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PREFACE

The publishers.have not attempted in this
3 work to produce a condensed cyclopedia covering
the subjects of telephony and telegraphy, but
they have aimed to present to the public a
handy reference book that is convenient to
carry in the pocket and containing the rules,
formulas, tables, and circuits that are most
generally used and needed by linemen, wiremen,
‘troublemen,’”’ operators, foremen of construc-
A¢ion, manufacturers of and dealers in telephone
and telegraph apparatus and supplies, wire-
~chiefs, managers, and superintendents of tele-
| phone and telegraph companies.
™ The aim of the publishers has been to select
",‘from the vast amount of material at hand only
mthat portion which is most likely to be used in
connection with the daily work or which will be
ost frequently consulted. While the treatment
f some subjects is of necessity brief, it is suffi-
ient for the purpose. More important subjects
\have been covered in great detail; for instance,
the treatment of electrical measurements and
of the location of faults in line wires is very
thorough and complete—more so, in fact, than
in most textbooks. The tables selected are
those most in demand, and the applications of
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iv PREFACE

the rules and formulas are shown, whenever
possible, by practical examples and solutions,
together with explanations. Special attention
is called to the diagrams of circuits for represent-
ative magneto and central-energy systems; these
have been fully explained. A very complete
set of connections for the various wall and desk
telephones has been given and also for inter-
communicating systems suitable for private
and apartment houses, factories, public build-
ings, and hotels. Descriptions of wireless tele-
phone and telegraph systems and of methods
for transmitting simultaneously telephone and
telegraph messages over the same line wire are
included.

This handbook was prepared under the super-
vision of Henry S. Webb, Principal of our School
of Telephony and Telegraphy.

INTERNATIONAL CORRESPONDENCE SCHOOLS

Scranton, Pa.

January 1, 1908



lNDEX

A
Abbreviations, Phillip's
code of, 351, 353.

Absolute zero of tempera-
ture, 16.
Allawzfnbées belt pull, Table

Alloyed wire, 113.

Alloys and metals, Table
of physical and elec-
trical properties of, 71.

Alternating-current meth-
od ofl rgnseasunng capac-

t method of meas-
uring inductance, 196.
uxgrmum and copper,
'able of comparison
of, 112, 1
-bronze wu-e 117.
line wire, Table of, 116.
wire, Table of pure, 114.

Ammeter,

Ammetgrs. Calxbmhon of,
200.

Measurements with, 205.
Range of, 205.

pere, 64.
-hour capacity of storage
batteries, 176.

-turn curves, 140.
Angles, Measure of, 2.
Annealed copper wire,

Tables of, 90, 98.
Annunciator telephone sys-
tem, Return-call, 342.

telephone systems, 337.

Apartment-house tele-
phone systems, 322,

36.
Apparutus, Telephone. 253.
Arcs, Measure of,

Areas of cu'clu, Table of,

Arresters. Lightning, 311.
Articulate speech, 253.
Athearn telegraph re-

peate:
Atomic we:ght.s. Table of, 9.
Atoms, 8.
Attenuation, 296.
Audion; DeForest's, 383.
Automatic-switch  inter-
communicating tele-
phone systems, 332.
telegraph repeater, 358.
telephone systems, 309.
Avoirdupois weight, 2.

B

Batteries, Electromotive
force and internal re-
sistance of, 210.

for te! l'thones. 261.
Gene data on storage,

anary. 158.

Storage, 169.

Battery transmitters, 253.
Bell desk set, 269.

Polarized, 259.

simplex system, 371.
Bells, Extension, 274.
3elt pull, Table of, 56.
elts, 55.
3lavier test, 224
Boiling point,

Bonding cable sheaths. 397.
Break, 217.

Test for locating, 218.
Breakdown test, 187.
Bridged party line, 298.
Bndge dt&pﬁl;x telegraphy,
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Bridge, Slide-wire, 183.
B dgie;gtston:.e 180. bell,
ri extension

ephones, 265

Bnc Assocmtlon ohm,

thermal unit, 13.
Bronze wires, Silicon- and
aluminum-, 117.
Buttggs telegraph repeater,

C
Cable bridge-duplex teleg-
367.

sheaths, Bonding, 397.
sheaths, Electrolysis of,

Cabltis5 Table of telephone,

Calcu.latlons for magnet
win
Calibration of a.mmeoers,

of voltmeters, 198.
Calorie, 13, 125.
Capacities with ohmmeter,
Comparison of, .

Capacity, 120.
irect-deflection method
of measuring, 1

Formulas for line, 292.

Measurement of, 190.

Metric measures of, 4.

of condensers. 121.

of lines, 2!

of ht;es, Ta.bles of, 219,

29
Unit of, 120.
with t\ltematmg cur-
rents, Measuring, 193.
Carborundum wave de-

T, 384.
Ca,rel 5°8f Leclanché cells,
Carhart’s method of cali-

bra voltmeters,
thmg

Carl Herring's values for
resistance of copper,
105.

Causes of noises in tele-
phone circuits, 287.

Cell, Crowfoot gravity, *

Electrolyuc 10.
Cells, Care of Leclanché,

1
Geln7eéal data on storage,
0pe(;17 and closed-circuit,

Centigrade and Fahren-
Illgit degrees, Table of,

Fahrenheit, and Réau-
mur degrees, Formulas
of conversion of, 16.
temperature scale, 15.
Centimeter cube of copper,
Carl Herring’s value
for, 105.
-gram-second umts. 59.
Ceni:ral-ener%l exchange,
lef s testing
circuit for, 250.
-energy house systems,
320. . 5
-energy multiple switch-
rd, 306. i
-energy subscriber’s cir-
cuit, Dean, 278.
-energy systems, 303.
-ex?;%r‘igy system, Hayes,

-energy system, Stone,
304.

-energy telephones, 276.
Centrifugal force, 53
Chains and ropes, 58.
Chemical equivalent, Defi-

nition of, 12.

eqtlulva.lents. Table of, 9,

symbols, Table of, 9.
Chemistry and electro-
chemistry, 8.
Ch londe accumulators,
Data on, 177.
Chord of cu'cle. 52.



INDEX vi*

Circles, Area and perim-
eter of, 52.

Circuits, Resistance of, 82..

Circular mil, 85.
Circum!

Closed- and open-circuit
cells, 167.
-cu'cmt telegraph sys-

m, 349.
Codes. Telegmph 351.
Coefficient of self-induc-
tion, 124.
Coefficients of linear ex-
pansion, 14.
Coil, Inductance of, 142.
Inductxon. or repeating,

Combination %rotector. D
an
instruments,
Measurements with,

205.
Comgzw%n-battery system,
-bl.att:)t:ry system, Hayes,
-battae'ry system, Stone,
304.
faults and their reme-
dies, 281.
-return telephone sys-
tem, 287.
ringing-battery inter-
communicating sys-

tems, 318.
Comp.ntne d:tn on alu-

per,
Table of, 112 fog
nsated wattmeter,
eston, 215.
Compt;iwe system, 371,

Compound molecules and
matter,
Concrete, 153
Condemexsl , Capacity of,
inpnullel 121.
n series, 121.

Condsuzcunoe. Definition of
Specific, 82.
nit of, 82.

Condsuzc.thty. Definition of,

Connections of telephone
instruments, 261.
Conti%enta.l ‘telegraph code,

Continuity test with mag-
neto, 241.
with receiver, Tests for,

Conversion factors, Metric,

Oopper A. I. E. E. table
of tempenture co-
efficients of, 88.

and aluminum, Table
comparing, 112, 113.

Crocker's calculation of
resistance of, 84.

Kennelly’s calculation of
resistance of, 85.

Temperature coefficient
(of, 83,

wire, 88.

wire, Table of hard-
drawn.

wire, 'l‘a.ble ofos tensile
strengtho.

-wire tables. B. & S.

Cord 7glrcu1ts. Phantom,
Cotton- and silk-covered
wire, Table of, 154.
~covered wire, Table of,

148.
Couch and Seeley hotei-

32'1 tchboard system,
and _ Seeley king-
tube system.g;!l

Coulomb,

Crucker's cnlculahon of re-
sistance of copper 84
Cross, 217.
-arms, 153.
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Cross, To determine resist-
ance of, .
Crosses, Locating, 235.
m}.h a receiver, Tests
or,
with magneto, Testing
for, 241.
Crowfoot gravity cell, 159.
Cube and square roots, 29.
Cubes, 50.
Cubic measure, 2, 4.
Current,
and internal-resistance
calculations, 168.
and motion, Rules for
direction of, 143.
-detector galvanometer,
Tests with, 243.
for fusing wires, 156.
measurement with dy-
namometer, 214.
Unit of, 64.
with potentiometer,
Measuring, 198.
Curve of hysteresis loss,

Curves, }\mpere-turn. 140.

D
D and W combination pro-
tector, 313.
Da.tal for induction coils,

on aluminum and cop-
per, Table of compara-
tive, 112, 113.
Dean central-ene sub-
scriber’s circuit, 278,
Decimal equivalents of
parts of 1 inch, Table

of, 21. A
De Forest’s audion, 383.
wu'eless telephone sys-

m, 390.

Density. Flux, 129.
Magnetic, 129.
of field, 129.

Desk set, Bell, 269.
telephone, Bridging, 266.
telephone, Series, 264.

Detector, Carborundum

wave, 384.

Detaesc‘tor. Silicon wave,
Detectors, -Electrolytic

wave,
Dlelectnc strength 124.
erence of potential

measurement with dy-
. namometer, 214.
Differential-duplex teleg-
raphy, 360.
Direct-deflection method
of measuring capac-
ity, 180.
-de: ectlon method of
lllgg:sunng resistance,
Direction of current and
motion, Rules for, 143.
Distortion, 296.
Dlstu_rbances7m telephone
es, 287.
Division of matter, 8.
Double, or two-scale, volt-
meters, 206.
silk-covered copper wire,
ata on, 1
Drop lines, 153.
Drops, 301.
Dry measure, 2.
Ductility of iron wire,
Tests for, 109.
Duplex and multiplex tele-
phony, 371, 375.
telegraphy, 360.
Dynamometers, 213.
Dyne, 59.

E

Earth currents, 391.
cu;riesnts. Elimination of,

-overlap method for lo-
cating ground, 223.
Eddy-cunent loss, 137.
Electric telegraph\ 349.
-vehlcle cells, Data on,

Electariglal code, National,
measdrements 180.

properties of metals and
alloys, Table of, 71.
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Electrical tests of iron
wire, , 110.
units,symbols,and quan-
tities, 59.

units, Table of, 62.
Electricity and magnet-

ism, 59.
Quanmv of, 64.
Electrochemical equiva-
lent, Definition of, 12
Table of,

11.
Electrochemistry and
chemistry, 8.
Electrolysis of cable
sheaths, 391
Prevention of, 395.
Electrolytes, Measuring
resistance of, 183, 205
Table of resistance and
temperature coeffi-
cients of, 80.
Electrolytic action, 10.
cell, 10.
wave detectors, 382.
Electromagnetic units, 59.
units, Practical, 64.
Electromotive force, 65,
force and internal resist-
ance with voltmeter
and ammeter, Meas-

eqmvulents.

uring, 21
iorce of bzaltooenes. Meas-
force nit of, 65.
Electrostatic capacity,
Measurement of, 190.
capacity of lines, Formu-
ety of Tnes, Tabl
capacity of lines, Tables
of, 219, 201,

capacity, Unit of, 120.
units, 59.
Elementary molecules and
matte:
Elements. Table of, 9
tion of earth cur-
rents, 218.

Ellipse, 52.
Elongation, Percentage,

1
Enerzy. 124.

Equivalent, Definition of
chemical and electro-
chemical, 1

of heat, Mechanical, 14,

Equivalents, Table of

chemical and electro-
chemical,
Loeat bad 235.

Evolggwn and involution,
Exchange systems Tele-

Y one-, 30

-telephone a.nd inter-
communicating-sys-
tem connections, 325.

Expansion, Coefficients of

linear, 14.
Extension bells 274.

F

Fahrenheit and centigrade
degrees, Table of, 15.
Réaumurand centlgrade
degrees, Formulas of
conversion of, 16.
temperature scale. 15.
Falling bodies, 53.
Fall-of-charge method of
ll'neasunng resistance,

Faults, Definition of, 217.
in lines, and their loca-
tion, 217
of telephones and their
remedies, .
Feed-wire, Table of
weather-proof, 105.
Pield density, 129.
Flux density, 129.
Magnetic, 129.
Poot-pound, 54.
Force, Cen'.nfufs
Forces, Parall gram of,

54.

Formulas for line capacity,
for inductance of lines,
of conversion_ between

centigrade, Fahren-

heit, and Réaumur
degrees, 16.
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Franklin’s method of cali-
brating ammeters,200.
method of calibrating
voltmeters, 198,
Freezing point, 16.
Fusing currents for wires,

Fusici::; . Temperature of,

G

Galvanometer, Tests with
current-detector, 243.

Gauges, Wire, 85

Gausses, 129.

Generators, Magneto, 258.
Testing_magneto, 285.

German-sllver wire, 117.

Gilbert, 1

Good wire, 217 A

Goodrum shde-wxre bridge,

Gott s method of ltg;asur
ing capacity,

Gould storage cells, Data
on, 178.

Grades of iron wire, 109

Gravity cell, Crowfoot, 159.

Ground, Eart h-overlap
tzx%eathod for locating,

Test for locating, 223.

with ohmmeter, Loca-
ting,
with voltmetef. Loca-

tin
Grounded circuit, 217.
telephone systems, 237.
Grounds with a receiver,
Tests for, 244
wit;ésrecewer, Locating,

H

Hand microtelephone, 265.
Hard-drawn copper wire,
. S. gauge, Table
of resistances of,
-drawn copper wire, B,
W. gauge, Table of
resistance of, 102.

Hard-drawn_co; wire,
Table of, 1
-drawn copper wire,
Table of weight and
strength of, 107.
Harmonic selectwe-slgnnl-
ing system, 299.
Hayes common-battery
system, 304.
Heat, 12.
units, 13.
Mechanical equivalent

. of, 14.
Heatls of metals, Specific,

Henry, 124.
Herrick’s metbod of loca-
g;:‘g danger points,

Hertzian waves, 379.
High resistance, Measure-

ment of, 183.
resistance  with volt-
meter,

Holding telegraph key,

Holtzer-Cabot apartment-
house system, 336.

-Cabot automatic inter-
communicating sys-
tem, 332.

-Cabot hotel-switch-
board or school sys-
tem,

Hook switches, 260.
Hotel t;lephone systems,

House and exchange tele-
ghone connections,

systems, Central-energy,
320

systems, Common ring-
ing-battery, 318.
Hysteresis, 135.
loss, Curve of, 136.
Stﬁg:;netz formula for,

I

Impedance-coil duplex tel-
ephony, 376.
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Impedence-coil simplex
system, 371
Indicating wattmeteu.

Inductance, 124.

of line' w:res, 219, 290.
of line wires, Formulas

for, 293.
Unit of, 124. X
Inductances with ohm-
g(:ger. Comparing,

Induction, 140.
-coil data, 1129
Ma.gnetlc
or repeating coil, 256.

Inductivity, 122.

Inspectors’ outfit, Tele-
phone, 285.
Instruments. Bridging tel-
ephone, 265,
Central-energy tele-
phone, 276.
Connections of tele-
phone, 261

Series telephone, 261.
Insulation resistance,
Measurement of, 183.
resistance with volt-
meter, 208. .
Insulators, Table of speci-
fic resistance of, 70.
lntetiszigy of magnetic field,

of magnetization, 129.
Intercommunicating and

exchange-telephone
connections, 325.

systems, Automatic-
switch, 322.

systems, Central-ener-

320

gY, .
system, Common ring-
ing-battery, 318.
systems Magneto bell,
telephone systems,

3
Interior telephone systems,
315.

Internal-resistance and
(ﬂ;gnent calculations,

resistance and electro-
motive force, Meas-
uring, 211.
resxstamonoe of batteries,
International ohm, 65, 70.
lnvolzlgtion and evolution,

Iron and steel wire, Table

of W hltls,2 per mile-

Table of magnettc quali-
ties of. 130.

wire, 109.

wire, Grades of, 109.

wire, Mechanical and
electrical tests of, 109,

110.
wire, Table of weight
and resistance of, 111.

J

Joints in aluminum and
rd-drawn copper

106
Joule, 124

Kellogg bndgmg wall and
desk telephone, 272.

Kennelly's method of
calcu]ntmg resistance

f
Key.: °°Fd’§°ng telegraph

Kilovolt, 65.
Kilowatt, 125.
Kilowatt-hour, 125.
Kine,

L

Large switchboard
tems, 304.

Laws of magnetic circuit,

13

Leak, 217.

Leakage method of meas-
uring resistance, 185.

sys-
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Leclanché cells, Care of,

158.
Legal ohm, 65, 70.
ngt;l 3. Metnc measures
o
Lxghtmg circuits, Sound-
§?7operated from,

Lightning arresters, 311.
Linear expansion, Coeffi-
cients of, 14.
measure, 1.
Line resistance with three
. conductors, 217.
Is, 301.
wire, Table of alumi-
.num, 116.
wires, Capaclty and in-
ductance of, 290.
Lines, Disturbances in tel-
ephone, 287. .
Formulas for capacity

f, .
Formulas for inductance
of, 293.
Liquid measure, 3.
metric measure, 4.
Loedz-‘c)giI system of Pupin,

Locating bad escape, 235.
break, 218.
cross, 235.
ground, 223. 5
ground with receiver,

groun;i with voltmeter,
Locanon of line faults,

Loop test 225.
test, Murray. 227.
test requiring two good
wires, Murray, 229.
test, Varley, 225.
test with slide-wire
bridge, Murray, 228.
Loss-of-charge method of
measuring resis*ance,
185.
Low resistance with poten-
?&meter, Measuring,

M
Maglietlc circuit, Laws of,
dens:ti'
field ntens:ty of, 129.

flux, 129.
mductlon 129.
moment, 129,
permeability, 129.
qualities of iron and
steel, Tables of, 130.
quantities, 129.
units, Table of, 61.
Magnensm 129.
and electnc:ti/
Magm;nzanon ntensxty
of,
Magnenzm% force, 129.
Magneto be!
-bell lntercommumca-
ting systems, 316.
Con:inmty tests with,

exchange, Wire chief's
testing circuit for, 247.
generator and bell,
Tests with, 241.
generators, 258.
gencrators Testing, 285.
switchboard, Slmple.

Testmg for crosses with,
241.

testing set, 241.
Magnetomotwe force, 134.
Magnet-winding calcula-

.tions, 147.

Marconi's ~ wireless _tele-

graph system,

Matter, Compound, 8.
Division of, 8.
Elememary 8.

Matthiessen’s standard for

copper, 89.

Maxwell-Remington

method of m
inductance, 195.

Mclntire sleeve joints, 108.
sleeves, .

Measure, Cubic, 2.
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Measure, Linear, 1.
Liquid, 3.
Musi.xgtgment of capacity,

of high, or insulation,
resistance, 183.
of inductance, 194.
of power, 212.
of resistance, 180.
Musltgsments. Electrical,

with ammeters and volt-
meters,
Measures and weights 1.
of angles or arcs, 2.
Mechanical tests of iron
wire, 109, 110.
e uwalent of heat, 14.
Mechanics, §3.
Megohm, 65.
Metallic-circuit lines, Table
of capacity and in-
ductance of, 291.
telephone systems, 287.
Metals and alloys, Table of
properties of, 71.
Specific heats of, 12.
Meter-gram resistivity, 71.
Metr;c conversion factors,

measures of capacity, 4.
measures of length, 3
measures of surface, 4.
measures of volume, 4.
measures of weight, 4.
system, 3.

Mho, 82.

M cl‘Oh'l:l 652

icrophon

u:rotelephone. Hand, 265.

.. 85.

Circular, 85.

~foot,

-foot of cop&er. Carl

EEEs

-ohm of iron and steel
wire, Table of weights
per, 112.

Milliampere. 64.
Millxhenry. .
Millivolt, 65.

Molecules, 8
Compoun

Elementary.

Moment, lhlfnetlc. 129. |
Morse closed-circuit tele-
graph system, 349.
open-circuit telegraph
system, 351.
telegraph code 351, 352.
Multiple svntchboard Cen.
tral-energy, 306.
telephone switchboards,

Mult:plex phy. 360.
telephony,
Murphy, or s le-pin,
transposition,
Murray loop tests, 227.
Mutual inductance of lines,
Formula for, 294

N
Nat:onal electrical code,

347

Neutral relay, 368.

New British standard wire
gauge, 106.

Noises 1n telephone cir-
cuits, Causes of,

o
Qersted, 135.
Ohm, 65.
Bngsh Association, 65,
International, 65, 70.

Ohmmeter Companson of
capacities with, 204.
Comparison of induct-
ances with,
Loeg:mg ground with,

Sage, 203.
Ohmmeters, 201.
Ohm's law, 120.
per cubic inch of copper

o nd_closed-ciscuit
- an loseqd-Ciycu
P ells, 167,
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Overmglmethod for loca-
ting ground, Earth-,

P

Parallel, Resistances in, 82.
anlleognm Area of, 52.

Purt lme Bn d, 298.
m’{e selontive slaating

299
line. Senes. 297,
-line signals. 209
Percentage el
Permeability,
129.
Pha%wm" cord circuits,
Phillip’s code of abbrevia-
nons. 351, 353.

tric wire, 113.
Photophomc system, Ruh-

mers 388.
and electrical
pro rtles of metals
alloys, Table of,

Polanzedbellornnger.259
Polar 36guplex telegraphy,

tion,109.
agnetic,

relay, 368.
Pole ¢ , 368.
Strengt29 of

Polygons 52.

Potentiometer, 197.

Poulsen’s undamped trans-

mitter,

Power, 54, 125.
Measurement of, 212.

Units of, 54, 124.

dynamometer.

Measuring, 214.

with voltmeter and am-
meter, Measuring, 213.

Powers, roots, an mci
rocals, el Table of 30.

units, 64.
an;ggon of electrolysis,

Primary batteries, 158
cells Table of, 160.

Protecting ' devices, Tele-
phone, 310.
Protector, D and W com-
tion, 313.
Puncture test, 187,
Pupigmlond-coil system,

Q
Quagsréxplex telegraphy,
Quantity of electricity, 64,

R

Range of ammeters and
voltmeters, .

Ratic-arm values for
Whutstone bridge,

Réa,umul’. Fahrenheit, and
centigrade degreas.
Formulas of conver-
sion between, 16.

temperature scale, 15.
Receiver metht:ld céf3 400&
grounds,
Telemf:one 255.
Tests for continuit
with telephone, 2
Tests for grounds and

crosses with tele-
T Lrige 2# teleph

'ests  wi one

R 2a Is, 51. '
eciprocal

p°wf°'§o and roots, Table

Recorder, Siphon tele-
graph,

wnttmetaets 217.
Rectangle, 5




graph, 358
Automatic telegraph,
358.

Button telegraph,
Repe:huna-coil duglexoele
ony, 3
sim lexcystem 373.
or mduc?:lon coil, 256.
Repeaters, 'l;eslegnph 357.
ce,
weight of iron wire,
Tables of, 110, 111.
Direct-deflection
rlnaq:hod of measuring,

Fall - of - charge method

of measuring high, 185

Leakage method of
measuring high,

-charge method

t;g& measuring high,

Measurement of, 180.

Measurement of high, or
insulation, 183.

of aluminum line wire,
Table of, 116.

of circuits, 82.

of copper, Crocker's
calculation of

of copper,

uge, T
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Telephone and Telegraph
Engineers’ Handbook

USEFUL TABLES

WEIGHTS AND MEASURES

LINEAR MEASURE

12 inches(in)..............=1foot............... ft.
3 feet........cconvevne...=1lyard..............yd
Shdyards................... =1rod...............rd.
40 rods..........cchiiiennn = 1 furlong........... fur,
8 furlongs................. = 1lmie..............mi
m. ft. yd. rd. fur. ms.
36 = 3= 1

198 = 165 = 55= 1
7920 = 660 = 220 = 40 =1
63,360 = 5,280 = 1,760 = 320 = 8 = 1

SQUARE MEASURE

144 square inches (sq.in.).... = 1square foot . ...sq.ft.
9 squarefeet............. = ] square yard . . . .sq. yd.

30% square yards............ = ]1squarerod...... sq. rd.
160 square rods........ ..=1lacre..........ainnn A
640 acres.................. = 1square mile sq. mi.
sq.mi. A. sq.rd. 5q. yd. sq. ft. 5q. ».

1 = 640 = 102,400 = 3,007,600 = 27.878,400 = 4,014,489,600



TABLES

CUBIC MEASURE

2 USEFUL
1,728 cubic inches (cu. in.)....
27 cubic feet
128 cubic feet. ..

24} cubic fect

1 cu. yd. = 27 cu. ft.

= 1 cubic foot . . ....cu. ft.
= 1 cubic yard . . ...cu. yd.
=1cord..............cd.

Iperch..............
= 46,656 cu. in.

MEASURE OF ANGLES OR ARCS

60 seconds (*)
60 minutes.................
90 degrees. .
360 degrees,.

lcu' ==3

=21

= 1 degree. .

.=1rt. angle or quadrant L_
. =1 circle . e
600" = 1,296.000'

. .cir.

AVOIRDUPOIS WEIGHT

537.5grains(gr.)............
16 ounces. .

100 pounds.. .

20 cwt., or20001b

2,240 1b..

1T. -20cwt =20001b =

= 1 ounce . .0z.
=1 pound ..1b.
=1 hundredwe:ght .cwt.
=1 ton. . ..T.
= 1 long ton ......... . T.

32,000 oz. = 14,000,000 gr.

The avoirdupois pound contains 7,000 gr.

TROY WEIGHT

24 grains (@r.)...............
20 pennyweights
12 ounces.

11b, = 12 oz, = 240 pwt. = 5,760 gr.

DRY MEASURE

2pints (Pt.)..oovveinninan..
8quarts............c0.u...

1bu. = 4 pk. =

= ] pennyweight . pwt.
=lounce............. oz.

. = 1pound. .1b.
=1lquart............. qt.
=1peck.............. pk.
= 1lbushel ............. bu.
32 qt. = 64 pt.

The U. S. bushel contains 2,150.42 cu. in. = approximately

1% cu. ft. The British bushel

contains 2,218.19 cu. in.
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LIQUID MEASURE

4 gills(gi.).ooveveieeees =1pint.ceeeyeeeenee..Pt.
2 pintS.....e0evveieeene.. =lquart......0ni.....qts

4 quarts.................. = lgallon..... esesens gal,
31} gallons.................. = { barrel.............bbl
2 barrels, or 63 gallons.. ... = 1 hogshead.......... hhd.

1hhd. = 2 bbl. = 63 gal. = 252 gt. = 504 pt. = 2,016 gi.

The U. S. gallon contains 231 cu. in. = .134 cu. ft., nearly,
or 1 cu. ft. contains 7.481 gal.

When water is at its maximum density, 1 cu. ft. weighs
62.425 1b, and 1 gallon weighs 8.345 1b.

For approximations, 1 cu. ft. of water is considered equal
to 74 gal., and 1 gal. as weighing 8} 1b.

THE METRIC SYSTEM

The metric system is based on the meter, which, according
to the U. S. Coast and Geodetic Survey Report of 1884, is
equal to 39.370432 in. The value commonly used is 39.37 in.
and is authorized by the U. S. government.

There are three principal units—the meter, the lter (pro-
nounced *‘lee-ter’’),and the gram, the units of length, capac-
ity, and weight, respectively. Multiples of these units are
obtained by prefixing to the names of the principal units the
Greek words deca (10), hecto (100), and kslo (1,000): tke sub-
multiples, or divisions, are obtained by prefixing the Latir
words decs (%), cents (1ds), and milli (19%s). These prefixes
form the key to the entire system. The abbreviations of the
principal units of these submultiples begin with a small letter,
while those of the multiples begin with a capital letter.

MEASURES OF LENGTH

10 millimeters (mm.)......... = 1 centimeter.........cm,
10 centimeters...ceeeee ... ... = 1 decimeter..........dm.
10 decimeters......cc0ec0... =l meter..............m,
lOmebers..................=-ldecameter ...... «..Dm,
10 decameters............... = 1 hectometer....... . Hm,
10 hectometers.............. = 1 kilometer..... eses . Km,
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MEASURES OF SURFACE (NOT LAND)

100 square millimeters

(sq. mm.)............. = 1 square centimeter....sq. cm.
100 square centimeters... = 1 square decimeter.....sq. dm.
100 square decimeters.... = 1 square meter......... sq. m,

MEASURES OF VOLUME

1.000 cubic millimeters

(cu. mm.)............. = 1 cubic centimeter..... cu. cm.
1,000 cubic centzmeters = 1 cubic decimeter...... cu. dm.
1,000 cubic decimeters... = 1 cubic meter..........cu.m.

MEASURES OF CAPACITY

10 milliliters (ml.). . v.... = 1centiliter............cl.
10 centiliters................ = 1 deciliter............ dl.
10 deciliters................. = 1liter.................L
\O0liters. .. ...........c.cuunn = 1 decaliter............ DL
10 decaliters. .. .. = 1 hectoliter........... H1,

10 hectoliters
The liter is equal to the volume occupied by 1 cu. dm.

MEASURES OF WEIGHT

XOmﬂligrams(mg) ve... =1 centigram........... cg.
10 centigrams. . veveo.. = 1decigram...........dg.
10 decigrams =lgram................ g.
0grams.............o0u.n = ] decagram... ..Dg.
10 decagrams... . = 1 hectogram. . ..Hg.
10 hectograms............... = 1 kilogram ..Kg.
1,000 kilograms.............. = 1 ton .GT

The gram is the weight of 1 cu. cm. of pure distilled water
at a temperature of 392? F.; the kilogram is the weight of
1 liter of water; the ton is the weight of 1 cu. m. of water.

METRIC CONVERSION FACTORS

In order to use the following factors for converting from
Bnglish to metric units, it is y to form the
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equations; for example, 1,000 Km. X .621 = 621 mi., but

1,000 mi. + .621 = 1,610 Km.

Km. X .621 = mi.

Km. + 1.609 = mi.

Km. X 3,281 = ft.

m. X 39.37 = in,

m. X 3.281 = ft.

m. X 1.094 = yd.

cm. X .3937 = in.

cm., + 2.54 = in,

mm. X .03937 = in.

mm. + 25.4 = in,

.Km. X 247.1 = A,
.m. X 10.764 = sq. ft.
.cm. X .155 = sq.in.
cm. + 6.451 = sq. in.
mm. X .00155 = sq. in.
mm. + 645.1 = sq.in.
.m. X 35.3156 = cu. ft.
.m. X 1.308 = cu. yd.
.m. X 264.2 = gal. (U.S.)
.cm. + 16.383 = cu. in.
1. X 61.022 = cu. in.

1. X .2642 = gal. (U.S.)
1. + 3.78 = gal. (U.S))

1. + 28.316 = cu. ft.

g. X 15.432 = gr.

g. X 981 = dynes

g. + 28.35 = oz. (avoir.)

22228238332

grams per sq. cm. X 14.22
= 1b. per sq. in.

Kg. X 2.205 = 1b.

Kg. X 35.3 = oz. (avoir.)

Kg. X 11023 = tons
(2,000 1b.)

Kg. per sq. cm. X 14,223
= 1b. per sq. in.

Kg.-m. X 7.233 = ft.-lb,

kilowatts (k. w.) X 1.34
= H.P.

watts + 746 = H. P.

watts X .7373 = ft.-lb. per
sec.

Joules X .7373 = ft.-lb.

Calorie (kilogram-degree) X
3968 = B.T. U.

Calorie (kilogram-degree) +
252 = B.T. U.

Joules X .24 = gram-calo-
ries

gram-calories X 4.19 =
Joules

gravity (Paris) = 981 cm.
per sec. per sec.

(Degrees centigrade X 1.8)
+ 32° = degrees F.

WEIGHT AND SPECIFIC GRAVITY OF
VARIOUS SUBSTANCES

The specific gravity of a substance is the ratio of the
weight of any volume of the substance to the weight of an
equal volume of some standard substance (water, in the
case of solids and liquids; and air, in the case of gases).



Specific
Metals u. In, Gravity
Pound

Aluminum.... .096 2.
Antimony. .242 6.712
Bismuth.. .352 9.746

Brass, common. e .307 8.
Copper.cast”...,...“.4..,...... .314 8.700
{)per.rolled.,..4.............. .321 8.878
d,purecast........c.coiauiuunnn .696 19.258
lron cast. .260 7.207

Iron, wrought .281 7.
Lead, pure.. .409 11.330

Mercurv at 30° F.. .491 13.
Silver, pure... .......ovvuiineinns .378 10.474
Steel, hard .286 7.919
Steel, soft. . .283 7.833
Tin. . ....... L .256 7.351
ZiNC....ooiiii i i e .260 7.101

Weight per Speci
pecific
Stones and Earth u. In. Gravity
Pound

Coal, bituminous..................
Earth, loose.

Emery
Glass, ﬂmt

Granite, Qumcy e
Gypsum, Opaque..................

Limestone. .

Marble. COMMON. +vvnv v oo

Mica..
uartz.

lt common.

Slaue

Soil, common.
Stone, COMMON. ... vvvnvenn o,
Sulphur, native. ..................

D 0D 7= 1D 1D DD DD DD DD 1O 1D DD 0 s 1= s ettt =4 D) DD
g
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‘Weight per

Specific
Dry Woods Cu. In. Gravity
Pound
Cedar, American . .0203 .561
............................. .0090 .250
Ebony, Amencan ................. .0441 1.220
El A Y 1 .560
Lxgnum Vit®, .o erennns .0481 1.330
Mshogany. Honduras .0202 .560
MaEle . .0285 .790
......... .0343 .950
Pine, Southe: .0260 .720
e, White 0144 .400
Poplar. . 0138 .383
Spruce. 0181 .500
Weight Speci
.. pecific
Liquids per Cu. In Gravity
Pound
Acid, nitric . . 0440 1.217
Acid, sulphuric.. 0665 1.841
Acid, muriatic, or hydrochlonc 0434 1.200
Alcohol, commercial. . e .0301 .833
Aloohol pure .0286 792
. d .0340 940
Oil, t .0314 870
Water dxstxlled (62.425 1b. per cu. ft.) .0361 1.000
Weight S
pecific
Gases and Vapors per C\}. Ft Gravity
Grains
At 32° and a tension of 1 atmosphere
Atmospheric air.................. 565.11 1.0000
Ammonia gas 333.1 5894
Carbonic acid 859.0 1.5201
Carbonic oxide...........ovvvnnnn 546.6 9673
Hydrogen e 39.1 0692
Ox 624.8 1.1
Sulyieumd hydmgen 663.8 1.1747
Nitrogen.. 548.9 9713
Steam at 212° ¥.. 275 8
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The weight of a cubic foot of any solid or liquid is found
by multiplying its specific gravity by 62.425 lb. avoir.” The
weight of a cubic foot of any gas at atmospheric pressure
and at 32° F. is found by multiplying its specific gravity by
.08073 1b. avoir.

CHEMISTRY AND ELECTROCHEMISTRY

Divisions of Matter.—Science assumes three divisions of
matter » L ”S. and atoms. A mass is any por-
tion of matter appreciable by the senses. A molecule is the
smallest particle of matter into which a body can be divided;
it is the smallest particle that is capable of separate existence.
An atom is the still smaller particle produced by the division
of a molecule by chemical means, and is regarded by chemists
as the unit quantity of chemical combination. A molecule
is a group of two or more atoms that are united by their
affinity, or mutual attraction. Elemental molecules are
formed of like atoms, compound molecules are formed of
unlike atoms. Matter composed of elemental molecules is
called ssmple, or elementary matter; matter composed of
compound molecules is called compound matter.

The atomic weight of an element is the relative propor-
tion, by weight, with which it enters into combinations with
other elements. Hydrogen combines with other elements
in the smallest proportion, by weight, of any of the elements.
The weight of oxygen entering into a combination is 15.88
times the corresponding weight of hydrogen; i. e., if the
atomic weight of hydrogen is 1, that of oxygen is 15.88, and
if the atomic weight of oxygen is 16, that of hydrogen is
about 1.008.

Valence.—Atoms unite in molecules always in certain fixed
proportions. For example, 2 atoms of hydrogen, H, unite
with 1 atom of oxygen, O, to form 1 molecule of water, H,0;
1 atom of hydrogen, H, unites with 1 atom of chlorine, Cl, to
form 1 molecule of hydrochloric acid, HCIl. The valence of
an element is the measure of its power to hold other elements
in combination, and is stated on the basis that the valence
of hydrogen is I. An element is mono-, di-, tri-, tétra-, etc.




SYMBOLS, ATOMIC WEIGHTS, ETC. FOR A NUMBER
OF THE MORE COMMON ELEMENTS

Element Atomic | Cc Ch 1
and Symbol Weight Valence - Equivalent
Aluminum, Al...| 27.1 III 9.03
Antimony, Sb...| 120.2 I1I-v 40.067— 24.04
Arsenic, As. ....| 75.0 III-v 25. —15.
Barium, Ba.....| 137.4 II 68.7
Bismuth, Bs..... 208.5 III-V 69.5 — 41.7
Boron,B........ 11.0 III 3.67
Bromine Br..... 79.96 I 79.96
Cadmium. Cd ...| 112.4 1I 56.2
Calcium, Ca. .... 40.1 11 20.05
12.0 v 3.
35.45 I 35.45
52.1 II-VI 26.05 — 8.68
59.0 II-11I 29.5 — 19.67
63.6 -II 63.6 — 31.8
19.0 I 19.
197.2 III 85.73
1.008 I 1.008
126.85 I 126.85
55.9 II-III 27.95 — 18.63
206.9 I-IV 103.45 — 51.73
7.03 I 7.03
24.36 II 12.18
55.0 I1-VII 27.5 — 7.86
200.0 ~I1 200.0 —100.0
58.7 II-III 29.35 — 19.57
14.04 III-v 4.68 — 2.81
16.0 II 8.0
106.5 v 26.63
31.0 III-v 10.33 — 6.2
194. v 48.7
39.15 I 39.15
79.2 II 39.6
28.4 v 7.1
107.93 I 107.93
Sodium, Na..... 23.05 I 23.05
Strontium, Sr...| 87.6 II 43.8
Sulphur,S......| 32.06 II 16.03
Tellurium, Te .. . II 63.8
Thallium, TI. ... I-111 204.1 — 68.03
Thorium, Th IV 58.13
Tin, Sn.....00.. II-IV 59.5 — 29.75
Tungsten, IV-VI 46.0 — 30.67
Uranium, U 1V-VI 59.88 — 39.
Vanadium, V III-v 17.07 — 10.24
c, Zn. I 32.7

The names of non-metallic elements in the above table
are printed in Il:{g'cs. The atomic weights given’ are ‘based

om Avvoan
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valent according to whether its atoms hold the atoms ot
other elements in combination in the proportion of one, two,
three, four, etc. Hydrogen is monovalent and oxygen
bivalent because 1 atom of oxygen holds 2 atoms of hydro-
gen, as represented by the symbol H;0. Some elements,
for instance, copper, have two or more different valencies
because they unite in different proportions with certain
other elements to form different compounds. Thus there is
cuprous chloride, C«Cl, and cupric chloride, CxCl.

ELECTROLYTIC ACTION

A current of electricity in passing through an electrolyte
decomposes it; e. g., an electrolyte consisting of zinc chloride
(usually dissolved in water) is broken up into chlorine gas
and metallic zinc. An electrolytic cell consists of a vessel

£rLEcTROLYTIC CELL

containing the electrolvte and the electrodes—the anode
and the cathode; these are usually metal or carbon plates.
The two parts into which the electrolyte is decomposed are
called ions; those ions that appear at the anode are called
antons and those at the cathode are called cations. In
decomposing zinc chloride, zinc appears at the cathode and
is thus a cation,and chlorine gas appears at the anode as an
®nion.
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The chemical equivalent of an el t is the quotient of
the atomic weight divided by the valence. The electro-
chemical equivalent of an element is the weight in grams
liberated electrolytically by 1 coulomb (1 ampere-second)
of electricity. The electrochemical equivalent is propor-
tional to the chemical equivalent. The electrochemical
equivalent of silver has been accurately determined by
experiment as .001118 gram, and that of each of the other
elements can be calculated from this. For ewnple.

X .001118

electrochemical equivalent of aluminum is —==—
= 00009354 gram.

107 93

HEAT

SPECIFIC HEATS OF METALS

The specific heat of a substance is the number of heat
units required to raise a unit mass of the substance one
degree in temperature. The specific heat of water is very
nearly constant for all temperatures, but that at its tem-
perature of maximum density (4° C. or 39.1° F.) is consid-
ered unity. The specific heats of most substances increase
with increasing temperatures.

Specific Heat at
Substance
0°C. 50° C. 100° C.
or32°F. |or 122° F. | or 212° F.

Aluminum............. .2070 .2185 .2300
Copper.. eeeeeas .0901 .0923 .0966
German silver .. ....... .0941 .0947 .0952
Iron...ooviveeniennnns .1060 .1130 .1200
Lead ...| .0300 .0315 .0331
0320 .0326 .0333
0473 .0487 0581
7 .0569 0591

0523 .0568
0901 .0938 0976
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TEMPERATURE OF FUSION

Fusing Point, Degrees
Substance

F. C.

Aluminum..............oeveene..| 1,160 627
Infusxble Infusible
Copper........covovieiiqeeaaa...| 1931 1,054
Iridium............eoveennnn.....| 3542 1,950

Iron, cast. . ......ooenenennnnonoo| 2102 1.200

Iron, wrought.. ....covoene......| 2912 1,600
Mercu

*J. Swmburne F.R.S., Proc. British Institution of Elec-
trical Engineers, Jm 10, 1907.

HEAT UNITS

One British thermal unst (B. T. U.) is the quantity of heat
required to raise the temperature of 1 Ib. of pure water 1° F.
at or near its maximum density, 39.1° F,

One calorse is the quantity of heat required to raise the
temperature of 1 Kg. of water 1° C. at or near 4° C,

1 B. T. U, = .252 calorie and 1 calorie = 3.968 B. T. U.

One small, or gram, calorse (a heat unit also.in some use)
is the quantity of heat required to raise the temperature
of 1 gram of water 1° C. at or near 4° C.
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COEFFICIENTS OF LINEAR EXPANSION
The coefficient of expansion of a body is its expansion
per degree rise of temperature. The coefficient of surface
expansion is double, and that of cubical expansion three
times, the coefficient of linear expansion.

