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Color Codes

Plastic Insulated Cable (PIC)

Colors: black, brown, red, orange, | vellow, greer™
blue, V|olet slate, white. (Sound

Some places still have paper.
Sitea



http://www.theverge.com/2012/11/17/3655442/restoring-verizon-service-manhattan-hurricane-sandy
http://www.extremetech.com/extreme/141128-hurricane-sandy-damaged-verizons-network-but-clever-technology-saved-the-day

Current requirements

27 mA to trip the 'Ring trip relay.’
How can we get that?
Ring/tip = 5oo Q2 each
Telephone = 400 Q
Relay =350 Q)
= Supply voltage =48V

Total current = 27.428 mA
Necessary for the Strowger switch.



Transmitter Current

Improvements

Better mic — Less resistance N
Higher voltage — 52 V, necessary to run electronic ’
switching

Ring trip relay current reduction — 20 mA
Consequences:
Total line resistance may be increased.
— Practical consequences:

IV]IC]zCa_y service customers further away from central
office.



Outside plant design

Revised resistance design (RRD)
up to 18,000 ft. 2 1300 Q
up to 24,000 ft = 1500 Q
Modified long route design (MLRD)
over 24,000 ft
== pump up the power = 78/104 V



Central office and serving areas

Main distribution frame (MDF) N
Central terminating point for twisted pair ’
Jumper wire for connecting line to phone.

Wire Is expensive

Cheaper to have many exchanges with smaller
wire, than fewer exchanges and thicker wire.




Wire gauge

Metric

American Wire Gage (B. & 8.). English Units

LENGTH RESISTANCE Cross-section Ohms per 1000 it. Ob:uueper
Gage Diameter Pounds
No. | in mils | per 1,000
Ciroular Square 25° C. | 65°C. 25° C. ft.
B.&S.| Mm. |Sq. Mm Kh. Ka M. M. Ohms Ohms | mils inches |(=77° F.) |(=140° F.)| (=77° F.)
per per Ohm | per Kg. |[per Ohm| per Kg. per M. | |
0000 460.0 212,000.0| 0.166 0.05600 0.0577 0.264 | 641.0
000 410.0 168,000.0 | 0.132 0.0630 0.0727 0.333| 508.0
0000 |I1.7 107.2 953 5040 1.05 | 6,230 000168 [ .00o161 00 | 365.0 | 133,000.0| 0.108 0.0795 0.0017 0.420 | 403.0
000 |[10.4 85.0 756 3730 1.32 | 4,040 000268 | 000202 |
oo 0.27 67.4 500 2350 1.67 | 3,920 1000426 | .000255 0 325.0 106,000.0 | 0.0829 0.100 0.116 0.528 | 319.0
o |83 |ai fn ke | oweldme | ity POEES | Mmms|osE | Sim| Sl | oum|ES
1 7.35 42.4 .377 029 2.65 | 2,460 00108 | .000406 ; e -0521 ¥ : . 1.
2 6.54 33.6 200 584 3:35 | 1,950 00171 .000512 3 229.0 52,600.0 | 0.0413 0.2014 0.232 1.061| 159.0
3 5.83 26.7 .2 367 4.22 1,580 00272 | 000645 4 204 .0 41,700.0 | 0.0328 0.253 - 0.292 1.335| 128.0
4 5.10 21.2 .1 231 ’ 2.32 1,230 00433 | .000814 5 182.0 33,100.0 | 0.0260 0.319 0.360 1.685 | 100.0
5 4.62 16.8 149 145 71| 975 00688 | .oco103 8
162.0 = .0 0206 0.403 0.465 2.13 79.
6 | 411 | 133 118 91.4 8.46 | 773 0109 | 00129 7 | 1450 | 20:800.0| 00104 0.508 0.586 208 | 63.0
7 | 367 10.6 0938 575 10.7 | 613 0174 00163 8 | 128.0 16,500.0 | 0.0130 0.641 0.739 3.38 | 50.0
o | & g o s | & 2. | oo 9 | 114.0 3,100.0 | 0.0103 0.808 0.932 4.27 | 39.8
9 2.01 6.63 0500 22.7 17.0 386 0440 .00259 14, 13,100, J 4 % Y i
10 X A 4 X X
10 | 259 | 536 |0468 | 143 at.4 | 306 0609 | 0037 0| 010 | '92%0.0| 00087 | 1% | 148 678 { 2%
12 |  81.0 6,530.0 | 0.00513 1.62 1.87 8.55 | 19.8
13 72.0 5,180.0 | 0.00407 2.04 2.36 10.77 15.7
14 64.0 4,110.0| 0.00323 2.58 2.97 13.62 12 .4
1
15 57.0 3,260.0 | 0.00256 3.26 3.76 17.16 9.86
18 51.0 2,580.0 | 0.00203 4.00 4.73 21.8 7.82
17 45.0 2,050.0| 0.00161 5.16 5.96 27.2 6.20
18 40.0 1,620.0 | 0.00128 6.51 7.51 34 .4 4.092
19 36.0 1,260.0 | 0.00101 8.21 9 .48 43.3 3.90
20 32.0 1,020.0 | 0.000802 10.4 11.9 54.9 3.09
21 285 810.0) 0 .000636 13.1 15.1 609.1] 2.45
22 25.3 642 .0 | 0.000505 16.6 19.0 87.1 1.94
23 22.8 .-m.ol 0.000400 | 20.8 24.0 100.8 1.54
24 20.1 404 .0 | 0.000317 26.2 30.2 138.3 1.22
25 17.9 320.0 | 0.000252 33.0 38.1 174.1 0.970
26 15.9 2“.0[ 0.000200 41.6 48.0 220.0 0.760
27 14.2 202.0! 0.000158 52.5 60 .6 277.0 0.810
28 12.6 160.0 | 0.000126 66.2 76 .4 350.0 0.484
2 11.3 127.0' 0.0000095| B83.4 96.3 440.0 0.384
30 10.0 101.0 | 0.0000789| 105.0 121.0 554.0 0.304
31 8.9 79.7 | 0.0000626| 133.0 153.0 702.0 0.241
32 8.0 63.2 | 0.0000496 167.0 193.0 882.0 0.191
33 7.1 50.1| 0.0000394| 211.0 243 .0 1,114.0 0.152
3 6.3 30.8 | 0.0000312| 266.0 307 .0 1,404.0 0.120
35 5.6 31.5| 0.0000248| 335.0 387.0 1,760 .0 0.0054
38 5.0 25.0 ] 0.0000196| 423.0 488.0 2,230.0 0.0757
37 4.5 19.8 | 0.0000156( 533.0 616.0 2,810.0 0 .06
33 ‘ 4.0 15.7 | 0.0000123| 673.0 776 .0 3.§50.0 0.0476
39 | 3.5 12.5 | 0.0000008| 848.0 970.0 4,480.0 0377
40 | 3.1 9.9 0.0000078/1,070.0 1,230.0 5,650.0 .0200



http://xtronic.org/wp-content/uploads/2010/05/copper-awg-metric-table.jpg
http://www.interfacebus.com/awg-table-wire-gauges.jpg

Wires

Affects carrier service area (CSA)
What about the AC signal?
Reactance considerations

~ 0.083 uF/mile



What's the trick to counter

reactance?
Loading!

The addition of loading coils help coun
capacitive effect.



