is expanded by a
center-punch, held in position in the press.

When installed,owing to the pressure exerted between
the head and the thimble, and also to the fact that they
are of the same kind of metal, the two become one, both
electrically and mechanically. :

The contact of rail and bond is made by a wedge
expanding the thimble against the hole in the rail, and,
as the bond is wedged both ways, it cannot get loose.

For a 0000 B. & 8. G. or 000 B. & 8. G. bond, the holes
in the rail should be %-inch, and fora 00 B. &S. G.or a
0 B. & 8. G. bond, §-inch.

The total length of a bond is 3} inches more than the
distance from center to center of holes in rails. The
total length of a bond should be 8 inches more than that
of the splice plate.
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