Coefficient of Linear
Substance Expansion in Inches per
Degree F.
Alummum .00001140
Brass................ooiu .00001040
Brick. . .00000306
Cement and Concrete ....... fr(:;n :000000000();%
rom .00000
gljlzs to '000000000032%
Granite..... .l Ll -00000460
Iron,cast.................. .00000587
{‘re‘)nd wrought .............. OO(OOOO)OOIg;g
gad. f . %0
rom 00000
xasonry................... to .00000300003%22
ercury .
Platinum.. .00000494
Porcelain. . LR P .00000200
rom 00000400
Sandstone ........ LN to *00000670
Steel, untempered .00000599
Steel, tempered OOOO(H&Z)
Wood (pine) -00000276
Zinc........ .00001634

For example, a 60-ft. steel rail in warming from 20° F.
below zero to 100° F. will expand 120 X .00000599 X 60
X 12 = .5175 in.

THE MECHANICAL EQUIVALENT OF HEAT
1B.T.U. = 778 ft.-lb.

1 s
"1 ft.-lb. =g = .001285 B. T. U.

1 H. P. = 33,000 ft.-lb. per min. = 42.416 B. T. U. per min.
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CENTIGRADE AND FAHRENHEIT DEGREES
Deg. | Deg. Deg. Deg.
C. F. F C. F.
[\] 32.0 78.8 | 51 76 | 168.8
1 33.8 80.6 | 52 77 | 170.6
2 35.6 | 28 82.4| 53 78 1172.4
3 37.4 | 29 84.2 | 54 79 174.2
4 39.2 | 30 | 86.0| 55 80 |176.0
5 41.0 | 31 87.8 | 56 81 |177.8
6 42.8 | 32 89.6 | 57 82 |179.6
7 44.6 | 33 91.4 | 58 83 181.4
8 46.4 | 34 93.2 | 59 84 1.183.2
9 48.2 | 35 95.0 | 60 85 |185.0
10 50.0 | 36 96.8 | 61 86 | 186.8
11 | 51.8 | 37 98.6 | 62 87 |188.6
12 53.6 | 38 | 100.4 | 63 88 |190.4
13 55.4 | 39 |102.2 | 64 89 |192.2
14 57.2 40 | 104.0 | 65 20 194.0
15 59.0 | 41 (105.8| 66 91 195.8
16 60.8 | 42 | 107.6 | 67 92 | 197.6
17 62.6 | 43 |109.4 | 68 93 | 199.
18 64.4 | 44 |111.2] 69 94 |201.2
19 66.2 | 45 | 113.0 ] 70 95 |203.0
20 68.0 46 |114.8| 71 96 204.8
21 69.8 47 1116.6 | 72 97 206.6
22 71.6 | 48 | 118.4| 73 98 |20+.4
23 73.4 49 |120.2 | 74 99 210.2
24 75.2 | 50 |122.0 | 75 100 | 212.0
25 77.0
TEMPERATURE

The temperature of a body is its degree of sensible heat.
Por the measurement of temperatures there are three kinds
of thermometers: the Fahrenheit, abbreviated F. or Fahr.,
commonly used in America; the Centigrade, abbreviated C.
or Cent., used in France and by scientists everywhere; and
the Réaumur, abbreviated R. or Réau., used in Germany.
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Standard Points Degrees F. Degrees C. Degrees R,

Boiling point of water at

sea level; i. e., pressure 212 100 80

= 1 atmosphere.....
Melting point of ice...... . 32 0 0
Absolute zero, i. e., the

total absence of heat; —460 —-273 -219

theoretical only......

Between boiling point and freezing point = 180° P,
= 100° C. = 80° R.

Temp. F. = g( Temp.C. + 32°) = g‘l‘emp. R. + 32°,
n
Temp. C. = ;—;(Temp. F.—32° = gTemp. R.

Temp.R. = g(‘l‘emp. F.—32°) = %Temp. C.



USEFUL TABLES 17
MATHEMATICAL TABLES
CIRCUMFERENCES AND AREAS OF CIRCLES FROM

1-64 TO 100
Diam. | Circum Area Diam. | Circum. | Area
- 0491 0002 4 12. 12.5664
0982 0008 4 12.9591 | 13.3641
.1963 0031 4 13.3518 | 14.1863
3927 0123 4 13.7445 | 15.0330
5890 0276 14.1372 | 15.9043
7854 04901 14 09 | 16.8002
: 9817 0767 4 14 26 | 17.7206
1.1781 1104 1¢ 18.6555
1.3744 1 5 1¢ 19.6350
1.56708 .1963 5 1€ 07 | 20.6290
1.7671 2485 b 1€ 21.6476
1.9635 5 1€ 81 | 22.6907
2.1598 3712 5 17 88 | 23.7583
2.3562 4418 5 17 15 | 24.8505
2.5525 5185 5! 18 42 | 25.9673
2.7489 6013 5 1¢ 69 | 27.1086
2.9452 6 6 1§ 96 | 28.2744
1 3.1416 7854 6 16..223 | 29.
1 3. K 6 19.6350 | 30.6797
1 3.9270 | 1.2272 6 20.0277 | 31.9191
1 43197 | 1.4849 .4204 | 33.185
1 4.7124 1.7671 20.8131 | 34.4717
1 5.1051 2.0739 6 21.2058 | 35.7848
1 5.4978 | 2.40 21.5985 | 37.1224
1 5.8905 | 2.7612 7 21.9912 | 38.48
2 6.2832 | 3.1416 7 .3839 | 39.8713
2 6.6759 | 3. 7 22.7766 | 41.28
2 7.0686 | 3.9761 7 23.1693 | 42.7184
2 7.4613 4.4301 7 23.5620 | 44.1787
2 7 4.9087 7 23.9547 .6636
2 8.2467 | 5.4119 7 243474 | 47.1731
2 8.6394 | 5.0396 7; .7401 | 48.7071
2 9.0321 6.4918 8 25.1328 | 50.2656
3 9 7.0686 8 25.5255 | 51.8487
3 98175 | 7.6699 8 25.9182 | 53.4
3 10.2102 | 8.2958 8 26.3109 0884
3 10.6029 | 8. 8: 26.7036 | 56.7451
3 10.9956 | 9.6211 8 274 X
3 11.3883 | 10.3206 8 27.4890 | 60.1322
3 11.7810 | 11.0447 27.8817 | 61.8625
12.1737 | 11.7933 9 44 | 63.6174
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TaBLE—(Continued)

Diam. | Circum. Area Diam. | Circum. | Area
9 28.6671 | 65.3968 19 61.2612 | 298.648
9 .0598 | 67.2008 19 62.0466 | 306.355
9 29.4525 | 69.0293 20 62.8320 | 314.160

29.8452 | 70.8823 20% 63.6174 | 322.063
30.2379 | 72.7599 20 64.4028 | 330.064
9: .6306 | 74.6621 20 65.1882 | 338.164
9 31.0233 | 76.589 21 65.9736 | 346.361
10 31.4160 | 78.540 21% 66.7590 | 354.657
10} 32.2014 82.516 21 67.5444 | 363.051
10: 32.9868 86.590 21 .3298 | 371.543
10 33.7722 763 22 69.1152 | 380.134
11 34.5576 95.033 22 69.9006 | 388.822
11} 35.3430 9.402 22 70.6860 | 397.609
11 36.1284 | 103.869 22 71.4714 | 406.494
11 36.9138 | 108.434 23 72.2568 | 415.477
12 37.6992 | 113.098 23% 3.0422 | 424.558
12} 38.4846 | 117.859 23 73.8276 | 433.737
12: 39.2700 | 122.719 23 74.6130 015
12 40.0554 | 127.677 24 75.3984 | 452.390
13 .8408 | 132.733 2431 76.1838 | 461.864
13% 41.6262 | 137.887 24% 76.9692 | 471.436
13 42.4116 | 143.139 243 77.7546 | 481.107
13 .1970 | 148.490 25 78.5400 | 490.875
14 43.9824 | 153.938 25% 79.3254 . 742
14} 44.7678 | 159.485 25; 80.1108 | 510.706
14 45.5532 | 165.130 25 80.8962 | 520.769
14 46.3386 | 170.874 26 81.6816 .930
15 47.1240 | 176.715 263 82.4670 | 541.190
15% 47.9094 | 182.655 26 83.2524 | 551.547
15 48.6948 | 188.692 26 84.0378 | 562.003
15 49.4802 | 194.828 27 84.8232 | 572.557
16 50.2656 | 201.062 273 85.6086 .209
16} 51.0510 | 207.395 27 86.3940 | 593.959
163 1.8364 | 213.825 27 87.1794 | 604.807
163 52.6218 | 220.354 | * 28 87.9648 | 615.754
17 53.4072 | 226.981 28% 88.7502 | 626.798
17} 54.1926 | 233.706 28% 89.5356 | 637.941
17 9780 | 240.529 283 90.3210 | 649.182
17 55.7634 | 247.450 29 91.1064 | 660.521
18 6.5488 | 254.470 29% 91.8918 | 671.959
18} 57.3342 | 261.587 2 92.6772 .4
18 58.1196 68.803 29 93.4626 | 695.128
18 .90 276.117 30 2480 06.:
19 59.6904 | 283.529 30% 95.0334 | 718.690
19% 60.4758 | 291.040 304 95.8188 | 730.618
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TaABLE—(Contsnued)

Area Diam. | Circum. ' Area
742.645 | 42 131.947 | 1,385.450
754.769 | 42} | 132.733 | 1,401.990
766.992 42 133.518 | 1,418.630
779313 | 42 134.303 | 1,435.370
791.732 | 43 135.089 | 1,452.200
804.250 | 43% | 135.874 | 1,469.140
816.865 | 43% | 136.660 | 1,486.170
829.579 | 43% | 137.445 | 1,503.300
842. 44 138.230 | 1,520.530
855.301 | 441 | 139.016 | 1,537.860
868.309 | 44 139.801 | 1,555.29
881.415 | 44 140.587 | 1,572.81
894.620 45 141.372 | 1,590.43
907.922 | 45} | 142.157 | 1,608.16
921.323 | 45% | 142.943 | 1,625.97
934.822 | 45§ | 143.728 | 1,643.89
948.420 | 46 144.514 | 1,661.91
962.115 | 46} | 145.299 | 1,680.02
975.909 | 46 146.084 | 1,698.23
989. 46 146.870 | 1,716.54
1,003. 47 147.655 | 1,734.95
1,017.878 | 47} | 148.441 | 1,753.45
1,032. 47% | 149.226 | 1,772.06
1,046.349 | 47§ | 150011 | 1,790.76
,060.732 | 48 150.797 | 1,809.56
1,075.213 | 48% | 151.582 | 1,828.46
1,089. 483 152.368 | 1,847.46
1,104.469 | 48 153.153 | 1,866.55
1,119.244 | 49 153.938 | 1,885.75
1,134.118 | 49% | 154.724 | 1,905.04
1,149.089 | 49% | 155.509 | 1,924.43
1,164.159 | 493 156.295 | 1,943.91
1,179.327 | 50 157.080 | 1.963.0
1,194.593 | 50% | 158.651 | 2,002.97
1,209.958 | 51 160.222 | 2,042.83
1,225.420 | 51% | 161.792 | 2,083.08
1.240.981 | 52 163.363 | 2,123.72
1,256.640 | 5234 | 164.934 | 2,164.76
1,272.400 | 53 166.505 | 2,206.19
1,288.250 | 53% | 168.076 | 2,248.01
1,304.210 | 54 169.646 | 2,290.23
1,320.260 | 543 . | 171.217 | 2,332.83
1,336.410 55 172.788 | 2,375.83
1,352.660 | 55% | 174.359 | 2,419.23
1,369.000 | 56 175.930 | 2,463.01
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TaBLe—(Continued)

Diam. | Circum -Area Diam. | Circum. Area
56% | 177.500 | 2,507.19 783 | 246.616 | 483983
57 179.071 | 2,551.76 79 248.186 { 4,901.68
57% 80. 2,596.73 79% 249.757 | 4,963.92
58 182.213 | 2,642.09 80 251.328 | 5,026.56
58% | 183.784 | 2,687.84 | 80% | 252.899 | 5,089.59
59 185.354 | 2,733.98 81 254.470 | 5,153.01
59% 186.925 | 2,780.51 81% 256. 5.216.82
60 188.496 | 2,827.44 82 257.611 5,281.03
60% | 190.067 | 2,874.76 | 82} | 259.182 | 5,345.63
61 191.638 | 2,922.47 83 260.753 | 5,410.62
613 193.208 | 2,970.58 83% 262.324 | 5,476.01
62 194.779 | 3,019.08 84 263.894 | 5,541.78
624 | 196.350 | 3,067.97 | 84% X 5,607.95
63 197.921 | 3,117.26 85 267.036 | 5,674.51
63% 199.492 | 3,166.93 85% 268.607 | 5,741.47
64 201.062 | 3.217.00 86 270.178 | 5.808.82
643 | 202.633 | 3,267.46 | 86% | 271.748 | 5.876.56
65 204.204 | 3,318.31 87 273.319 | 5,944.69
65% 205.775 | 3.369.56 873 274.890 | 6,013.22
66 207.346 | 3,421.20 88 276.461 6,082.14
663 | 208916 | 3147324 | 883 | 278032 | 6.151.45
67 210.487 | 3.525.66 89 279.602 | 6,221.15
67% 212.058 | 3,578.48 89% 281.173 | 6,291.25
68 213.629 | 3,631.69 20 282.744 | 6,361.74
68% | 215.200 | 3,685.29 | 90% | 284.315 | 6,432.62
69 216.770 | 3,739.29 | 91 285. 6.503.90
69% | 218341 | 3,793.68 | 913 | 287.456 | 6.575.56
70 219912 | 3.848.46 92 289.027 | 6,647.63
70% 1.483 | 3,903.63 92} 290.598 | 6,720.08
71 223.054 | 3.959.20 | 93 202.169 | 6,792.92
71% 224.624 | 4,015.16 93% 293.7 6,866.16
72 226.195 | 4,071.51 94 295.310 | 6,939.79
72% 227.766 | 4,128.26 043 296.881 7.013.82
73 229.337 | 4,185.40 95 208.452 | 7,088.24
73% 30. 4,242.93 95% 300.023 | 7,163.04
74 232.478 | 4,300.85 96 301.594 | 7,238.25
714 234.049 | 4.359.17 964 303.164 | 7,313.84
75 35.620 | 4,417.87 | 97 304.735 | 7.389.83
75% 237.191 | 4,476.98 97% R 7.466.21
76 238.762 | 4.536.47 98 307.877 | 7,542.98
76% 240.332 | 4.596.36 984 9.448 | 7,620.15
77 241.903 | 4.656.64 99 311.018 | 7.697.71
7% 243.474 | 4,717.31 99% 312.589 | 7,775.68
78 245.045 | 4,778.37 | 100 314.160 | 7,854.00
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DECIMAL EQUIVALENTS OF PARTS OF ONE INCH

1-641.015625|17-64 | 265625 { 33-64 |.515625 | 40-64 | 765625

1-32|.031250| 9-32.281250|17-32|.531250 25-32 |.781250

3-64(.046875| 19-64 |.286875 | 3564 |.5468754 51-64 | 796875
062500 12500 562500 1.

1-16|. 6-161.3 9-16|. 3-16 |.812500
5-64|.078125121-64 |.328125|37-64 |.578125 | 5364 | .828125
8-82| 093750{11-32|.3 19-32.593750 | 27-32 |.843750

.343750 . E
7-64|.109375|23-64 |.359375 | 39-64 | .609375 | 55-64 | .859375
1-8 |.125000| 8-8 |.375000| 5-8 (.625000| 7-8 |.875000
9-64 |.140625 | 25-64 |.300625 | 41-64 | 640625 | 5764 | .890625
5-32.156250 | 13-32|.406250 | 21-32(.656250 | 20-32 | .906250
11-64.171875|27-64 |.421875| 4364 | .671875| 59-64 | .921875
8-16 .187?(212 7-16|.437500 | 11-16 | 687500 15-16 | .937500

3-64(.203 K 45-64|. 1-64 | !
7-32(.218750|15-32|.468750| 23—-32 | .718750 | 31-32 | .968750
15-64[.234375|31-64 | .484375| 4764 |.734375| 6364 | 984375
1-4 |.250000| 1-2 (.500000] 8—4 |.750000] 1 1

TRIGONOMETRIC FUNCTIONS

T‘he table given on pages 28-27 contains the natural sines,
e t ts, and cota of les from 0° to 90°.
Angles less than 45° are given in the first column at the left-
hand side of the page, and the names of the functions are
given at the top of the page; angles greater than 45° appear
at the right-hand side of the page, and the names of the func-
tions are given at the bottom. Thus, the second column con-
tains the sines of angles less than 45° and the cosines of angles
greater than 45°; the sixth column contains the cotangents of
angles less than 45° and the tangents of angles greater than
45°. To find the function of an angle less than 45°, look in
the column of angles at the left of the page for the angle, and
at the top of the page for the name of the function; to find
a function of an angle greater than 45°, look in the column
at the right of the page for the angle and at the bottom of the
page for the name of the function. The successive angles
differ by an interval of 10/; they increase downwards in the
left-hand column and upwards in the right-hand column.
Thus, for angles less than 45° read down from top of page, and
for angles greater than 45° read up from bottom of page.

The third, fifth, seventh, and ninth columns, headed d,
contain the differences between the successive functions; for
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example, the sine of 32° 10 is .5324 and the sine of 32° 20’ is
5348, as given in the second column, page 26; the difference
is .5348 —.5324 = .0024, and the 24 is written in the third
column, just opposite the space between .5324 and .5348. In
like manner, the differences between the successive tabular
values of the tangents are given in the fifth column, those
between the cotangents in the seventh column, and those for
the cosines in the ninth column. These differences in the
functions correspond to a difference of 1¢’ in the angle; thus,
when the angle 32° 10/ is increased by 10/, that is, to 32° 20/,
the increase of the sine is .0024, or, as given in the table, 24.
In the tabular difference, no attention is paid‘to the decimal
point, it being understood that the difference is merely the
number obtained by subtracting the last two or three figures
of the smaller function from those of the larger. These dif-
ferences are used to obtain the sines, cosines, etc. of angles
not given in the table; for example, to find the tangent of
27° 34/ find in the table the tangent of 27° 30/, .5206, and (in
column 5) the difference for 10/, 37. Difference for 1’ is
37+ 10= 3.7, and difference for 4’ is 3.7X4 = 14.8. Add-
ing this difference to the value of the tan 27° 30, gives
tan 27° 30/ = .5206
difference for 4’ =  14.8

tan 27° 34’ = 52208, or.5221, to four places.

Since only four decimal places are retained, the 8 in the
fifth place is dropped and the figure in the fourth place is
increased by 1, because 8 is greater than 5.

To avoid multiplication, the column of proportional parts,
headed P. P., at the extreme right of the page, is used. At
the head of each table in this column is the difference for 10/,
and below are the differences for any intermediate number
of minutes from 1’ to 9. In the above example, the differ-
ence at 27° 30’ for 10’ was 37; looking in the table with 37 at
the head, the difference opposite 4 is 14.8; that opposite 7 is
25.9; and so on. For want of space, the differences for the
cotangents for angles less than 45° (or the tangents of angles
greater than 45°) have been omitted from the tables of pro-
portional parts. The use of these functions should be
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avoided, if possible, since the differences change very rap-
idly, and the computation is therefore likely to be inexact.

In finding the functions of an angle, note carefully whether
the difference obtained from the table of proportional parts
is to be added or subtracted, by observing whether the func-
tion is i ing or decreasing as the angle increases. For
example, the sine of 21° is .3584, and the following sines,
reading downwards, are .3611, .3638, etc. The sine of 21° 6’
is greater than that of 21°, and the difference for 6’ must be
added. On the other hand, the cosine of 21° is .9336, and the
following cosines, reading downwards, are 9325, .9315, etc.;
that is, as the angle grows larger the cosine decreases, and the
difference obtained for any angle between 21° and 21° 10/,
say 21° 6’, must be subtracted from the cosine of 21°,

Suppose the function, i. e., the sine, cosine, tangent, or
cotangent is given and the corresponding angle is to be found;
for example, find the angle whose sine is .4943. First find
in the second column the sine next smaller than 4943, which
is .4924, and the difference for 10’ is 26. The angle corre-
sponding to .4924 is 29° 30’. Subtracting the .4924 from
.4943, the first remainder is 19; in the table of proportional
parts under 26, the part next lower than this difference, is
18.2, opposite which is 7. Subtracting 18.2 from 19 leaves
.8 as the second remainder. In the table under 26 is found
7.8, which with its decimal point moved one place to the left
is nearest to the second remainder, and opposite 7.8 is 3,
which indicates .3’ or 18”. Hence, the angle is 29° 30’ 4 7’
+ 18" = 29° 37’ 18".

INVOLUTION AND EVOLUTION

By means of the following table, the square, cube, square
root, cube root, and reciprocal of any number may be
obtained correct always to five significant figures, and in the
majority of cases correct to six significant figures.

In any number, the figures beginning with the first digit*
at the left and ending with the last digit at the right, are

‘C:phers (used merely to locate the decimal point) are
not digits.
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called the significant figures of the number. Thus, the num-
ber 405,800 has the four significant figures 4, 0, 5, 8; and the
signsficant part of the number is 4058. The number
.000090067 has five significant figures, 9, 0, 0, 6, 7, and
the significant part is 90067. All numbers that differ only
$n the position of the decsmal point have the same signsficans
figures and the same significant part. For example, .002103,
21.03, 21,030, and 210,300 have the same significant figures
2,1, 0, and 3, and the same significant part 2103.

The integral part of a number is the part to the left of the
decimal point.

Square and Cube Roots.—If the given number contains less
than four significant figures, the required root can be found
in the table, the square root under Vu, or V1O, and the
cube root under ¥, ¥10%, or {¥100%, according to the num-
ber of significant figures in the integral part of the number.
Thus, V3.14 = 1.772; V31.4 = VIOX3.14 = 5.60357; {3.14
=1.46434; Bia=-0x314 = 3.15484; Bia =¥ 00X3.14
== 6.79688.

In order to locate the decimal point, the given number
must be pointed off into periods of two figures each for
square root and three figures each for cube root, beginning
always at the decimal point. Thus, for square root: 12703,
1/27/03; 12.703, 12.70’30; 220000, 2200’00; .000442, .00'04’42;
and for cube root: 3141.6, 3'141.6; 67206428, 67/296'428;
.0000000217, .000’000’021/700, etc.

There are as many figures in the root preceding the decsmal
point as there are persods preceding the decsmal point in the
given ber; if the ber ts entirely decsmal, the root is
entirely decimal, and there are as many ciphers following the
decimal point in the root as there are cipher periods following
the decimal point in the given number.

Applying this rule, V220000 = 460.04, V.000442 = 021024,
{18000 =80.3113, and ¥ = 0418,

If the number has more than three significant figures,
point off the number into periods, place a decimal point
between the first and second periods of the significant part.
of the number, and proceed as in the following examples:
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—| 1

n | w | o | Va|von| ¥ |08 |d00n| o
1.01 | 1.0201 |1 1.00499 | 8.17805 | 1.00332 | 2.16159 | 4.65701 | 990090
1.03 | 1.0404 | 1.06131 | 1.00005 | 3.19874 | 1.00662 | 2.1 4.67338 | 980893
1.08 | 1.0600 | 1.09278 | 1.01489 | 3.20936 | 1.00990 | 3.17577 | 4.68765 | 970874
1.04 | 1.0816 | 1.12486 | 1.01980 | 3.23490 | 1.01316 | 3.18278 961589
1.05 | 1.1025 | 1.15763 | 1.02470 | 3.34087 | 1.01640 | 3.18976 | 4.71769 | .963381
1.06 | 1.1236 |1.19103 | 1.02058 | 3.35576 | 1.01961 | 2.19660 9543308
107 | 11449 | L 1.08441 | 8.27109 | 1.03281 | 3.20358 | 4.74746 | 984579
1.08 | 1.1684 | 1.25971 | 1.08028 | 3.28684 | 1.02509 | 2.21042 | 4. 926028
1.00 | 1.1881 | 1.29508 | 1. 8.30151 | 1.02914 | 3.31722 | 4. 917481
1.10 | 1.2100 | 1.33100 | 1.04881 | 3.31663 | 1.03328 | 2.22398 | 4.79143 | 900081
111 | 1.2821 |1 36768 | 1.05357 | 8.33167 | 1.03540 | 3.23070 | 4.80800 | 900001
113 | 12544 | 1.40493 | 1.05830 | 8.34664 | 1. 2.28738 | 4.82028 | 892857
1.13 | 1.2769 | 1.44 1.06301 | 8.86155 | 1.04158 | 2.24403 | 4.83450 | 884908
1.14 | 1.2996 | 1.48154 | 1.06771 | 8.37439 2.25082 | 4.84881 | 877198
116 | 1.8225 |1 1.07238 | 8.39116 | 1.04769 | 2.35718 560565
1.16 | 1.8456 | 1.56000 8.40588 3.26870 | 4.87700 | 863060
1.17 | 1.8689 | 1.60161 | 1.08167 | 3.42053 | 1.05878 | 2.37019 | 4 854701
1.18 | 1.3924 | 1.64303 8.43511 | 1.05673 | 2.27684 | 4.90487 | .847458
1.19 | 1.4161 |1.68516 | 1.09087 | 3.44964 | 1.05970 | 2.28305 | 4.91868 | .840808
1,30 | 1.4400 | 1.72800 | 1.00545 | 3.46410 | 1.06268 | 3.38043 | 4.93242 | 533538

1.4641 | 1.77156 | 1.10000 | 8.47851 | 1.08560 | 2.20577 | 4.94600 | 826448

1.4884 | 1.81685 | 1.10454 | 8.49285 | 1. 2.30208 | 4.

1.5129 | 1.86087 | 1.10905 | 8.50714 | 1.07144 | 2.30835 | 4.97319

1.5378 | 1.906632 | 1.11355 | 8.52136 | 1.07434 | 2.31459 | 4.

1.6625 | 1.95318 | 1.11808 | 3.53558 | 1.07733 | 2.32080 | 5.00000

1.5876 }2.00088 | 1.12250 | 8.54965 | 1.08008 | 2.32697 | 5.01830

1.6139 |2.04838 | 1.12694 | 3.56371 | 1.08298 | 3,33810 | 5.02658

1.6384 | 32.09715 | 1.13187 | 8.57771 | 1.08577 | 2.33921 | 5.03968

1.6641 | 2.14669 | 1.13578 166 | 1.08859 | 3.84529 | 5.05377

1.6800 | 2.19700 | 1.14018 1.09139 | 2.35134 | 5.08580

1.7161 | 2.24809 | 1.14455 | 3.61939 | 1.08418 | 2.85735 | 5.07875

1.7424 | 2.29997 | 1.14891 | 3.63318 | 1.09696 | 2.36333 | 5.09164

1.7689 | 2.85264 | 1.15826 | 8. 1.00972 | 2.36928 | 5.10447

1.7956 | 3.40610 | 1.15758 | 8. 1.10247 | 3.87531 | 5.11738

1.8225 | 2.46088 | 1.16190 | 8.67423 | 1.10531 | 2.38110 | 6.

1.8496 | 2.51646 | 1.16619 | 3.68782 | 1.10798 | 2.38696 | 5.14256

1.8769 | 2.57135 | 1.17047 | 8.70135 | 1.11064 | 2.39280 | 5.15814

2.62807 | 1.17473 | 8.71484 | 1.11884 | 2.39861 | 5.16765
1.9831 |2.68563 | 1.17: 8.72827 | 1.11602 | 3.40439 | 5.18010
2.74400 | 1.18822 | 3.74166 | 1.11869 | 2.41014 | 5.19249

1.9881 |2.80323 | 1.18743 | 8.75500 | 1.12135 | 2.41587 | 5.20483

2.0164 | 2.86329 | 1.19164 | 8.76329 | 1.12399 | 2.43156 | 5.21710

2.0449 |3.92421 | 1.1 8.78158 | 1. 2.43734 | 5.22983

3.0738 | 2.98598 | 1.20000 | 8 T9473 | 1.12024 | 3.43288 | 5.24148

$.1026 | 3.04863 | 1.20416 | 3.80780 | 1.13185 | 3.43850 | 5.35359

2.1318 | 3.11214 | 1. 8.82000 | 1.13445 | 2.44400 | 5.26564

2.1609 | 8.17652 | 1.21244 | 3.83406 ' 1.13708 | 2.4496K | 5.27763

L1904 | 3.34179 | 1.21655 | 3.84708 | 1.13960 | 3.45530 | 5.28957

2.2301 | 8. 1. 3.86005  1.14216 | 2.46072 | 5.30148

2.2500 | 8.37500 | 1.32474 | 3.87 Il. 71 | 2.46631 | 5.31339
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8.885887
3.89872
3.91153
8.92428
3.98700
8.94968

8.97492
8.98748
4.00000

4.01248
4.02492
4.08783
4.04969
4.06202
4.07481
4.08656
411096
413811
4.18521

4.81277
4.52435
4.38590
4.34741
4.35890
4.37035

4.42719
4384’

¥ 7
4.44972
4.46094
4.47214

2.64479

2.64954
2.66428
2.66900
2.66871
2.66840

2.67307

2.67778 | &

2.68287
2.68700

4988 | 2.69161

63528
588 | 5.68574
64623

,58377
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ROOTS, AND RECIPROCALS

1

n | n n? Vo | Vion| ¥ | {10+ |{00n -y
2.01 | 4.0001 |5.13060 | 1.41774 | 4.48330 | 1.96303 | 3.711808 | 506177 | .aon818
303 | 4.0804 | 834341 | 1142127 | 4.49¢44 | 136411 | 373343 | 586746 | 495060
3.08 | 4.1200 | 836548 | 1.43478 | 450565 | 1.26619 | 3.73703 | 5:87718 | 4oae1L
3.04 | 41616 | 6:48086 | 1.43839 | 4.51664 | 1.36837 | 3.73200 | 580677 | 490198
.06 | 42035 |8.61513 | 143178 | 4.52769 | 1:37033 | 2.73685 | 5.89637 | 487806
.08 | 43436 |8.74182 | 1.43527 | 4.53872 | 1.37240 | 3.74129 | 5.90094 | 485487
3.07 | 4.2849 | 896974 | 143875 | 4.54078 | 1:27445 | 274572 | 591548 | 483082
208 | 4.3964 | 809891 | 144222 | 4.56070 | 1:27650 | 278014 | 5.92499 | 480768
2.00 | 43681 |9.12053 | 1.44568 | 4.57165 | 1.27354 | 3.75464 | 5.98447 | 478409
3.10 | 44100 |9:26100 | 1.4491¢ 1:28058 | 275898 | 504393 | 476190
2.11 | 4.4521 |9.39393 | 1.45268 | 4.59347 | 1.38261 | 2.76330 | 5.96884 | 473084
213 | 4.4944 | 9,62818 | 1.45602 | 4. 1.28463 | 2.76766 | 5.96278 | 471698
313 966360 | 1.45945 | 4.61519 | 1:28665 | .77200 | 5

214 | 455796 | 9:80034 | 1.46387 | 4. 128866 | 377638 | 5.98143 | 467290
315 993838 | 1.46629 | 4.63681 | 1:29066 | 3.78085 | 5:99078 | 485116
216 10.0777 | 1.46960 | 4.64758 | 1.29266 | 2.78495 | 6.00000 | .4a3963
317 10.3183 | 147800 | 4.65833 | 1.20465 | 2.78924 | 6.00025 | 460630
318 | 47524 103603 | 147648 | 4.66905 | 1.20664 | 3.79333 | 6.01846 | .458T16
219 | 47961 |10.5035 | 1.47986 | 4.67974 | 1.7u863 | 2.79719 | 6.02765 | 456631
290 | 48400 | 10,6480 | 148324 | 4.69042 | 1:30059 | 2.80204 | 6.08681 | .454548
.31 | 48841 |10.7839 | 1.48661 | 4.70106 | 1.50256 | 3.80628 | 6.04604 | 452489
393 | 49384 | 109410 | 148997 | 4.71160 | 1:30453 | 2.81051 | 6.05506 | .450451
233 | 49749 | 11.0806 | 145382 | 4.72220 | 1:50848 | 2:81473 | 6.08418 | 448431
234 | 50176 |11.2894 | 1.49666 | 4.73286 | 1:30843 | 2.818901 | 6.07818 | 446429
235 | 5.0635 | 11:906 | 150000 | 4.74343 | 1:31087 | 2.63311 | 6.08230 | 444444
236 | 5.1076 | 115433 | 1.50838 | 4.75305 | 131381 | 2.82728 | 6.09120 | .ea2478
337 | 51529 | 116971 | 150665 | 4.76445 | 131424 | 2.83145 | 610017 | 440539
338 | 5.1984 | 1158534 | 1.5097 | 4.77403 | 131617 | 2183660 | 6.10911 | .¢38507
239 | 5:3¢41 |13:0090 | 1.51327 | 478530 | 131809 | 2.83074 | 6. “ses8l
230 | 53900 | 131670 | 1.51658 | 4.79583 | 1:32001 | 3'34887 434788
2.31 | 5.3061 |12.8264 | 1.51967 | 4.80625 | 1.52192 | 2.84798 | 6.13679 | 433900
233 | 53834 | 124872 | 152315 | 481664 | 132363 | 2.85209 | 6. 431088
238 | & 26493 | 1.52643 | 4.82701 | 1.32573 | 2.85618 | 6.16345 | 429185
3334 | 5.4756 |12:8120 | 152971 | 4.85735 | 1.32761 | 2.86026 | 6.16234 | 427350
3335 | 5.5235 |12:9779 | 153207 | 484768 | 1:32050 | 286433 | 6.17101 | 435533
3.6 | 5.5696 |13.1448 | 1.53623 | 4.85708 | 1.53180 | 3.86838 | 6.17976 | 433729
237 | 56160 | 1313121 | 153048 | 4.96826 | 1.58526 | 2.67243 | 6.18846 | 421941
2168 | 5.66¢4 |18.4813 | 1.54272 | 487852 | 1.33514 | 2.87646 | 6.19715 | 420168
239 | 571121 | 13:6519 | 154596 | 4.88876 | 1.58700 | 238049 | 6.20683 | 418410
240 | 57600 | 1838340 | 154919 | 4.89898 | 1:35887 | 2.88450 | 6:31447 | 410067
2.41 | 5.8081 |18.9975 | 155343 | 4.90018 | 1.84072 | 2.98850 | 6.73308 | 414908
343 | 53564 |14.1736 | 1. 491935 | 134357 | 2.80349 | 6.38168 | 413228
243 | 59049 | 143489 492950 | 1.34443 | 2:80647 | 6.24035 | 411838
344 | 59536 | 14.5268 98064 290044 | 6.24880 | .s00838
245 | 6.0025 | 147061 | 1.56525 | 4.94975 | 1:34810 | 2:90430 | 6.25723 | 408163
248 6 | 14.8800 95084 290884 | 6.98383 | 408504
247 | 6.1000 | 15.0692 | 157162 | 4.96991 | 1:35176 | 291337 | 6.37431 | 404858
2.8 | 61504 | 15:3530 | 1:57480 | 4.97006 | 1.36358 | 3.91620 | 6.28276 | 408238
2.40 | 62001 |15:4882 | 1.57797 | 4.98099 | 136540 | 3.92011 | 6.29119 | 601608
2.50 | 6:3500 | 15:6350 | 158114 | 500000 | 1:36721 | 3.92402 | 6.29081 | -¢00000
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m [ w | ¥a [Vion| ¥ |{10n {1008

6.3001 | 15.8188 | 1. LX 1.35903 | 3.92791 | 6.

6.3504 | 16.0030 | 1.58745 | 5.01996 | 1.96082 | 3.93179 | 6.31636
6.4009 16.1943 | 1. LX 1.56262 | 3.98567 | 6.83470
6.4516 1.59874 | 5.¢ 1.36441 | 2.98963 | 6.53508
6.5025 |16.5814 |1 5.04975 | 1.36620 | 3.94338 | 6.34188
6.5686 | 16.7773 (1 5.05964 | 1.36798 | 2.94728 | 6.

8.6049 9746 | 1.60312 | 5.06952 | 1.36976 | 3.95106 | 6.35786
6.6564 | 17.1785 | 1.60624 | 5.07987 | 1.37158 | 2.95488 | 6.86610
. X 95869 | 6.87431

i£ Gl i
i

7.0225 | 18.6096 | 1.62788 | 514783 | 1.38388

7.0756 | 18.8311 | 1.63095 | 5.15752 | 1.
7.1289 | 19.0343 | 1.63401 | 5.16720 | 1
7.1824 | 19.2488 | 1.68707 | 5.17687 | 1.

Toeis |1

g
00 COMMMNM I NMNN
g
-5
3
£
=

1.3361 | 19.4851 | 1.64012 99629

72900 | 19.6880 | 1.64317 | 519615 00000 | 6.46380
7.3441 |19.9025 | 1.64621 | 5.30677 | 1.38419 | 3.00870 | 6.47137
7.8084 | 20.1236 § 1.64924 | 531536 | 1.39591 | 3.00739 | 6.47922
1.4539 8464 | 1.65227 | 5.22494 | 1.89761 | 8.01107 | 6.48718
7.5076 | 20.5708 | 1.65529 1.89932 | 3.01474 | 8.49507

7.5635 | 20.7969 | 1.65831 | 5.34404 | 1.40102 | 3.0184] | 6.50296

7.6176 | 21.0246 | 1.66183 | 5.25857 | 1.40273 | 3.02208 1
7.6729 | 21.3589 | 1.66438 | 5.26308 | 1.40441 | 3.02571 | 6.51868
7.7384 | 31.4850 | 1.66733 | 5.27257 | 1.40610 | 8.02034 | 6.52652
7.7841 | 21.7176 | 1.67088 | 5.28205 | 1.40778 | 8.08297 | 6.53434
21.9520 | 1.67352 | 5.20150 | 1.40946 | 3.08609 | 6.54313
7.8961 | 32.1880 | 1.67651 | 5. 1.41114 | 3.04020 | 6.54901
22.4258 | 1.67939 | 5.31087 | 1.41281 | 8.04380 | 6.55767
8.0080 | 22.6652 | 1.68236 | 5.31977 | 1.41448 | 3.04740 | 6.56541

9068 | 1.68538 | 5.82917 | 1.41614 | 8.05008

8.1235 | 28.1491 | 1.68819 | 5.33854 | 1.41780 | 8.05456 | 6.58084
8,1796 | 28.3087 | 1.69115 | 5.84' 1.41946 | 8.05818 | 6.588538
2369 | 28.6399 | 1.69411 | 5.85734 | 1.43111 | 8.06160 | 6.59620
8.2944 | 23.8879 | 1.69706 | 5.36656 | 1.42276 | 8.06524 | 6.60385
24,1376 | 1.70000 | 5.87587 | 1.42440 | 8.06878 | 6.61149
8.4100 | 34.5800 | 1.70294 | 5.38516 | 1.42604 | 3.07232 | 6.61911
8.4681 | 24.6423 | 1.70587 | 5.89444 | 1.43768 | 3.07585 | 6.63671
5364 | 24.8971 | 1.70880 | 5.40870 | 1.42931 | 8.07986 | 6.63439
8.5849 | 325. 1.71172 | 5.41395 | 1.43094 | 3.08387 | 6.64185
8.6496 | 25.4122 | 1.71464 | 5.42218 | 1.43387 | 3.08638 | 6.64940
T025 | 35.6724 | 1.71756 | 5.43130 | 1.43419 | 8.08987 | 6.65608
8.7616 | 25.9343 | 1.72047 | 5.44059 | 1.48581 | 8.09336 ( 6.66444
.8200 | 26,1981 | 1.72387 | 5.44977 | 1.48748 | 3.00684 | 6.67194
4650)| 1.72627 | 5.45894 | 1.48904 | 3.10081 | 6.67942
8.9401 | 36,7809 | 1.73916 | 5.46309 | 1.44065 | 3.10378 | 6.68688
27.0000 | 1.73206 | 5.47728 | 1.44225 | 2.10738 | 6.09438

858857
8.57814 | ..
850877
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13.8384
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144129 | 83
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— —— 1
n| w | n| Va|~Non| ¥ |{i0n {008
4.01 | 16,0801 | 64.4813 | 2.00250 | 6.35246 | 1.58872 | 3.43280 | 7.57420 | 349877
107 | 161604 | 64.9648 | 3:00499 | 634035 842584 | 7 45756
408 | 162400 | 654508 | 2.00749 | 634838 | 1.50136 | 8.42848 | 7.35644 | 248139
204 | 163216 | 63.9598 | 2.00008 | 635610 | 1. 8.43131 | 7.39254 | 347525
106 | 16.4025 | 66.4301 | 3:01345 | 6.36306 | 1.56309 | 3.43414 | 7.89864 | 240914
4.06 | 16.4836 | 66.9234 | 3.01494 | 6.37181 | 1.50630 | 8.43697 | 7.40473 | .246305
107 | 16:5649 | 67.4191 | 2:01743 | 6.37966 | 1.50661 | 8.43979 | 7.41080 | :345700
408 | 16:6464 | 679173 | 2.01900 | 6.38749 | 1.59791 | 3.44260 | 7.41636 | 245008
409 | 16,7281 | 684179 | 2.02287 | 639631 | 150922 | 8.44541 | 7.42391 | 244499
410 | 16:8100 | 63.9210 | 2.02485 | 6.40312 | 1160053 | 8.44823 | 7.42896 | 343002
o11 | 16.8921 | 69,4365 | 3.02751 | 6.41098 | 1.60183 | 8.45102 | 7.48499 | .343300
412 | 169744 | 69.9345 | 2:02978 | 6.41873 | 1.60313 | 3.48383 | 7.44102 | 243718
413 | 170569 | 70.4450 | 2.08224 | 6. 1.60441 | 8.45661 | 7.44708 | 342181
414 | 17,1396 | 70.9579 | 3.08470 | 6. 1.60671 | 3.45989 | 7.45304 | 341546
415 | 172235 | 71,4734 | 208715 | 6. 1.60700 | 8.48318 | 7.45004 | 240964
416 | 17306 | 71.9913 | 2.08961 | 6.4491 | 1.60829 | 5.48496 | 7.48502 | 300385
417 | 173889 | 725117 | 3.04206 | 6.45755 | 1.60068 | 8.46773 | 7.47100 | 339808
418 | 174734 | 130345 | 2:04450 | 6. 1.61086 | 8.47050 | 7.47607 | 380234
419 | 17,5561 | 13.5601 | 204695 | 6.47803 | 1:61215 | 8.47327 | 748293 | 338684
420 | 1716400 | 74.0850 | 2.04939  6.48074 | 1. 3.47608 | 7.48887 | 238005
431 | 177301 | 74,6185 | 3.05188 | 6.48845 | 1.61471 | 8.47818 | 7.49481 | .3375%0
4233 | 17:8084 | 75.1514 | 2.05436 | 6.49615 | 1.61599 | 3.48154 | 7.5007¢ | 236067
438 | 178929 | 15.6870 | 2.05670 | 6.50885 | 1:61726 | 8.48428 | 7.50686 | :336407
.24 | 17,9776 | 76.2250 | 3.06918 | 6.51158 | 1.61658 | 3.48708 | 751251 | 335840
425 | 180625 | 76.7656 | 2.06156 | 6.51920 | 161981 | 3.48977 | 7 235394
4.26 | 18.1476 | 17.3088 | 2.06398 | 6.52687 | 1.63108 | 5.49250 | 7.52487 | 234743
437 | 1812320 | 178645 | 208840 | 6.58452 | 1162284 | 8.49638 | 7 a0
438 |18.3184 | 18.4028 | 3.06888 | 6.54217 | 1.63361 | 3.49796 | 7.58613 | -
429 | 1814041 | 78,9636 | 207128 | 6.54981 | 1:62487 | 8.50088 | 754199 | 233100
430 | 184900 | 79.5070 | 2.07364 | 6.56744 | 1162618 | 8.50340 | 7.54784 | -
431 | 185761 | 80.06%0 | 2.07606 1.63789 | 3.50611 | 7.55369 | .233019
431 | 18:6624 | 80.6216 | 2.07848 | 6.67267 | 1 $.50882 | 7.55968 | 331482
438 | 187489 | 81.1827 | 2.08087 | 6. 1.62991 | 351158 230047
434 | 1818856 | 81.7465 | 2.08327 | 6.58787 | 1.63116 | 3.51423 | 757117 | 330415
435 | 189225 | 833129 | 3.08567 | 660545 | 1.65241 7.57008 | 330685
4.36 | 19.0096 | 83.5819 | 2.08308 | 6. 1 51962 | 7.58379 | 339858
437 | 190969 | 83.4535 | 2.00045 1.63491 | 3.52331 | 7.58858 | 228838
438 | 19.1844 | 84.0277 | 3.09284 | 6.61816 | 1:63616 | 3.53499 | 7 3811
439 | 1933121 | 84.6045 | 2.09533 1.63740 7.60014 | 227790
.40 | 1933600 | 85.1840 | 2.00763 | 6 1163864 | 3.53086 | 7 1T
441 | 10.0481 | 857081 | 3.10000 | 6.04078 | 1.63963 | 3.58002 | 7.61108 | .226757
4.42 | 1015384 | 86.5609 | 3.10238 | 6.64831 | 1.64113 | 3.53569 | 761741 | 320304
.43 | 19,6240 | 869888 | 3.10476 | 663583 | 1.64236 | 353835 | 7.63315 | 225734
444 | 197136 | 87,5284 | 3.10713 | 6.66383 | 1:64350 | 5:54101 | 7.63888 | 325225
445 | 198025 | 88/1311 | 310960 | 6.67088 [ 164488 | 3:54367 | 7.63461 | ‘234719
4.48 | 19.5016 | 83.7165 | 311187 | 6.67883 | 1.84608 | 5.54632 | 7.00082 | 220215
447 | 19.9800 | 89.3146 | 211424 | 6.08581 | 164729 | 8.54897 | 7.84608 | 328714
448 | 20,0704 | 209154 | 3:11060 | 6.09328 | 1.64851 | 8.56162 | 7.65172 | 233314
4.49 | 2071601 | 905188 | 2.11896 | 6.70075 | 1.64074 | 3.65436 | 7.65741 | 323717
450 | 202500 | 91.1250 | 313182 1 85680 | 7.66300 | 220223
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20.3401 | 91.7880 | 3.12368 | 6.71565 | 1.65219 | 8.55058 | 7.668T7
$2.5454 | 2.12008 | 6.73309 | 1.65841
92.9507 6.73058 | 1.65462 1
20,6116 | 93.5767 | 2.18078 | 6.78795 | 1.85584 | $.56740 | 7.68578
20.7025 | 94.1064 | 3.18807 | 6.74557 | 1.65706 | 3.57002 | 7.69137

. .. 6.75278 7268 | 7.
20,8849 | 95.4440 | 2.13776 | 6.76018 | 1.65048 | 8.57534 | 7.70263

20.9764 | 96.0719 | 2.14008 | 6.76757 | 1.66069 | 8.57785 | 7.70834

21.0681 | 96.7036 | 3.14348 | 6.77495 | 1.66190 | 3.58045 | 7.71884 | .

21.1600 | 97.3360 | 3.14476 | 6.78283 | 1.66310 | 8.58805 | 7.71944
31.2621 | 97.9732 | 2.14700 | 6.78070 | 1.66431 | 8.58564 | 7.72508

8855 BabRR BERER BEEEE |

er
28

§63a5E GERkE BaRGE BRERE £

31.3444 | 98,6111 | 2.14042 | 6.79706 | 1.66551 | 8.58828 | 7.78061
o ”. 6.80441 | 1.66871 .

21.5208 | 99.8078 | 2.15407 | 6.81176 | 1.66791 | 3.50840 | 7.74176

21,6225 15639 | 6.81909 .T4T8]

22.6576 | 107.850 2.10“4 6.80928 | 1.68317 | 8.63413 | 7.80798
23.7529 3.18408 1.68834

. 108.581 6.90652 1
32.8484 | 100315 | 3.18633 | 6.91875 | 1.68453 | 3.62910 | 781885 | 209206
$2.9441 | 100.902 | 3.18861 | 6.92098 | 1.68569 | 8.63171 | 7.82429

28.0400 | 110,502 | 2.18080 | 6.92830 | 1.68687 | 8.63424 | 7.82974 | ,208838

28.1361 | 111.285 | 3.19817 | 6.98542 | 1.68804 | 3.63676 | 7.83517
. 8.63928 | 7.84059

70540

70685 | 8.

-70769 | 8.67911 | 7.92641
24.9001 . 1 70884 | 8.68167 | 7.98171
25.0000 | 135.000 | 2.28607 | 7.07107 | 1.70996 | 8.68408 | 7.98701

8.67418 | 7.91578
7.92110 | .20
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42.8801
43.5104

42.6409
43.7718
43,9035

2175.804

277.168 | 2.55848

278.445
279.736
281,011

48.0386 | 283.500

48.5600 | 287.496 | 3.569065 | 8.

zuua 2.56320 | 8.1

280.1’1

43.6931 | 288.805

290.118 | 2.67204 | 8.13634
201.434

43.9569 .
44.0896 | 392.756
204.080

8.66688
8.67137
70

1.90009
2.62107 | 8.28855 | 1.90102 | 4.09561 | 8.83878
2.62298 | 8.39458 | 1.90194 | 4.00700 | 8.82801
8.30060 83239

00958
3.62679 | 8.80663 | 1.90378 | 4.10157 | 8.83656 | .144038

2.62869 | 8.31264 | 1.90470 | 4.10855 | 8.84082
1.90562

2.68620 | 8.33667 | 1.90857 | 411145 | 8.86785 | .

8.84206 | 1.90038
$38.600 | 2.64008 | 8.34865 | 1.91019 | 4.11580 | 8.80884
840,068 | 2.64197 | 8.85464 19“”}; 4.11736 | 8.87068

848.000 | 3.64575 | 8.36660 | 1.91208 | 4.13129 | 8.87004
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1

n | « nt Vn |Vion| % | {¥Hox |{000n -
7.51 | 56.4001 | 423565 | 3.74044 1.96630 | 4.31904 | 9.08084 | 133158
7.53 | 56.5504 | 436.250 | 274336 | 8.67179 | 1.96017 | 4.22001 | 909067 | 132979
7.58 | 56.7000 | 436.968 | 274408 | 5.67756 | 1:96004 | 4.33378 | 9.00770 | ‘133802
7,54 | 56.8516 | 425.661 | 274501 | 8.68833 | 1:96091 | 4.23465 | 9.10178 | 133838
755 | 67.0025 | 430,309 | 2.74778 | £.68007 | 1.96177 | 4.23651 | 9.10676 | 133460
7.56 | 57.1596 | 433.001 | 2.74055 | 8.00483 | 1.96364 | 4.22838 | 9.10077 | .132278
757 | 67.3040 | 435,796 | 2.75136 | 8.70057 | 196850 | 4.3802¢ | 9.11978 | 133100
768 | 67.4564 | 435530 | 2.75318 | 870633 | 1.96487 | 4.38310 | 911779 | 131938
7.50 | 57.6081 | 487345 | 2.76500 | 3.71206 | 1.96533 | 4.33396 | 9.12100 | 181752
7.0 | 57.7600 | 438976 | 275681 | 8.71780 | 1.96610 | 4.38583 | 9.12561 | .131679
7.61 | 579131 | 460.711 | 2.75063 | 872353 | 1.96096 | 4.28768 | 9.12081 | 131408
7.63 | 580844 | 442461 | 3.70045 | 8.72926 | 1.96763 | 4.28954 | 9.1 181388
7.63 (58.3169 | 444.196 | 3.76335 | 8.78499 | 1.96868 | 4.24139 | 9.18750 | |131063
7.04 | 583096 | 445994 | 3.76405 | 5.74071 | 1.96854 | 4.24334 | 914170 | .130800
7.65 | 885335 | 447.007 | 2.76508 | 8.1 1.97040 | 424500 | 914577 | 190119
7.06 | 58.6756 | 449.455 | 3.76767 | 8.76314 | 1.97136 | 4.2469¢ | 9.14076 | 130848
7.67 | 58.8389 | 461418 | 2.70848 | 8.75785 | 1.97311 | 4.24879 | 916874 | 190878
7.68 | 58.934 | 452965 | 3.77138 | 5.76356 | 1.97297 | 4.25088 | 915771 | 130208
.09 | 501361 | 454.767 | 2.77308 | 8.76936 | 1.97868 | 4.26348 | 916160 | 130089
7.70 | 59.2900 | 456.538 | 2.77480 | 8.77406 | 1.97488 16568 | 139670
.71 | 59.4441 | 458.514 | 277060 | 8.78088 | 1.97654 | 4.35616 | 0.10063 | .129703
72 | 595084 | 460.100 | 2.77849 | 8.78635 | 1.97639 | 4.35600 | 917350 | 179634
18 | 50.7629 | 461.890 | 2.78029 | 8:79204 | 1:97724 | 4.25084 | 9.17754 | -1398¢6
2.74 | 50:0076 | 463.685 | 3:78200 | 379778 | 1.97800 | 4.36168 | 9.18150 | :129189
175 | 00,0835 | 485.484 | 275388 | 8.90841 | 1.97896 | 420851 | 9.18545 | 130083
.76 | 00.3176 | 467.280 | 278568 1.97900 | 4.36634 | 9.18040 | .138008
77 | 03739 | 469.007 | 278747 | 8:81476 | 1.96085 | 4.26717 | 919835 | 128700
78 | 605384 | 470.911 | 378937 | 5:82048 | 1:96150 | 4.26900 | 919720 | 128588
79 | 606841 | 472720 | 2.79106 | 8.83610 | 1.9633¢ | 4.27083 | 920138 | 138870
80 474662 | 3.79285 | 863176 | 1.98819 930616 | 138306
751 | 009961 | 476.980 | 2.79484 | 5.63743 | 1.96404 | 4.37448 | 9.23010 | .138001
83 | 61.1534 | 478313 | 2:79643 | 8.84308 | 1.98480 | 4. 931808 | ‘127877
88 | 61.3080 | 480040 | 2.79621 | 584878 | 1.98573 | 437813 | 9.31605 | -13771¢
84 | 61:4856 | 481,800 | 2:80000 | 855438 | 196658 | 4. 922087 | 137651
.85 | 61.6335 | 483737 | 3.80179 196743 | 4.38177 | 932479 | 127360
86 | 617798 2.50857 | 8.08508 | 1 4.38850 | 9.338m1 | 127397
87. | 61.9060 | 467.448 | 380585 | 8.97180 | 190911 | 4.38540 | 923263 | 137085
88 | 630044 | 480304 | 2.80713 | 837004 | 198996 | 4.38722 | 0.20653 | 126804
89 | 61.3521 | 491160 | 280801 | 388357 | 1.90070 | 4.8008 | 934043 | 126768
90 | 62,4100 | 438.000 | 3.51000 | 8.88819 | 1190163 | 429084 | 0.24433 | 136883
7.91 | 63.5081 | 404.914 | 2.81247 | 500083 | 1.90347 | 4.29965 | v.34828 | 130423
792 | 6271384 | 496.796 | 3.51425 | 8.89944 | 1.99631 | 439448 | 9.33318 | 126363
198 | 6218849 | 498.677 | 331608 | 890505 | 1.90415 | 4.39627 | 9.25603 | 136108
794 | 63.0436 | 500566 | 381780 | 8.91067 | 1. 439007 | 9.25091 | 125045
795 | 63.3088 | 508.000 | 351967 | 5.91628 | 190683 | 4.29067 | 9.36380 | 135788
7.98 [ 63.96126 | 504.968 | 2.83135 | 5.93108 | 1.90006 | 4.00168 | 9.96768 | .125638
797 | 633500 293812 | 8:92740 | 190750 | 4.90848 | 9.97156 | 128411
998 | 63.0004 | 508.170 | 2.2490 | 398808 | 1.90838 | 4.30628 | 937544 | 126313
790 | 639401 | 510,083 | 3.89006 | 698508 | 1:90817 | 4.30707 | 9.37981 | 126186
8.00 | 64.0000 | 512.080 8:94437 | 2.00000 | 4.90887 | 9.98815 | 136000
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% POWERS, ROOTS, AND RECIPROCALS

al| w| w | & lvion| & |4o=|toos| L

X 58645

84.6400 | T 8.03315 | 9.50166 | 2.09638 | 4.51406 | 9.72580 | .100008
9.31 | 84.82¢1 | 781.230 | 3.03480 | 9.50687 | 2.00814 | 4.51500 | 9.72941 | .108578
9.23 | 85.0084 | 783.777 | 3.03645 | 9.60308 | 2.00800 | 4. 9.78298 | 108460
9.8 | 85.1929 38.03809 | 9.60739 | 2.09765 | 4.51926 | 9.79645 | .108343
9.34 | 85.8776 | 788.889 | 3.08974 | 9.61249 | 2.00841 | 4.52080 | 9.73906 | 108225
9.35 | 85.5625 | 791.453 | 8.04138 | 9.61760 | 2.00817 | 4.52208 | 9.74348
9.36 | 85.7476 | T94.028 | 3.04303 | 9.62260 | 2.00003 | 4.52415 | 9.74600 | 107991
9.37 | 85.9829 | 7 04467 2.10068 | 4.53578 | 9.75049 | .1
9.28 | 86.1184 | 799.179 | 3.04631 2.10144 | 4.52740 | 9.76400 | .107758
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9.34 | 87.2856 | 814.781 | 8.05614 | 9.66437 | 3.10596 | 4.58714 | 9.77407 | .107088
9.3 4335 3.08778 | 9.00054 | 2.10871 9.77848 | 100062
9.9 | 87.6096 | 820.036 | 3,06041 | 9.87471 | 2.10746 9.78106 | .100888
9.87 | 67.7969 | £22.657 | 3.06106 | 9.67988 { 2.10821 | 4.54199 | 9.78543 | .106724
9. 87.9844 ! 3.06268 | 9.63504 | 2.10006 | 4.54061 | 9.78801 | 108610
9.50 | 88.1731 | 837.986 | 8.08431 | 9.69020 | 3.10971 { 4.54523 | 9.79339 | .100408
.40 830.584 | 3.0659¢ | 9.69636 | 2.11045 | 4.54604 | 5.796088 | .
9.41 | 83.5481 | 833,338 | 8.06757 | 9.7006 | 2.11120 | 4.54845 | 9.70983 | .106370
9.43 | 88.7864 | 835.897 | 3.08010 | 9.70667 | 2.11195 | 4. 108167
243 8.07088 | 9.71063 | 2.11370 | 4.55167 | 9.80637 | .1
9. 80.1188 | 841,333 | 3.07246 | 9.71507 | 2.11344 | 4.55328 | 9.80074 | .105082
848, 8.07400 | 9.73111 | 2.11419 | 4.55488 | 9.813%0 | .
80,4016 | 546.501 | 8.07671 | 9.73635 | 3.11404 | 4.55640 | 9.81008 | .106708
9.47 | 89, 849,276 | 3.07784 | 9.78130 | 2.11668 | 4.55000 | 9.83012
89, 851.971 | 3.07806 | 9.78653 | 2.11643 | 4.85070 | 6.83857 | 106486
9.49 | 90.0801 8.08058 | 9.74166 | 2.11717 | 4.56180 | 9.83708 | 106974

854,670
950 | 90.2500 | 887.376 9.74879 | 2.11791 | 4.56390 | 9.55048 | 105268
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1
s | n A | {0 n | Y00 7
251 | 99.4401 2.11865 | 4.50450 | 983903 | 106169
052 211940 | 450610 | 9.83787 | (1
253 7 | 313014 | 456770 | 9.84081 | .1
954 | 910118 . 4.56930 | 9.84435 | .1
955 {91.306 71341 | 213162 | 457080 | 9.84760 | 106713
9.56 | 91.9008 2.12236 | 4.57249 | 9.86118 | 104608
9.67 | 918849 213310 | 4.67408 | 9. 104488
958 | 917784 213384 | 4.57568 | 985799 | 104384
.50 | 919681 2.13468 | 4.57727 | 9.86143 | 104375
9.00 | 921600 2.12583 | 457886 104167
0.61 | 923571 2,13005 | 4.68045 104068
9.63 | 925444 2.13679 | 4.58203 | 9.87169 | 108950
0.6 | 927360 3.12758 | 4.58361 | 9.87511 | 108843
984 (929208 112626 | 4.58631 | 9.87858 | 108734
9.05 | 981225 2112900 | 4.68679 | 9.88106
2.08 | 935168 2.12974 | 4.58838 | 0.8859 | .108520
2.67 | 98.5080 213047 | 4.58906 | 988877 | 108413
9.8 | 987020 213120 | 450164 | 930717 | 108308
9.0 | 93,8081 313194 | 450812 | 930658 | 108199
70 3.13267 | 450470 | 9.3908 | 108008
o.m |9e280 218340 [ 4 90288 | 102087
9.73 | 8184 313414 | 450786 | 9.90578 | 103881
9.78 | 94879 213487 [ 4 9.90918 | 103775
974 | 948616 3.13560 | 460101 | 991257 | ;102600
) 2119688 | 4 991506 | 103564
918 | 95257 2.18706 | 4.00416 | 9.91985 | 102450
077 | 96.4829 218719 | 4:60678 | 992374 | 102364
278 1118852 9.92612 | 102350
9.79 |95.8441 21305 | . 992060 | 103148
.80 |96.0400 319907 | 4.61044 | 998388 | 102041
o1 |se%61 2.14070 | 4.61200 | 9.98636 | 101087
9.8 [96.a23¢ 314148 | 4:61357 | 99894 | ;101888
2.8 2.14316 | 4.61513 | 994801 | 101729
9.84 114288 | 4.61670 | 9.94638 | 101636
2.5 | 970038 114361 | 4.61836 | 9.94975 | 101533
9.8 | 91.219% 314438 | 4.61963 | 0.95811 | 101420
2.01 | M09 214508 | 4.63139 | 9.96648 | 101317
988 | 916144 2.14578 | 4.63295 | 9.9694 | 101315
2.8 | 918131 214651 | 4.63461 | 996330 | 101112
290 214728 | 4.636007 | 9.96685 | 101010
. 2.14796 | 4.63763 | 9.96901 | 100008
2.93 | 984084 214867 | 4.63918 | 9.97826 | 100607
2.98 | 98.0040 3.14940 | 4.63078 | 9.97681 | :100706
9.9¢ | 98.5088 2.16012 | 4.63239 | 9.97996 | ;100604
996 | 90.0085 3.15084 | 468384 | 996381 | 100508
9.98 | 99.3016 | 908.048 | 3.15608 2.16156 | 4.63530 | 9.96685 | 100603
9.97 | 09.4000 2.15328 | 4.63604 | 9.96600 | 100801
9.98 | 9.0004 1 4.63840 | 909833 | ;100300
999 | 908001 2.16972 | 4.64004 | 9.90067 | :100100
2099 | 100900 215448 | 4.64160 | 10,0000 | 1
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Square Root.—ExaAMmpLE.— (a) V3.1416 =7 (b) V2342.9 =?

SoLuTioN.—(a) In this case, the decimal point need not
be moved. In the table under #? find 3.1329=1.772 and
3.1684=1.782, one of these numbers being a little less and
the other a little greater than the given number 3.1416. The
first three figures of the required root are 177. 31,684
—31,320 = 355 is the first difference; 31,416 (the number
itself) — 31,320 =87 is the second difference. 87 +355=.245,
or .25, which gives the fourth and fifth figures of the root.
Hence, V3.1416=1.7725.

(b) Pointing off and placing the decimal point betw
the first and second periods, the number appears 23.4290.
Under n? find 23.4256 = 4.84? and 23.5225=4.85%. The first
three figures of the root are 484. The first difference is
235,225 — 234,256 =960; the second difference is 234,290
—~234,256=34; 34 +969 = .035, or .04, which gives the fourth
and fifth figures of the root. Since the integral part of the

ber 2342.9 contains two periods, the integral part of
the root contains two figures, or V2342.0 =48.404.

Cube Root.—ExaupLr.—(a) V0000062417 = ?
) ¥50032676 = ?
SoLutioN.—(a) Pointed off, the number appears .000’-
006’241’700, and with the decimal point placed between
the first and second periods of the significant part, gives
6.2417. Under »3® find 6.22050=1.84% and 6.33163 =1.853.
The first three figures of the root are 1.84. The first differ-
ence is 10,213, and the second difference is 1,220; 1,220
+10,213=.119, or .12, which gives the fourth and fifth
figures. There is one cipher period after the decimal point
in the number; hence, ¥'0000062417 = .018412.

(b) Replace all after the sixth figure with ciphers, making
the sixth figure 1 greater when the seventh figure is 5 or
greater; that is, ¥50032700 and 450082676 will be the same.
Placing the decimal point between the first and second
periods gives 50.9327. Under #?® find 50.6530=3.70° and
51.0648=3.713. The first three figures of the root are 370.



USEFUL TABLES 49

The second difference 2,797 + the first difference, 4,118
=.679 or .68. Hence, 50932676 =2370.68.

Squares.—If the given number contains less than four sig-
nificant figures, the significant figures of the square or cube
can be found under #? or #® opposite the given number
under . The decimal point can be located by the fact that if
the column headed V10# is used, the square will contain twice
as many figures as the number to be squared, while if the
column headed Vi is used, the square will contain twice as
many figures as the number to be squared, less 1. If the
number contains an integral part, the pririciple is applied to
the integral part only; if the number is wholly decimal, the
square will have twice as many ciphers, or twice as many
plus 1, following the decimal point asin the number itself,
depending on whether V10 or Vi column is used.

To square a number containing more than three signifi-
cant figures, place the decimal point between the first and
second significant figures and find in the column headed Vm
or ViOn two consecutive numbers, one a little greater and
the other a little less than the given number. The remainder
of the work is exactly as described for extracting roots. The
square will contain twice as many figures as the number
itself, or twice as many less 1, according to whether the
column headed V10% or Vi is used. The number of ciphers
following the decimal point in the square of a number wholly
decimal is indicated in the same way.

ExamrLe 1.—(a) 273.422=? (b) .052436%=?

SoLuTioN.—(a) Placing the decimal point between the
first and second significant figures, the number is 2.7342,
which occurs between 2.73313= ¥7.47 and 2.73496 = V7.48,
found under ¥u. The first three figures of the square are
747. The second difference 107 + the first difference 183
= 584, or .58. Hence, 273.422=74,758.

(b) With the position of the decimal point changed, the
number is 5.2436, which is between 5.23450=V2.74 and
5.24404= V2.75, both under VIOs. The first three signifi-
cant figures of the root are 2.74 and the second difference
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910 + the first difference 954 =953, or .95, the next two
figures. The number has one cipher following the decimal
point, and the column headed V10# is used; hence, .0524362
=.0027495.

Cubeés.—To cube a number, proceed in the same way, but
use a column headed ¥, ¥10m, or ¥100%. If the number
contains an integral part, the number of figures in the integral
part of the cube will be three times as many as in the given
number if the column headed ¥100# is used; it will be three
times as many less 1 if the column headed ¥10# is used; and
it will be three times as many less 2 if the column headed
Q% is used. If the number is wholly decimal, the number of
ciphers following the decimal point in the cube will be three
times, three times plus 1, or three times plus 2, as many as
in the given number, depending on whether ¥100%, ¥10m,
or ¥ column is used.

ExAMPLE 2.—(a) 120.6843 = ? (b) 7.64423 = ? (¢) .0324253 = ?

SoLuTiON.—(a) With the position of the decimal point
changed, the number 1.20684 is between 1.29664= %218
and 1.29862 = ¥2.19, found under ¥. The second difference
20 + the first difference 198=.101+, or .10. Hence, the
first five significant figures are 21810; the number of figures
(n the integral part of the cube is 3X3—2=7; and 129.6843
= 2,181,000, correct to five significant figures.

(b) 7.64420 occurs between 7.64032= 446 and 7.64603
~ 447, The first difference is 571; the second difference is
388; and 388+571=.679+, or .68. Hence, the first five
significant figures are 44668; the number of ciphers following
the decimal point is 3X0=0; and 7.6442% = 446.68, correct to
five significant figures.

(c) 3.2425 falls between 3.24278 = 410X 341 and 3.23961
= ¥10X3.40. The first difference is 317; the second difference
is 289; 289+317 =911+, or .901. Hence, the first five signifi-
cant figures are 34091; the number of ciphers following the
decimal point is 3X1+1=4; and .032425%=_.000034091,
correct to five significant figures.
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Reciprocals.—The table gives the reciprocals of all num-
bers exp d by three significant fig correct to six sig-
nificant fi The ber of ciphers following the decimal
point in the reciprocal of a number is 1 less than the number
of figures in the integral parts of the number; and if the
number is ly decimal, the ber of figures in the
integral part of the reciprocal is 1 greater than the number
of ciphers following the decimal point in the number. For

example, the reciprocal of 3370=.000296736 and of .00348 "

= 287.358.
The following examples show the process when the number
contains more than three significant figures:

ExampLe. —The reciprocal (a) of 379.426 =? (b) of
.0004692 = ?

SoLUTION.—(a) .379426 falls between .378788-m and

330223-2—63 The first difference is 380,228 378,788

==1,440; the second difference is 380,228 — 379,426 =802;
802+1,440=_557, or .56. Hence, the first five significant
figures are 26356, and the reciprocal of 379.426 is .0026356,
to five significant figures.

(b) 469200 falls between 469484-m and .467290

- m The first difference is 2,194; the second difference is

284; 284+2,194= 120+, or .13. Hence, _Tm—“w?-z.lam.
correct to five significant figures.

- 'MENSURATION

In the following formulas, unless otherwise stated, the.

letters have the meanings here given:
A = area of a plane figure;
d = diameter;
r = radius;
p = perimeter, or ci
w = ratio of any ci f to its diamet:




82 MENSURATION

B/

Rectangle and Right-angled triangle Any triangle

parallelogram c2=g34- b3 A=3bh
A=abd A=} ab
I._._» --I CIRCLES
’ ‘The circle: p=wd=2xr
A-m-%
Thering:  A=J(D'~d?)
The sector: .
A=lr=oari= 008721
E=angle: /=length of arc
The segment:

E c
A-i[lv-c(r—-h)]-s-ﬁ"'—‘:’(r—h)
wrE
1—1—8-6- .01 IS7E
c=chord: :2' 2kr—h?
ELLIPSE

pmn DX (D
2 88

A=IDd
SOLIDS
The cylinder: Convex surface=wdk
N Both end surfaces= %

Volume =% &
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‘The sphere:
Surface =nd2=4=y2
1 4
Volume = amf - 5""
USEFUL NUMBERS
1. 3183 29,8696 L 013
- 1 -
- —= .5642
Vx=1.7725 v

MECHANICS

FALLING BODIES
Let g = 32.16=constant acceleration due to the attrac-
tion of the earth;
¢ = number of seconds that the body falls;
v = velocity in feet per second at the end of the

time ¢;
h = distance, in feet, that the body falls during the
time 2. 2
Then, v-gt—T-V2_gh-8.02\U_;:

vt g2 o2 N
h E-g-z—g—.015547v’.

v_2k \/ﬁ :
R Vo Vk.
ri £ — 24938 Vk

If k is in centimeters and v in centimeters per second. then
£=981 at Paris.

CENTRIFUGAL FORCE
F = centrifugal force, in pounds;
W = weight of revolving body, in pounds;

m = mass of body = %:

¢ = distance from axis of motion to center of gravity of
body, in feet;
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N = number of revolutions per minute;
v = velocity, in feet per second.
F= W”‘ Mo 0003w,

In calculating the centnfugal force of flywheels, it is cus-
tomary to neglect the arms and take r equal to the mean
radius of the rim; in such cases, W is taken as one-half the
weight of the rim. The result thus obtained, divided by «, is
approximately the force tending to burst the flywheel rim.

ExaMpLE.—What is the force tending to burst a flywheel
rim weighing 7 tons, making 150 rev. per min., and having

.a mean radius of 5 ft.?
SOLUTION.—
F_.00034X(§X7X2.000)5X 1508
3.1416

856,227 Ib.

PARALLELOGRAM OF FORCES
Let db and gb rep the m itudes and directions
of two forces that act to move the body b.
By completing the parallelogram, there will
be obtained a diagonal force fb, whose mag-
nitude and direction are equal to the effect
produced by db and gb. fb is called the
resultant of db and gb. If three or more
forces act in different directions to move a
s body b, find the resultant of any two of
them, and consider it as a single force.
Between this and the next force find a
second resultant. Thus, pb, ¢b, and b are
magnitudes and directions of the forces.
Pb+qb+rb=gb+rb=fb, which is the resultant in the mag-
nitude and direction of the three forces pb, gb, and rb.

WORK AND POWER
Work is the overcoming of resistance through a distance.
The unit of work is the foot-pound; that is, it equals 1 b,
raised vertically 1 ft. The amount of work done is equal to
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the resistance in pounds multiplied by the distance in feet
through which it is overcome. If a body is lifted, the resist-
ance is the weight or the overcoming of the attraction of
gravity, the work done being the weight in pounds multi-
plied by the height of the lift in feet. If a body moves in
a horizontal direction, the work done is the friction over-
come, or the force needed to move a resistant body or com-
bination of bodies, multiplied by the distance moved through.

Power is the rate of doing work, or the quantity of work
done in unit time. The ordinary unit of mechanical power
is the horsepower, which is equivalent to 33,000 ft.-lb. per
min., or 550 ft.-Ib. per sec.

The work necessary to be done in raising a body weighing
W 1b. through a height of k ft. equals W h ft.-lb. The total
work that any moving body is capable of doing in being

brought to rest equals its kinetic energy, or -W—z-:—,-i my32,

The kinetic energy of a 200,000-1b. train running at 40 mi.
per hr. (58.7 ft. per sec.) is 200,000X 58.72+(2X 32.16)
=10,714,220 ft.-1b.; the retarding force necessary to stop
the train within 2,000 ft. is 10,714,220+2,000=5357.1 1b.,
and the average power required to stop the train in 4 min.
is 10,714,220+ 4 = 21,428,440 ft.-lb. per min. or 21,428,440
+33,000~649.3 H. P.

BELTS, SHAFTING, ETC.

To find the angle of contact of a belt on each pulley:
Let D = diameter of the larger pulley, in inches;
d = diameter of the smaller pulley, in inches;
] = distance between the pulley centers, in inches;
a = § the arc of contact on the smaller pulley.
Then, Cosa= D—2l—d R
From a table of natural cosines the angle a can be found
and 2 a=the arc of contact on the smaller pulley; 360°—2a
= the arc of contact on the larger pulley. In calculating
belts, only the arc of contact on the smaller pulley need be
considered.
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To find the length L of a belt,
L-ll;—dxai+2l approximately.
o1s.—These formuhs apply only to ordinary open belts
md not to crossed be! i
- ExAMPLE.—A 12-in. pulley and a 60-in. pulley with cen-
ters 15 ft. apart are connected by an open belt. (a) Find
the arc of contact of the belt on each pulley (b) Pind the
length of the belt.
SoLutioN.—(a) 15 ft. = 180 in. (60 — 12) + (2 X 180)
= 1333 = cos 82° 20’.
Arc of contact on smaller pulley =2 X 82° 20’ = 164° 40".
Arc of contact on larger pulley =360 —164° 40’ =195° 20’,

® LF2x3142x180=477 in. =30 £t. 9 in.

The followxng formulas give conservative results:
Let C = allowable effective pull, in pounds per inch,
width of belt (see table);

H = horsepower to be transmitted;

W = width of belt, in inches;

V = belt speed, in feet per minute.

33,000H 494

‘Then, W= Ve H 33,000

ALLOWABLE BELT PULL

Arc Covered by Belt Allowable Pull per Inch
Degrees Ci]::::%?t‘oznr:onfce Single belt D°b:l‘:l°

. 23 32.9
1123 .312 27.4 39.2
120 .333 28.8 41.2
135 .875 31.3 4.7
150 417 33.8 48.3
187% 437 34.9 49.9
180 38.1 54.5
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Single belting is v in. thick; four-ply cotton belting is
generally considered equivalent to single belting. To install
one pulley directly over the other, so that the belt runs
vertical should be avoided if possible; it is better that the
angle between the belt and the floor does not exceed 45°,
and the bottom side of the belt should be the driving side,
The distance between pulley centers depends on the size of
the pulleys and of the belt; it should be great ugh so that
the belt will run with a slight sag and a gently undulating
motion, but not great enough to cause excessive sag and an
unsteady flapping motion of the belt. In general, the cen-
ters of small pulleys carrying light narrow belts should be
about 15 ft.apart and the belt sag 1% to 2 in.; for large pul-
leys and heavy belts the distance should be 20 to 30 ft. and
the sag 24 to 3 in.

Loose-running belts will last much longer than tight ones,
and will be less likely to cause heating and wear of pulley
bearings. High-speed belts are less likely to slip than low-
speed belts; hence. pulleys should be selected so as to make
the belt speeds high, provided they do not exceed 3.500 ft.
per min. for laced belts and 5,000 ft. per min. for endless
belts. Leather belts should be run with the grain, or hair,
side next to the pulley; they should be kept clean, dry, and
free from grease and lubricating oil. A dry, husky, leather
belt can be made soft and pliable by the application of a
coat of melted tallow and beeswax; this should be done only
when the belt becomes dry and hard.

SHAFTING
The diameter of a shaft may be found by the following
formulas. The first is used when great stiffness is required
and the shafts are very long; the second when strength only
is required to be idered; and the third for calculating
the diameters of steel shafts for dynamos.
d = diameter of shaft, in inches;
H = horsepower transmitted;
W = kilowatts output;
Ne= ber of revolutions per
¢ = constant in formula (1);
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¢’ = constant in formula (2);
k = constant in formula (3).

d-c\‘lg a) d-a\'[g @ d-kv:g 3)

¢ =5.26 for cast iron; 4.75 for wrought iron; 3.96 for steel:
=4,02 for cast iron; 3.63 for wrought iron; 3.03 for steel.
k=9 to 1 for 1- to 10-kilowatt dynamos;

k=1.1 to 1.4 for 50- to 500-kilowatt dynamos.

Note.—To extract the fourth root, extract the square

.yoot twice.
ROPES AND CHAINS
D = diameter of the rope in inches = diameter of irom
from which the link in chain is made;
W = safe load'in tons of 2,000 Ib.
For common hemp rope, W = § D3,
For iron-wire rope, W =§ D3,
For steel-wire rope, W = s D3,
For close-link wrought-iron chain, W = 6 D3,
For stud-link wrought-iron chain, W = 9 D3,
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ELECTRICITY AND MAGNETISM

ELECTRICAL UNITS, SYMBOLS, AND
QUANTITIES

The fundamental units, from which are derived the units
used in electricity and magnetism, are the centsmeter as the
unit of length, the gram as the unit of mass, and the second
as the unit of time. A system of units derived from these
fundamental units is called the centsmeter-gram-second,
orC.G. S., system. The C. G. S. unit of velocity, sometimes
called the kine is 1 centimeter per second; the C. G. S.
unit of force, called the dyne, is the force required to produce
an acceleration of 1 kine per second in a body having a
mass of 1 gram; the C. G. S. unit of work or energy, called
the erg, is the work done by a force of 1 dyne working
through a dist: of 1 i

Two systems of units are derived from the-fundamental
units: the electrostatic units, based on the force exerted
between two quantities of electricity; and the cbammncuc
unsts, based on the force exerted b two ma
poles or between a current and a magnetic pole. The ratio
of the electrostatic to the electromagnetic units is some
multiple or submultiple of the velocity v of light in air,
which is 3 X 1010 cm. per sec.

The electrostatic units are those of quantity, current,
electromotive force, resi pacity, and inductivity.
These units have not been named.

The electromagnetic units may be considered in two
classes, electric units and magnetic units. The C. G. S.
electromagnehc umts have not been named and as they

are incon itude for practical purposes, a
so-eulledpmctwal system of units has been adopted.
Practical tic units are equal to the C. G. S.

electromagnetic units multiplied or divided by some power
of 10. The practical units are used to express quantity of
electricity, strength of electric current, electromotive force,
resistance, work, power, mducunee.nd eupu:ty.
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The magnetic units that would correspond to the prac-
tical electric units are not used and have not been definitely
named on account of their inconvenient magnitudes. The
names of all the practical electr “c units, pt the
mbo, have been adopted by some international conventions
and their use legalized by most of the important nations,

Numerical Expression of Electrical Units.—The expressicn
of electrical units often requires large numbers, and it is
customary to use the multiple 10 with an index to indicate
the power to which it is raised. The sign of the index
indicates whether the designated power of 10 is to be used
as a muitiplier or as a‘divisor For example, 7 X 103=700,

but 7X10-2=07; vX 10-1=2: v2X10-9=

723
10,000

10°
=.0723; etc.

1,000,000,000°
723X 10-4=

LIST OF IMPORTANT SYMBOLS

In the two tables following, / represents a length or dis-
tance, F a force, v a velocity, T the number of turns in a
coil or circuit, ¢ time, W work, and A an area.

In this work, the following meanings will be undmttood
unless otherwise specified:

A =area in square centimeters;

A =area in square inches;

(B-magnctxc dennty per square centimeter:

B8 =mag Y per sq inch;

C=capacity in farads or farad '
D, d=diameters;
E, e=electromotive force, in volts;

F =force, usually in dynes;

= magnetomotive force;
G = conductance;
3C-mtennty of magnetic field per square certimeter,
y of tic field per inch,

H. P.—horsepower.
1 =current, in amperes;
J=intensity of magnetization;
J=work, in joules;
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K. W.=power, in kilowatts;
I=length, in centimeters;
1 =length, in inches;
L =inductance or coefficient of self-induction, in henrys:
I = magnetic moment;
M =mutual inductance;
m=strength of pole;
P =power, in watts;
Q= quantity of electricity, in coulombs;
@R =reluctance;
R =resistance, in ohms;
p = resistivity;
t=time, in seconds;
v=volume, in cubic centimeters, or velocity, in centi-
meters per second;
V= volume, in cubic inches;
W = work;
@ =total magnetic flux;
# = permeability.

PRACTICAL ELECTROMAGNETIC UNITS

Current (I).—The strength of current ] is the rate at which
electricity is flowing through a conductor, and is analogous to
the rate of flow of water through a pipe in gallons per second.

The unit strength of current, called the ampere, is repre-
sented sufficiently well for practical use by the unvarying
current that, when passed through a specified solution
of nitrate of silver in water, deposits silver at the rate of
.001118 gram per sec.

A milliampere is equal to -———— or .001 ampere.

1 000

Quantity of Electricity (Q).—The quantity of electricity
that passes through a circuit is comparable to the quantity
of water that flows through a pipe, and equals the product
of the rate of flow and the time; that is,

Q=1It

If I is 1 ampere and ¢ is 1 second, Q is 1 comlomb, which
is the practical unit quantity of electricity. If 5 amperesis
flowing through a wire, then, in 30 seconds, 5X30 =150
coulombs of electricity will pass. Onec coulomb will deposit
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001118 gram of silver out of a neutral solution of silver
nitrate consisting of 15 parts by weight of silver nitrate and
85 parts of water.

Electromotive Force (E. M. F., or E).—Electromotive
force, or electric pressure, is that which causes electricity
to flow in a closed circuit. The practical unit of E.M.F
is the volt, which is the E. M. F. that will cause a current
of 1 ampere to flow through a resistance of 1 ohm. The volt

is represented sufficiently well for practical use by % of the

E. M. F. between the electrodes of a Carhart-Clarke stand-
ard cell at a temperature of 15° C. A kslovolt=1,000 volts,
a millivolt = 001 volt, and a microvolt = 000001 volt.
Resistance (R.)—All sub ses offer istance to the
passage of electricity through them, the amount of the resist-
ance depending on the substance and on its shape; that
is, on the length and cross-section. The resi e of all
metals increases with an increase in the temperature; while
the resistance of carbon, insulating materials, and electrolytic
solutions decreases with an increase in their temperatures,
The practical undt of resistance is the ohm. A conductor
has a resistance of 1 ohm when the pressure required to
send 1 ampere through it is 1 volt. In other words,
the drop, or fall, in pressure through a resistance of 1 ohm,
when a current of 1 ampere is flowing, is 1 volt. The
microhm = .000001 ohm. The megohm = 1,000,000 ohms.
The ohm is one of the few electrical units for which a material
standard can be used. Different standards have been used,
all based on the resistance of a column of mercury at 0°C.,
having a cross-sectional area of 1 sq. mm, and a different
length for each standard, as follows:
1. The sinternational ohm, now universally recognized
as the standard, hasa column of mercury 106.3 cm. in length.
2. The legal ohm, in use previous to 1893, but now
superseded by the intcrnational ohm, has a column of
mercury 106 cm. in length.
3. The Briish Association unit (B. A. U.). which pre-
ceded the legal ohm but which is no longer in use, has a
- column of mercury 104.8 cm. in length.
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The relative values of these units, as accepted by United
States Bureau of Standards, are as follows:

1 international ohm = 1.01348 B. A. U.
1 international ohm = 1.00283 legal ohms
1 legal ohm = 997178 international ohm
1 legal ohm = 1.0106 B. A U.
1 B. A. U. = .986699 international ohm
1 B. A. U. = .98949 legal ohm

The legal ohm has been extensively used, and many
resistance coils still in use were calibrated in legal ohms;
but nearly all instruments containing resistance coils that
were made since about 1893 have been calibrated in inter-
national ohms.

The ressstwvsty, or specsfic resistance, of a substance is
usually defined as the resistance, at 32° F. or 0° C., of a piece
of the substance 1 cm. long and 1 sq. cm. in sectional area.
If I is the length and a is the sectional area of a piece of a
substance whose resistivity is P, at a given temperature.
then the resistance R of .the piece at the same temperature
may be determined by the formula

px!
R a

SPECIFIC RESISTANCE OF INSULATORS

Substance Specific I'Eesxstance
Mica.. 84 tregohms
Gutta percha J 449 tregohms
Hard rubber............... 28 quegohms
Paraffin (solid)............. 34 quegohms
Paraffinoil................. 8 tregohms
Porcelain. 540 quegohms
thtglass 16,700 quegohms
Olive ail.. 1 tregohm
Lard oil.. 350 begohms
Benzme .. 14 tregohms

......... .. 1,670 tregohms
Ozokenu (crude)........... 450 tregohms
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The resistivity per meter-gram means the resistance of a
piece of a substance 1 meter long (uniform in sectional area)
and havinga massof 1 gram; this is the resistivity expressed
in terms of the length and mass. If k represents the length-
mass resistivity, then, a conductor ! meters in length and
having a mass of m grams will have a resistance of

REXE
m

The msile-ohm is a circular wire 1 mi. long having a resist-
ance of 1 ohm. The weight per msle-ohm is a convenient
standard for expressing the conducting quality of wires;
the higher the conductivity of a metal, the less its weight
per mile-ohm. The mile-ohm = weight per mile X resistance
per mile. The expression that the weight per mile-ohm
of a certain grade of copper is 888 lb. at 60° F. means that
a wire 1 mi. long made of this copper and having a resistance
of 1 ohm at 60° F. weighs 888 Ib.

The weight per mile-ohm of pure copper is 859 1b. Calling
the conductivity of pure copper 100, the percentage con-
ductivity x of copper weighing 888 lb, per mile-ohm may
be determined as follows:

x :100=859 : 888
859

or x-@)( 100=96.73
in which ° x = percentage conductivity.

The following formulas are useful:
. . . Ho e weight per mile-ohm
Weight of a given wire per mile “resistance per mile
weight per mile-ohm
weight per mile

PHYSICAL AND ELECTRICAL PROPERTIES OF METALS
AND ALLOYS
(By H. F. Parshall, M. Inst. C. E., and H. M. Hobart, S. B.,
n “Engineering.’’)

The following table gives some physical and electrical
properties of various metals and alloys. In nearly every
case the name of the observer is stated. No attempt has
been made to reconcile divergent measurements. The merit

Resistance per mile =
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82 ELECTRICITY

of the table is that it p ts in pact form
information previously scattered through a large number
of publications and technical journals,

In the last table the first horizontal line gives the per
cent. by weight of the substance dissolved in water. The
specsfic resistance of each substance (opposite the word
“Ohms"”) is given in ohms at 18° C. between opposite par-
allel faces of a cube of the electrolyte 1 centimeter on a
side. Opposite temperature coefficient is given the per cent.
decrease of renmnceperohmfor each degree increase of

The also varies with the density

ofthe.olutwn The resistance of the best conducting

ic-acid solution is about 1,000,000 times that of
copper.

Conductance (G).—Conductance is that pioperty of a
substance in virtue of which it conducts an electric current.
The conductance of a piece of any material 1 cm. long and
1 sq. cm. in cross-section is called its specsfic conductance,
or conductsvity, and is represented by the Greek letter y
(gamma). The word mho, which is ohm spelled back-
wards has been proposed as the name of the unit of con-

and conductivity, but it has not been generally
accepted. Conductance is the reciprocal of resistance,
and conductivity is the reciprocal of resistivity. Thus, if
the resistance of 2 cm. of a piece of any material having a
uniform sectional area of 1 sq. cm. is 4 ohms, its resistivity
is 2 ohms, its conductance $ mho, and its conductivity $ mho.
Per d ivity of a subst: is the ratio of its
conducthty to that of the standard at the same temperature.
The conductivity of Matthiessen's pure copper at 0° C, is
usually taken as the standard, i. e., 100%.

RESISTANCE OF CIRCUITS

Resistances in Series.—When a number of resistances
are connected in series, the total resistance is equal to
their sum.

Resistances in Parallel.—The joint resistance R of any
number of resistances ry, 73, etc., in parallel, may be deter-
mined by the following formula, in the denominator of which
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there ghould be as many terms as there are resistances in
parallel:
1

R—-————
1,11
ntntnt ‘+ etc.
TEMPERATURE COEFFICIENT
The change in the i ce of a substahce per ohm

per degree change of temperature is known as the temperature
cosfficient. 1f R, is the resistance of a piece of wire at 0° C,
and a is the temperature coefficient of the substance, its
resistance R¢ at #° may be calculated by the formula
R¢=Ro (1+at)
If the resistance Ry is not known, but the resistance R,
ata tempentm t, is known, and it is desired to determine

the R;3 at a temp t2, the following formula
may be used:
R _Ri(1+at)
T O Fay).

The value of the temperature coefficient @ taken from
any table must be for Fahrenheit or centigrade scales,
according to which is used in expressing #; and #. The
American Institute of Electrical Engineers considers .0042
as the best value of @ for commercial copper; for ordinary
work it is quite customary to use the approximate value .004.

TEMPERATURE COEFFICIENTS FOR COPPER WIRE

The following table gives factors by which the known
resistance of good commercial copper at any temperature
from 31.5° F to 85° F., inclusive, may be multiplied to give
its resistance at 75° F.; or, if the resistance at 75° F. is
known, the resistance at any other temperature can be
found by dividing the resistance at 75° by the factor corre-
sponding to the other temperature. Also, if the resistance
at any temperature is known, the resistance at any other
temperature can be found by means of the factors; for
example, multiplying a known resistance at 32° F. by the
corresponding factor 1.1026 and dividing the product by
the factor for 55° F. 1.0454, gives the resistance at 55° F.
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TEMPERATURE FACTORS FOR COPPER WIRE

g . e e e .

-3 -3 5 K =

P 9 D [ S e P o

a [} 3 E 0 . 3 e @0 g e L] ‘3
gE| S |gB| % |gk| & |zE| 3
ES| = [E&| = [E&| & |E&| ™
& = = 3]

85.0 9787 | 71.5 | 1.0077 | 58.0 | 1.0384 | 44.5 | 1.0708
84.5 97971 71.0 | 1.0088 | 57.5 | 1.0395 | 44.0 | 1.0720
84.0 98081 70.5 | 1.0099 | 57.0 | 1.0407 | 43.5 | 1.0733
83.5 98181 70.0 1 1.0110] 56.5 | 1.0419 | 43.0 | 1.07456
83.0 9820 | 69.5 | 1.0121 ] 56.0 | 1.0430| 42.5 | 1.0757
82.5 9839 69.0 | 1.0132| 55.5 | 1.0442] 42.0 | 1.0770
82.0 98501 68.5 | 1.0144| 55.0 [ 1.0454] 41.5 | 1.0783
81.5 9861 | 68.0 | 1.0155| 54.5 | 1.0466 | 41.0 | 1.0795
81.0 9871 | 67.5 1 1.0166 ) 54.0 | 1.0478 | 40.5 | 1.0808
80.5 98821 67.0 [ 1.0177] 53.5 | 1.0490 | 40.0 | 1.0821
80.0 98921 66.5 | 1.0188 ] 53.0 | 1.0501 | 39.5 | 1.0833
79.5 9903 | 66.0 | 1.0200 | 52.5 | 1.0513 | 39.0 | 1.0846
79.0 9914 | 65.5 | 1.0211 | 52.0 | 1.0525| 38.5 | 1.nexe
78.5 9924 | 65.0 | 1.0222| 51.5 | 1.0537 | 380 | 1.
78.0 9935] 64.6 |1.0233| 51.0 | 1.0549| 37.5 | 1.
7.6 9046 64.0 | 1.0245] 50.5 | 1.0561| 370 | 1.
77.0 .9950{ 63.5 | 1.0257 | 50.0 | 1.0573| 36.5 | 1.

76.5 .9967 | 63.0 | 1.0268 | 49.5 | 1.0585] 36.0 | 1.
76.0 9978 | 62.6 | 1.0279 ] 4970 [ 1.0598] 35.6 | 1.

76.5 99891 62.0 | 1.0291] 48.5 [ 1.0610} 350 | 1.
75.0 |1.0000| 61.5 | 1.0302] 48.0 |1.0622]| 345 | 1.
74.5 [1.0011]| 61.0 | 1.0314] 47.5 | 1.0634] 340 | 1.
740 [1.0022] 60.5 | 1.0325 | 47.0 | 1.0646] 33.5 | 1.
73.5 {1.0033| 60.0 | 1.0337| 46.5 | 1.0659]| 330 | 1.

73.0 | 1. 59.5 |1.0349| 46.0 | 1.0671] 325 | 1.
72.5 |1.0055| 59.0 | 1.0360] 45.5 | 1.0683 | 320 |1..._.
720 | 1. 58.5 | 1.0372] 45.0 | 1.0695] 31.5 | 1.1039

Note.—This table, which is given by Kempe in his ‘' Hand-
book of Electrical Testing,” is calculated from the exact
formula Re=Rse [14.0023708 (¢:—32°)+.00000034548 (¢
— 32°)2], for pure, or d commercial, copper, as determined
by Clark, Ford, and Taylor, in which ¢ is expressed in degrees
PFahrenheit.

Crocker’s Method.—Dr. F. B. Cmcker gives, for finding
resistance of copper at any temperature °* C the formula
Re¢= Ry(1 +.004¢+ .0000024%)
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This formula is easy to apply and gives very accurate
results up to 100° C., being only .1% above those given by
Matthiessen'’s formula for conductance G, which is as follows:

Ge=Go(1—.0038901¢ + .0000090092)

Kennelly’s Method.—In applying the formula for resist-
ance, it is usually necessary to work to or from Ry; to avoxd
this when changing from one tempera-
ture #° to another #° + u°, Kennelly's

method, which is as follows, maybe used: ©C" a
Re4u=R«(1+au)
R: is the resistance at #° C., and ais - g 0042
the temperature coefficient at #°; the tem- 12 .0040
perature coefficient varies with the initial 3(5) %gg

temperature #°, and is given in the ac-
companying table. For example, if the
resistance Ry, when ¢=25° C., is known, and the resistance at
30° is desired, then 4=5°C., and
Rao= Ry (14.0038X5)=1.019 Ry
In North America, the table and formulas given on
page 88 are considered the best.

SIZES AND RESISTANCES OF WIRES
In expressing diameters of wires, .001 in. is called 1 msl
and the square of the diameter of a wire in mils is called its
area in csrcular mils. A wire 1 ft. long and 1 mil in diameter
is 1 mil-foot. Resistance per mil-foot is a unit much used.
The resistance R of any conductor varies directly as the
length of the conductor, and inversely as the sectional area.
For a cylindrical wire

mXl
R="G"
in which m is the resistance per mil-foot, J is the length in
feet, and d is the diameter in mils, d? being the sectional
area in circular mils,
WIRE GAUGES

The Brown and Sharpe (B. & S.) gauge or American wire
gauge (A. W.G.), as it is sometimes called, is generally used
in the United States. Other gauges and their comparative
diameters are also given in the following table, dimensions of
wires being given in decimal parts of an inch.
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88 ELECTRICITY

TEMPERATURE COEFFICIENTS FOR COPPER
(s is the initial temperature in degrees C; a, the tempera-
ture coefficient n per cent. per ohm per degree.C.)

$ l a $ a $ a
|
0 ’ 4200 17 3920 34 3675
1 4182 18 3905 35 .3662
2 4165 19 .3890 36 .3648
3 4148 20 3875 37 .3635
4 4131 21 .3860 38 3622
5 4114 22 3845 39 .3609
6 23 R 40 .3596
7 24 3815 41 3583
8 4063 25 .380 42 3570
9 4047 26 3786 43 3657
10 .4031 27 3772 4 3545
11 .4015 28 3758 45 3532
12 .3999 29 3744 46 3520
13 .3983 30 3730 47 3508
14 .3967 31 3716 48 .3495
15 3951 32 3702 49 3483
16 .3936 33 .3689 50 3471

The American Institute of Electrical Engineers gives this
table and following formulas for calculating resistance of
copper wire at a temperature %° C. above an initial tempera-
ture ° C. and the rise in degrees C. above an initial tem-
perature ° C.:

R|+..-Ri(l+%:))
%=(238.1+4) (R‘+“_ 1)
Ri
in which a is the temperature coefficient given in the table
corresponding to the initial temperature +°C., and  is the
rise in temperature above the initial temperature ° C.

COPPER WIRE

The specific gravity of pure annealed copper at 60° F.
is 8.89 to 8.91. One cubic inch of it weighs .32 Ib., and its
melting point is about 2,100° F. By the process of hard
drawing, the tensile strength of copper is greatly increased
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a4 4

without greatly its cc ivity, Since the
conductivity vaziies, even with a variation of less than .02 of
1% of impurity, scarcely two samples can be obtained with
exactly the same conductivity. Authorities very seldom
agree on the specific resistance or temperature coefficient
of copper. M
Matthiessen’s Standards.—Copper-wire tables are usually
based on the grade of copper used by Matthiessen in deter-
mining the resistance of copper. The following are based on
his ts on with a specific gravity of 8.89.

Resistance at 0°

Dimensions C. International
Ohms

Mil-foot soft copper...... 9.590

eter-gram soft copper .141729
Meter-millimeter soft coppe .02030
Centimeter cube soft copper.. . .000001594
Meter-gram hard-drawn copper . .
Ratio - to soft-drawn copper......... 1.0226

COPPER-WIRE TABLES

In the copper-wire tables to follow, the values in the
columns marked t at the top are taken from the table
prepared by the American Institute of Electrical Engineers
and are correct to one part in two thousand. These values
were computed for Matthiessen's standard copper from the
data in the preceding table, and from temperature coefficients
of resistance for 20° C.=1.07968, for §0° C.=1.20625, and
for 80° C=1.33681; 1 ft. =.3048028 m.; 11b. = 453.59256 g.

Matthiessen's standard of resistivity may be permanently
recognized, but the temperature coefficient that he intro:
duced, and which is here used, may in future undergo
slight revision. The values in the columns marked with a *
were computed especially for this pocketbook from data
given in other parts of the table and the ratio of resistivity
of hard to soft copper.

The average of a number of the most reliable determi-
nations gives the resistance of a meter-gram of pure annealed
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104 ELECTRICITY

APPROXIMATE WEIGHTS OF WEATHER-PROOF WIRE
(Amerscan Electrical Works)

DoOUBLE-BRAIDED INSULATION

0000 1.40 711 3,754 312

000 1.75 570 3,010 262

00 2.29 436 2,300 220

0 2.81 355 1,875 185

1 3.56 281 1,482 156

2 4.49 223 1,175 131

3 5.45 184 969 110

4 6.82 147 774 92

5 9.10 110 580 77

6 10.35 97 510 65

8 15.52 64 340 46

10 22.00 45 237 32

12 40.00 25 132 23

14 56.00 18 95 16
16 76.00 13 69

18 100.00 10 53 5
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commercial copper as .1486 ohm at 60° F. In England,
Matthiessen’s values, .150822 ohm for a meter-gram of

led high-conductivity cc ial copper and .153858
ohm for a meter-gram of hard-drawn high-conductivity com-
mercial copper, both at 60° F. and having a temperature
coefficient of .00238 per degree F., are considered as standards.

STANDARD WEATHER-PROOF FEED-WIRE

(Roebling's)
5 .

g Weights ® B

g " Pounds Sa & 3'§

Ci r| 22 8% gﬁl 3

S 2 8 'é'u

Mils € £ & a

g %8 .g.go

2 |1000Pt| Mile | § ]

o & S

1,000.000 13 3550 | 18,744 800 | 1,000

900,000 | 13# | 3215 | 16975 800 920

800000 | 13 | 2880 | 15! 850 840
750,000 | 14 | 2713 | 143325 850

700000 | 1% | 2545 | 13, 900 760
650,000 | 13} 2378 | 12556 900

600000 | 1% | 2210 | 11668 | 1.000 680
550000 | 18 | 2043 | 10787 | 1200

500000 | 13 1875 | 9900 | 1320 590
450000 | 14 | 1703 | 8992 | 1400

400000 | 1¢s | 1530 | 8078 | 1450 500
350,000 | 1 1358 | 7170 | 1.500

300000 | + | 1185 | 6257 | 1.600 400
250000 | 3 | 1012 | 5343 | 1,800

Carl Herring advocates the following values: resistance
of 1 mil-foot at 15° C.,10.0275 international ohms, as given
by Prof. Lindeck for pure copper, and 10.1478 international
ohms for Matthiessen's standard copper; resistivity (per
centimeter cube) at 16° C., 1.667 microhms, as given by
Prof. Lindeck for pure copper, and 1.687 microhms for
Matthiessen’s standard copper.
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Joints in aluminum and hard-drawn copper telephone and
telegraph line wires should always be made with McIntire
or similar sleeves made of the same metal as the wire. When
making a McIntire sleeve joint, pass each end of the wire
through the sleeve until it extends } inch beyond the end of
the sleeve, then place a steel tie-wrench or connector on each
end of the sleeve, the outside of the tool to be } inch from

HARD-DRAWN COPPER WIRE

. ‘Weight per| Resistance per
Diameter Gauge and ﬁfk in Mile in Oh:
Jane ms
in Mils Number Pounds at 60° F.
165 8 B.W.G. 435 1.9742
162 6 B.&S.G. 419 2.0481
160 8 N.B.S.G. 409 2.0988
148 9 B.W.G. 350 2.4541
144.3 7B.&S.G. 331 2.5925
144 - 9 N.B.S.G. 331 2.5925
134 10 B.W.G. 287 2.9835
128.5 8 B.&S.G. 262 3.2810
128 10 N.B.S.G. 262 3.2810
120 11 B.W.G. 230 3.7330
116 11 N.B.S.G. 215 3.9948
114.4 9 B.&S.G. 208 4.1363
109 12 B.W.G. 190 4.5244
104 12 N.B.S.G. 173 4.9701
101.9 10 B. &S.G. 166 5.1685
95 13 B.W.G. 144 5.9558
92 13 N.B.S.G. 135 6.3518
90.74 11 B.&S.G. 132 6.4891
83 14 B.W.G. 110 7.8038
80.81 12 B. &S.G. 105 8.1946
80 14 N.B.S. G 102 8.4005

N. B. S. stands for the New British Standard wire gauge.

the end of the sleeve, after which 8 to 44 complete turns,
depending on the size of the wire, should be made, using
great care to keep the sleeve absolutely straight. For
No. 8 B. W. G. wire give 4§ turns, for sizes more extensively
used give 3 turns and use sleeves of proper sise to fit the wire.
Full-length and half-length sleeves are made, the former
for through line joints and the latter for branch joints.
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108 ELECTRICITY
TENSILE STRENGTH OF COPPER WIRE

Bmkmc Weight Breaking Weight
in Pounds in Pounds
Nos. Nos.
%‘& S. - B(‘;a& S.
uge uge
- | Hard- | Annealed Hard- | Annealed
0000 8,310 5,650 9 617 349
000 6,580 4,480 10 489 277
00 5,226 3,553 11 388 219
0 4,558 2818 12 307 174
1 3,748 2,234 13 244 138
2 3,127 1,772 14 193 109
3 2,480 1,405 15 153 87
4 1,967 1,114 16 133 (]
5 1,559 883 17 97 55
(] 1,237 © 700 18 7 43
7 980 555 19 61 34
] 778 440 20 48 27

DATA ON DOUBLE SILK-COVERED COPPER WIRE

B.&S. 0=0hms . Pounds
Gauge No. per Cubic Inch per Cubic Inch '
20 .76 .79 24
22 2.0 .69 .23
24 5.0 .62 .21
26 12.0 .85 .19
28 25.0 .49 17
30 54.0 .43 .14
32 105.0 .37 .12
34 195.0 .31 .08
36 355.0 .25 .075
38 630.0 .19 .08
40 1,050.0 .13 .05
NoTte.—u is the portion of the total vol d

by the copper alone, the difference 1—-u% bdng the portion
«occupied by the insuiation.
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IRON WIRE

There are three grades of iron wire; namely, Extra Best
Best (E. B. B.), which has the highest conductivity and is
the most uniform in quantity, being both tough and pliable;
Best Best (B. B.), which is less uniform and tough, lower
in conductivity, frequently sold as E. B. B.; and Best,
which is the poorest grade made. being still less uniform,
more brittle, and lowest in conductivity.

MECHANICAL AND ELECTRICAL TESTS OF IRON WIRE
OF AMERICAN MANUFACTURE

The column headed ‘“‘Percentage Conductivity' in the fol-
lowing table gives the percentages that the conductivities of
the various samples bear to the conductivity of pure copper.
“Percentage of Elongation' means the percentage of the
length the wire elongated before breaking. The column
headed ‘“Relative Breaking Stress' gives the number of feet
of its own length that each sample was able to sustain.

Specifications.—Iron wire for use on telegraph and tele-
phone lines should conform to the following specifications
of the Western Union Telegraph Company:

1. The wire must be soft and pliable, and be capable of
elongating 15%, without breaking, after being galvanized.

2. Great tensile strength is not required, but the wire
must not break under a less strain than 24 times its weight,
in pounds per mile.

3  Tests for ductility should be made as follows: The
piece of wire will be gripped by two vises, 6 in. apart, and
twisted; the full number of twists must be distinctly visible
on the 6-in. piece between the vises, and the number of
twists must not be less than 15,

4. The weight per mile for the different gauge wires
must be: for No. 4 B. W. G., 730 Ib.; No. 6, 540 lb.; No. 8,
380 1b.; No. 9, 320 1b.; No. 10, 250 1b.; or as near these figures
as practicable.

5. The electrical resistance of the wire, in ohms per mile,
at a temperature of 68° F., must not exceed the quotient
arising from dividing the constant number 4,800 by the
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IRON AND STEEL

WIRE

(Wesight per Mile-Ohm)

Weight per Mile-Ohm

Name of Wire
Roebling’s Washburn
Sons Co. & Moen
Extra Best Best.. 4,700 5,000
Best Best......... 5,500 6,200
Best.......ooviiiian.. 6,000
Steel. 6,500 6,500

COMPARISON OF PROPERTIES OF COPPER AND

ALUMINUM

Properties

Aluminum| Copper

Conductivity (for equal sizes)......
Weight (for equal sizes)...........
We:ght (for equal length and resist-

Pnce—a.lummum 29c.; oopper, “16c.; .
(bare line Wire).................
Price—(Equal resistance and length,
T bare line wu'e)ﬂi a .
emperature coe cwnt per egree
Resistance of mil- foot (20°C))......
Tpec:ﬁc gravity. .
nsile strength
square inch
Tensile strength (for equal welght
and resistance).................
Co!e'ﬁimt of expanmon per degree

d. 'drawn) per

.48 1
181 1
.

.868
002138 002156
18.73 10.5
2.5 t0 2.68 |8 89 10 8.93
58,000 60,000
.0000231 | .0000093
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COMPARATIVE DATA—ALUMINUM AND COPPER

Aluminum
Pure
Property Cop-

P | A0 | A5 | A2

Conductivity ............. 100 62 58 54
Comparative section of
equal conductivity. ... 100 | 156.4 | 167.0 | 180.0

Comparative weights of
same lengths of equal
conductivity.......... 100 47 50.2 54.0

weight of the wire, in pounds per mile. The coefficient .003
will be allowed for each degree F. in reducing to standard
temperature.

6. The wire must be well galvanized, and be capable of
withstanding the following tests: Several samples to be
selected at random and immersed in a saturated solution
of copper sulphate for 70 sec., then removed and wiped
dry and clean; this operation to be repeated three more
times and if, then, the wire remains black as after the first
immersion, there being no appearance of a copper deposit,
the samples are well galvanized. Any appearance of a
copper deposit shows that the film of zinc forming the
galvanizing covering was too thin and has been removed
by combining with the sulphuric acid of the solution and
forming zinc sulphate.

ALLOYED WIRE

Phono-electric wire is made by the Bridgeport Brass
Company of an alloy containing 98.55% copper, 1.4% tin,
and .5% silicon. In its manufacture, the silicon is nearly
all slagged off, only .05% remaining. It is claimed to have
a tensile strength from 40 to 459 greater than that of hard-
drawn copper. Its conductivity is only 40%, of pure copper.
It is exceedingly tough,as a 6-in. piece of No. 8 will stand
50 complete turns, instead of 30 for hard-drawn copper.
It is used for trolley wire and for long telephone-line spans.
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ELECTRICITY . 17

Silic and alums bronze wires have high tensile
strength and are free from corrosion, thus rendering them
especially suitable for guy wires; they resist corrosion
fully as well as hard-drawn copper. Some silicon-bronze
wires have a tensile strength of 80,000 1b. per sq. in. and are
capable of standing 80 twists in a length of 6 in. before break-
ing. An aluminum-bronze wire showed a strength of 110,000
Ib. per sq. in., but its ductility was less than that of the
silicon-bronze wire. The low conductivity of bronze wires
(not much over 35% that of pure copper, and much lower
for some of the alloys) excludes them from use for line wircs.

Bronze wires cost about six times as much as either
iron or steel. On account of their cost, they are used but
very little, if at all, in the United States; on some long
lines in Europe, it is quite customary to use bronze wires of
some kind. .

GERMAN-SILVER WIRE

German silver is an alloy consisting of 28% to 30% nickel
and the balance about 4 parts copper to 1 part zinc. Weight
of the alloy per cubic foot about 530 lb.; specific gravity,
8.5. Resistance of the 189, alloy at 25° C. 18 times that of
copper, and of the 30% alloy about 28 times that of copper.
Temperature coefficient from 0° to 100° C. .044% increase
of resistance for 1° C. increased temperature. The max-
imum safe carrying capacity of German-silver wire in spirals
in open air for continuous duty is such that the circular
mils per ampere varies from about 1,500 in No. 10 wire to
about 475 in No. 30. For intermittent duty, the capacity
is twice as great.

SIZES OF WIRE FOR TELEPHONE AND TELEGRAPH
LINES

Telephone Lines.—No definite rules can be given for
chonsing the proper wire to be used for overhead telephone
lines, but the following wires and sizes will ordinarily answer
for the purposes mentioned. For telephone lines in the
country and small towns for distances not exceeding 8 mi.,
No. 14 B. W. G., B. B. galvanized-iron wire may be used;
for distances not to exceed 25 mi., No. 12 B. W. G., B. B.



ELECTRICITY

118

8°28¢'6 81209 g 82282 89381 0z
9 T1v'L 9°%0LY e 20° 222 $6°CP1 61
3 9e8's z 1eL'e £e 18 €81 03811 8l
9°26¢'% 9°906'7 ¢ 63 S¥1 07°£6 L1
9°G12's 9°882'Z e g1 g1l 3L'2L o1
8'2¥6'2 8°168'T 0¢ 9608 1289 o1
3U'H0ET 33 18%'1 62 28'1L L1'9% ¥1
$0° €981 ¥2 161'T 8z gL 9¢ 8% 08 €1
80651 6° €6 )24 28 ¥ 18'87 21
89°€0T'[ 80" 8¥L 9z £6°gg $8°22 1
21816 28" 069 14 82°82 8181 01
82°82L, S1°89% 2 £9°22 95 1 6
96° G2 9z° 0L €2 96° L1 $° 11 8
8% 69% 8¢°862 % 811 216 )
38°20¢ 26°2€2 12 1211 03°L 9
M %08 anm %81 anm %0g | onM %81
N - - ‘o
SCE N EXE N

swyQ [euoreUIaUY
3994 (000'1 1ad 3duejsisay

sSwyQ [euorjeuIAu]
3994 000'[ 13d 2dueysisay

T JIATIS-NVIRETD 40 IONVISISTH



ELECTRICITY 119

galvanized-iron wire may be used; for distances from 25
to 100 mi., No. 10 B. W. G., B. B. galvanized-iron wire
may be used; for distances of 100 mi. and over, hard-drawn
copper wire should be used, not smaller than No. 10 B. & S.
for 150 mi. and over. The size most generally used on
farmers’ lines is No. 12 B. B. galvanized-iron wire, weighing
about 165 1b. per mi. although No 14 will answer up to
about 8 mi.

For small city or town lines, No. 14 B. W. G., B. B.
galvanized-iron wire is extensively used; although in towns
where cable forms part of the line, steel wite may be used.
For lines connected with large city exchanges, hard-drawn
copper wire (usually No. 12 B. & S.) is almost always used.

For toll lines not exceeding 75 mi., B. B. galvanized-
iron wire, generally No. 10 B. W.G. (but in a few cases No. 8
B. W. G.) is used; from 75 to 150 mi., the E. B. B. grade
or hard-drawn copper should be used. For good toll lines
of any length, the best practice calls for complete metallic
circuits of hard-drawn copper, No. 10 B. & S. up to about
500 mi., and No. 8 B. & S. up to’about 1,000 mi.

For interior wiring for telephones, No. 16 or No. 18
B. & S. copper wire should be used—in dry places weather-
proof office wire, and in damp places rubber-covered wire.

Telegraph Lines.—The following sizes are those in use for
telegraph lines:

No. 10 B. & S. hard-drawn copper and No. 4 B. W. G.
galvanized-iron wires are now used on important quadruplex
circuits. Formerly, No. 6 B. W. G. galvanized-iron wire
was used for this purpose.

No. 6 B. W. G. galvanized-iron wire is used for important
circuits between cities.

No. 8 B. W. G. galvanized-iron wire, or No. 12 B. & S.
hard-drawn copper wire, is much used for circuits of 400 mi.,
or less, in length. No. 9 B. W. G. galvanized-iron wire
was formerly used for this purpose.

No. 9 B. W. G. galvanized-iron wire was, until recently,
the size generally used in the United States. It is
now used on short circuits where No. 8 is not considered
necessary.
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Nos. 10 and 11 B. W. G. galvanized-iron wires are used
for still shorter circuits and for railway telegraph, police,
fire-alarm, and private lines. No. 12 B. W. G. galvanized-
iron wire is also used for these purposes.

Nos. 13 and 14 B. W. G. steel wires are used for short
private lines and where strength is especially necessary.

No. 8 B. & S. copper wire should be used for permanent
ground wires in terminal telegraph offices

OHM'S LAW

The law governing the flow of current in an electric
 circuit is known as Ohm’s law, and may be stated as follows:
The strength of the continmous current in any circust is directly
proportional to the electromotive force in the circust, amd
snversely proportional to the resistance of the circuss; that is,
1-£
in amperes, E=E. M. F. in volts, and R=resistance in
ohms. If there is in the circuit more than one source of
electromotive force, the value of the resultant electromotive
force must be used in these formulas. Furthermore, if
the circuit contains inductance or capacity, the formulas
are not applicable to variable- or alternating-currents.

- CAPACITY

Capacity (C) is comparable to the capacity of a bottle
containing air. The addition of a given amount of air will
raise the pressure more or less, and the amount of air required
to produce a certain pressure in the bottle may be taken
as the measure of the capacity of the bottle. This capacity
is analogous to the electrostatic capacity of a condenser,
which is measured by the quantity of electricity with which
it must be charged in order to raise its electrical potential
from gero to unity. The unit of capacity is the farad.
A condenser has a capacity of 1 farad when 1 coulomb is
tequired to raise its potential from zero to 1 volt. Since
the farad is very large, its millionth part, or the microfarad,
is generally used as the practical unit. The microfarad

- m, or 10~¢ farads. Condensers from yy to 6 micro

from which R-Y' and E=IR, where I=current
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farads capacity are the sizes most commonly used in the
United States.
CAPACITY OF CONDENSERS .
If a difference of potential of E volts exists across the
terminals of a cond of C farads capacity, then the charge
of Q coulombs in the condenser may be calcuhted from
the formula

Q=CE
from which C -%
and E-Z
The capacity of a condenser is given by the formula
€ (microfarads) = 35 K2,

in which K is the inductivity of the dielectric between
the tin-foil or metal plates; a is the area in square centi-
meters of all the dielectric sheets actually between and
separating the condenser plates; and d is the average thick-
ness in centimeters of the dielectric sheets. If there are
» insulating sheets, each of area s, then a=ns.

When a and d are given in square inches and inches,
respectively, the formula becomes
2,248 Ka

dx 1010 °

Condensers in Paralle,—When two or more condensers
are connected in parallel, the joint capacity C is equal to
the sum of their capacities, that is, C=C; 4+ C,+C,;+etc.

Condensers in Series.—When two or more condensers
C), C3, Cs, etc. are joined in series, their joint capacity C is
equal to the reciprocal of the sum of their reciprocals, that is.

Cw=
é + é + = o + etc.

There are as many terms in the denominator as there are
condensers connected in series. For example, the capacity
of four condensers of 2, 4, 5, and 8 microfarads capacity
connected in sens is calculated as follows: 4 + 3+ % + }

= 1.075, and 1 -67—5- .93 microfarad.

C (microfarads) =
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INDUCTIVITY
The tnductsvity, or specific snductsve capacity, of a substance
.is its dielectric power, or ability to convey the influence
of an electrified body. Calling the inductivity of dry air

at standard atmospheric p 1, the inductivity of any
other sub is d by the ratio of the capacity
DIBLECTRIC STRENGTH OF AIR
y A
/4, e
13 : Vil
- J
c
2
S X
&,

-
Q

X

o
Y
%

)
N

of Spark Cap in
N N

Y

S
P

4
N /
D4
e
4
/
X,
O 10 20 30 €0 50 60 70 80 90 100 110 /20 /30 /40 50
Wilovolts across Spark Gap
/ Kilovalt = 1000 Volts
of a cond when its pl. are d by that substance

to the capacity of the same condenser when its plates are
separated by the same thickness of dry air. Various
methods are used to determine the inductivities of substances
and the capacities of condensers, and these methods do
not all give the same results. Values obtained by the so-
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INDUCTIVITIES OF VARIOUS SUBSTANCES
Material Indu;(mvxty
Air vacuum at about .001 mm. pres-
9400
Axr vacuum “at abeut 5 mm. pres-
sure. 9990
Hydrogen at ordma.ry pressure .9997 to 1.00026
Air, at ordinary pressure, standard. . 1.0000
Carbon dioxide, at ordinary pressure.| 1.00036 to 1.00095
Oleﬁant gas at ordinary pressure. .. {.0007
Sulphur dxoxnde. at ordmary pres—
Cheeen 1.0037
Mamla paper 1.50
Carbon b:sulph!de 1.60 to 1.81
Paraf clear.. 1.68 to 2.32
Beeswax. . 1.86
Paraffin, sol:d 1.9936* to 2.32
Resin......covvviviinnneenennnn.. 1.77 to 2.55
Ozokerite . . 2.00
Petroleum 2.03 to 2.42
Ebonite. . 2.05* to 3.15
Turpentine ...................... 2.15 to 2.43
Xndmmbber pure 2.22 to 2.497
Sulphur. . e 2.24 to 3.84
Gutta percha 2.46* to 4.20
hellac. . 2.74* t0 3.60
Olive a.nd neat’ s-foot oils 3.00 to 3.16
Sperm oi 3.02 to 3.09
Glass.. 3.013* to 3.258*
Mica. 400to 8
Porcelais 438
luaftz]:‘.l;!;... . ixgh . ggg
int g| very L X
Flint glass, light. 6.85
Plint glass, very ‘dense .. PN 7.40
Flint glass, double extra dense...... 10.10

*Results obtained by instantaneous methods.
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called instantaneous methods are invariably lower than
values obtained by the slower charge and discharge methods.

DIELECTRIC STRENGTH

The dselectric strength of an insulating substance is the
maximum difference of potential that it will stand without
being punctured. It is determined by placing a thin layer
of the substance between two metal electrodes, and increas-
ing the difference of potential between the electrodes by
small steps until a spark passes through the dielectric;
the difference of potential in volts prcceding that which
punctures the insulation is the maximum strength of the
dielectric.

The curve on page 122 shows the dielectric strength of air,
as determined by C. P. Steinmetz, with a frequency of
125 cycles per sec., using needle points 2% in. long.

INDUCTANCE

Inductance, or the coefficient of self-induction L, is the
ratio between the total induction through a circuit to the
eurrent producing it. The unit of inductance is the henry.
An inductance of 1 henry exists in a circuit when a current
changing at a rate of 1 ampere per scc. induces an electro-
motive force of 1 volt in the circuit. As the henry is quite
large, the one-thousandth part of it, or the millihenry, is
frequently used. The millihenry = yghs or 10—henry.

WORK AND POWER

Work, or energy, is expended in a circuit or conductor
when a current of clectricity flows through it. The unit
of electrical work or energy is called the joule, after an
eminent English scicntist. If E is the electromotive force,
or difference of potential, in volts that causes Q coulombs
of electricity to flow through a circuit, the work expended
in joules is

J=EXQ

If an electromotive force, or difference of potential, of
E volts causes a current of I amperes to flow for ¢ seconds
through a resistance of R ohms, then
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-2
I=r
J=I2Rs

‘The joule may be defined as the work done when 1 ampere
flows for 1 second through a resistance of 1 ohm.

The energy used in forcing current through a ruutanco
is converted into heat as follows:

4.2 joules=1 small calorie
1 joule=_.24 small calorie

The watt-hour is an extensively used unit of work. Watt-
hours equal the product of the average number of watts
and the number of hours during which they are expended.
One kslowatt-hour=1,000 watt-hours, or the product of
the average number of kilowatts and the number of hours,
Although five figures are given in most of the values in the
accompanying table, it is rarely necessary to use more than
three figures, and in very many cases two figures are suf-
ficient. For instance, it is usually sufficient to use 1 calorie
(gram-degree-C.) =4.2 joules, or, to be a little more exact,
1 calorie=4.,19 joules. This table was calculated on the
basis of 1 B. T. U. being equal to 778 tt.-lb., and the accel-
eration of gravity g was taker as equal to 981 cm. per sec.
per sec.

Power (P), which is the rate at which work is done, is
equal to the work divided by the time, and may be cal-
culated by any one of the following formulas.

P=IE=-I’R-%—’-’7,

If I is in amperes, R in ohms, E in volts, J in joules, and
tin seconds, P is in watts.

The watt, or unit of electric power, is equal to 1 joule
per sec. It is the rate at which work is expended when
1 ampere flows through a resistance of 1 ohm. The watt
is too small a unit for convenient use in many cases, so that
the kilowatt (K. W.), or 1,000 watts, is frequet}tly used,
1 H. P. equals 746 watts; therefore, H. P, = —%‘g&t—“).
or H.P. = P (in I:ilowatts)

746



NUMBER OF VOLTS REQUIRED TO PRODUCE A SPARK
BETWEEN BALLS IN AIR

Length of Spark Gap in Diameter of the Balis
3087in.| =487 in. | =256
. = n.| = n. | = n,
Centi-
meters Inches
Volts Volts Volts
.02 .0079 1.560 1,530
.04 .0157 2,460 2,430
.06 .0236 3.300 3.240
.08 .0315 4,050 3,990
.10 .0394 4,800 4.800 4,500
.20 .0787 8,400 8,400 7.800
.30 .1181 11,400 11,400 10,800
.40 .1575 14, 1400 14,400 13,500
.50 .1969 17,100 17,100 16.500
.60 .2362 19,500 19,800 19,500
.70 .2756 21,600 22,500 22,500
.80 .3150 23.400 24,900 26,100
.90 .3543 24,600 27,300 000
1.00 .3937 25,500 29,100 32,700

DIELECTRIC STRENGTH OF VARIOUS SUBSTANCES
(Macfarlane and Pserce)

Strength in

Substance Volts per

timeter
Oil of turpentine 94,000
Paraffinoil........ ceersesiecaes 87,000
Olive oil. . e risieteraeaeaen 82,000
Paraffin (melted) .. e teitecaeianeeen 56.000
Kerosene ail. . eeetscesaresesacenans 50,000
Paraffin (SOlA) ... .. .vvsvevenennanennns 130.000
Beeswaxed paper....... e eiesesaeaas 540,000
Air (thickness 5 cm.) .. ..oiviiiiiieienans 23,800
CO# (thickness 5 cm.). heieereaees 22,700
Oxygen (thickness 5 cm. ) . 22,200
Hydrogen (thickness 5 cm. ) 15,100
Coal gas (thickness 5 cm.).. 22,300
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MAGNETISM

- MAGNETIC QUANTITIES

Strength of Pole (m).—A magnetic pole of unit strength
is one that repels with a force of 1 dyne another similar
and equal pole when placed 1 ecm. from it.

Magnetic Moment (J1).—The magnetic moment of a mag-
net is equal to the product of the strength m of one of its
poles and the distance ! between the poles. That is N
- X1 .

Intensity of Magnetization (J).—The intensity of magnet-
ization is equal to the strength m of a magnetic pole divided

by its area A; that is, 3-%.

The sutensity of magnetic field, field density, or magnetising
force JC at any point is measured by the force with which the
field acts on a unit pole placed at that point. A unit field,
called a gauss, acts with a force of 1 dyne on a unit pole,
and is represented by 1 line of force, or 1 maxwell, per sq.cm.
A field having an intensity of 5 lines of force per sq. cm.
may be called a field of 5 maxwells per sq. cm., or simply
a field of 5 gausses. The number of lines of force, or max-
wells per unit area of a magnetic substance is variously
called its magnetic snduction, flux density, magnetic density,
or simply etism, and is represented by 8 when the unit
area is 1 sq. cm. or by B when the unit area is 1 sq. in.

Magnetic flux, or total snduction, usually designated by
the Greek letter @ (pht), is the total number of lines of force
threading a magnetic circuit, and is equal to the product
of the magnetic density and t'l(mﬁ cross-sectional area; that is,

=4

If B is expressed in lines of force per square centimeter,
or gausses, then A must be in square centimeters; and if
8 is in lines of force per square inch, A must be in square
inches.

Magnetic Permeability (s).—Magnetic permeability is
the ratio between the flux density 8 and the field inten-
sity JC; that is, if the flux density through a solenoid is JC
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MAGNETIC QUALITIES OF WROUGHT-IRON FORGINGS

MAGNETISM
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when the core consists of air, and is ® when the core con-
sists of iron, the permeability of the iron is
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®-JC Curves

Magnetomotive force F (sometimes written M. M. F.),
for the unit of which the name Gslberz has been proposed,
1s the total magnetizing force produced by a coil of T turns
through which a current of I amperes is flowing. The
magnetomotive force :

4nIT

F - 1o~ =1.257 IT
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Reluctance R, for the unit of which the name oersted
has been proposed, is the magnetic resistance, or opposition,
offered by a substance to the passage of magnetic flux,
Unit magnetomotive force will produce unit flux through

/nch
NY® © N

)

Lines of Force per Square
[

Lines of force in Air per Sguare Inch
B-H Curves

unit reluctance. A cubic centimeter of a perfectly non-
magnetic substance, such as air, has unit reluctance.
HYSTERESIS

Hysteresis may be defined as the tendency of a magnetic
substance to persist in any magnetic state that it may have
acquired. When an alternating or variable current flows
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HYSTERESIS LOSS AT ONE CYCLE PER SECOND AT
VARIOUS FREQUENCIES

120000 v
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30000 A

80000

20000
/

40000 /
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005 00 0I5 020 B25 B30 035 040
Watts per cubic inch for ome cycle per Secomd

in a coil around iron, some work is expended due to the
hysteresis of the iron; this work appears as heas in the iron
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If a is the power in watts expended in 1 cu. in. of iron for
1 cycle per sec.; V. the volume of iron in cubic inches;
7, the number of cycles per second; and P, the total watts
expended in hysteresis; then,
P=aV¥n

Obtain the value of a from the curve given on page 136 for
any given density B.

The Steinmetz formula for the power in watts lost in
hysteresis is

V(@6

=T
where V is the volume in cubic centimeters and ® is the
induction per square centimeter.

The constant k& will vaiy a great deal, depending on the
quality of the iron. A fair value for & for annealed sheet
iron and steel, such as used in dynamo and motor armatures,
is .0035; for gray cast iron .013; and for cast steel, .003.

The total hysteresis loss in watts in iron, where the
dimensions are given in inches, is very nearly

P_.83kll SV
107

EDDY-CURRENT LOSS

(From Parshall and Hobart)
In sheet iron not over .025 in. thick, the eddy-current
loss should theoretically conform to the formula
W =1.5¢3n382 X 10710
where W =watts per pound of iron at 0° C.;
¢ =thickness of iron, in inches;
7 =number of cycles per second;
B =number of lines of force per square inch.

The loss decreases .5% per degree C. increase of temper-
ature. The formula holds for iron whose specific resistance
is 10 microhms per cm. cube at 0° C. and whose specific
weight is .282 Ib. per cu.in. For thicknesses greater than
.025 in., the results given by the above formula are greatly
modified. The curves in the accompanying figure show
eddy-current losses in various thicknesses of sheet iron,
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LAWS OF MAGNETIC CIRCUIT

The total magnetic flux in a circuit is directly propor-
tional to the magnetomotive force acting in the circuit
and inversely proportional to the reluctance of the circuit; or

TR
If & is the flux in maxwells, then & will be the magneto-

motive force in C. G. S. units, or gilberts, and R will be
the reluctance in C. G. S. units, or oersteds.

The reluctance of a magnetic circuit is directly proportional
to the length of the circuit, and inversely proportional to
the product of the area of the cross-section of the circuit
and the permeability, or .

Rz

If / and A are in centimeters and square centimeters,
respectively, R will be in C. G. S units; if in inches and
square inches, the reluctance will be in units to which no
name has been given. Since for air and all other non-

magnetic substances #=1, the reluctance (R-%. In a
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complex magnetic circuit, the total reluctance is equal to
the sum of the reluctances of all the parts.

The magnetomotive force due to an electromagnetic
solenoid is directly proportional to the current and to the
number of turns in the solenoid; that is,

F =3C1=1.257IT
H1=3.192IT
in which / must be expressed in centimetersand 1 in i
The field density (in air) produced inside a long solenoid,
and approximately inside any coil, whose length is large
compared with its diameter, can be determined by the
preceding formulas. From the same formulas can be
determined the ampere-turns IT required to produce a
given field density JC or H inside a coil whose length is
known. The field density multiplied by the average area
of the coil gives the total number of lines threading the coil
when it contains noiron. If iron is introduced, it is necessary
to multiply the field density by the permeability of the iron
for that particular field density, and then by the sectional area
of the iron, in order to get the total flux threading the iron.

Since JCl=1.257IT., IT =.796JCl, where I is in centi-
meters; and for a given magnetizing force in a complex
magnetic circuit, the number of ampere-turns is

IT = .7963C 1 +.7963C,l+ .7963Cols +etc.,
or, when the dimensions are in inches,
IT = _313H,1,+.313H21,+ .313H313+etc.

The following ampere-turn curves are plotted respect-
ively with B and B as ordinates and .796JC and .313H as
abscissas. For a given density, find from the curve the
corresponding abscissa which multiplied by the length will
give the ampere-turns required for that part of the ciicuit.
The sum of the ampere-turns for each part will give the total
number of ampere-turns required.

AMPERE-TURN CURVE—ENGLISH MEASURES
To reduce the length of the curve for sheet iron, the portion
a b for densities greater than 123,000 per sq. in. is plotted
backwards; for example, a density of 125,000 lines per sq. in.
requires 325 ampere-turns per in.

t
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Unes of Force per Squere Inch

| I |

dmpere-Turns ver Inch ‘M

INDUCTION
‘The electromotive force E in volts generated in a conductor
cutting ¢ lines of force in ¢ seconds may be computed by the

formula o
E-1m
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Self-Induction.—A coil has 1 C G. S. unit of inductance
when 1 C G. S. unit of current flowing through 1 turn pro-

AMPERE-TURN CURVE—METRIC MEASURES

d;pon'-hmn per Cenlimeler Lenglh

duces 1 line of force. If I is the current in amperes. T the .

number of turns in a coil, & the number of lines of force
due to the coil, then the inductance of the coil in henrys is
L=3T
1081
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The inductance in henrys of a coil containing no iron
may be computed by the formula
- 4nxT2A
L="1ou
in which T is the number of turns in the coil, 4 is its mean
area in square centimeters. and / is its length in centimeters.
For a cylindrical coil whose mean area is #72. the formula
reduces to

_3,948r3T2
101y
If the radius and the length of the coil are given in inches,
then the inductance in henrys is similar to r
L= 10,028r272
10117

These two formulas are strictly true only for a long coil
in which the length is twenty or more times the diameter,
and the depth of winding is small compared to the mean
radius. However, they may be used to determine approx-
imately the inductance of any ordinary solenoid containing
no magnetic material. A formula for the inductance in
C. G. S. units of coils having any number of layers and said
by L. Cohen to be exact to 4 of 1 per cent., even for short
solenoids whose length is twice the di and increasi
in accuracy as the ratio of length to diameter increases, is

as follows:
2a04 + ag?P

L= 4-%%{7} + s:znﬂ{[(m —Da?+(m —2

eiih Ja? +( Jag?
+ - - 1[Va? + B — a,] + dmim — 1ay3+(m — 1)(m —2)az?

+m—2)(m—3)ag+ ---] [—ﬁ"'—_-r }
Va|3+ﬂ

in which m is the number of layers; ag, the mean radius
of the solenoid; a, az, a3, etc., the mean radii of the various
layers: /, the length of solenoid; 7, the radial distance between
two consecutive layers; i, the number of turns per unit
length; all di jons are in centi s. For a solenoid
whose length is at least four times its diameter, the last
formula reduces to

L
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2a¢* +ao®B _ 8ac?
L = 4x3ndm3 +8x2{ [(m—1)a®
fag+R 3% {
+(m—2)ag2+ - - (Ve i +B~Fail}

For a single layer the first formula reduces to

2a*+a?P _8a?
L = 4252 =
i [\’4a’+l’ 3"]

If the solenoid contains magnetic material the inducte
ance given by these formulas must be multiplied by the
permeability » of the magnetic material at the density to
which the coil magnetizes the iron.

The mutual inductance between two coils in henrys is

®T
M=151

RULES FOR DIRECTION OF CURRENT AND MOTION
Rule.—If the current in a conductor ss flowing from south

to north, and a compass is placed under the conductor, the
north end of the needle will be

deflected to the west; §f the 31‘
tompass is placed over the °
conductor, the north end of the é

needle will be deflected to the b
east.

To determine the polarity
of an electromagnetic solenoid: w
flows in it clockwise, the end
next to the observer is a south
pole and the other end is a Pie. 1
north pole; if counter-clock- °
wise, the position of the poles is reversed.

To determine the direction of the lines of force set up
around a conductor: If the current in a conductor is flowing
away from the observer, then the direction of the lines of
force will be clockwise around the conductor.

In looking at the end of a
solenoid, if an electric cuirent

To determine the direction of motion of a conductor
carrying a current when placed in a magnetic field: Place

Directéon
—
of Current.

1
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thumb, forefinger, and middle finger of the left hand each
at right angles to the other two; if the forefinger shows the
direction of the lines of force and the
middle finger shows the direction of the

% s
Fic. 2 Fic. 3

current, then the thumb will show the direction of the
motion gwen to the conductor.

To determine the direction of an induced current in a
conductor that is moving in a magnetic ﬁeld Place thumb,
forefinger, and middle
finger of the right hand
each at right angles to
the other two; if the
forefinger shows the di- "’Olo.-
rection of the lines of of lm..
force and the thumb
shows the direction of
motion of the conduc-
tor, then the middle
finger will show the
direction of the induced
current. Fxo. 4

A rule that is sometimes useful is the following: If
the effect of the movement of a clused coil is to diminish the
number of lines of force that pass through it, the current
will flow in the conductor in a clockwise direction, when
viewed by a person looking along the magnetic field in the
direction of the lines of force; but if the effect is to increase
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COTTON-COVERED ANNEALED COPPER WIRE

§ Bare Single Cotton-Covered
S |- w
v Dia. Qver g“'ﬁ. per
&3 Mils Cir. Mils Ins. 1.000 Sq. In.
: d Mils > 1,000,2
m dx dx “de )
0000 | 460 212,000
000 | 410 168,000
00 | 365 133000
0 | 325 106,000
1 | 289 83,700
2 | 258 66,400
3 | 229 52,600
4 | 204 41700 | 211 473 223
5 | 182 33,100 1 520 [ 279
6 | 162 26,300 169 591 349
7 | 144 20,800 151 6.62 438
8 | 128 16,500 136 735 540
9 | 114 13,100 121 8.26 682
10 | 102 0,400 1 9.25 855
1 | 907 8.230 97 103 106
12 | 808 6,530 87 114 129
13 | 79 5,180 78 12.8 163
14 | 641 4110 70 142 201
15 | 571 3.260 63 158
186 | 508 2, 56 178 316
17 | 453 2.050 50 20.0 400
18 | 403 1,620 45 222 492
19 | 359 1:290 39 258 655
20 | 320 1,020 36 277 767
21 | 285 810 325 | 307 942
22 | 253 642 200 | 344 | 1180
23 | 228 510 266 | 375 | 1400
24 | 201 404 241 | 414 | 1710




MAGNETISM 147
TaBLE—(Continued)
o Bare Single Cotton-Covered
3
. . Wires

7] Dia. Area Over ;errle: X per
< Mils Cir. Mils Ins. 1000 | Sa.In.
o d & Mils | =0~ (1_.00_0 2

dx ol dx
25 17.9 320 219 45.6 2,070
26 15.9 54 19.9 50.2 2,520
27 14.2 202 18.2 54.9 3.010
28 12.6 160 16.6 60.2 3,620
29 11.3 127 153 65.3 4,260
30 10.0 101 14.0 71.4 5,090
31 8.93 79.7 129 77.5 6,000
32 7.95 63.2 11.9 84.0 7,050
33 7.08 50.1 11.1 90.0 8,100
34 6.31 39.8 10.3 97.0 9,400
35 5.62 31.5 9.6 104 10,800
36 5.00 25.0 85 | 117 13,600
37 445 19.8
38 3.97 15.7
39 3.53 125
40 3.15 9.89

the number of lines of force that pass through the coil, the
current will flow in the opposite direction.

MAGNET-WINDING CALCULATIONS

Suppose a winding space,
having the length s and the
depth h-"";‘". is to be filled
with wire wound in layers as
closely as possible. The diameter
of the bare wire is d, and over
the insulation dx. The space

will hold d—': turns per layer and
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COTTON-COVERED ANNEALED COPPER WIRE

Double Cotton-Covered Triple Cotton-Covered
© Wire Wire
2
3
& Dia. | Wires | Wires Dia. | Wires Wires
@ | Qver r | per Qver | per In per
- Ins. n. Sq. In. Ins. 1,000 Sq. In.
s | offs | 1000 | (1000} s | 172 | (1900
dx dx dx ol dx
0000 478 2.09 4.36
000 428 2.33 5.42
00 383 2.61 6.81
0 | 339 2.94 8.64 | 343 291 8.46
1| 303 3.30 10.8 | 307 3.25 10.5
2| 272 3.67 134 | 276 3.62 13.1
3| 242 4.13 170 | 247 4.04 16.3
4| 218 4.62 213 | 220 4.54 20.6
5| 194 5.15 26.5 | 198 5.05 25.5
6| 174 5.74 329 | 178 5.61 314
71158 6.41 410 | 160 6.25 39.0
8 | 141 7.09 50.2 | 145 6.89 474
9| 126 7.93 62.8 | 130 7.69 59.1
10 | 112 8.92 79.5 | 116 8.02 64.3
11 | 101 9.90 98.0 | 105 9.52 906
12| 91 109 118 95 10.5 110
13| 82 12.1 146 86 116 134
14 74 13.5 182 78 12.8 163
15| 67 149 222 71 140 196
16 | 59 16.9 285 63 158 249
17 ) &3 188 353 57 17.5 308
18 | 48 20.8 432 52 19.2 368
19 [ 43 23.2 538 47 21.2 449
20| 40 25.0 625 44 22.7 515
21| 365|273 745 405 | 246 605
22 | 33.0 | 303 918 37 27.0 729
23 | 30.6 | 326 |1,060 3468 | 289 835
24 28.1 ' 35.5 1.260 321 31.1 967
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TaBLE—(Continued)

Double Cotton-Covered Triple Cotton-Covered
§ Wire Wire
3
o Dia. | Wires | Wires | Dia. Wires Wires

Over T per Over per In per
% | Tns. n. | Sqa.In. | Tns. | W00 | Sa.In.
m | ME | 1000 (1000} as | 2R | (Loooye

ds d= ds dx
25 | 259 | 38.6 |1,480
26 23.9 | 418 (1,740
27 222 | 45.0 |2,020
28 | 206 | 485 |2
29| 193 | 51.8 |2,680 These small-size wires are
30 | 180 | 55.5 |3,080 seldom, if ever, covered
31 169 | 59.1 |3,490 with three layers of
32| 159 | 628 |3,940 cotton.
33 15.1 | 66.2 |4
34| 143 | 699 4:%33
35 13.6. | 73.5 |5400
36 120 | 833 |[6,930
£ layers, and the total turns
- Sh__s(do—dy)
TGy~ e ®

The mean diameter of all the turns is
do_h_do_&;ﬂ-i'%dl.
the length / of a mean turn is
w(do+d))
—5

and the total length of wire is
®T(do+d)) wsh(do+dy)
L-TRRR) L me e, @
The resistance is
RmTPsh(do+d)y) ®
2(dx)?
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where p is the resistance per unit length of wire. Since

'—%L")=V. the total volume of winding space, then’

In general, if m is the resistance per mil-foot, a the cir-
cular mils cross-section of the wire, / the mean length in inches
of one turn, and T the total number of turns, the resistance is

. miT
R-l—za‘ (8)
If the coil is to be used on a fixed voltage E, the current
I =——EE£ and the ampere-turns /T = 12Ea from which
R wmIT’ ml
the circular mils -
m
S~ToF 0)

For copper wire at 75° F. m=10.5 ohms, but if the wire
is heated until the resistance is increased about 149, the
constant becomes 12 ohms, a value frequently used. If
m=12, the formula becomes

T
a=F (¢)]
which gives the cross-section of wire needed for a given
number of ampere-turns when the temperature of the wire
is about 135° F.

By making no allowance for the thickness of insulation,
except that each wire occupies a space of dx3 square inches,
the diameter of a wire required to fill a winding space of
outside diameter dp, inside diameter d;, and length s all in
inches, and offer a given resistance of R ohms, is given
approximately by the formula
. s
d= 0288 \[*(% 297 ®
where d is the diameter of the bare wire in inches.

A more exact formula for determining the size of insulated
wire to fill a given space is

d= #{1 + V'Z§54"‘3;zdﬂ' —di?) _ : )

where 1 is the radial thickness of the insulation.
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The bare diameter d of a wire for a coil that will produce
IT ampere-turns with a given voltage E may be determined
from the formula

4= [ O00001374do + INIT ao

E

The length of insulated wire on a spool or bobbin is

given by the formula .
.7854s(dp?—d,3)
L=itap an

‘When the volume V of the winding space in cubic inches
and the ohms per cubic inch o of the sized wire used is known,
the resistance of a coil can be determined from the formuls

R=Vo=_7854s0(dy? — dy?) (13)

The heating effect of the energy lost in a magnet coil
.depends on the shape of the coil and on the conditions of
ventilation. If dp is the outside diameter of a coil and
s is its length, both in inches, and W is the total watts lost
in the coil, the watts per square vglch of cylindrical surface is

W rds

The safe value for w varies generally from .25 to 1.5, a
fair value, if the ventilating conditions are good, being
75 to 1 for coils at 75° F. above the temperature of the
surrounding air. Higher values of w can be used only for
exceptionally good ventilating conditions or for intermittent-
service conditions.

Since W—I’R=%’. Ra%-;dEo’_sw-' which gives the resist-
ance of a coil when dissipating w watts per square inch.

The following formula gives the diameter d of a wire that
will produce the greatest number of ampere-turns with a
rise in temperature of #° F.,.

=V V000002150 (1+.00223¢%) xdo 3 x (dgT— di%) W + A=
in which ¢ is the radial thickness of the insulation on the
wire, and Ws is the watts radiated per square inch of cylin-
drical surface of the coil.
The greatest number of ampere-turns IT that can be
obtained in a coil of given size for a given voltage E, a given
rise in temperature °F., and Ws watts radiated per square
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inch of cylindrical surface, can be calculated from the
formula

L]
[" 000002158 (1+. «mw)xdo)a'x(do' a?)x Ws a_;]

mmox(d.,#,)

DRY-CORE PAPER-INSULATED TELEPHONE CABLES

IT:

No.19B.&S. | No.20| NoszB.as.
Wire Wire Wire
< Splicing | 2 | & Splici
é 3 leeve 3 3 Sleeve.
s
s | B8 s s 8
=1 58 |8zles| § | 88 |¥slss
£- (88| Byl & £ 5|85
£ A58 ; FEIKE
A A |a |
15 2 |2 i
20| 1134 |2 |20 | 1082 | .860 18
25| 1160 | 2 |25 | 1100 | 928 20
1534 |2 |28 | 1427 | 1251 20
78| 1s2 | 23| 38 | 1048 | 140) 22
100 | 2063 | 2% | 28 | 1807 | 1632 24
125 | 2268 | 3 | 28 | 2102 | 1805 | 2f | 28
150 | 2467 | 3 |30 | 2260 | 1943 | 3 | 28
178 | 2630 | 3| %0 | 2428 | 2080 |3 | 38
200 | 2784 | 3} | 32 | 2678 | 2200 | 3 | 28
300 4 | 36 25630 | 33 | 28
400 . 4 |2 ¢ |28

Each conductor has a capacity of .08 microfarad per
mile. The 20-pair No. 20 B. & S. conductor cable and the
25-pair No. 22 B. & S. conductor cable have lead sheaths
& in. thick, the 20-pair No. 22 B. & S. conductor cable
has a lead sheath ¥ in. thick; all others have lead sheaths
# in. thick. For ¥ and loop splices, use a sleeve -one size
larger than given for straight splices in this table.
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Concrete.—For manholes and around conduits good con-
crete may be made of 1 part of Portland cement or 2 parts of
Rosendale or native cement, 3 parts of sand, and 5 or 6 parts
of broken stone, or good tinders or furnace slag, that will
pass through a ring 1% inches in diameter, but not through a
ring } inch in diameter. For good results, concrete should
be mixed as follows First, mix the sand and cement,
turning them together at least three times dry, then add the
stone, which should previously have been thoroughly
wetted, and turn the mixture at least once over, finally
add enough water to make the concrete tamp nicely, but not
so moist as to have water run from it, and turn over at least
three times. The water should not be supplied from a hose
giving a strong stream that will cause the finely divided
cement to be washed away; use buckets or a weak stream of
water.

Poles.—Telephone and telegraph poles 25-ft. long should
be set in 5-ft. holes; 30-ft. poles in §3-ft. holes; 35- and 40-ft.
poles in 6-ft. holes; 45-ft. poles in 63-ft. holes; 50-ft. poles
in 7-ft. holes; 55-ft. poles in 73-ft. holes; 60-ft. poles in 8-ft.
holes; 65-ft. poles in 83-ft. holes; 70-ft. poles in 9-ft. holes;
75-ft. poles in 93-ft. holes; 80-ft. poles in 10-ft. holes; 85-ft.
poles in 104-ft. holes, 90-ft. poles in 11-ft. holes. Poles on
corners should be set about } ft. deeper.

Cross-arms should be placed at such a height on poles that
the lowest wire will be, in hot weather, at least 27 ft.and
preferably 30 ft. above railroad rails over which the wire
crosses. Double cross-arms should be used on each side of
a railroad track. Poles along a railroad should be at least
7 feet from the nearest rail with lowest cross-arm at least
22 ft. above rail. Lowest wire crossing a public road
should be at least 19 ft. above crown of road. Standard
telephone and telegraph cross-arms are 3% in. X4} in., and
so-called telephone cross-arms are 23in. X 31 in.

For telephone drop lines, extending from line or cable to -
the house, many companies use a rubber-covered and braided
copper, and occasionally iron, wire of No.14 or 16 B. & S.
gauge. Usually this wire comes twisted in pairs, but occa-
sionally two single wires are used.
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PRIMARY BATTERIES

The primary, voltaic, or galvanic cell, as it is variously
called, is an apparatus for converting chemical energy
directly into electrical energy. A primary cell consists
of two conducting elements immersed in a solution that
acts chemically on one element only, or on one more
than on the other. One of the elements, usually zinc, is
called the anode and the other, for which various substances
may be used, is called the cathode. The chemical action
incident to the generation of the current consumes the zinc
and in the simplest cell liberates hydrogen at the cathode,
which tends to adhere to the surface and reduces the E. M. F.
of the cell. To overcome this effect of polarization, a depolar-
izer is often used, which will dispose of the hydrogen as
fast as it is formed. Depolarizers may be solid or liquid.
When solid, the material is usually placed around the
cathode, as in the case of the Leclanché cell. When the
depolarizer is liquid, it is sometimes prevented from mixing
with the electrolyte by a porous partition; or, if their specific
gravities differ sufficiently, they may be kept separate
by placing the lighter over the heavier one in the same jar.
A battery is generally considered to be a combination of
a number of separate voltaic cells properly joined together;
the two terms, battery and cell, are, however, used rather
indiscriminately. The table on page 160 gives the clements,
depolarizers, and the E. M. F. in volts for various cells.

Care of Leclanché Cells.—The amount of sal ammoniac
required to charge a Lcclanché cell will depend on the
amount of water required to fill the jar to the proper height;
usually from 4 to 6 oz. is sufficient. It is best never to put
in more than will dissolve; 3 oz. of sal ammoniac to a pint
of 'pure water is the best proportion. When the solution is
extra dense at the bottom, the top portion of the zinc is
eaten away more rapidly than the bottom. There should
never be crystals or undissolved salts of any kind in the
bottom or around the lower ends of either electrode; all .
the crystals should be removed by dissolving them in water
-or scraping them off. The jars usually have printed direc-
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tions (which should be followed) pasted upon them for
setting up the cells and marks upon the jar to show how
much water is required. Where porous cups are used, the
liquid should come to within about 1% in. of the top of the
porous cup. Cells with porous cups are not usually in
good condition for use until 10 or 12 hr. after setting up,
because time is required for the solution to soak through the
porous cup. Where there are one or more vent holes at
the top, the action may be hastened by pouring some of
the sal-ammoniac solution into the porous cup through
the vent holes; but the top of the cup should be thoroughly
wiped dry to prevent the corrosion and formation of salts
around the binding post. If the solution evaporates,
pure water should be added from time to time to keep the
level up to the proper height.

Directions for Setting up the Crowfoot Gravity Cell.
Proceed as follows: Unfold the copper strip so as to form
a star and place it in the bottom of the jar. The point
where the copper connecting wire is riveted to the copper
electrode should be near the bottom of the cell, and the insu-
lated covering on the wire should come close to the riveted
joint. Suspend the zinc about 4 in. above the copper by
hooking the lug on the side of the jar. The method. of
suspending other forms of zincs will be evident from their
construction, Pour sufficient clean water into the jar to
cover the zinc and drop about 3 1lb. of copper sulphate
in a cell to be used for heavy, continuous work—for instance,
for the local-circuit batteries that run telegraph sounders;
for the batteries in a main-line telegraph circuit, a smaller
charge will be sufficient, and, in quadruplex-telegraph cir-
cuits, the so-called “long’ end of the battery will need less
bluestone than the ‘‘short’ end, becausc the former is not
worked as continuously as the latter. The internal resist-
ance may be reduced and the battery made immediately
available by drawing about § pt. of solution of sulphate of
gzinc from a battery already in use, and pouring it gently
into the jar; or, when this cannot be done, by pouring care-
fully on top of the solution in the jar 4 or 5 oz. of pulverized
sulphate of zinc previously dissolved in a cup of water.
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If there is no hurry for the cells, do not put in the zincs until
the solutions have had time to settle to their normal condi-
tions, which will require at least 24 hr. This prevents or
reduces the formation of a black deposit on the zinc. When
there is much of this black deposit, remove the zinc and
brush or scrape it off. If no zinc sulphate is added in setting
up the cell, it will be necessary to short-circuit the cell
for some time (24 hr. will not be too long) before it will be
in good condition.

Open- and Closed-Circuit Cells.—For practical purposes,
primary cells may be roughly divided into two general
classes: First, those capable of furnishing, in a circuit of
moderate resistance, a reasonably uniform current for quite
a long time; and, second, those capable of supplying a cur-
rent only intermittently, and then ouly for a few seconds
each time, but able to stand for long intervals on open
circyit without consumption of materials due to local action.
The former are called closed-circuit cells, and the latter open-
ctrcust cells. Some closed-circuit cells may be used to
supply intermittent currents—that is, they may be used
on circuits that are open the greater part of the time—
but "open-circuit cells should never be used where a con-
tinuous current is required—that is, on circuits that are
closed the greater part of the time. Some closed-circuit cells
deteriorate if left on open circuit too much of the time, and
hence they are not suitable for intermittent work, where only
small currents are required and the inactive periods are
long. Leclanché and dry cells are the best examples of
open-circuit cells;. and Edison-Lalande, Gordon, gravity
Daniell, and bichromate cells are the most extensively used
closed-circuit cells. For intermittent work—for instance, for
electric bells, and some types of telephones that are not in
constant use, or else are not in use for long periods at any
one time—good open-circuit cells, such as the Leclanché and
dry cells, are the most satisfactory. They are not, however,
suitable where a continuous current is required, nor even for
intermittent work, unless the idle periods are sufficiently
long and frequent to allow the cells time to recuperate.
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INTERNAL RESISTANCE AND CURRENT
CALCULATIONS

If a number s of similar cells, each having an internal
resistance of b ohms, are connected in series, the total internal
resistance B of the battery thus formed is equal to sXb.
The total electromotive force of a number of cells connected
in series is equal to the sum of the electromotive forces of
all the cells. If a number p of similar cells, each having an
internal resistance of b ohms, are arranged in parallel, the
total internal resistance B of the battery thus formed is egal

to !’- If a number of similar cells are connected in parallel,

the electromotive force of the battery is equal to that of one
cell. If a number pXs of similar cells are arranged in p
vparallel rows, with s cells in series in each row, the total
internal resistance B of the battery thus formed is equal to
s—x—b. and the total electrumotive force is equal to sXe; b is
the internal resistance and e the electromotive force of one
cell. If p X s similar cellsare arranged in p parallel rows, with
s cells in each row, each cell having an electromotive force
of e volts and an internal resistance of & ohms, the current
C that the battery will produce through an external resist-
ance of R ohms is
~_SXe
sXb
? +R

Whenever the external resistance R is very small and
negligible compared with the internal resistance of the
battery, the number of cells in parallel must be increased
in order to increase the current. Whenever the external
~esistance is very large compared with the internal resistance
of the battery, the number of cells in series must be
increascd in order to increase the current.

The maximim current is obtained through a given
external resistance R from a given number of cells, when
the grouping of the cells is such that the internal resistance
of the battery can be made equal to the external rcsistance.
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That is, so choose s and p that R = _s_x_lg ‘The efficiency of
such an arrangement is only 50%, because half the energy
is expended in the internal and half in the external circuit.
To determine the least number of cells N that will give
a certain (maximum) current C through an external resist-
ance R, when each cell has an internal resistance of b ohms
and electromotive force of e volts, use the formula
4XC2XRXb
N=—%""

The number of parallel rows=p= \’N; b. and the num-

ber of cells in series in each row=s= N:R.

The most economical arrangement, so far as the con-
sumption of battery material is concerned, is that in which
the internal resistance of the battery is very small compared
with the external resistance This would generally require
such a laige number of cells that their cost and the space
occupied by them would be unnecessarily large.

In telegraph circuits, it has been quite customary to
consider the best arrangement as that in which the total
resistance of all relays never exceeded the total resistance
of the line and internal resistance of the battery. When
cells, each having an internal resistance of b ohms and an
electromotive force of e volts, are arranged in series, the
number of cells s required to produce a current C through
a given external resistance R is given by the formula

CXR

S=e=bxC

STORAGE BATTERIES

Storage batteries or accumulators are composed of specially
prepared lead pl , placed side by side, in glass or rubber
jars or wooden boxes lined with hard rubber or lead, alter-
nate plates being cc ted together, thus forming two
sets, which constitute the positive and negative elements.
The plates are entirely submerged (3 in. below the surface)
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in a solution of pure sulphuric acid made from sulphur or
brimstone and pure water, both free especially from such
impurities as iron, arsenic, nitric acid, or hydrochloric
acid. The proper proportion is 1 of acid to 5 of water
by volume, which should give at 60° F. a specific gravity
of 1.20 to 1.24, as indicated by an ordinary hydrometer
or 25° on a hydrometer having a Baumé scale, when
the cells are fully charged. Cells should never be allowed
to stand over 2 hr. after the electrolyte has been put in
before they are charged. The charging E. M. F. is about
2.5 volts per cell, and a cell should never be discharged
below 1.7 volts. To make up for the evaporation of water,
add pure water occasionally, and to make up for the acid
lost in the spray, acid may have to be added every 1 or 2 yr.

The proper rate of charging is usually the same as the
€ ar. rate of discharge specified by the manufacturers.
Be sure that the direction of current through the cell in
charging is from the positive, or brown, plate to the negative,
or gray, one. The charging should be continued wuntil
complete according to the signs to be given presently. While
it is uneconomical and detrimental to the life of the
plates to repeatedly overcharge the cells, nevertheless it is
advisable to overcharge the batteries slightly, about once
a week in order to thoroughly stir up the electrolyte and
also to correct any inequality in the voltage of the cells
that may have developed. At the end of the first charge,
it is advisable to discharge the battery about one-half,
and then immediately recharge it. Repeat this operation
two or three times to put the battery in condition for
regular use.

Indications of a Complete Charge.—A complete charge
should exceed the previous discharge, in ampere-hours,
from 12 to 15%. The principal indications of a complete
charge are: (1) The voltage and specific gravity reach a
maximum value that is not necessarily fixed; for example,
the voltage at the end of a charge may be from 2.4 to 2.7.
(2) The amount of gas given off at the plates also increases.
(3) The positive plates become a dark brown, and the negatives
a light gray. (4) With all the cells in normal condition,
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with pure electrolyte, and no material lodged between the
plates or sediment touching them at the bottom, the max-
imum voltage and specific gravity are reached when, with
the charging current constant at the normal rate, there is
no further increase in either during a period from $ to % hr.
The voltage at the end of a charge dépends on the age of
the plates and on the temperature of the electrolyte. As
the age increases, the full-charge voltage may drop from
2.5, when new, to 2.4 volts. With charging rates lower
than normal, the full-charge voltage will be approximately
.05 volt less for each 25% decrease in the rate. If the
temperature is increased above normal, the final charging
voltage is noticeably lowered, and vice versa, irrespective
of the age of the plates. The final voltage per cell when
charged at the maximum rate, which should be done only
in cases of emergency, will be about .05 volt higher than if
charged at normal rate. It is understood that all voltage
readings mentioned are taken with the current flowing;
-readings taken with the battery on open circuit are of
little value and are frequently misleading.

After the completion of a charge and when the current is
off, the voltage per cell will drop to about 2.15 volts and then
;0 2 volts or slightly less, when the discharge is started.
Repeated heavy overdischarges are almost sure to injure
the cells if maintained for a considerable time. Batteries
should be discharged at about the normal rate. A battery
should never be discharged below 1.7 volts per cell; and in
ordinary service it is advisable not to ever discharge below
1.75 volts per cell. The change in specific gravity, which is
even a more satisfactory guide, depends on the quantity of
solution compared with the bulk of the plates ina cell. If a
cell contains the full number of plates, the change in specific
gravity is about 35 points; with fewer plates in the same-sized
vessel, the range will be lessened. Also, at higher rate: of dis-
charge than normal, the drop in specific gravity will be less
bece 1se of the smaller number of ampere-hours discharged.
As the discharging progresses. the positive plates become
somewhat lighter and the negatives darker, so that the color
of the plates is a rough indication of the amount of dis-
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charge. A battery should never be allowed to stand dis-
charged for a long time.

Each cell should be examined regularly at least once
a month for voltage and, by looking between all the plates,
for material lodged there; and near the end of each charge
to see that all cells wre gassing equally. If any cell gives a
voltage reading lower than normal and does not gas freely
at the end of the charge, examine it for material lodged
between the plates or for an accumulation in the bottom
of mud that reaches the plates. Readings of voltage and
specific gravity should be noted for each cell at the end of a
prolonged charge, while the current is still flowing. Record-
ing voltmeters and wattmeters are very useful in a storage-
battery circuit, as they show just what the battery has been
doing. -

A cell that is lower than normal will require more than
the usual charge to restore it to a proper condition after
the cause of the trouble has been removed. Care must be
taken to remove sediment in cells before it reaches the
bottom of any plate. When a battery is used occasionally
only, it should be given a weekly freshening charge. If
the use of a battery is to be discontinued for a considerable
time, give it a complete charge, draw off the electrolyte,
refill immediately with water, discharge at normal rate
to 1 volt per cell, and draw off all the water. To use
again, put in the electrolyte, charge at normal rate, taking
care that the current flows through the battery in the proper
direction, as the polarity of the charging source may have
changed in the meantime, until completely charged, which
usually requires 25 to 30 hr. In case white, insoluble
sulphate appears on the plates, give the battery a long-
continued charge at a rate somewhat below the normal
8-hr. rate until the cells give all signs of a full charge and
the plates have resumed their normal color. In badly
sulphated cells, the color of the positive plates becomes
lighter than normal and the negatives considerably darker.
The most frequent causes of sulphating are overdischarging
(below 1.7 volts) frequently, too strong an electrolyte, and
allowing the battery to stand discharged for too long a time.
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Connections.—A storage battery may be charged
from a 110-volt, direct-current circuit as shown at (a) in

+ rroveits + Soowils

=

)
, Fic. 1
Fig. 1, in which d represents an ammeter, ¢ the storage

battery, and the circles 110-volt incandescent lamps. Use
as many 32-candlepower or twice as many 16-candlepower
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carbon-filament lamps as there are amperes in the normal
charging rate. Fig. 1 (b) shows a similar arrangement
for charging the same battery from a 500-volt circuit. There
are five 110-volt lamps in series in each row, there being
as many rows of 32-candlepower, or twice as many rows
of 16-candlepower, carbon-filament lamps as amperes are
required. Fig. 1 (¢) shows an arrangement for charging
where an adjustable rheostat r is used. The resistance

required in the rheostat is R-E——Iﬁ. in which E is the

line E. M. F., N is the number of cells in series, and I is the
charging current.
Fig. 2 shows about the simplest arrangement for charging
from a dynamo A, having a rheostat f in series with its
c shunt field. It is de-
+ M"'- sirable to have an
1| I l'l'l'l:l;lﬂ:i;l" I:-l:,n automatic underload-
| and overload-circuit
breaker at K, where
the battery is not
watched constantly.
Fig. 3 shows a simple
switchboard where
l the battery or char.
ging mains may be
used separately or in
parallel to supply
the current required.
The voltmeter V
may be connected by
switch p across either
the dynamo or bat-
tery b; r isthe handle
of the rheostat in
series with the shunt
’ field of the dynamo.
Fic. 2 When the battery is
being charged, the switch k is open and s closed. When
the battery alone is furnishing current to the lines, s is open

il o
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and k closed. If both dynamo and battery are to furnish
current to the lines at the same time, both switches are

closed. 'y
The intensity of the _(_"""' _____ """—"'“""j_'. M

hum sometimes pro- p
duced in telephones W
when the battery is
being charged while
supplying current to
the circuits in central-
energy telephone ex-
changes may be elim-
inated or at least re-
duced by connecting
choke coils R, R’ and a
condenser C, as shown
in Fig. 4. Each coil
may consist of 20 turns
of No. 4 B. & S. cop-
per wire wound on a
straight core of iron
wire 8 or 10 in. long.
It is most econom-
ical to have only one
storage battery in a Fic.3
telephone exchange and to charge it sufficiently during
the busiest part of the day to carry the night load alone.
It is advisable, especially in smaller exchanges, to install a

==
= Srorage
%50,,‘35 7o Swikhbeere
= —
Fic. 4

battery large enough to carry the load for 36 and even 48 hr.
If two batteries are used, each should be kept between
three-fourths and full charge for best efficiency. The
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average efficiency is between 75 and 809% in telephone
systems, . .

Ampere-Hour Capacity.—The number of cells required
in a battery is usually considered to be one-half the voltage
required; more accurately, the number required is the voltage
required divided by 1.75. The ampere-hour capacity may
be determined with the aid of the following data: The
current required for each subscriber’s’ transmitter is from
.05 to .1 ampere, the average length of conversation 3 min.,
and the average number of connections per subscriber per
day is from § to 15. The current required by each operator’s
transmitter is about .12 ampere throughout the day. Line
and supervisory lamps require about .06 ampere for 6 sec.
for each call. Cut-off relays require about .05 ampere for
3 min. for each call. Pilot lamps require about .06 ampere
for 7 hr. each day. The current required for each conversa-
tion varies from .08 to .04 ampere in the different systems.

GENERAL DATA ON STORAGE CELLS

In order to give an idea as to the size capacity, weight,
etc. of storage cells, the following three tables are given. In
each table, the first cell of a given type is the smallest size
made in that type, and the last given is the largest. The
number of plates per cell is always an odd number, because
there is always one less plate in the group of positives
than in the group of negatives. For example, a 13-plate
cell would be made up of 6 positives and 7 negatives. The -
capacities of cells with a number of plates different from
that shown in the tables can be easily calculated. For
example, in the first table, the 9-plate, type F, cell has an
8-hr. capacity of 40 amperes and a 15-plate cell of the same
type has a capacity of 70 amperes. The addition of 6 plates
or 3 pair of plates increases the capacity 80 amperes; hence,
the capacity per pair of plates is 10 amperes. A 27-plate
cell has 13 pair; hence, its capacity is 13X 10=130 amperes
for 8 hr. In making estimates of the room occupied by
a given battery, about 1§ in. clearance should be allowed
between glass jars, 2} in. between metal tanks, and 2 in,
‘between wooden tanks.
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ELECTRICAL MEASUREMENTS

MEASUREMENT OF RESISTANCE

WHEATSTONE BRIDGE

The Wheatstone bridge is used more than any other one
- method for the nt of resist , and is suitabl
for the of all resist: pt those very
large or very small. In Fig. 1 is shown the theoretical
diagram of the Wheatstone bridge. It can be shown that
if the resistance ac : resistance ad==the resistance cb : resist-
ance db, then there
is no difference of
potential between
the points ¢,d, and
consequently no
current will flow
through the gal-
vanometer G. By
arranging four re-
sistances in a circuit
of this kind, and
varying the resist-
: Fie. 1 -ance of the three
arms ac, ad, and db until the galvanometer gives no deflection,
the unknown resistance

B
= ijij—=

X

In Pig. 2 is shown a form of portable testing set, including
a Wheatstone bridge, four dry cells, a galvanometer G,
a battery key Ba, a galvanometer key Ga, and an arrange-
ment of brass block A, R, B, X for reversing the position of
the balance arms aA and aB, with ref to the rheostat

MXP
N

arm dskb and the resistance X that is to be measured.
Being connected together by a short, heavy wire f, the two
blocks a, a are really one and the same point., With one
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plug between A and X and another between R and B,
which is the arrangement for measuring a resistance X
not over 6,100 ohms, A : B=X : R, With one plug between
A and R and another between B and X, which is the arrange-
ment for measuring a resistance X not under 6,100 ohms,

Xartive

Fic. 2

A:B=R:X. A stands for the resistance in the arm a4,
B for the resistance in the arm aB, and R for the resistance
in the arm dskb.

In using a Wheatstone bridge, the battery circuit is
first closed by pressing the battery key Ba and then the
galvanometer key Ga, which, in this case, first opens a short
circuit around the galvanometer, and almost immediately
[ ts the galv ter from d to C. If the galvanometer
deflects, both keys are released, the known resistances are
readjusted, and the keys again closed in the same orderas
before. This operation is repeated until no deflection
can be detected; then the unknown resistance can be calcu-
lated from the known resistances in the three arms of the

bridge.
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The table on page 182 shows the values of A and B to
be chosen when measuring any resistance within the range
of the set, and is applicable to almost any Wheatstone
bridge having the same resistances in the rheostat and bal-
ance arms.

SLIDE-WIRE BRIDGE

Por ing low resist a modification of the
Wheatstone bridge, known as the slide-wsre bridge, is used;
a diagram of it is
shown in Fig. 3, ".IL
The pointer # is
moved along a
German-silver wire
ab of uniform resist- AN
ance until a point is
found where the gal- ' ’
vanometer gives no
deflection. The un- Fro. 3
known resigtance X can then be calculated from the formula

x = pdistance nb nb
distance an

The resistance of elsctrolytes may be measured with the
slide-wire bridge by using a telephone receiver in place
of the galvanometer G, and some source of alternating
or rapidly interrupted current in place of the battery B.

MEASUREMENT OF HIGH, OR INSULATION,
RESISTANCE

Wheatstone-Bridge Method.—A  high, or insulation,
resistance may be measured in the ordinary manner by the
‘Wheatstone bridge, if it does not exceed about 2,000,000
ohms. Another way is to measure a resistance, as high as
can be accurately determined with the bridge and call it
» ohms. Then, connect this resistance v in parallel with the
high, or insulation, resistance and measure the joint resist-
ance of the two in p.n.llel and call thu s ohms. Then, if
x is the unl high, or insulation

2.8 4
y—z
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Direct-Deflection Method.—Compl ti for
measuring insulation resistance by the direct-deflection
method are shown in Fig. 4. In this figure, G represents
a galvanometer sufficiently sensitive for the purpose: S,
an Ayrton, or universal, shunt; A and D, reversing switches;
and R, a known high resistance, at least ¢y megohm, but
sometimes as high as 1 megohm is required. Enough cells
must be used at B to give a deflection of the m.lvmomzter
when cc ted with the insulation resist tobe
The plug is first placed at %, so as to connect the battery
and galvanometer in series with the known resistance R,

o
o
M !
7" sy . v
o — D
——1—3—3

=

Fic. 4

—

the reversing switches A and D being closed and the shunt S
adjusted so that a readable deflection of the galvanometer
will probably be obtained. The key K is cautiously de-
pressed. If the galvanometer gives a readable deflection,
the deflection is noted; otherwise, the shunt is readjusted
and the observation repeated until a good deflection is
obtained. The plug is then removed from »# and placed
at m, and the deflection of the galvanometer obtained as
before. Where the insulation resistance of long cables
i8 measured in this , the deflection is likely to be
large at first and then decrease in value. As it is imprac-
ticable to wait in many cases until a steady deflection is
obtained, the usual custom is to observe the deflection
at exactly 1 minute after the circuit is closed. This is
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usually stated thus: insulation resi after 1 mi 's
electrification, 400 megohms.

The unknown resistance X, expressed in megohms, is
given with sufficient accuracy for most purposes by the
formula

Rmd
X == wa
in which R is the known resistance expressed in megohms;
m, the multiplying power of the shunt used when the deflec-
tion d is obtained; and, similarly, m’ the mult:plymg power
of the shunt when the deflection 4’ is obtai

The multiplying powers of a galvanometer shunt are
usually marked on the shunt box. In order to determine
the insulation resistance per mile of a cable or a line wire,
multiply the insulation resistance obtained by the measure-
ment by the length of the cable or the line expressed in miles
or a fraction thereof. Rmd is called the constant of the
testing set.

Leakage Method.— The direct-deflection method is not
suitable for measuring resistances over 1,000 megohms
with E. M. F. less than several hundred volts. There
are, however, the variously called Ioss-of-chargc. fall-of-
charge, or leak. ethods for

ing higher i “es.
These methods require some P
capacity as well as a very high
resistance in ‘the insulation
to be measured. At least as
accurate results can be ob- BT
tained by the following leak-
age method, and, moreover,
the calculations required are
less complicated than for other
leakage methods. .1

The method consists in
charging the cable as a con- Fre. 5
denser, then allowing it, while insulated, to leak for an observed
number of seconds, and, finally, again charging it to the
same potential as before through the galvanometer. The -
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ballistic galvanometer required may be calibrated by any
method, but the most convenient way is probably by means
of a condenser connected as shown in Fig. 5. All apparatus
and connections must be very highly insulated throughout
this test, and the condenser must be thoroughly discharged.
By pressing the key K the condenser is charged, producing
a throw of the galvanometer; on letting up the key so that
it touches b, the condenser discharges, producing another
deflection.

Let d’ be the mean of the two deflections, E; the E. M. F.
of the cell B, and C; the capacity of the condenser; then, the
quantity of electricity per unit deflection, that is, the con-
stant of the ballistic galvanometer, is

CE,
K= &

‘The cable to be tested is then connected as shown in Fig. 6.
If the cable is on a reel, it should be immersed in a tank
of water, and particular care should be taken to insulate
the ends of the cable so as to avoid surface leakage. With
the switch N and key K closed, charge the cable. For a

Rl
|||||||l:|||||||lllf

Fic. 6

preliminary test, a charge lasting 1 min. is sufficient, as
poor insulation may render a longer charge useless. Then,
open the circuit at K for a carefully observed number of
seconds, say 30, in the meantime opening the switch N and
noting the zero reading of the galvanometer. At the end
of the 30 sec., close the key K and note the throw d; of the
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galvanometer G. This throw, corrected for the zero reading,
indicates the quantity of electricity passing through the
galvanometer, and hence the quantity required to replace
that part of the charge lost by leakage or absorption during
the observed time that the cable was disconnected.

In order to obtain a series of values that will show the
condition of the insulation and the amount of absorption,
repeat the foregoing observation after equal periods of
charge of at least 1 min., and for equal periods of discharge,
say 30 sec. The insulation resistance may then be calcu-
lated by the formula

Ez dy t
R E dzx o
in which E, :s the E. M. F. of the battery, which may be
most con: 1y ed by the voltmeter V; ds, the

deflection observed with the connections used in Pig. 6;
and ¢, the number of seconds (in this case 30) during
which the cable is disconnected and the charge allowed to
escape.

If C, is expressed in farads, R will be in ohms, but it is
usually more convenient to express C; in microfarads,
in which case R will be in megohms. Constant results
may not be obtained unless the insulation is very high,
and not even then, unless the cable is charged until absorp-
tion ceases, requiring in many cases at least 3 hr. If the
deflections decrease as the time the cable is allowed to remain
on open circuit is lengthened, it indicates absorption; the
greater the decrease, the greater is the absorption. The
higher the insulation resistance, the easier is the application
of this method. In any one cable, the discharge intervals
or the E. M. F. or both should be regulated to give desirable
deflections.

PUNCTURE TEST

A puncture, or breakdown, test of insulating materials is
now cons:dered fully as 1mportant as an insulation test.
The connections for this test are shown in Pig. 7, in
which V represents the electrostatic voltmeter, and V’ an
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electrc ic voltmeter c« ted to the circuit through
its own transformer. One voltmeter is desirable, although
not really necessary; either one may be used. A is called a
spark-gap gauge, means being provided for accurately deter-
mining the distance across the air between the points of
the two steel needles. The transformer T is so constructed
that any ordinary alternating-current potential of about
125 volts acting on the primary winding » will produce
an E. M_ F. in the secondary winding s sufficiently high for
the test. The spark gap A and the insulator W, or other
insulating material to be tested, are cc ted in parallel

TTY

8 &

F16.7

The spark gap prevents the application of a greater poten
tial to the insulator than will produce a spark across its
points at the particular distance to which they may have
been separated. A spark will jump across the spark gap,
provided the insulators have not already given away, when
the voltage has been raised to the highest value at which it
is desired to test the insulators.

This distance A between the needle points for the maxi-
mum voltage desired may be determined by the curve given
in Fig. 8. The test is started with all the resistance in R;
then gradually reduce R, leaving it remain in each position
1 min,, thus slowly increasing the p ial between the
inside and outside of the insulator until the insulator either
punctures, or an arc is formed over its surface, or until the
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desired test potential is reached, thereby causing a spark
to pass across the air gap A. New needles should be used
at the gap after each discharge crosses it, otherwise the
potential necessary to produce a spark across the gap may
not follow the curve given. The difference of potential
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applied to the insulator may be determined either by the
distance between the points of the needles at 4, in connection
with the accompanying curve, or by the reading of the
voltmeter V or V’, whichever is used. To test insulators
under such conditions as prevail during a rainstorm, a
stream of water through a sprinkler under a pressure of
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at least 50 Ib. per sq. in. should be played on the insulator
at an angle of about 30° from the horizontal. The insulator
should not arc over from the wire to the pin at less than
the potential that will exist in service between any two
conductors.

ELECTROSTATIC CAPACITY

The electrostatic capacity of well-insulated condensers may
be measured by any one of a number of methods, but the
various methods fail to a greater or less extent with leaky
condensers, submarine and underground cables, and over-
head lines. The direct-deflection method is the simplest
and probably the most generally used, except perhaps
for submarine cables and for alternating-current apparatus; .
for the latter the alternating-current method -is usually
preferred. The results obtained by the direct-deflection
method are hardly correct, even under favorable conditions,
to within 1%,.

DIRECT-DEFLECTION METHOD FOR MEASURING
ELECTROSTATIC CAPACITY

In the direct-deflection method, the capacity is measured
by comparing the extreme swing of the galvanometer
produced by discharging the cable to be measured through
the galvanometer with that produced by the discharging
through the same galvanometer a condenser of known capacity
charged to the same potential. If no shunt is used with the
galvanometer, or if the same shunt is used in each case,
the two capacities will vary in proportion to the respective
swings of the galvanometer. Thus, calling d the deflection
obtained with the known condenser whose capacity is C,
and @’ the deflection produced by the cable whose capacity
is C’,

ca’
Bl

The capacity of the cable per mile is found by dividing
its total capacity by the length of the cable in miles. If
a shunt is used with the galvanometer, the deflections d

fod
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and @ must each be multiplied by the multiplying power
of the shunt used in each case. Saunts are liable to intro-
duce errors, hence their use should be avoided as much
as possible. Fig. 9 shows a diagram of connections for
determining the electrostatic capacity of a cable by the
direct-deflection method. A and D represent reversing
switches, C the condenser whose capacity is known, C’ the
cable whose capacity is to be measured, and K a charge-
and-discharge key. First, thoroughly discharge the cable C’
by connecting it to ground. With p upon a suitable point

o
F1c. 9

of the galvanometer shunt, a plug in hole m, the reversing
switches A,D closed, and the galvanometer perfectly at
rest—its position of rest being noted—depress the key K
and note the extreme first swing of the galvanometer.
Reverse the switch A so as to obtain the next deflection
on the same side of the scale, and when the galvanometer
comes to rest, let up the key K and observe the discharge
deflection. Thoroughly discharge the cable and repeat the
same observations with the plug in hole #. The average
of both charge and discharge deflections will give the best
results. For this test, a ballistic galvanometer is preferable,
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although a Thomson or D’Arsonval galvanometer may be
used, if the system is arranged to make one-half a com-
plete vibration in from 10 to 15 sec., that is, one swing in one
direction and back to zero. Thus, a charge of several sec-
onds’ duration may act on the moving system before it is
moved from its position of rest.

GOTT’S METHOD FOR MEASURING CAPACITY

Gott's method for measuring electrostatic capacity is
probably more accurate than the direct-deflection method,
and, moreover, any kind of a sufficiently sensitive galva-
nometer may be used. The connections for this test are
shown in Fig. 10, in which C is the known capacity of a
condenser, C’ the unknown capacity of a condenser or cable.

Fic. 10

and R, R’ two adjustable resistances. R and R’ may have
any suitable values, but R+ R’ should be as large as possible
or convenient. Close the switch S, and after § or 10 sec,
close the key K and note the deflection of the galvanome-
ter G. The battery circuit must remain closed until after
the galvanometer deflection is observed. Then, open S,
and thoroughly discharge toth C and C' by holding K
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closed at least several times as long as the battery circuit
previously remained closed. After readjusting R or R’,
always keeping R+ R’ large, the foregoing operation is
repeated until, on closing K with S resting on m, no deflec-
tion of the galvanometer is produced. The capacity of the
unknown condenser C’ can be computed from the formula
c=cR
RI

If the insulation of the cable is less than several megohms
to the microfarad, the capacity obtained by Gott’s method
will be appreciably greater than the actual capacity. Both
leskage and absorption tend to increase the apparent
capacity of the cable as obtained by this method. The best
conditions are to have the known and unknown capacities
about equal and the total resistance R+ R’ high; also, the
battery should supply as large a current as R+ R’ will
safely carry. In order to obtain uniform results in the
final adjustments, it is necessary to make the duration of
charge the same for each observation. With long sub-
marine cables, the duration of charge should be at least
15 sec. For electric-light, telephone, and telegraph cables,
which have much less absorption, about 5 sec. is sufficient.

MEASUREMENT OF CAPACITY WITH ALTERNATING
CURRENTS

Method No. 1.—Connect the condenser C, Pig. 11, in series
-with the alternating-current ammeter A and the generator

Q"

of alternating currents D; also, t the alt ting-
voltmeter V the terminals of the condenser.
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If the resist. and induct. of the whole circuit are

- 1 .
negligible compared to R rored then the capacity of the

condenser is given by the formula,

C-2wnE'
in which I is the current measured by A; E, the difference
of potential measured by V; and #, the frequenty or number
of cycles per second made by the alternating current.

If the generator D has p pairs of poles and makes s revo-
lutions per second, then n=ps. If I is expressed in amperes
and E in volts, C will be in farads.

If a non-inductive resistance R is included in series with
the condenser, and the voltmeter is connected so as to
measure the drop of potential through both R and C, then,
the inductance being negligible].

¢ 2wn VE2— 2R3

R should be measured by a Wheatstone bridge or with
direct current if a voltmeter and ammeter are used.

Method No. 2.—Connect a non-inductive resistance
(an incandescent lamp or graphite resistance) in series with
the condenser. Also, measure, as nearly simultaneous as
possible, the difference of potential E’ across the non-
inductive resistance and the difference of potential E across
the condenser terminal; then,

EI
C=ERsm
In this method a known resistance R is required, but no

ammeter.

MEASUREMENT OF INDUCTANCE

The self-inductance of a coil is a quantity that is strictly
constant only when no magnetic material, or mass of metal,
or closed coils are near it. Constant values t be
expected from measurements of the inductance of coils
tunless great care is taken to remove all iron, metal, or
closed coils from the neighborhood of the coil. Moreover, if
the inductance itself is variable, there is littie use in striving
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for great y in its t. If possible, the induct-
ance of a coil, especially when it contains iron, should be
determined with exactly the same current flowing through it
as when in use,

MAXWELL-REMINGTON METHOD

In Pig. 12 is shown a diagram of connections of the
Maxwell-Remington method. M, N, and P represent
three non-inductive resistances, while R is the coil whose
inductance L is to be determined. Some form of adjustable
resistance must be used for the arm ad, so that the position
of ¢ can be adjusted without in any way alternating the
total resistance N from a to d after the proper value for this
total resistance has
been once deter
mined. Pirst, bal-
ance the bridge in
the usual manner by
closing K, for1 or 2
sec., and then K, ad-
justing M, N, and P
until the galva-
nometer G gives no
deflection, From the
values of M,N, and
P 50 obtained, R can
be computed. If the
resistance of the arm
cb containing the coil
R is low, it is well
to add enough non- Fro. 12
inductive resistance, so that M may be made equal to N.
In any case, R in the formula to be given, will be the total
resistance of the arm ¢b. A point ¢ should be located along
ad where no kick of the galvanometer is produced by first
closing K and then K;. Let n be the resistance from d toe
after this balance is obtaired. The induct of the coil R
may then be calculated by tge 2flgmmh

”

L="2=2
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L will be in henrys if the capacity C is expressed in farads,
and the resistances #, R, and N in ohms. An ordinary
‘Thomson or D’Arsonval galvanometer may be used, provided
the rate of change of the current in the condenser C does
not vary so much from the rate of change of the current
in the coil R as to make G deflect in spite of C and L being
otherwise balanced. Otherwise, a ballistic galvanometer,
which, however, requires more time and is more troublesome,
should be used.

"ALTERNATING-CURRENT METHOD

To determine the self-inductance L, Pig. 13, of a coil whose
resistance is R with alternating current, connect the coil
in series with an alternating-current ammeter A and an
alternating-current
dynamo D, using, if
possible, an adjust-
able resistance S to
regulate the strength
of the current,
Across the terminals
of the coil connect
an alternating-cur-
rent voltmeter V,
preferably an elec-
trostatic voltmeter,
and read both instruments A and V as nearly simultaneously
as possible. Then, the inductance, in henrys, may be cal-
culated from the formula

NE2—-[R2
L= 2enl  *
in which E is the difference of potential from ¢ to d; I, the
current in the coil; R, the resistance of the coil; and ,
the frequency, or number of cycles per sec., made by the
alternating current. If E is expressed in volts, I in amperes,
and R in ohms, then L will be in henrys. R can be measured
by a Wheatstone bridge or with direct current and a volt-
meter and ammeter. There must be no appreciable electro-
static capacity between the points ¢, d.

Pic. 13
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POTENTIOMETER

‘The principles of a potentiometer, which is an instrument
suitable for measuring E. M. F,, current, very low resistances,
and for calibrating ammeters and voltmeters, can be explained
by the aid of Fig. 14, in which R is an adjustable resistance
whose value need not be known, and D a steady source of
E. M. F. for which a storage battery of one or two cells
answers admirably. The E. M. F. of D must be at least a
trifle greater than that of B. Like poles or terminals of D
and B must be joined together at the same end of a very
uniform wire ab stretched over a divided scale.

The distance ab is usually divided into 1,000 or 1,500
equal parts. At B is first placed a standard cell whose
E. M. F. is known,
and the slider d is
set at the division
of the scale corre-
sponding to this
known E. M. P,
Suppose that ab is
divided into 1,500
equal divisions and
that the E. M. F.
of the standard cell B is 1.431 volts; then, setdatapomt
1,431 divisions from a, and adjust R until the galvanometer
gives no deflection when both circuits are clozed, first at
T and then at K, in which case the E. M. F. of B 1aust just
balance the fall of potential from a to d, due to the current
supplied by D. The length ad then represents 1.431 volts,
and hence each division represents .001 volt. An E. M. F.
not exceeding 1.5 volts may now be measured by substituting
it for the cell B. Without disturbing any part of the circuit
containing D, and with T closed, adjust d along the slide
wire ab until no deflection of the galvanometer is produced
on closing K. Suppose that the scale reads 1,324 at the
point where the balance is obtained, then the E. M. F.
measured is 1.324 volts. Instead of having all the resiste
ance in one slide wire, it is now very customary to use

Fiu. 14
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a uumber of equal resistance coils for part or even for
all of ab.

Measurement of Current.—To measure a current or to
calibrate an ammeter, it is necessary to have a known low
resistance through which the current to be measured may
be allowed to flow. By then measuring the drop of potential
through this known resistance by the potentiometer, the
current in the circuit including the ammeter may be calcu-
lated by Ohm's law.

. Measurement of Low Resistance.—Two low resistances—

a standard whose value is known, and the one to be measured
—are connected in series, preferably, with an adjustable
resistance and a source of very constant current. The
resistance is adjusted, or the number of cells varied, until
the fall of potential across each one of the resistances will
fall within the range of.potential that can be measured
on the potentiometer. The current through the resistances
must remain steady long enough to determine the drop in
potential across each resistance. Then, the unknown
resistance is to the known resistance as the potentiometer
reading across the unknown resistance is to the potentio-
meter reading across the known resistance, from which
the unknown ist can be calculated

CALIBRATION OF VOLTMETERS

A voltmeter may be calibrated by connecting it in parallel
with a voltmeter of suitable range whose readings are known
to be correct, or by connecting it across a suitable known

ist that is c ted in series with a standard ammeter
and a battery or other suitable source of current, or the drop
across this known resistance may be determined with a
potentiometer.

Franklin’s Method.—To calibrate a voltmeter by Prof.
W. S. Pranklin’s method, connect as shown in Fig. 15, in
which R is an adjustable resistance; D, a steady source of

"E.M. P.; B, one or more standard cells connected in series:
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V, the voltmeter 'to be calibrated; H, a high resistance whose
value need not be known; and G, a sufficiently sensitive
galvanometer with a shunt. Adjust R until no deflection of
the galvanometer is observed when the key K is closed.
Then, the E. M. F.
of the standard
cells corrected for
temperature gives
the E. M. F. at the
terminals of the
galvanometer. By
varying the number
of standard cells at
B, as many points
as desirable may be
calibrated on the
voltmeter scale. The high resistance H may be short~
circuited, and the shunt resistance S cut out for the final
adjustment. The E. M. F, of D must exceed that of B.
Carhart’s method for calibrating a voltmeter is shown
in Fig. 16, in which D is a storage battery having a sufficient
number of cells to
e give the desired read-
D ing on the voltmeter
[N V,and R, R’ are ad-
SEY‘ justable resistances
v For a high-reading
n'l'A"' A'A'A'A'A'A' 4 A'A‘A'A'A'A'A'A'A'l' voltmeter, R’ should
= 4 be at least as high
#. as 100,000 ohms,
- while the range of R
will depend on the
number of standard
cells used at B and
the reading desired
Fc. 16 on the voltmeter
Adjust the resst-.
ances R, R’ until no deflection of the galvanometer G is
produced when the key K is closed, the high resistance H

X
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being short-circuited and S opened for the final balance.
Then, the reading of the voltmeter should be
Veng RER R+ R

in which E is the E. M. F. of one standard cell corrected
for its temperature during the test; # the number of standard
cells used; and R, R’, the resistances inserted at R, R’,
respectively.

For a voltmeter not reading over 3 or 4 volts, a slide wire
can be used instead of the resistance boxes R, R’, and the
point d moved along the slide wire until no deflection of the

. . . R+R’ . .
galvanometer is obtained. Since R s merely a ratio,

the distance along the slide wire from a to d can be used
in place of R, and the distance a to b in place of R+R’. .

CALIBRATION OF AMMETERS

An ammeter may be calibrated by connecting it in series
with an ammeter of similar range whose readings are known
to be correct. Another way is to connect the ammeter in
series with a copper or silver voltmeter, by which the current
may be determined for one reading of the ammeter. This
is one of the most accurate methods, but in most cases is
too slow. A third method, which is very satisfactory,
requires the use of a potentiometer and a low resistance
whose value is accurately known.

Calibration of Ammeter by Potenhometer.—Connect
the ammeter in series with a battery or direct-current
dynamo, the current from which may be regulated, and a
suitable known resistance, the fall of potential across which
may be determined with a potentiometer. Having measured
the fall of potential and knowing the resistance, the current
that flows through both the known resistance and the
ammeter may be calculated.

Calibration of Ammeter by Franklin’s Method.—Franklin’s
methiod for calibrating an ammeter is shown in Pig. 17,
in which D is a steady source of E. M. F., preferably a storage
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battery; A, the ammeter to be calibrated; and R a standard
known resistance. With a suitable number of standard
cells at B, adjust the resistance P until the galvanometer G
gives no deflection when K is closed; then, the E. M. F.
between the termjnals of the standard resistance R is equal
to the E. M. F, of the battery B. The E. M. F. of the

L a

w/ K I_wy,fl

Fic. 17

standard cells divided by R will give the current through
the ammeter A. The high resi e H, equivalent to about
10,000 ohms or more per cell at B, may be short-circuited
and the shunt S open-circuited when making the final adjust-
ment. By the use of a different number of standard cells,
various points on the ammeter scale may be calibrated.
The E. M. F. of D must always exceed that of B,

OHMMETERS

Ohmmeters are instruments from whose scale may be
directly read the value, in ohms, of a resistance that is being
measured. The principle of the slide-wire ohmmeter may
be explained by means of Fig. 18 (b). When the plug P
is inserted in a hole, say the brown hole, the corresponding
coil constitutes the known resistance arm CD, while the
two long wires CB and BA, joined by a bar B of negligible
resistance, constitute two adjustable arms of a Wheatstone
bridge. The manufacturers mark along the wire in colors
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Fic. 18
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scales that read directly in ohms; the color of the scale to
be used corresponds to the color of the hole in which the
plug P is inserted. The divisions per ohm are not equal in
length but gradually decrease in length as the resistance at
X increases. The red coil has exactly 10, the blue 100, and
the brown 1,000 times the resistance of the black coil.

Having once calibrated the bridge wire with known
resistances at X, any unknown resistance at X that would
bring the balance point S somewhere on the bridge wire may
be d and its resist read directly from the point
of balance found on the scale.

Using a Sege Ohmmeter.—To measure the unknown
resistance, usually designated as X, connect it between
posts A and D, as indicated in Fig. 18 (a). Put plug P
in the brown hole, place telephone T to the ear, being certain
to press circuit-closing key K, and tap the stylus S along
slide wire ABC until the click of the telephone ceases
or is a minimum. The brown number under the balance
point gives the value of X in ohms. If the approximate
value of X is very low, the balance point, using the brown
hole, will be so close to the A end of the slide wire that an
accurate reading cannot be made. In such a case, change
the plug successively to the blue, red, and black holes,
if necessary, remembering that the scale to be used, when
a balance is obtained, must be of the same color as that
marked on the hole in which the plug is placed.

When the telephone will emit no sound between certain
.limits on the slide wire, a more accurate result may be
obtained as follows: Suppose that the brown hole and
scale are in use and that on starting from A the telephone
becomes silent at the 695 mark and remains silent until
mark 705 is reached, when it begins to click again; by taking
the 700 mark, half way between the two, the result is more
nearly accurate than if either limit is taken. It is not
abeolutely accurate, because the intervening divisions are
not of the same length.

Two snductances may be compared, provided the resistance
of each coil is negligible compared with its reactance (2#nL),
by connecting the coils X, Y as shown in Fig. 19. [ represents
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an ordinary induction coil or other arrangement by which
alternating current may be obtained at the terminals AC.
Obtain a balance by first closing K and adjusting S until

A
J

x
I=- R
Caigd) sb

4

F16.19°

a point giving a minimum sound is found. If only a battery
can be obtained for use across AC, the balance point is that
which gives a minimum sound when the slide wire is tapped.
‘Then, the inductance of X is to the inductance of Y as the
length AS is to the length SC.

Two capacsiies may be compared in a similar manner.
but in this case the capacities are inversely proportional
to the resistances; that is, the capacity at X is to the capacity
at Y, as the length SC is to the length AS. In either case,

£\

Fi1c. 20

when one inductance or one capacity is known, the other
can be calculated.

A ground on one of a pair of line wires may be located by
using the ohmmeter as indicated in Fig. 20. In order to
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use this method, a good wire AF of the same material
and size as the line wire CF should be joined to the faulty
wire at some point F bpyond the fault E. Then, if S is

the point of balance,
length SC X distance AFC

distance CE length ASC
The resistance of alcdrolytc: may also be measured with
the oh ter by c« the el lytic resi in

the unknown arm of the bndge and using an alternating
current from ah ordinary induction coil or other source
in place of a battery.

MEASUREMENTS WITH COMMERCIAL
INSTRUMENTS

AMMETERS AND VOLTMETERS

An ammeter is an instrument for measuring the current
flowing in a circuit. The ammeter, or its shunt, is connected
directly in series with the circuit through which the current
is flowing.

A voltmeter is an instr t for ing the. diff
of potential between two points; this is done by connecting
the voltmeter across the two points.

‘The range of an eter may be i d by connecting
a shunt across its terminals. Let R be the resistance of
the ammeter and S the resistance of the shunt connected
around the ter terminals; I the highest reading, that
is, the present range of the ammeter; and I’ the range
desired. Then the resistance of the shunt required is

RI
I'—1I

When thus shunted, the indicated reading must be
multiplied by II to obtain the total current flowing in the

main circuit.
‘The range of a vol may be i d by i
a resistance in series with the voltmeter. l.etRbethe

-
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resistance of the voltmeter; R’ the resistance connected
in series with it; V, the highest reading of the voltmeter;
and V’ the highest reading desired. Then,

e=s(%)

When the resistance R is cc ted in series with the
"’
voltmeter, the scale readings must be multiplied by % to

give the difference of potential ac¢ross the circuit.

Double, or two-scale, voltmeters are usually connected
internally, as shown in Fig. 21. The resistance of the non-
inductive coil ab, to-
gether with that of
the movable coil, that
is, the resistance from
a to ¢/, may be
15,000 ohms for a
15-volt scale,and the

total resistance from

2 to 97 150,000 ohms

for a 150-volt scale.

When using a

double-scale volt-

oy meter, care must be

taken not to apply

Fic. 21 too high a voltage to

the terminals of the lower resistance coil that is associated
with the lower reading scale.

Measurement of Resistance by Voltmeter and Ammeter.
A resistance R may be d by c« ting an A
in series with the resistance R and a battery B or other
source of current, and connecting a voltmeter VM around
the resistance, as shown in Fig. 22. Then, by Ohm's law,

R=17':. It is quite customary and sometimes necessary to

connect the voltmeter across the terminals ¢, # of the resist-
ance to be measured, instead of including, as shown in
this figute, the ter 4 be the voltmeter terminals
Usually, either method of c ing the voltmeter will
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give sufficiently t. Its, but it lly introd

less of an error to connect the voltmeter as shown in this
figure. By using instruments of the proper range, resist-
ances from quite low to quite high values may be measured.

Fic. 22
Resistance Measurement With Voltmeter and Known
Resist: —A resi e may be d by connecting it

in series with a dynamo or battery B and with a known
resistance R’, as shown in Fig. 23. With the voltmeter

A
‘ 1
WW
B
Fic. 23
first connected across the ends of R’, let the reading be E’
volts; with the voltmeter c ted the ends of the

unknown resistance R, let the reading be E volts. If R’
is very different from R it is sometimes verv convenient
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to measure vne on the higher-reading scale and the other on
the lower-reading scale of a double-scale voltmeter.

High-Resistance lmurement With Voltmeter.—High-
resistance voltmeters
may be used to
measure very high
resistances, such as
insulation resist-
ances, by connecting
as shown in Fig. 24,
in which R is the
insulation or high re-
sistance to be meas-
ured; BC the bat-
tery or other source
of E. M. F,, which

Fic. 24 should be as high as
the range of the voltmeter VM will allow; and K a switch
for short-circuiting the resistance R. Then,

R-r(%—l)

in which d is the reading of the voltmeter with the key K
closed; d’ the reading of the voltmeter with the key K open;
and r the resistance of the voltmeter, which is usually
marked upon the instrument or the case.

Insulation Resistance With Voltmeter.—The method just
described may be used to measure the insulation resistance
of telephone, telegraph, and electric-light and power cir-
cuits, and also of dynamos and motors while the system is
in operation, no shutting down being necessary. In Fig. 25
is shown the connections for measuring the insulation resist-
ance of a line while the dynamo D is supplying current to
the lamps J. Let Ra represent the joint resistance of all
leakage paths between the main line AA and the ground,
and Rs the same between BB and the ground. First,
connect & suitable voltmeter Vm between the mains ef, and
let the reading be Vm volts. Then, connect the same volt-
meter between the ground G and the main AA by closing
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switch S on contact @, and let this reading be Va volts.
Pinally, c« t the voltmeter between the ground G and
the main BB by closing S on b and let the reading be Vb volts.
To obtain the last reading with most voltmeters, it will be
necessary to reverse the connections at the voltmeter in

ACRIMEARE,

1]

PFrc. 28
order to make the needle deflect in the right direction. Ifris
the resi of the voltmeter, and R the joint resistance

of all possible paths between both mains and the ground,
the insulation of the whole system will be
Vi
R=r(yie=1) @

If the insulation resistance of one side, for instance BB,
is extremely high, and the other side AA is poorly insulated
or partially grounded, the voltmet ding Va bet
the partially grounded side and the ground will be practically
zero, because there is no path for any current back to the
well-ingulated main. The formula for the insulation resist-
ance of the side AA then reduces to

R-r(V—"'— 1) @

H to m the i n resistance of one side of a
system only, take two mdingo—one between the two mains
and the other between the other or good side and the ground.
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If the ratio “’,—: in formula 2 is very much greater than 1,
the formula reduces to
R-'(“,,—':), 3)

This is an approximate formula that is often used for
ordinary measurements.

If the voltmeter has two scales and the reading Va or Vs is
less than the largest reading on the lower reading scale, a more
accurate result may be obtained by using the lower reading
scale for determining Va o1 V5. In the formula, ¢ will be
the resistance of the voltmeter coil used in obtaining the
reading Va or Vs; the resistance of the coil used in obtaining
the reading Vm will not enter into the result.

When this insulation-resistance test is to be made repeat-
edly, a convenient arr: t is shown in Pig. 25 (b), in
which the double-throw switch D is so connected as to make
the voltmeter deflect in the proper direction, whether con-
nected to a or to b. The switches and connections should
be very much better insulated than the system to be tested,
and the voltmeter readings should be taken as quickly as
possible, one after the other, as the formula assumes that
all readings are observed simultaneously. Slight variations
in the E. M. F. of the source of supply do not affect the
results very materially. The insulation resistance of a
dynamo may be measured in the same way as that of a line
circuit.

ELECTROMOTIVE FORCE AND INTERNAL RESISTANCE
OF BATTERIES

The snternal resistance of a battery or cell is a very variable
quantity; hence, it is somewhat difficult to measure, and
very exact results should not be expected. The voltmeter-
and-ammeter method is about the most satisfactory, as
it enables both the electromotive force and the internal
resistance of the battery to be measured under actual
working conditions.

Wheatstone’s Method.—Wheatstone's method for com-
paring the E. M. P. of voltaic cells by means of a volt-
meter is as follows: First, connect one of the cells s0 as
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to be in series with the voltmeter V and the resistance R,
as shown in Fig. 26, and note the reading d when the key K
is closed. Then, increase the external resistance by aopening
the key K with r; ohms and note the deflection d’. Repeat
these two observations with the second cell connected at E
in place of the first cell; but, with the key K closed, first
make the resistance R of such a value as to give exactly
the same deflection d as with the first cell. Then, open the

Fic. 26

switch K and make the additional resistance r; of such a
value as to get exactly the same deflection d’ as under
similar connections for the first cell. Then, E; : Eg = r; : 13,
If E, is smaller than Eg, the resistance of the voltmeter itself
may be taken for R; when E,; is connected in the circuit.
It is prefetable to make r; about twice as large as the com-
bined resistance of E; and R;. With a suitable voltmeter,
this method is correct to about 1%.

Voltmeter-and-Ammeter Method.—By the voltmeter-and-
ammeter method, both the internal resistance and the EM.F.
of acell may be determined from the same observations; and,
moreover, the measurements may be made when the cell
or battery is generating current at its normal or desired
rate. Connections for this method are shown in Fig. 27,
in which' R is a resistance of such value that the battery B
to be tested will furnish its normal amount of current.
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With the key K open, read the voltmeter V, which will
.give E, the E, M. F. of the battery when practically no cur-
rent is flowing, that is, when the battery is practically on
open circuit; then close the key, and read as nearly simul-
taneously as possible both the ammeter A and voltmeter V.
These two readings give the difference of potential E’ at the

!
Fie. 27
battery terminals and the current I which is flowing through
the circuit. ThenthembemultenmmeB--—g- If the

1
total resistance R external to the battery is known, the
ammeter will not be necessary, for the current / is equal to

—i—l and can therefore be calculated.

MEASUREMENT OF POWER

The powex expended in a direct-current circuit may be deter-
mined by measuring the current and the difference of poten-
tial, the product of these two measurements giving the power
expended. Such measurements can be readily made with
a voltmeter and an a t Voltmeters and ammeters,
however, cannot genenlly be used in thxs manner to deter-
mine the power c d in al ing- circuits.
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MEASUREMENT OF POWER WITH VOLTMETER ARD
AMMETER

Pig. 28 shows the method of connecting voltmeters and
ammeters to determine the power expended in direct-
current circuits. The product of the simultaneous readings
of V3 and A; gives the power in watts expended by the

Fic. 28 ¢

dynamo D in the whole circuit; that of the simultaneous
readings of V3 and A3 gives the power consumed by the
motor M; and that of the simultaneous readings of V and A
gives the power expended in the group of lamps L.

DYNAMOMETERS

The dy eter is an instr that may be used to
measure currents, E. M. F., and power in both direct- and
alternating-current circuits. Instruments of this type con-
sist of two coils, one fixed and the other arranged to revolve
a limited amount inside the fixed coil. The movable coil,
which is usually suspended by a helical spring that tends
to keep it at right angles to the fixed coil, has a pointer
attached to it.
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In the Siemen’s dynamometer, the helical spring is secured
to a nut, called the torsion head, to which is also fastened a
pointer that moves over a circular scale. When a current
passes through both coils the swinging coil is deflected, but
is brought back to its zero position by turning the torsion
head. The number of degrees through which it is necessary
to turn the torsion head is the reading of the instrument,
and is proportional to the product of the currents in the
two coils.

Commercial, portable, and switchboard instruments of
the dynamometer type are constructed on the same prin-
ciple, except that the scale is calibrated by the makers, so
that the position of a pointer attached to the movable coil
indicates directly the current, voltage, or power, depending
on how the two coils are connected.

Measuring Current.—If the two coils of a dynamometer
are connected in series so that the same current flows through
each coil, the rotating force is proportional to the square of
the current, and the scale may be calibrated to indicate the
strength of the current.

Measuring Difference of Potential.—When the dynamom-
-eter is used to measure the difference of potential, the fixed
and movable coils and a sufficiently high non-inductive
resistance are connected in series across the two points in a
circuit between which the difference of potential is to be
measured. Then the deflections are proportional to the
square of the currents as before, but the currents, since the
resistance remains constant, are proportional to the poten-
tial differences; hence, the deflections are proportional to
the squares of the potential differences, and the scale may
be calibrated to indicate directly the difference of potential
across the instrument.

Measuring Power.—If the swinging-coil circuit has a con-
stant and high resistance and is connected between two
points, the currents through it will be proportional to the
difference of potential between those two points. If the fixed
coil is connected in series with a circuit joined to the
same two points, practically the whole current in the circuit
will pass through the fixed coil; consequently, the torsion
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will be proportional to the product of potential difference
and current, that is, to the power being expended in the
circuit.

The earth’s field may produce an error in the dynamom-
eter reading, but it may be eliminated if the average of
two readings is taken for one in which the current through
both coils is reversed in direction. In such cases, the earth’s
field increases the torsion for one reading as much as it
diminishes it for the other. The dynamometer type of
instrument is even more suitable for measuring alternating
currents, E. M. F.'s, and power than for direct current, for
then the earth’s field has no effect on it. Commercial watt-
meters have their scales calibrated to read amperes, volts, or
watts directly. So-called multipliers, that is, non-inductive
resistances, are made for use with wattmeters; the multi-
pliers increase the capacity of the instrument, usually in
volts, with the maximum current capacity remaining
unchanged.

Weston Comp ted Wattmeter.—In r ing power
with a voltmeter and an ammeter, the product of the two
readings includes not only the power consumed in the lamps
or other devices, but also the power consumed in one of the
instruments. The same error occurs in the results obtained
by the use of a non-compensated wattmeter. This error
is eliminated in the Weston compensated wattmeter by
winding the wire running to the potential coil alongside of
each turn in the current coil, the current circulating in the
two turns in opposite directions. So far as the magnetic
action of the current in the current coil is concerned, the
result is the same as if the current in the potential coil were
subtracted from the current in the current coil.

Fig. 29 shows the connections of the Weston instrument.
A and B are the current terminals connected to the current
coils ¢, . The compensating coil e is connected in series
with the swinging coil D, and the protective resistance R.
The potential binding posts that are ordinarily used for
measuring the power supplied to a given load are ab. When
a reading is taken, the button k is pressed, thus allowing
current to pass through the swinging coil. A third binding
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post I is provided for use when the field and pressure termi-

nals are connected to independent circuits. Such connec-
tions are required when the instrument is being checked by

(G

Line
Line

Fic. 29
passing a current through the current coils and applying a
variable pressure to the potential coil; also, in cases where
& test is being made with a constant current and varying
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pressure. If an independent potential circuit is used in this
way, the potential terminals are connected to posts b, thus
cutting out the compensating coil. The small resistance r
takes the place of coil ¢, so that the resistance of the poten-
tial circuit remains unaltered.

Recording Wattmeters.—Instruments that show the value
of the watts expended at any instant are frequently called
1 attmeters to distinguish them from recording

timeters, which e the total work done during the
given time. The recording wattmeter indicates the product
of watts and time, usually in watt-hours or kilowatt-hours.
Strictly speaking, these recording instruments are work-
meters, not wattmeters, because they record work, not
power. Large numbers of recording wattmeters are used
for measuring the electrical energy supplied to customers
on electric-light and power circuits; the watt-hours or
kilowatt-hours are read about once a month from a dial
similar to that of a gas meter.

LOCATION OF FAULTS

Faults on a line may be of three kinds: (1) The line may
be broken; (2) an unbroken line may be grounded at one or
more points; and (8) an unbroken line may be in contact
with another line. The first fault is called a break, or an
open; the second, a ground; and the third, a cross. A break
may be of such a nature as to leave the ends of the conductor
entirely insulated, or the wire may fall or have its insulation
impaired, so as to form also a cross or a ground. A
ground or a cross may be of such low resistance as to form
a dead ground or a short circuit, respectively, or may possess
high resistance, thus forming what is termed a leak. The
existence of a wire whose insulation and continuity are
known to be good is termed a good wire.

Line Resistance When Three Conductors Are Available.
The best method for ing the resist of a line wire,
where there are three or more line wires or two line wires
and a ground-return circuit between the same two offices,
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is as_follows: Let the resistance of the three line wires
be x, y, and s, respectively. At the distant station have the
ends of x and ¥ joined together; then, by means of a Wheat-
stone bridge at the home station, measure the resistance of
the loop so formed and call it @ ohms. Then, have the
distant ends of x and # joined and measure the resistance of
this loop, calling it b ohms. Similarly, have the distant
ends of ¥ and £ joined and e the resistance of this
loop, calling it ¢ ohms. Then, x+y=a; x+s=b; y+s=c,
Solving these equations for z, ¥, and ¢ gives:

,-M Q)

_a+;—b @
+¢c—a

- 3)

Elimination of Earth Currents.—Where the ground is used
as a part of the circuit, earth currents will often render meas-
urements very unreliable. These currents may oppose or aid

“the testing current. When the earth currents are fairly
steady, their effect may be usually eliminated by making a
measurement and then reversing the battery and making
another measurement. The average of the two measure-
ments should be taken as the correct result. For good
results, the earth current should not only be steady but it
should also be small compared with the testing current.

TESTS FOR LOCATING A BREAK

NO GOOD WIRES AVAILABLE

Measurements From One End Only, Using a Condenser.
‘When there is not a single good wire available, but the total
capacity and length or capacity per mile of the conductor is
known, or can be red, the dist: to a break may be
determined as follows: Let d be the deflection, or throw, of
a ballistic galvanometer obtained by charging or discharging
through it a condenser of known electrostatic capacity C,
and let d’ be the throw when charging or discharging the
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broken line wire whose capacity is C’, using the same
battery in each case. Then.Cd

c’ -7

The electrostatic capacity per tmle of the broken line must
be known; then, by dividing C’. by this electrostatic capacity
per mile, the number of miles to the break is obtained. By
using the foregoing method, this electrostatic capacity per
mile may be determined by measuring the total electrostatic
capacity of the line when it is in good condition—that is,
free from breaks, grounds, and crosses—and dividing this
total electrostatic capacity by the total length of the line.
The electrostatic capacity per mile may be obtained approxi-
mately from the following table:

ELECTROSTATIC CAPACITY PER MILE

ifaaty in Microfarads per
30 Ft. Above Ground
N‘;:‘g“ Diameter | Between One
Gauge In. Wireand | Wire to Wire
(Grounded 12 In. Apart
at Both Ends)

1 2 3 4
8B.&S. .128 .00958 .00854
9B.&S. .114 .00946 .00835

10B. & S. 1102 .00935 .00818
12B. & S. .0808 .00913 .00785
14 B. &S. .0641 .00892 .00754
16 B. & S. .0508 .00871 .00726
12B. W.G. .109 .00942 .00828
14 B. W.G. .0830 .00915 .00788

‘The electrostatic capacity of an overhead wire will depend
on the number and proximity of other wires, and especially
whether any of the neighboring wires are grounded. Where
there are a number of grounded circuits on the same pole line,
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the electrostatic capacity will be higher. It will also vary
with the number of insulator supports per mile and the
moisture on them. When one overhead wire is grounded at
one end and insulated at the other end, the capacity is twice
as great as when both ends are grounded; that is, twice as
great as the capacity given in column 3 in the table. When
a high inductance, such as a high-resistance (1,200-ohm)
bridging bell, is connected between one end of the line and
the ground, the capacity for high-frequency currents will
be very nearly as great as when the end is open and insulated.

The capacity C, in microfarads, per mile of one wire .104 in.
in diameter, grounded at both ends and suspended at a
height of A ft. above the ground, is given in the accompanying

ELECTROSTATIC CAPACITY OF SINGLE LINE WIRES

{Grounded at both ends)
"h Ft. Above Ground C Microfarads per Mile
10 .010600
20 1009796
30 1009379
40 .009105

table. If there are two such wires .104 in. in diameter,
1 ft. apart, and grounded at both ends, the capacity between
either wire and the ground is .01171 microfarad per mile
when both wires are 20 ft. above the ground, and .0115 micro-
farad when both wires are 30 ft. above the ground. The
capacity, in microfarads per mile, between two wires .104 in.
in diameter, and forming one metallic circuit is .008503 when
the two wires are 10 in. apart, .008218 when 12 in. apart,
.007992 when 14 in. apart, .007806 when 16 in. apart, and
.007649 when 18 in. apart.

Measurements From Each End, Using a Condenser.—An-
other method of locating a break when no good wire is
available is as follows: Determine the discharge deflec-
tion d from the broken wire at one end of the cable, also the
discharge deflection D from a condenser of known capacity C.
Then, determine the discharge deflection d’ from the other
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end of the broken wire, and the discharge deflection D/
from a condenser of the same capacity, or preferably from
the same condenser. The same amount of battery must be
used for both tests at one end, but the same amount of
battery need not be used at one end as at the other. This
method gives very satisfactory results. Let L be the length
of the cable; then, the distance x to the break is given bv

the formula
Ld
D

d+ o'

ONE OR MORE GOOD WIRES AVAILABLE

Three Good Wires Available.—A method that has been
successfully used for the location of breaks in telephone-
cable conductors is shown in Fig. 30, in which V and B repre-
sent any suitable means for supplying a reversible, inter-

d, or alternati current—in this case a rotating
devwe——ior reversing rapidly the current from the battery B,

»—

‘ -
Fic. 30

xX=-

The conductor I is open at o, while its mate £ and the
pair 8, 4 are supposed to be good wires; m and # represent
two adjustable arms of a Wheatstone, or slide-wire, bridge.
The resistance in the arms m, # is adjusted until no sound,
or & minimum sound, is produced in the receiver R, Then,
the distance to the fault o is given by the formula

=2
”
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The wires 1, £, 8, 4 should be well insulated at tne distant
end. For cables 1,000 ft. long, the battery B should give
60 to 120 volts, and the resistance in the arm » may have to
be 100 or 1,000 ohms. The larger the capacity between the
wires, the less need be the number of cells at B and the less
the resistance in the arm #n.

One Good Wire Available.—When one good wire having the
same capacity to ground per mile as the broken wire is
accessible, deflections may be taken on the broken wire
and on the good wire with the distant end open.

Let d’ = throw on the broken wire;

d = throw on good wire;
z = distance to break;
L = total length of good wire.

Then, x=‘ﬂ'

’ d

In a telephone cable, it is best to use the mate of the broken
wire as the good wire, and to ground to the lead éheath all
the conductors except the one from which the deflection is
being obtained. At least the mate of the faulty wire should
be grounded at the testing end when the discharge deflection
of the faulty wire is observed, and both ends of the faulty
wire should be grounded when the discharge deflection of
its mate is being observed.

The method for locating a break in a line wire by comparing
the capacity of the broken wire with that of a similar good
wire is reliable, provided the insulation resistance is high
and the break is so complete that no current passes through
the point of rupture. In using these methods, therefore, it is
best to first measure the insulation resistance of the broken
wire and also of the good wire. If the insulation resistance
of the good wire is near 1 megohm, capacity methods are not
very reliable. The insulation resistance of the good wire
should preferably be about 20 megohms in order to obtain
reliable results. Breaks in cables cannot be as accurately
located as grounds or crosses under favorable conditions,
because the electrostatic capacity is much less uniform than
the resistance of the wire; in fact, the electrostatic capacity
of a conductor in a telephone cable may vary asmuch as 5%,.
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TESTS FOR LOCATING A GROUND

Accidental connections with the ground occur much more
frequently than breaks, and are often difficult to locate,
especially if more than one ground occurs on the same line
wire. Various methods for locating grounds will be given,
as no one method is always applicable.

Ground on a Line of Known Resistance.—Where there is
a dead ground on a line whose length and resistance are
known, let § be the known resistance of the line and L the
length of the line, in miles. Then, if the line wire is uniform

in size and material, % is the normal resistance of the line

per mile. To locate the distance to a dead ground in such
a case, measure the resistance between the home end of the
line and the ground and call it @ ohms. Then, the number
of miles x from the testing station to the dead ground is
given by the formula

=

f

TESTS FROM BOTH ENDS WITHOUT A GOOD WIRE

Earth Overlap Method.—Where there is no available good
wire and tests can be made from each end of a grounded
wire, the earth overlap method may be used. This method is
especially valuable for the location of high-resistance faults,

P ——— ——— —p———

B ! I
J |
L
Fie. 31

and experience seems to show that it is the best practical
method for locating grounds in submarine cables, provided
there is only one ground and no good wire is available.
Let x represent the resistance from one end of the conductor
to the fault; ¥ the resistance from the other end of the

Ll
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conductor to the fault itself; and f the normal resistance of
the faulty wire. Then, f=x+y.

First, measure, with a Wheatstone bridge, the resistance
from the x end with the other end grounded, the connec-
tions being made as shown in Fig. 31; call the resistance
thus measured a ohms. Second, measure, in the same man-
ner, the resistance of the grounded wire from the other, or y,
end with the distant end grounded; call the resistance so
determined b ohms. Then,

a(f b) (f—a)
x= \‘trf_b)] 1)
_&—_a) _\[T=D
Y=p=a [l b(f—a)] @

The zinc, or negative, terminal of the battery should be
connected toward the line, and the tests in the earth overlap
method should be made alternately and as rapidly as possi-
ble from each end, so that pairs of readings may be secured
while the fault undergoes as little change as possible.

When one end of a good line is grounded and its resistance
measured, the result, called its apparent resistance, will be
less than the true resistance of the conductor when perfectly
insulated. Better results will be obtained in the earth over-
lap method if the apparent resistance of the wire measured
under normal conditions, that is, free from faults, is used
for f, rather than its true resistance, which is usually deter-
mined from a wire table. The shorter the line or the better
its insulation, the less is the error due to using the true
resistance.

TEST FROM ONE END WITHOUT A GOOD WIRE

Blavier Test.—The Blavier method for locating a partial
ground or an escape is about the only one that can be used
where there is no available good wire and when the test
must be made from one end only. However, this method is
rather unreliable in practice, because, if the resistance of
the partial ground changes between the two measurements,
the result cannot be depended on; and, moreover, the normal,
or total, resistance of the line must be known from some
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previous measurement, obtained from a wire table, or cal-
culated from the length, size, and conductivity of the line
wire, Let the total resistance of the line wire be f. First,
measure the resistance of the line with the distant end open,
and call the resistance so obtained b; also, measure the resist-
ance of the line with the distant end grounded, and call this
resistance ¢. Then, the resistance x to the partial ground
from the testing station is given by the formula
x=c—VNB—c)(F—0)

By dividing x by the resistance per unit length of the wire,
known from some previous r t, obtained from a
wire table or calculated by the length, size, and conductivity
of the line wire, the distance to the partial ground is ob-
tained. If L is the length of a cable and f the total resistance
of the bad wire to the distant end of the cable, the distance

to the fault equals x_fL

The accuracy of the result obtained by this test depends
on the resistance of the fault remaining the same during
both measurements. The farther the fault lies from the
test.ng station, the more accurate will be the result. There-
fore, the more reliable result will be that obtained by making
the test from the end farthest from the fault. However, if
two faults exist, the best result is obtained by making the
test at the end nearest to the one to be located. Where a
series of observations are taken, the most accurate result is
secured by using the lowest of all the readings taken with
the distant end open and the lowest with the distant end
grounded; but if the resistance of the fault is very unsteady,
the means of each series may be used.

LOOP TESTS WITH ONE OR MORE GOOD WIRES

Varley Loop Test.—Where there is one available good
wire, the Varley Joop method is probably the most convenient
and best for locating a ground or a cross on a line, The
distant ends of the good and bad wires are joined together,
and the resistance of the loop so formed is measured with the
‘Wheatstone bridge, if not already known from some previous

t, by cc ing as shown in Fig. 32. Balance
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the bridge, and let the resistance of the loop, found by
working out the bridge proportion as usual, be R. Then,

e

Fic. 32

connect one end of the battery to the ground instead
of to D, as shown in Fig. 33. Call y the resistance from B
through E to F and z, the resistance from D to F. R, the

total resistance of the loop, is equal to x+3y. Then, when the
bridge is balanced, &'= Pix.
_nR—mp
m+n
This is entirely independent of the resistance of the fault
or of any earth currents that may exist. Having found z,

Hence, the resistance,

x
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and knowing the resistance of the wire per foot,, the distance
to the fault is readily calculated.

Murray Loop Test.—The Murray loop test is quite similar
to the Varley loop test. Under favorable and suitable con-
ditions, the Varley test gives more correct results, but the
great simplicity of the Murray test recommends it, especially
for underground-cable work, where it is generally only neces-
sary to locate the fault between manholes. First, have the
distant ends of the available good and bad wires joined
togeth Then, cc t the loop so formed to the bridge,
as shown in Fig. 32 for the Varley loop test, and measure the
resistance of the loop. Let this resistance be R. Evidently

I Fie. 34

R=x+y. Then connect the loop and battery as in Fig. 34,
thus having really only two adjustable arms, because AC
and CD now form only one arm. F is now the junction
between the arms x and ¥. When the bridge is balanced,
m _x
ntp v

Solving the two equations for x, the resistance of the line

wire to the fault is
=__mR 1
mAntp (

A test made by this method gives a result that is inde-
pendent of the resistance at the fault. If the good and bad
wires constitute a pair of wires in a cable or at least two
wires of equal length, size, and material, ¥ may be called the
distance to the fault, while twice the length L of the cable
may be used for R. The formula may then be written,

Distance to fault = 2

m4n +?
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A check on the result obtained by the Murray loop test
may be secured by reversing the connections of the good and
bad wires with the bridge, obtaining anothier balance and
result, and taking the mean of the two.

For reliable results with the Murray loop test, the good

- wire should have an insulation resistance of at least ten
times that of the bad wire. Some good wire should be
selected and the insulation resistance of the good and bad
wires measured or compared by some suitable and con-
venient method to determine if this condition is fulfilled.

It is best to connect the good and bad wires directly to
the bridge; but if lead wires must be used, R in the formula

< ~

S

—
N

—
b T
o
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Fic. 35

for this test must be increased by the resistance of the two
lead wires, and later the resistance of the lead wire in series
with the bad wire must be subtracted from the calculated
resistance to the fault to get the correct result. If the lead-
ing wires are short and differ from the cable wires by one or
two sizes only, the error introduced does not amount to
more than a few feet, which is usually negligible if the length
of one of the two equal lead wires is added to the length L of
the cable in formula 2, and this same length is then sub-
tracted from the final result.

Murray Loop Test With Slide-Wire Bridge.—A very simple
and ti a very convenient way of locating a ground
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on a line wire consists in using a slide-wire bridge, as shown
in Pig. 35, in place of the two adjustable arms of a Wheat-
stone bridge in the Murray loop method. If A is a point on
the slide wire that can be touched without producing a deflec-

tion of the galvanometer, then 5;-%. and y+x=R. Hence,

. mR
resistance = 1)

in which x will be the resistance along the bad wire to the
ground and R the resistance of the loop, which, if not already
known, must be determined by another measurement or cal-
culated by means of a wire table,

This method is especially useful, however, when both x
and R are considered as distances in miles or feet. If the
two line wires are of the same size, length, and material,
their resistances are proportional to their lengths; hence,
the distance to the fault ;s

w9

in which L is the length of one line wire, or the length of the
cable containing the line wires, and d, the distance from B
to the fault F,

The length 2L will usually be twice the length of one line
wire plus the length of any lead wires (preferably of the same
size and material as the line wire) that may be used to con-
nect the two line wires to the points B, D,

If all the conductors in a cable have become defective,
‘but some are much more heavily grounded than others, the
Murray loop test may still be used with fair success, pro-
vided there is no disturbing difference of potential from an
outside source between the two wires selected for the test.
Even if all the conductors in a cable are heavily or equally
grounded, the Murray loop test may still be successfully
applied, provided there is available a good aerial wire or
conductor in another cable that can be joined to the faulty
conductor at the distant end.

Murray Loop Test Requiring Two Good Wires.—Where a
good wire of the same size as the faulty conductor is not
available, but where two good wires of any size and material
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either inside or outside the cable, are available, the following
modification of the Murray loop test, made by H. W. Fisher,
may be used. It must be possible to connect together
the distant end of the faulty conductor BE and the twogood
available wires 4, f, as shown in Fig. 36. These conductors
are connected together at E and to the bridge as shown in (a).
The arms m and # are adjusted until the galvanometer gives
no deflection, and their values are recorded. The wire A
running from the battery to the lead sheath of the cable is

A J

Fig. 36

then connected to the conductor j, as shown in (), after
which the bridge arms are adjusted until values m’ and »’
are obtained that again produce no deflection of the gal-
vanometer. If L is the total length of the faulty conductor
and x the distance to the fault, then
_mm +w)L
m’(m+n)
In the application of this method, the resistance of con-
ductors ¢, may be quite different without affecting the
result; hence, before the test is made, lead wires of the proper




ELECTRICAL MEASUREMENTS 231

length may be used at either end for making the connections
with the conductors ¢,j. Usually, the same values for m
and m’ can be used, thereby reducing the calculations. If
the faulty wire cannot be conveniently connected to the
‘Wheatstone bridge, a wire of the same size and material as
the cable conductor may be used to make the connections;
then it will be necessary to add the length of this wire to the
length of the bad wire or cable, using this total length for L
in the formula, and subtract the length of this lead wire
from the calculated distance x to the fault.

Goodrum Slide-Wire Bridge Method.—One of the best and
simplest loop methods for locating grounds and crosses

f
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where two good wires are available is that proposed by C. L.
Goodrum. Theoretically, it is the same as the method just
explained, but a slide-wire bridge is used instead of a regular
‘Wheatstone bridge, thereby simplifying the test. In Fig. 37,
BC represents a slide wire, which may be a piece of No. 24
B. & S. German-silver or iron wire stretched between
posts B and C, so asto be over a scale divided into exactly
1,000 equal divisions, preferably millimeters. The smoother
and more uniform the diameter and material of the wire BC,
the more accurate will be the results. This method may be
used to determine the distance x to a fault at F, which may
be either a ground on wire 2 or a cross between wires I and 2,
Have all the wires joined together at the distant end, and
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at the testing end join B to &, C to 8, and the battery to 4;
the dotted-line connection from the battery to line 1 is not
made at this time. G represents a galvanometer or a suffi-
ciently itive millivoltmet. Adjust the pointer along
the slide wire until a point A is found where G gives no
deflection. The connecting wire from B to £ should be
sufficiently short or large in diameter, or both, so that its
resistance may be neglected. Then,
L_m
von
in which L = length of cable;
v = length of wire 3;
m = distance BA, that is, the scale reading from
the end B to the point of balance A;
9 = distance AC, that is, the length BC—m
If line £is crossed at F with line 1, then connect the posi-
tive terminal of the battery to this wire 1, as represented by
the light dotted line, instead of to line 4, as represented
by the dash line. If line £ is grounded at F, connect
the positive terminal of the battery to ground instead of to
line 1. In either case, the procedure is as follows: Again,
balance the bridge and let m’ be the new reading on the
slide-wire scale from B to the new point of balance. Then,
x m
LI—z+v w
Solving these equations for x gives
m'L

y——

Although two good wires S and 4 are required, they may
be of any reasonable size, material, or length, and they may
be wires inside or outside the cable. The distance x to the

’
ground or cross is merely a certain ratio % of the total

length L of the cable, and this dist. is independent
of the length of the good wires. The only requisite neces-
sary for extreme accuracy is that the faulty wire £ shall
twist in the same uniform manner throughout the entire
length of the cable. If it starts as an inside wire, it must
continue as such. Most loop tests not only assume this to be
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the case, but also assume that the good and faulty wires are
of exactly the same length, which is not true when one is an
inside wire and the other an outside wire in a telephone or
telegraph cable, because the latter twists around the inner
wires and is therefore somewhat longer than any wire inside
of it. This method requires only two balances, and only one
connection has to be changed. An apparatus, called the
lineman’s faultfinder, has been placed on the market for loca-
ting faults by practically this method.

For the location of grounds, some form of loop test is
usually superior to all others. When the leakage along the
lines is great, the loop tests may be seriously vitiated thereby,
in common with other methods. The next best method is
the earth overlap, which is more suitable than the Blavier
method for a fault that has a varying resistance or much
polarization. Since the earth overlap method requires
tests from both ends of the line, it is not always applicable,
in which case the best alternative method is the Blavier.

OTHER METHODS OF LOCATING GROUNDS
Receiver Method.—The following method is said by A. B.
Dungan to be very simple and reliable for locating grounds
on aerial cable conductors, provided the cable is free from
dead grounds against other cables and guy wires, In Fig. 38

Fic. 38

is shown the necessary connections, consisting of a lead-
covered cable with xts sheath connected to one side of a
110-volt lighti it. The conductor or conduct:

grounded at some point F are connected through a suitable
resistance, such as five 110-volt, 16-c.-p. lamps in parallel, to
the other side of the 110-volt lighting circuit; either direct
or alternating current may be used. If a portion of the cable
is water-soaked or the cable is injured so that one or more
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conductors are more or less grounded on the lead sheath.
then some current will pass from the conductors at the fault
to the sheath, through which it returns to the office. If an
ordinary head-telephone receiver wound to a very low resist-
ance, about g} ohm, has its two terminals touched to two
points a, b, as far apart as convenient on the lead sheath of
the cable and at any place between the exchange and the
point F, a noticeable click will be heard in the receiver, due to
a part of the current passing through it. If the same connec-
tion is made beyond the point F, no sound whatever will
be heard in the receiver. The points a, b should be kept the
same distance apart for all comparative tests. In this way,
the most inexperienced lineman is said to be able to locate
within a few inches such a ground in a cable. A similar test
may be made with a millivoltmeter, the terminals of which
are touched to the lead sheath a few feet apart. On the
home end of the fault, the deflection will always be in the
same direction; beyond the fault, there will be no deflection.

Location of Ground by Voltmeter.—The distance to a
ground on a line can be determined only approximately by
means of a voltmeter, and then only when the resistance at
the ground is negligible compared with the resistance of the
bad wire from the testing end to the ground. To estimate
the distance to the ground, connect the voltmeter across the
terminals of a suitable battery and call the readingd. Then
connect the same battery and voltmeter in series with the
line to be tested and the ground, thus forming a circuit
through the battery, voltmeter, line, and ground. Let the
voltmeter reading be d’. Then, if r is the resistance of the
voltmeter, the resistance of the circuit is

R=r(Z- 1) a

This is the same formula used in determining the insula-
tion resistance of a line. Since the line is grounded at some
point, R is only larger than r by the resistance of the line,
earth return, and ground contacts. Hence, the resistance x
to the ground is R—7 and is given by the formula

x-r(:,—2) @
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Locating a Bad Elcapo.—A method of- locating a bad

pe on a tel oh or telephone line wire is to insert, at the
testing office, between the line and the ground, a voltmeter
and a battery in series. Then have the intermediate offices
open the line wire in turn, beginning at an office beyond the
escape. A voltmeter needle will indicate the amount of
escape until the first office between the escape and the
testing office opens the wire, then the needle will show prac-
tically no deflection if the insulation of the line is in proper
condition. i

LOCATING CROSSES

Where the two crossed wires run parallel and have the
same resistance per mile, it is a rather simple matter to
locate a cross. Where such is not the case, the resistance of
each wire per mile must often be considered. As a rule, the
loop methods given for locating grounds can also be employed
for locating crosses, in which case one of the crossed wires
is used instead of the ground.

RESISTANCE AT CROSS NEGLIGIBLE

To Determine the Resistance of Cross.—It is first necessary
to determine if the resistance at the cross is negligible. This
may be done as follows: Connect the lines with a Wheat-

B L ~| B

I

f—— 9

I'l'lr Fic. 39

stone bridge, as shown in Fig. 39, so as to measure the resist-
ance from B to D through the cross F; call this a. Then,
z+y=a.
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Now have the wires connected together at the nearest
station beyond the cross and again the resist;
call this b, If b is only a little less than a, the resistance of
the cross is probably negligible, but not necessarily perfectly
80; for if the cross is near the testing station and the resist-
ance of the line wires to the next station where the lines are
intentionally c« ted together is very high, the second
measurement b may be but little less than the first measure-
ment a, in spite of the fact that the resistance of the cross
is not perfectly negligible.

Cross Between Two Wires of Same Size and Material. —If
the resistance of the cross is negligible, and if the two wires
are of the same size and material and run along parallel the
whole distance from the testing station to the cross, the
distance # to the fault, in miles, is given by the following
formula: ’

*=2s
in which s is the resistance per mile along one wire, and a, the
resistance of the loop through the cross.

Resistance of Two Line Wires per Unit Length Not Equal.
If the wires are still parallel with each other, but the resist-
ance of one is w ohms per mile and of the other v ohms per
mile, the formula just given becomes

x=—

w+v

RESISTANCE OF CROSS NOT NEGLIGIBLE BUT
CONSTANT

Where the resistance of the cross is constant, but not
negligible, either the Varley or the Murray loop method
explained for locating grounds may be used; in this case, one
of the crossed wires is used instead of the ground.

Meothod Requiring Three Measurements.—First, measure
the resistance of the line as connected in Fig. 40. Let this
resistance be a ohms; hence,

z+u=a

Then, measure the resistance of the loop from B to D

through the cross whose resistance will be called s ohms,
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with the distant ends of the two crossed wires open. Let the
resistance so measured be b; hence,
z+s+y=b

il

Fic. 40

FPinally, measure the resistance through , s, and %, as con-
nected in Fig. 41. Let this resistance be ¢; hence,
y+s+u=c
Then, the resistance along BB’ to the cross is
a+b—c

J

il
Fic. 41

It will be noticed that the resistance of the cross s is
eliminated, so that if £ remains constant during the second
and third measurements, the formula is accurate and inde-
pendent of the value of 5. This method has the disadvantage
of requiring three measurements, during two of which the
resistance of the fault is supposed to remain constant.
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RESISTANCE OF CROSS NEITHER NEGLIGIBLE NOR
- CONSTANT

A method will now be given in which the resistance of the
eross is eliminated, whether constant or variable, and the
test requires, moreover, only two resistance measurements,
First, connect up asshown in Fig. 40, and measure the resist-
ance of the line BB’, including the ground return path
Let this be a; hence, .

x+u=a

Then, connect the bridges as shown in Pig. 42, using only

two arms p and # of the bridge. The resistance of the cross &
.and that portion y of the line DD’ is included in the galva-
nometer circuit, and, therefore, this resistance s and y will not

[ ;"._._jL,fi
. 1

F1c. 42

enter into the result; also, the final formula is entirely inde-
pendent of the resistance of the cross whether it is constant or
not. After adjusting the bridge until there is no deflection,
ny=px

Solving these equations for x, the following formula for

the resistance along the wire BB’ to the cross is obtained:
na

>¥n ()

Finally, by dividing x by the resistance of the line BB’ per
mile, the distance in miles from B to the cross F is obtained.

If more convenient to do so, the end B of the wire may be
joined to the end of the arm m. In this case, x in the second
equation must be changed to m+x, which results in the
following formula:

o=
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na—pm
p+n @

SHide-Wire Bridge Method.—To locate a cross between two
wires of equal size by means of a slide-wire bridge, connect
as shown in Fig. 43. A good wire, which is necessary in
addition to the two crossed wires, is connected to either
of the crossed wires at some point beyond the cross. The

Ppn—
L [

X

- L ] ]
Ows.
Y e
FiG. 43

home end of the crossed wire, to which the good wire is
connected, is joined to the bridge at g; and one terminal of
the galvanometer is c« ted to the other crossed wire,
which must be open at the distant end. Then, find a
point 7 on the slide wire that produces no deflection of the
galvanometer. Then, the ) N
ength gn
distance go=distance ‘mxlength P

For the distance goma, twice the length of one line wire
or twice the length of a cable being tested may be used.
This result is independent of the resi of the fault, even
if it varies duiing the test. This is practically the Murray
loop test made with a slide-wire bridge.

One Wire in Use.—The method about to be described may
be used to determine the resistance of one wire or the distance
to a cross between that wire and another wire while the latter
is in regular use as a telegraph line. The result is not, how-
ever, independent of the resistance of the cross. By this
method, low-resistance crosses and grounds may be located,
and if a balance can be secured while the fault exists, swing-
ing crosses and grounds may be approximately located.

The connections for this test are shown in Fig. 44, in
which BC represerts a slide-wire bridge; R, a known
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;G.a itive galv ter with its usual shunt ¢
and short-circuiting key k; CFg’, the wire in use; and HF,
the line wire, which is crossed at F with the other line wire
and is open beyond the cross.

To make the test. set the slide about midway along the
slide wire BC, short-circuit or remove all the resistance at R,
open the galvanometer short-circuit key &, and adjust the
position of A along the slide wire until the galvanometer
returns to its normal position of rest. The telegraph relays
may be in service all the time the test is made, although the
test is more readily made with this relay circuit permanently
closed. Remove or open the galvagometer shunt, adjust

NG
M”‘ £
| 1
" //—o——-lr .l
I*l' = =
9= €

Fic. 44

the position of A until the galvanometer gives no deflection,
and note the lengths m and #n. Then, insert the resistance R
between B and the crossed wire HF, move the pointer A
until the bridge is balanced again, and note the lengths m’
and »’. The resistance x of the working wire from C to the
cross F may then be calculated by the formula
_ nX#’'XR
(m’ —m)(m+n)

m+n is the total length of the slide wire and is usually
1,000 or 100. The resistance used at R should be enough to
make the two points of balance quite different. The greater
the resistance of CF, that is, the greater the distance to the
cross, the greater must be R.

x=
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ROUGH TESTS
It is frequently necessary to make rough tests to show
whether circuits are continuous or broken, whether crossed,

grounded, or properly insulated. These tests do not require
accurate measurements, as they are made merely for the
purpose of determining the exi of a certain condition
without the ity for ing accurately the extent to
which that condition exists.

TESTS WITH MAGNETO-GENERATOR AND BELL

Magneto Testing Set.—A very common and useful testing
instrument ists of a ator and polarized
ringer, together with a simple telept all mounted com-
pactly in a box provided with a strap for convenience in
carrying. The polarized bell is usually connected in series
with the generator, which is preferably provided with an
automatic shunt.

Continuity Tests.—In testing wires for continuity, the
terminals of the magneto-set should be connected to the
terminals of the wire and the generator operated, the switch,
if one is provided on the testing set, being thrown so as to
include the bell and generator in series. A ringing of the
bell will usually indicate that the circuit is continuous.
This is a sure test on short lines, but should be relied on with
caution on long lines and cables, because it may be that the
capacity of the line wires themselves will be sufficient to
allow enough current to flow through the bell to operate it,
even though the line or lines are open at some distant point.

Testing for Crosses.—In testing a line for crosses, one ter-
minal of the magneto-set should be connected to the line
under test, both ends of which are insulated from the ground
and from other conductors. The other terminal of the
magneto-set should be connected successively with the earth
and with any other conductors between which and the wire
under test a cross is suspected. Under these conditions, a
ringing of the bell will indicate that a cross exists between
the wire under test and the ground or the other wires, as the
case may be, and the strength with which the bell rings and
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also the pull of the generator in turning will indicate in some

measure the extent of this cross. Asin the case of continuity

tests, the ringing of the bell is not a sure indication that a

cross exists, if the line under test is very long. The insula-

tion may be perfect and yet a sufficient current may pass to

and from the line, due to its static capacity, and through the
bell to cause it to ring.

Telephone Testing Set.—In many forms of testing sets,

microphone transmitters and batteries for operating them

are also included. A

portable telephone

testing set, shown in

Fig. 45, contains a

standard three- or

four-bar generator, a

1,000-obm bell, and

other telephone de-

vices. The receiver

and transmitter are

secured to one

handle, the granular-

carbon transmitter

being provided with

a metal mouthpiece

that prevents the

breaking of the same.

In the handle of the

microtelephone, as it

Fic. 45 is termed, is a push

button that, when

closed, connects the batteries b, b in the transmitter circuit.

This prevents the exhaustion of the batteries when not

actually in use for talking purposes. The door of the testing

set may be closed when the microtelephone is outside.

When the full voltage of the generator is desired for ringing

on a line, the bell can be cut out of the circuit by means of

a push button. The generator is provided with collecting

devices by means of which either alternating or direct

pulsating currents may be obtained; a switch s through
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which the desired current may be obtained is placed on the
inside of the cover, where a diagram of the wiring of the set
is shown,

TESTS WITH VOLTMETER OR CURRENT-DETECTOR
GALVANOMETER

In order to test for grounds, crosses, or open circuits on
long lines or on cables, without the liability to error that is
likely to arise in testing with a magneto-set, a cheap galva-
nometer for detecting currents, a voltmeter, or millivol
may be used. In testing for grounds or crosses, the volt-
meter or galvanometer should be connected in series with
several cells of battery, and one terminal of this circuit applied
to the wire under test, it being carefully insulated at both
ends from the earth and from other wires, while the other
terminal of the galvanometer and batteries should be con-
nected to the ground and to adjoining wires successively.
A sudden deflection of the needle may take place whenever
the circuit is first closed, due to the rush of current that is
necessary to charge the wire. If the insulation is good, the
needle will soon return to zero; but if a leak exists from a
line to ground or to the other wire with which it is being
tested, the needle will remain permanently deflected. Tests
for insulation can be made with considerable accuracy by
this method if a battery consisting of about fifty cells is used,
but if a very high insulation resistance must be measured

with more y, more itive methods should be
employed.

In testing for continuity, the distant end of the line should
be grounded and the voltmeter, or galvanc ,and battery

applied between the wire under test and ground or the
distant end of the line should be connected with another
wire, known to be good, and the voltmeter, or galv. t
and tattery applied between the wire under test and the
good wire. In this case, a permanent deflection of the
needle will denote that the wire is continuous; while if the
needle returns to zero, it is an indication of a broken wire.
If the needle is very unsteady, there is pmbably a loose con-
nection somewhere.
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TESTS WITH TELEPHONE RECEIVER

A good receiver is one of the most sensitive detectors of
current known, and if connected in series with a battery, it
may be used for rough tests in many cases with greater
facility than a magneto testing set or a detector galvanom-
eter. The ordinary watch-case receiver with a head-band
for attaching it to the ear of the user, together with one or
two small-sized cells of dry battery, form a testing set that,
for local work, is unsurpassed and may be used in testing out
cables for grounds or broken wires. If the set is to be port-
able, the batteries should be small enough to be carried in
the coat pocket of the user. One terminal of the battery is
connected to one terminal of the head-receiver, while to the
remaining terminal may be connected flexible cords provided
with terminals ddapted to make contact with the various
parts of the circuit that it is desired to test. This arrange-
ment, while being capable of detecting the most feeble cur-
rents, has the further advantage of being light and of allowing
the complete freedom of both hands of the user.

Tests for Grounds and Crosses With a Receiver.—In using
the receiver for making rough tests for grounds or crosses on
conductors in a lead-covered cable, one terminal of the test-
ing circuit, including the receiver and battery, should be
connected with the sheath of the cable, while the other
terminal should be connected with the wire under test, which
should be free from the other wires at both ends. All the other
wires in the cable should be bunched together at the near end
of the cable and connected with the sheath. The wires at the
distant end of the cable must be carefully separated from each
other and from the sheath, so that there is no possibility of a
cross existing between them at that end. A click will be
heard on closing the circuit with the wire under test, whether
or not the wire is grounded, this being due to the fact that a
small amount of current will flow into the wire, even if it is
properly insulated. If the wire is grounded, the flow of cur-
rent will continue as long as the terminal is applied to the
wire; but if the wire is well insulated, the flow will cease as
soon as the wire has received its full charge. In order, there-
tore, to guard against misleading results, hold the terminal
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of the testing set against the wire several seconds, and then
break and quickly remake the connection. If no sound is
heard at the instant the connection is again made, the insula-
tion is good, while a continuance of the clicks each time the
circuit is remade will indicate that the wire is grounded.

The loudness of the click depends on the iti of the
telephone used, the number and voltage of the cells used,
the electrostatic capacity of the conductor, the resi of

the insulation, and the interval of time between the break
and make. Under ordinary conditions, with a telephone
cable from 1,000 ft. to a few miles in length, 1 sec. between
a break and the next make, and a battery of 1 volt, no click
usually means at least 50 megohms resistance between the
conductor and the ground. This number increases about in
proportion to the increase in electromotive force used.

Tests for Continuity With a Receiver.—In testing for con-
tinuity with the receiver, all the wires should be bunched
together at the distant end of the cable and connected with
one terminal of the test battery by a separate wire leading
to the end of the cable where the test is to be made. The
other terminal of this battery should be connected to one
terminal of the receiver, the other terminal of which may be
applied to the separate wires in succession at the near end of
the cable, all the wires at this end being carefully separated
from each other. In this case, a continuation of the clicks,
on tapping, will indicate that the wire being tested is con-
tinuous, while the cessation, after a few taps, will indicate
that it is broken. It is probably better in making this test,
to use an ordinary vibrating bell or buzzer instead of a
receiver, for then, if the wire is ruptured in such a manner
as to offer a very high resistance, it will not allow enough
current to pass to ring the bell, while it might allow enough
to pass to produce a decided click in the receiver.

‘When the conductors in a cable are to be tested and their
ends numbered and cc ted to terminals, the first thing to
do is to test out a pair that may be used for communication
during the rest of the test. A common method of locating
this talking pair is to have the man at the distant end M,
Pig. 46 (a), connect his head-receiver between one conductor
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and the lead sheath, all conductors at that end being pref-
erably fanned out and at least insulated from the conductor
that is being tested. The man at the office end O then con-
nects one terminal of his head-receiver to the sheath, and the
other terminal to two or three dry cells B, while with the
free end d he taps all the conductor terminals, one at a time,
until both men get a decided click in their receivers, which
indicates to them that the wire to which the pole man M has
his receiver connected has been found by the office man O.

Gff.ce Terminal .‘\ Lot Shoarh /: Pole Termimel
o — S 4
a5\ -9

= 1 =
Head) rer (a) Head Recawer

= N

Fic. 46

The other wire 2 of this pair can be readily found, and, if
necessary, tested in a similar manner.

The connections shown at both ends of Fig. 46 (b) are then
made, and the pair 1-2 used to talk over. The pole man M
then connects his terminal e to any wire whose location and
number he desires, and the office man O feels for this wire by
touching, with d, all his terminals until a loud hum indicates
to both of them that the desired wire has been picked up by
the office man 0. The buzzer makes and breaks the circuit
containing the primary winding » of an induction coil,
thereby inducing an alternating electromotive force in the
secondary winding s. This may, at all times, produce a
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slight hum in the receivers, due to the slight charging and
discharging of the 2-microfarads condenser C, but the hum
will be very much louder when the circuit of s is completed
through a conductor.

The office man O then removes his needle d from the con-
ductor just found and tells the pole man M its number, so
that the latter can connect it to the terminal of the same
number at his end. Should the loud hum be also obtained
if the office man O touches his needle to 4 while the pole
man M keeps his needle against 8’, conductors $ and 4 are
probably crossed; and if the loud hum should be obtained
if the office man O touches the sheath, the conductor touch-
ing e is probably grounded. In this way, each conductor
may be tested for a cross or ground. When testing cables
while in use on central-energy systems, the source of current
should be at the office end in any case. As the charging and
discharging of an open cable line, especially a long one, may
cause a click or hum in a receiver, many prefer to use a
buzzer instead of a receiver for such tests.

WIRE CHIEF'S TESTING CIRCUIT FOR A MAGNETO-
EXCHANGE

A wire chief’s testing circuit suitable for use in medium-
sized magneto exchanges is shown in Fig. 47. Jacks I to 17
may be mounted in a position to suit the testing apparatus.
Jacks I and 4 connect to the line side and jacks £ and 8 to the
switchboard side of the test clip adapted to fit in the arrester
springs at the terminal rack. Any circuit can thus be tested
toward the switchboard or line. To jacks 6, 6, and 7 are
connected two batteries of any suitable voltage, and by means
of the resistance 7 the strength of the current may be regu-
lated, provided jack 7 is used. Jack 8 is connected to a good
ground. Jacks 9 and 10 are connected to a two-conductor
plug at the switchboard, where it may be inserted in any line
to be tested from that point for grounds, crosses, short-
circuits,etc. Jack 77 and its drop are connected witha jab!:
and drop at the switchboard, so that inspectors may be con-
nected to the wire chief when they c 1l up the exchange froin
any subscriber’s station. The wire chief may also ring up
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the operator over the same circuit by inserting the plug P in
jack 11 and closing key N.

The testing plugs are cc ted to a number of keys that
are normally open. If it is desired to test a subscriber's
instrument, the testing plugs may be inserted in jacks I
and 4 orin 8 and 10. Then, closing K should ring the sub-
scriber’s bell with current from the power generator; if it ia
desired to use a hand generator and an ordinary 80-ohm bell,
close key M in addition to key K. A cross or open circuit
in local apparatus or on short lines, where the electrostatic
capacity is not large, may be determined by using the hand
generator and bell. By closing switch W, the ability of a
subscriber's generator to ring a 1,000-ohm, or other suitable
bell, may be tested. By closing the key H, the Wheatstone
bridge may be cc ted to the testing plugs for a resistance
or loop test on any line or either side of any line. The bat-
tery terminals of the bridge are connected to plugs so that
the testing battery terminating at jacks §, 6, and 7 may be
used to facilitate the making of loop tests. To measure the
loop resistance through the two sides of a crossed or grounded
line, insert, for instance, the testing plugs in jacks 1 and 4,
close key H, and insert plugs Pgand P, in jacks@and 7. To
obtain the second balance, which requires one side of bat-
tery to be grounded, remove the proper plug P;or P, from
jack 6 or 7, and ground that side of the battery by connect-
ing jack 6 or 7 to jack 8 with the plugs Py and P;. Where
the testing set has its own battery, it will simply be neces-
sary to have one side of its own battery connected to one
plug for insertion in the grounded jack 8 for the second
balance. If the ground seems to be on the wrong side of
the line, reverse the position of the test plugs in the jacks.
A voltmeter will readily determine which side of the kine
is grounded. These connections are very convenient for
making logp tests.

To test for insulati i or with the volt-
meter, insert the voltmeter plugs in the jacks of the testing
battery—one of the testing plugs in the jack of the line
to be tested, and the other testing plug in jack 8, and
close key F. Switch V allows either scale of the voltmeter
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to be used, switch S allows the voltmeter to be cc d
directly across the testing battery, and switch U enables
readings of the voltmeter to be taken across any one of three
known resistances. This is convenient for estimating the
resistance, by voltmeter readings, to a ground or cross, for
with the same battery the reading of the voltmeter will be
inversely proportional to the total resistance of the circuit.
Closing key E connects the test-desk set across the testing
plugs; closing D connects it across the calling plug F, which
may be used to call up an operator or to converse with an
inspector. Closing key O connects the test-desk set through
an order wire to a switchboard operator's set. O, D, E, F,
H, and M should be keys, or cams, that will remain in either
position, but keys K and N should return to their normal
positions, as indicated in the figure, when released.

WIRE CHIEF'S TESTING CIRCUIT FOR A CENTRAL-
ENERGY EXCHANGE

In Fig. 48 are shown the circuits of a wire chief’s
testing table used in connection with a central-energy
exchange. With this arrangement, the wire chief may make
tests with a voltmeter or a Wh ne bridge and ring’or
talk ovet a line metallic or from either side to ground. By
using a four-point plug or test clip suitable for insertion
in the terminal head where the heat coils are located, tests
can be made on a circuit either out on the line or through the
exchange. The wire chief’s telephone may be used inde-
pendent of the test circuits as an ordinary instrument. The
generator has an 80-ohm ringer in series with it, so as to
obtain the same results as when testing with a n to
An extra key could be readily connected so that either a
power or hand generator could be used.

The operation of the set is as follows: After inserting
the test plug between heat-coil springs on the cable terminal,
key 6 is thrown. This puts the voltmeter VM and test
battery across the line. To test one side to ground, key 6 is
thrown; and by throwing both keys 6 and 7 the other side is
tested to ground. To listen on the line, key 8 is thrown.
This cuts out the voltmeter, and if it is desired to talk,
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close key 1, which supplies both wire chief's and sub
scriber’s telephone with battery. Ringing is done with
key 4. Key 2 pl the Wh bridge in circuit
instead of the voltmeter and battery, and by using key 8,
the wire chief can talk, ring, or test back toward the
exchange.

The test telephone may be used as a regular instrument by
throwing key 9. This places the wire chief’s telephone
across a line running to the switchboard, and the op
receives a signal in the same manner as from a subscriber.
An operator may signal the wire chief by inserting a plug
in the jack corresponding to this telephone number. In
doing this, the positive battery is put on the sleeve of the
jack, which connects with the relay R controlling the signal
lamp on the testing table. When the wire chief answers by
throwing key 8, the relay circuit is opened, putting out the
lamp. It is not necessary to use key I in talking tn.-ougk
the switchboard.
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TELEPHONY

Telephony is the art of transmitting articulate speech
and other sounds between distant points by means of
fluctuations in an electric current flowing between those
points. The successive vibrations of the human voice
that form distinguishable and intelligible sounds constitute
articulate speech. These vibrations are probably the most
complex in the whole realm of sound,

TELEPHONE APPARATUS

TELEPHONE TRANSMITTERS

A telephone transmitter is an instrument that serves to
produce variations in the current flowing in the circuit
in unison with the sound waves that reach the transmitter.
Practically all telephone transmitters now used depend
on the fact that the elec-
trical resistance between
two or more bodies either
in light or in loose con-
tact is varied greatly by
slight cllanges in the pres-
sure between them. Such
transmitters are frequently
called microphones, or bat-
tery transmitters. .

A view of the working
parts of a Dean trans-
mitter is shown in Fig. 1. R
A metal cup a, plated Fic. 1
or lined on the inside
with platinum, forms the front electrode, and is held in an
opening in the center of an aluminum diaphragm. The
rear electrode e is held rigidly in a metal bridge piece f,
which is fastened to the frame that supports the mouth-
piece g and the whole transmitter. This rear electrode
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consists of a hard, polished carbon button # secured to a
brass button, between two parts of which is clamped a mica
ring, or diaphragm, o, the outer edge of which is clamped
against the front electrode a by means of an annular metal
ring s that screws over a. The space between the rear
carbon button and the platinum-faced surface inside the
cup is partly filled with hard, granular carbon of uniform
size. Two light dampening springs b, ¢, having tips covered
with rubber or felt, press lightly against the cup system
and prevent the diaphragm from vibrating at its natural
rate when the air waves have ceased, which would cause
indistinctness. To adapt the transmitter for local-battery
or common-battery systems, the cup and the rear electrode,
which form an easily changed unit, are the only parts that
have to be changed.

The current from a battery passes from one terminal
through e-carbon electrode—granular carbon-metal cup
to the other electrode. When talking close to the trans-
mitter, the aluminum diaphragm and the cup are forced to
vibrate in unison with the sound waves produced in the air,
thus causing the pressure of the front and rear electrodes on
the granular carbon to vary and, consequently, the resistance
of the transmitter, to vary in a similar manner. Therefore,
with a constant E. M. F. supplied by a battery, the variation
in resistance causes a variation of current that is in unison
with the original voice vibrations. In the Dean transhitter,
the entire granular carbon chamber is well shaken up, which
probably decreases the liability of the granules becoming
packed. The thin mica ring o is flexible enough to allow
the diaphragm and its cup to vibrate sufficiently to produce
good articulation and volume of sound.

The var.ation in resistance of any transmitter of similar
construction is undoubtedly due to the variation in area
of the surfaces of granules and electrodes that are in contact
at any instant, and not to any compression within the carbon
itself. The greater the area of the surfaces in contact, the
less the resistance, and vice versa. While transmitters
of different makes vary more or less in construction, all
those in practical use in the United States depend on the
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principle just mentioned. Practically all transmitters have
rear and front electrodes of carbon, or one may be a gold-
plated or platinum-plated metal, granular carbon being
placed between them., The front electrode is attached to
the diaphragm in various ways, while the rear one is rigidly
supported. .
TELEPHONE RECEIVER

A telephone recesver of modern construction is shown in
Pig. 2. It consists of a U-shaped permanent magnet a,
to the ends of which are fastened soft-iron pole pieces ¢, ¢/;
over each pole piece is placed a coil of fine wire. The two
coils are connected in series, 80 as to tend to make the front
end of one a north pole and the front end of the other a
south pole when a current flows through both coils in a certain
direction. The coils are usually wound to a resistance of
about 70, 100, or 125 ohms, although they have been wound

Fic. 2

as low as 10 ohms and as high as 5,000 ohms. The pole
pieces pass through the bottom of a metal cup b, which is
thu; secured firmly in place. On the rim of this cup rests
a tinned sheet-iron diaphragm d, which is about 2 in. in
diameter. The receiver cords are connected to the terminals
of the coils at ¢, being secured at the rear in such a manner
that if the receiver is dropped the strain comes upon the cord
and the rear end of the permanent magnet and not upon
any connections nor upon the hard-rubber or composition
shell g. This shell slips over the working parts of the
receiver and is held in place by the ear piece f that screws
on the shell. When all parts are in place, the diaphragm is
held as close to the pole pieces as is possible without allowing
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it, even while vibrating, to touch either of them. The
distinguishing feature of this particular receiver is the
nearly semicircular shape of the pole pieces; this shape,
it is claimed, gives a more uniform distribution of the lines
of force through the diaphragm than the rectangular-shaped
pole pieces which are more extensively used. The perma-
nent magnet of many double-pole receivers consists of two
permanent bar magnets, held the proper distance apart by
means of a piece of soft iron,and a bolt at the rear end. A
receiver having a U-shaped permanent magnet is called a
double-pole recesver, because both poles are presented to the
diaphragm. Formerly, straight-bar magnets with one pole
only presented to the diaphragm were almost exclusively
used in the United States; they were called simgle-pole
recesvers.

Operation of Receivers.—If a current flows through the
coils in such a direction that the lines of force due to it
coincide with those due to the permanent magnet, the dia-
phragm will be pulled closer toward the pole pieces; whereas,
if the current flows through the coils in such a direction that
the lines of force due to it oppose those due to the permanent
magnet, the strength of the magnetic field will be reduced
and the diaphragm will spring farther from the poles. If
an undulating current always flowing in the same direction
is sent through the coils, the lines of force due to it and,’
hence, the pull on the diaphragm, will increase while the
current is increasing and decrease while the current is
decreasing. Thus, whether the lines of force due to the
current in the coils assist or oppose those due to the per-
manent magnet, a varying pull is produced on the diaphragm
that causes vibrations in the latter that are in unison with
the changes in the current. Thus, either an undulating or
an alternating current may cause the receiver to produce
sounds.

INDUCTION COIL
One more step will explain the principles involved wherever

an snduction, or repeating, cosl is used in telephone systems.
In Pig. 8, T rep at itter, B a b y, P the
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primary, and S the secondary winding of an induction coil,
and R a receiver. By speaking toward the transmitter,
its resistance varies, causing a variable current to flow
through the primary winding. This induces in the secondary
winding an alternating current that flows through the
receiver and causes the receiver diaphragm to vibrate in
exactly the same manner, though somewhat less vigorously,

Fic. 3

than the itter diaph Hence, sounds produced
at the transmitter are reproduced by the receiver. The
primary winding is usually composed of a small number of
turns of about No. 22 B. & S. copper wire, and the secondary
winding of a large number of turns of about No. 34 B. & S.
copper wire wound over the primary. Hence, the E. M. P,
produced in the secondary is many times greater than that
in the primary.

Repeating coils are wound with an equal number of turns
in each coil, so that they will repeat equally well in both
directions. They are used in central-energy systems and
also where it is desirable to have communication between

Grounded Line
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& cor metallic circuit and a ground-return, or common-

return, system, without making a metallic connection between
the two circuits. This is shown in Fig. 4. The metallic
circuit is thus kept free from grounds, and induction from
outside disturbing circuits is limited to that which ordinarily
affects the grounded line.
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CALLING APPARATUS

For attracting the attention of a party at a distant station,
the magneto generator and the polarized bell have been
extensively used.

Magneto Generators.—A magneto generator is a very simple
form of dynamo. It consists usually of an armature of iron,
wound with a large number of turns of fine insulated copper
wire, and is adapted to be readily revolved between the poles
of a powerful permanent magnet. In Pig. 5, A represents
the armature, around the shank of which is wound a coil
of wire. S and N ‘are the south and north poles of one

IN|
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of 3 to 6 permanent magnets placed in a row,and P, P are
the pole pieces, usually of soft cast iron, fastened to the
magnets and bored out so as to afford a space in which the
armature may revolve. When the armature revolves,
the coil cuts the lines of force produced by the permanent
magnets and an E. M. F. is developed in the winding. In
a complete revolution of the armature, the number of lines
passing through the coil will vary from a maximum in one
direction through zero to a maximum in the other direction,
and then through zero again to the first maximum. It
therefore follows that for one revolution two impulses of
current will flow in the coil, first in one direction
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and then in the opposite direction, The current is therefore
an alternating one.

A very important adjunct to the magneto generator is
an automatic device that either short-circuits the armature
or opens the armature circuit when the armature is at rest.
It is found desirable in series telephones, while the generator
is not in use, to remove the resistance of the armature from
the circuit by means of such an automatic device, called a
shunt, which forms a path of practically no resistance
around the armature. In a bridging telephone, however,
it is desirable to have the automatic device open the armature
circuit when the latter is at rest. This short-circuiting or
opening of the armature circuit is accomplished auto-
matically in a variety of ways. At the usual rate of turning
by hand, the voltage given by a telephone generator is from
65 to 75 volts, at a frequency of about 15 complete cycles
per second.

Polarized Bells.—A polarized bell, or ringer, as it is often
called, is shown at the right-hand side of Fig. 5, in which
f and e represent soft-iron cores, upon which are wound
coils of wire connected in series with the line wires /, 7.
N’, S’ is a permanent magnet, and a is a soft-iron armature
pivoted at the middle, To the center of the armature is
fastened a slender rod, terminating at the top end in a
small ball. Whenno current is flowing through the coils, the
per t t both of the upper ends of the soft-
iron cores ¢, f to be south polesand the both ends of the arma-
ture a opposite the cores to be north poles. Consequently,
the armature will be attracted by both cores and will rest
against the core to which it happens to be nearest. If a
current passes through the coils in such a direction as to
increase the stength of the south pole at f and to make ¢ a
north pole or a weaker south pole, then f will attract the end
of the armature opposite it, while ¢ will repel its end of the
armature or attract it with a much smaller force. If the
current is now reversed in direction so that f becomes a
north pole or a weaker south pole and e a stronger soutk
poie, ‘he action will be reversed, and e will attract its end
of the armature and f will repel its end or attract it with a
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much smaller force, By thus reversing the direction of the
ourrent about fifteen times per second, the ball at the top
of the rod fastened to the armature will vibrate between the
two gongs and produce a continuous ringing sound. For
series telephones, the ringer coils are wound to a resistance
of from 80 to 120 ohms. For bridging telephones, the ringer
coils are usually wound to a resistance of 1,000, 1,200, 1,600
and even as high as 5,000 ohms.

Magneto-Bells.—The term magneto-bell is usually applied
to the combination of a magneto generator and a ringer
mounted in the same box. A fairly good generator will
ring its own bell through a resistance of 10,000 ohms, which
is an ordinary test applied to them. Thus, a 10,000-ohm

to-bell or n to generator does not mean that
either the bell or the generator has a resistance of 10,000
ohms, but that the generator should be able to ring its own
bell through a circuit whose total resistance is 10,000 ohms.

Hook Switches.—As the apparatus for sending and
receiving both articulate speech and signals performs
entirely different functions, it has been found necessary
to provide means for cutting one set out of the circuit while

Fic. 6

the other is in use. During the idle periods of the instru-
ment the ringer must be left in the circuit, but as soon as
the call is received or sent, it is necessary to cut the calling
apparatus out of the circuit and the talking ;ppamtu.l
into the circuit. For this purpose astomatic hook $
are used.
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The Kellogg hook switch i3 shown in Fig. 6. The hook is
held down by the weight of the receiver, which causes the
lower contact springs to be electrically connected together.
When the receiver is removed from the hook, the spring »
lifts the hook, thus separating the lower contact springs from
one another and causing the upper contact springs to be
electrically connected together. Evidently the number of
spring contacts above or below the middle spring may be
diminished or increased, or some of the springs may be left
unused, or the middle spring may have an insulating piece
on the top or bottom of the movable end, so that it will
make connection only with the springs below or above; thus,
this hook switch may be made suitable for almost any
system, By removing the screw s, the hook lever may be
slipped out, which is desirable for shipment. This is a good
example of modern hook switches.

BATTERIES FOR TELEPHONES

With the various forms of solid-back transmitters, a
battery of any two good Leclanché or dry cells will give
good results. Dry cells are now being used extensively.
The adoption of central-energy systems is doing away with
primary cells at the subscriber’s instrument for local city
‘service and even for quite long distances. In long-distance
work, two and even three Fuller bicromate cells have been
used a great deal. For central-energy systems, storage
batteries at the central office are nearly always used, and no
magneto generator is required at the subscriber’s instrument;
consequently, the energy for all telephones connected with
the switchboard, both for talking and for signaling purposes,
is supplied by the central office.

CONNECTIONS' OF TELEPHONE INSTRUMENTS

Series Instruments.—Series telephones are designed so that
they may be connected in series with each other in the line
circuit. Fig. 7 shows the Post method, and Fig. 8 the
Western Electnic No. 2 method—two ways of wiring a series
wall telephone that accomplishes the same purpose. G is
the magneto generator, C the bell, R the receiver, T the
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transmitter, H the hook switch, B the battery, and S and P
the secondary and primary windings, respectively, of the
induction coil. While supporting the receiver, the hook is
depressed and thus connects the bell C and the generator

Fic. 8

G in series across the two line wires. In Fig. 7, the circuit
containing the receiver and secondary coil is open at d,
while it is short-circuited by #-e-b in Fig. 8. When the
generator is at rest, its armature is short-circuited; when
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the hand of the generator is turned, the short circuit around
the armature is opened; and when the receiver is removed
from the hook, the transmitter, battery, and primary winding
of the induction coil are connected in a local circuit, and -
the receiver is also connected in series with the secondary
winding of the induction coil and across the two line wires.
The generator and bell circuit is open at ¢, Fig. 7, and short-

Line

F16. 9

circuited by m-d-b, Fig. 8. The same principles are employed
in wiring series desk instruments.

A series desk telephone, with the induction coil in the base
of the stand, is wired as shown in Fig. 9, a, b, ¢, d being the
flexible conductors in the desk-stand cord. The generator
and bell are usually placed in a separate case or box. The
wiring of a series desk telephone, with the induction coil
in the base of the desk stand, the generator in one box, the
bell in another box, and the necessary binding posts on a
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terminal block, is shown in Fig. 10. Generally, the ends
of the flexible cord running from the desk stand to the binding

posts on the terminal block are numbered or lettered, so
that it is only necessary to connect each flexible conductor

in the desk-stand cord to a similarly numbered
or lettered binding post on the terminal block.
Sometimes, the induction coil is mounted on the
terminal block.

Hand Microtelephone.—In Fig. 11 is shown a
hand microtelephone, which consists of a trans-
mitter, watch-case receiver, and switch, all
mounted in one handle. The switch can easily
be held closed by the same hand that holds
the microtelephone. The connections in Pig. 12
show how this instrument may be used as
an ordinary series telephone; it may also be
wired as a bridging telephone by connecting
wire d to line L and omitting the wire d—I-a.

1
2

Instruments.—In Fig. 13 is shown the F10- 11
arrang tand tion of apparatus forming a complete
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bridging wall telephone. The bell and the generator circuits
are per 1y cc ted across the line binding posts 4, A’,
but the generator circuit is normally open between ¢ and r,
being closed only while the crank is being turned. When the
switch is up, the receiver R and the secondary winding S
are connected in series and across the binding posts A, A’
through a-1-R-2-6-S-6-d—H-f, and the transmitter-battery
circuit is closed through B-l-S-k-H-d-6-4~0-P-n~T-m-B.
The bell is wound so as to have a large number of turns and

: .,

Fic. 12
a high resistance (1,000, 1,200, 1,600, or 2,500 ohms), and,
consequently, may be left per tly d across the
line, b its ind together with its resi: is

80 high that the very rapidly fluctuating voice currents
do not pass through the bell to an appreciable extent, but
pass into the line or receiver circuit, which offers much less
opposition to them.

The wiring for an ordinary bridging desk telephone set
is shown in Fig. 14. The binding posts ¢, f, g, k, ¢ are located
in the base of the Jdesk stand. The binding post & and
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contact w are not used for this bridgiag circuit, but are pro-
vided because they are required in an arrangement to be
shown presently, as well as in series sets. Flexible conductors
a, b, ¢ connect the desk stand with the box containing the
bell, generator, and induction coil. On the top or bottom
of this box are placed the binding posts §, k, J, m, #. The
induction coil may be placed in the base of the desk stand
without increasing the number of flexible conductors;
a will then connect ¢ to # and b will connect f to m, p being
between ¢ and ¢, and s between r and f. The binding posts
4, k will not then be required.

Bell Desk Set.—The connections of a bridging desk set used
by the Bell Telephone Companies on local-battery system
is shown in Fig. 156. The induction coil is mounted on a
wooden base having five binding posts #, 7, 2, b, m. One
of the cords b is c« ted to an insulated terminal w in

Frc. 15

the foot of the stand, to which is also attached one terminal
of the receiver cord; ¢ is connected to one contact of the hook
switch, and @ to the transmitter. The other terminal of
the transmitter is connected through the metal work of
the stand to the hook switch.

Other Methods of Connecting Instruments.—Another way
of connecting bridging generators and bells, shown in Fig. 17,
is to arrange them so that both the bell and the generator
will be cut nut when the hook switch rises. This is especially
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desirable but only necessary for party-line circuits having
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erators in a bridging telephone.

is provided that short-circuits
the generator when at rest
and short-circuits the bell
when the generator crank is
turned, thereby preventing
the bell from ringing when the
generator is being used and
protecting the generatorarma-
ture, when at rest, from burn-
outs through the entrance of
foreign currents. This ar-
rangement reduces. by one,
the number of bells on a party
line that the generator must
ring. Moreover, the home bell
in the ordinary arrangement
takes somewhat more current
than any of the other bells,
because it has no line resist-
ance in series with it; hence.

a number of instru-
ments bridged across
the same circuit. The
same object is also ac-
complished by connect-
ing the generator ter-
minal g directly to
binding post A’ instead
of to contact w, the
bell still being left con-
nected between con-
tact w and binding
post A.

Fig. 17 illustrates
another way of con-
necting bells and gen-

A platinum-pointed spring

i

oe 59
Fic. 17

cutting it out is quite desirable, especially on long party lines,
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The connections of the Dean desk set, in wnich the receiver,
transmitter, hook switch, and induction coil are mounted
in the desk stand, the bell and generator in one box, and
four binding posts on a connecting rack, are shown in Fig, 18.
At (a) is shown a simplified diagram of the connections.

Separate Bridging Generator and Bell Box.—The wiring
for a bridging desk set using separate generator and bell

o -[lllL boxes and a terminal block is
f shown in Pig. 19.

Kellogg Bridging Wall Tele-
phone.—Still another slight
F— modification suitable for use

on party lines is shown in

connection with Fig. 20. When
the generator handle is turned,
the spring s is pushed away
from r and into contact with
v. Since the armature wind-
ing is connected between the
frame of the generator and
through an insulated pin in
the end of the shaft with the
spring v, the generator is cut
in and the bell is cut out
when the generator handle is
turned. Thus the bell and
generator are not only cut out
by the rising of the hook
: switch, but the bell is also cut
out when the generator handle
Fre. 20 is turned.

Kellogg Bridging Desk Telephone.—The « ti for
 desk set, when the induction co:l is mounted on a separate
connecting rack along with the necessary binding posts, is
shown in Fig. 21. Four flexible conductors a, b, d, ¢ con-
nect the terminals e, f, b, § with binding posts, 1, 4, 3, 8,
respectively, on the connecting rack. The bell and generator
are cut out when the hook switch rises and the bell is cut
out when the generator handle is turned.
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Fig. 22 shows the wiring when the generator aud bell are
mounted in separate boxes and the induction coil on a
connecting rack. The battery in Pigs. 20 and 21 is placed .
on the floor or wherever convenient.

EXTENSION BELLS

All bells used in connection with a telephone, except
the bell in the telephone instrument or generator box, are
termed extension bells. They are used so that signals
may be received in places where it is not desired to
locate the telephone. The extension bell rings whenever

ala

Gromvd
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the telephone bell rings. Ordinary extension bells can be
used in connection with either series or bridging telephones,
but, in either case, the extension bell should have exactly
the same resistance (which implies also the same number of
turns) as the telephone bell with which it is to be used.
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Series Extension Bell.—Fig. 23 shows the proper way
to connect an extension bell D to a series telephone in

[aY Y=
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which the Post circuit is used, while Fig. 24 shows the same
thing when the Western Electric No. 2 circuit is used.

Telephone Line Wires

Fic. 25

Bridging Extension Bells.—The extension bell, which should
be of the same resistance as the bridging telephone bell,
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may be bridged across the line circuit of a bridging telephone
at the most convenient point. Two bridging extemsion
bells M, N are shown in Fig. 25 properly connected across
a bridging-telephone circuit. When bridging telephones
are connected on the ground return circuits, the extension
bells are connected between the one line wire and the most
convenient ground connection,

CENTRAL-ENERGY INSTRUMENTS

Instruments for use on central-energy, or common-
battery, systems can hardly be classified as series or bridging
instruments. No generators are used, the central office
being signaled by merely removing the receiver from the
hook. These instruments usually have an ordinary polarized
bell, varying in resistance from 80 to 2,500 ohms (usually in
series with a condenser of about 2 microfarads capacity),
connected across the line circuit, or between one line wire
and the ground when the receiver is on the hook. The
transmitters and receivers are arranged in various ways. In
the simplest arrangement, the transmitter and receiver are
connected in series across the line circuit when the receiver
is removed from the hook., With this arrangement, satis-
factory results can undoubtedly be obtained for short
distances if the transmitter and the receiver are suitably
designed; but the use of induction or impedance coils and
condensers in connection with a subscriber’s telephone
instrument seems to give better results.

. Transmitter and Receiver in Series.—The simplest arrange-
ment of a subscriber’s instrument for use on central-energy
circuits is shown in Fig. 26. When the receiver rests on
the hook, the ringing current flows from one line wire through
the bell, condenser, and contact a, to the other line wire.
The bell usually has a resistance of 500 to 1,000 ochms
and the condenser a capacity of 4 to 2 microfarads. When
the receiver is not resting on the hook, it is in series
with the transmitter across the line circuit, and the bell and
condenser are on open circuit. The bell circuit may be
connected from contact a to the ground, instead of to line L,
the ground then being used as a common return for all
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ringing currents, but it is cut out when the receiver is off the
hook. For an arrangement of this kind, the receiver should
have a low resistance and the transmitter a high resistance,
a large proportion of which is variable. From 20 to 25 ohms
has been found to be about the lowest resistance for an
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efficient receiver for such an arrangement. The one main
drawback to this arrangement is that the battery current
flows through the receiver; this is all right if the current
passes in the direction to increase the magnetism, but the
current may at some time be reversed on the line, in which
case the receiver becomes demagnetized. Another fault is

L
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Pic. 27

that this arrangement lacks the proper quality that many
other combinations possess. )

Receiver in Closed Local Circuit.—In Fig. 27, the receiver
is in a permanently closed local circuit containing the
secondary winding s of an induction coil. Both battery
and voice currents pass through the primary winding p
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and the transmitter, but the latter current, being ﬂuct'uating
in character, induces a similar current in the secondary s,
thereby operating the receiver. When the receiver rests
on the hook, the transmitter circuit is open and the bell
and a condenser are connected in series across the signaling
circuit.

Impedance-Coil Circuit.—In Pig. 28 is shown a sub-
scriber’s conversation circuit in which a receiver and 2-micro-
farad condenser are connected in series and shunted by a
25-ohm impedance coil. The direct current from the
exchange battery passes through the impedance coil and

o
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the transmitter, but is prevented from flowing through the
receiver by the condenser, which is opaque to direct currents.
The incoming voice currents, however, are practically pre-
vented from flowing through the impedance coil, on account
of its high reactance to such high frequency currents, but find
a comparatively low-impedance path through the condenser
and receiver, as indicated by the double-headed wavy arrows.

Dean Central-Energy Subscriber’s Circuit.—The sub-
scriber’s talking circuit used in telephones made by the
Dean ‘Electric Company is shown in Fig. 29. The coils
A, B, C, D are arranged in the form of a Wheatstone bridge,
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the usual position of the galvanometer being occupied by
the receiver. B and C are non-inductively wound, while A
and D are wound so as to have a high inductance. The
bridge is balanced for direct currents, as indicated by the
straight single-pointed arrows, by making the resistance
of the four arms so that A is to B as C is to D. No direct
current will then flow between the points £ and 8, as their
potential is the same; hence, the receiver will be free from
direct-current action. However, the bridge is entirely out
of balance for the high-frequency voice currents, which can-
not readily penetrate the inductively wound coils A and D

B! !

Pic. 29

and are thus forced through the receiver and non-inductive
resistances B and C in the path indicated by the wavy arrows?
The resistances of the four windings, which are wound on one
iron-wire core with four terminals 1, 2, 8, 4, are approxi-
mately 20 ohms for A and B and 30 ohms for C and D. The
direct current from the exchange battery passes through the
two 50-ohm halves of the bridge, as indicated by the straight
single-headed arrows, and thence through the transmitter.
The method of wiring a complete wall instrument, using
the Dean circuit, is shown in Fig. 30 (a). When the hook is
down, the coil and receiver are shunted by the wire e, thus
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preventing any damage from lightning discharges or high-
tension currents, which are liable to jump the gap between
the springs of a hook switch. The Dean central-energy desk
set is wired as shown in Fig. 30 (b), while (¢) shows a simpli-
fied diagram of the same circuit.

COMMON FAULTS AND THEIR REMEDIES

The most common troubles in telephone instruments
are due generally to one of three causes: (1) Loose or
dirty connections at the binding posts of the instrument,
at the binding posts of the batteries, or in joints in the line
wires; (2) exhausted, poor, or weak batteries; (3) crossed,
open, or defective wires, These troubles, of course, do not
include those arising from inferior or defective instruments,
which it is impossible to enumerate on account of the large
number of different makes of instruments now in use.

In the case of a defective instrument, the best thing to
do is to return it to the dealer for repairs. If the connections
are dirty, corroded, or greasy, scrape the wires and clean
out the binding posts; then, screw the wires firmly in place.
If the telephone does not then work properly, examine the
batteries and see whether they are run down, or whether the
zincs are eaten away. With wet batteries, it may be possible
that the water has evaporated; in dry batteries, the zinc
may be eaten through, or the batteries may be other-
wise defective. The simplest way to test the battery is
to try a new battery, and see whether it will make the tele-
phone work properly; if it does, the trouble was with the
old battery. If the trouble is present after changing the
battery, examine the line connections and the line outside;
if any loose connections are found, correct them at once.
When inspecting the line outside see that it does not touch
anything except the insulators, and that it is neither crossed
nor broken. On grounded lines, examine the ground con-
nection the first thing and see whether it is in good con-
dition; and if a plate is used, see that it is in moist ground.

A frequent trouble with transmitters is a frying noise;
this is usually caused by too much current or by loose
connections.



282 - TELEPHONY

If any coils in the instrument have been damaged by
lightning, the smell of the charred insulation can frequently
be detected when the door of the telephone is opened.
If this is the trouble, the only thing to do is to replace the
coil that has been burned out. One thing that should be care-
fully avoided is the placing of nails, screws, screwdrivers,
scissors, or metallic instruments on the top of the telephone
box. In a series telephone, this might cut out the instru-
ment; on the bridging line, it might result in all the instru-
ments on the line being thrown out of service. A very short
list of only the most common faults that occur in ordinary
series and bridging instruments, with suggestions as to their
cause, will now be given.

Cannot Ring nor Receive a Ring.—Thée line or generator
circuit may be open in a series instrument or short-circuited
in a bridging instrument. If a series bell, connect the two
main binding posts together; if the bell will not then ring
when the generator is operated, the trouble is probably
a broken wire inside the box. For a bridging instrument,
remove the two line wires at the top of the instrument;
then if the bell will ring, when the generator is turned, the
trouble was due to a short circuit outside the instrument,
probably between the line wires,

Can be Called, but Cannot Call Others.—This trouble may
be due to weak or defective generators, or to bell coils of
different resistance on the same line, If a call from another
station rings the bell loudly but the home generator rings
its own and other bells weakly, the trouble is probably
due to a weak generator, poor connection in the.generator
circuit, or partial short circuit of the generatorarmature. On
a grounded, bridging, party-line system, the trouble may be
due to a high resistance in the ground connection at the home
station only; for this high resistance may cause such a
decrease in the current sent out by the home generator that
when it subdivides through all the other bells, each part is
too feeble to ring any of them, whereas the small incoming
current may still be large enough to ring the bell.

Cannot be Called, but Can Call Others.—This trouble may
be due to imperfect adjustment of the bell, armature, or
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gongs, or to bell coils of different resistance on the same line.
In a bridging instrument, it may be due to a defect in the
automatic cut-in device of the generator; in a series instru-
ment, it may be due to a short circuit around the bell,

Can Hear, but Cannot be Heard.—In such cases, the trouble
is usually with the battery or transmitter circuit. A careful

ination of all tions therein should be made.
It may be due to a defective, packed, or improperly adjusted
transmitter, an exhausted battery, cells improperly con-
nected, or a broken wire or short circuit in the battery cir-
cuit, or a short circuit in the secondary or primary winding of
the induction coil. The person talking into the instrument
may stand too far away; the proper way is to stand so that
the lips are about 1 in. from the transmitter. The trouble
may also be due to a defective receiver at the distant tele.
pnone, such as weak magnets, improperly adjusted receiver,
dented diaphragm, or short circuit in receiver or its cords.

Weak Receiver.—This trouble may be due to poor connec-
tions in the receiver circuit, partial short circuit, bent or dirty
diaphragm, diaphragm too close or too far from pole pieces
(should usually be .015 in, from face of pole pieces), or per-
manent magnet may be weak (should usually support an
8-oz. iron weight or hold diaphragm on edge).

Cannot Hear, but Can be Heard.—In such cases, the
trouble is usually in the receiver circuit, and is probably due
to a defective or improperly adjusted receiver, dented
diaphragm, or to a short circuit in receiver coil or in receiver
cords. However, it may be due to a defective transmitter
or a weak or improperly connected battery at the trans-
mitting station; or, possibly, in a bridging instrument
with a ground return, to an imperfect ground connection,
the ground connections at the several other instruments
on the same line being good.

Weak Ringing of Bells.—This may be due to loose con-
nections, bad joints in the line, or imperfect ground connec-
tion at terminals, in case a ground return is used; a cross
on the line if a bridged-metallic circuit is used; to a ground,
if a bridged-grounded circuit is used. The bell adjustment
may also be defective.
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Instrument Receives and Transmits Rings, but Nothing
Can be Heard at Either Station.—This trouble may be due
to loose tions or a brol wire in either receiver,
in either receiver cord, in either secondary winding of the
induction coil, or to poor or loose contacts in the switch
hook, or to weak batteries, improperly connected celis,
open or short circuits in primary circuits at both stations,
or short circuits in both receivers, or in the secondary
windings of both induction coils. With a series-instrument,
the following test may be made to determine whether the
trouble is in the receiver or cord: Disconnect the cord from
the box, but allow the receiver to remain on the hook.
Remove the line wire from the binding posts, and place the
two ends of the receiver cord in the line binding posts and
turn the generator handle; if the receiver or cord circuit
is not broken, the bell will ring. The wires in a cord may
be broken, and yet the break may not be apparent if the cord
is held in a certain position; hence, move the cords while
making the test. If either conductor is broken, a scraping
sound is produced in the telephone, or it may interrupt the
speech so that a word is only audible occasionally. :

Clapper Clings to One Gong.—If the clapper clings to one
gong, move that gong toward the other gong and against
the clapper. A slight adjustment of this kind will usually
remedy the difficulty.

mm&uﬁn&wwn(!dmhkoedm—’fhn
trouble may be caused by loose tions or
current in the battery circuit, by a buckled diaphragm
in the receiver, or by particles of foreign substance lodged
between the diaphragm and the pole piece of the receiver;
or, the position of the diaphragm may not be correct. In
modern receivers, no provision is usually made for adjusting
the dist of the diaph from the magnet. Where
such adjustment is possible, the diaphragm should be
015 in, from the magnet. This trouble may also be due to
a weak magnet; the magnet should be strong enough at
least to hold the diaphragm by its edge. It may also be
due to a live wire of a power, electric-light. or other circuit
lying across the telephone line.
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Bell Rings Frequently Without Apparent Cause.—The
line wire swings across télegraph or other live wires. On
some selective-ringing party-line systems, a bell will often
give one or more taps when another bell on the same line is
being rung, especially if some receiver at another instrument
on the opposite side of the line is off the hook. When the
ground is used as one side of the ringing circuit, bells will
sometimes give a few taps when the line side of its circuit
forms a better return to the exchange than the ground
between some other instrument that is being rung and the
exchange. This may sometimes be remedied by putting an
extra bell (removing the moving parts and gongs) or an
impedance coil in the circuit between the bell and the
ground.

Poor Hook-Switch Contacts.—Dirty contacts or weak
springs of hook switches are generally the cause of troubles
that can be very easily remedied by cleaning or retempering
the springs. The latter may be done by bringing the
spring to a red heat and then dipping it into water. Oil
may be used instead of water if it makes the spring too hard.

TESTING MAGNETO GENERATORS

One way to test a magneto generator consists in placing
the fingers across the terminals and turning the crank;
if the generator is in proper working order, a shock will
be felt. This method of testing is preferred by some,
because if the magneto is bridged, the ringer might be open
and the generator O. K.

To test a series-bell and generator, place a piece of metal
across the binding posts of the telephone, and turn the
crank; if the bell rings, it is O. K., if not, trouble is inside.
This is not specific, however, and both this and the former:
test should be made. Assume that the latter test has been
made and that the bells did not ring clear and strong, but
when another generator was used to send current through
the defective magneto, the bell in the latter rang all right;.
then the wires were taken off the terminals and it tested:
clear, that is, the bell did not ring. If taken apart and
examined closely, it will probably be found that the trouble:
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is due to the automatic cut-out on the armature not working
properly. If no shock can be felt, the fault will be due to a
short circuit (crossed wires) or to a broken wire; if, however,
a shock is received, but the bell does not respond, then the
fault is in the ringer and may be due to bad adjustment or to
broken or crossed wires. If the shock is weak, the fault may
be due to defective or weak magnets or to a partial short
circuit in the generator armature. All contacts in genera-
tors should be made and kept tight; also, the springs should
be examined often, as holes are frequently worn in them and
cause trouble. Very little oil should be used, as it is liable
to cause trouble.

INSPECTOR’S OUTFIT

The following list of tools and materials for setting up
and repairing instruments will be found very useful, Although
not complete for all and too complete for some work, it
can beadded to or subtracted from as may be found necessary.
One pair of long-nosed 5-in. pliers; one small hammer;
three 6-in. screwdrivers, with blades of different sizes; one
keyhole saw; one set of drills; one pair of tweezers; three
small files; one pair of side-cutting pliers; one box of fuses;
one box each of screws, tacks, washers, staples, etc.; one
racket brace; one set of bits, 4, §, 3 in.; one small can of oil;
emery paper or cloth, size 0000; crocus cloth; cloth and
polishing paste; black insulating tape; 8-0z. weight for testing
strength of receiver magnets; soldering lamp, iron, solder,
and flux; small dusting brush; receiver and transmitter
diaphragms and granular carbon; insulated and bare wire;
candle or small lamp; battery material and battery gauge
(for local-battery instruments only); satchel for carrying the
tools and material mentioned.

Telephone installers should have an angle or ratchet
brace, a long bit of proper size to take circular loom
conduit, a Syracuse drill, a long gimlet bit, a pair of side
cutting pliers, long-nosed pliers, a hammer, a small key-
hole saw, two sizes of screwdrivers, an alcohol torch, a
small gimlet, a coarse, flat file, some screws, washers, tacks,
stapes, etc.
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DISTURBANCES IN TELEPHONE LINES

CAUSES OF NOISES IN TELEPHONE CIRCUITS

Strange noises are frequently heard in instruments
connected with grounded telephone lines of considerable
length. These noises may be due to one or more of several
causes, The sudden shifting of the earth’s magnetic field
may induce currents in the line, which will cause sounds in
the receiver; earth currents, due to differences in potential
between the ground plates at the ends of the line, may also
pass through the telephone instruments, producing the same
result; there may be leakage from other lines; a neighbor-
ing wire carrying fluctuating currents will have set up about
itself a varying magnetic field of force, which field may
embrace the telephone line under consideration and by its
fluctuations cause corresponding alternating currents to
flow in the telephone line; and there may be a condenser
action between the telephone wire and the neighboring wire,
by which the latter may induce fluctuating charges on the
former, and these charges will produce currents capable of
affecting the receivers.

GROUNDED AND METALLIC CIRCUITS

Grounded telephone systems are those in which one line
wire is used, the ground forming one side of the circuit, or,
as it is commonly designated, the return csrcust. Such
telephone lines frequently forrn part of the return circuit
for electric street-railway systems and, moreover, induction
from neighboring parallel lines may be considerable; in either
case, the result may be what is commonly termed a nossy
Uine. The first source of trouble just mentioned may be
eliminated by the use of a common return wire in place of
the earth, constituting what is called a common-return system.

To eliminate noises due to induction as well as those due to
leakage, two separate wires must be used for each circuit.
The two wires must be placed on adjacent insulators and
transposed about every } mile, care being taken that no two
adjacent pairs are transposed in exactly the same mannes.
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In case the circuit runs through a cable containing other
similar telephone circuits, the two wires constituting each
circuit are invariably insulated with dry paper and twisted
spirally about each other. Where two conductors are used
for each circuit, it is said to be a complete metallic, or merely
a metallic, circust system.

TRANSPOSITIONS

The proper way to make a transpositton, where McIntire
sleeves are used, is shown in Fig. 31. In Fiz. 32 is shown

oy Y

P72223
Hof Sieeve
Fic. 31

the transposition insulator used where these transpositions
are made.

The single-pin, or Murphy, transposition is shown in Fig. 33.
Suppose that pole b is the one on
which the transposition is to be made
between the wires J, k, which takeat the
pole a, the pins 2 and 1, respectively.
A transposition insulator is placed on
pin 1 at the pole b and the conductor
k is tied in the lower groove, while
the conductor ! is tied in the upper
groove. On the next pole ¢, the con-
ductor kB will be tied in the usual
manner to pin 2, while the con-
ductor / will be tied to pin 1. Their

Frc. 32 mutual positions are thus reversed.
To make this transposition, all that is necessary is to take up
slack enough in the conductors to enable them to be shifted
one pin to the right or left as the case may be. The single-

et Shere
SIIIIIIIYT.
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pin transposition is said to have the comparative advantage
of less first cost and simpler construction. It can be cutin at

Q i fa)
5 8 B
Fic. 33

any time, cut out, or moved several poles, at less cost and with
much less work than in the case of a square, or ordinary,
transposition.

Pic. 34
The scheme of transpositions used on the New York-
Chicago telephone lines, is shown in Fig. 34. The poles on
which the transpositions are made are 1,300 feet apart.
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CAPACITY AND INDUCTANCE OF LINE WIRES

The length of time necessary for an impulse to rise to an
appreciable strength at the distant end of a line depends
on the distributed electrostatic capacity and the resistance
of the line; in fact, it seems to be proportional to the product
of these two quantities. For good transmission, both clear
and loud, over telephone circuits, this product should be
kept as low as practicable.

The electrostatic capacity of overhead wires, suspended
at a height of about 30 feet above the ground, is approxi-
mately as shown in the table on page 219. The electrostatic
capacity of an overhead wire will depend on the number
and proximity of other wires, and especially if any of the
neighboring wires are grounded. Where there are a number
of grounded. circuits on the same pole line, the electrostatic
capacity will be higher. The capacity will also vary with
the number of insulators per mile and the moisture on
them. When one overhead wire is grounded at one end
only (insulated at the other end), the capacity is twice as
great as when both ends are grounded, that is, twice as great
as the capacity given in the third column of the table on
page219. When a high inductance, such as a high-resistance
(1,200-ohm) bridging bell, is ccnnected between the end of the
line and the ground, the capacity for high-frequency currents
will be ‘ery nearly as great as when the end is insulated.

The capacity and inductance of one copper wire, .104 in. in
diameter, weighing 173 1b. per mi., with both ends grounded,
are given in the following table:

CAPACITY AND JNDUCTANCE OF SINGLE LINE WIRES

Height of Wire Capacity Inductance
Above Ground Microfarads Hen
Feet per Mile per Mile
10 .01060 002796
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The capacity and inductance, when two copper wires,

.104 in. in diameter, are suspended at the same height and
1 ft. apart, are given in the following table:

CAPACITY ARD INDUCTANRCE OF LINE WIRES

i Mutual In-
Capacity Ind
Between Capacit nductance| ductance
Wi Belzgleer)l' of One of Two

Height Groulxx:ied Two Wires Wire Wires
Qbove | atBoth | (Distant |Grognded )Connected

Endsand |EndsOpen)| “Ends | at Distant
Feet the Ground | Mjcrofarads

E
Microfarads| per Mile Henrys nd

+ r Mile Hen:
per Mile pe per DB;:
20 01171 004732 .003019 .001187
30 01150 004936 003149 .001318

The increase of capacity between one wire and ground
due to the adjacent grounded circuit is .01171—.009796
= 001914, or 19.6% at a height of 20 ft. and .0115—.009379
= 002121, or 22.6% at a height of 30 ft.

The capacity and inductance of metallic circuits of copper
wire.,.104 in. in diameter, for various separations, are given
in the following table:

CAPACITY AND INDUCTANCE OF METALLIC-CIRCUIT
LINES

Separation Capacity Inductance
Inches Microfarads per Mile Henrys per Mile

10 008503 003546
12 .008218 .003663
14 007992 .003762
16 007

.007806 003848
18 007649 003924
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Formulas for Capacity.—The electrostatic capacity of a
single wire of length / and diameter d at a height k& in the
air above the ground when grounded at both ends may be
theoretically calculated by the formula

C=—9388_ icrofarads W

toan(7)

The electrostatic capacity of two parallel wires each of

)! h ] and di ter d at a dist. h from each other may
be theoretically calculated by the formula
C= ﬂg—“gf— microfarads 2)
tos( %)

In these two formulas, J must be expressed in miles,
but & and d may be expressed in any units of length, pro-
vided both are expressed in the same units. K is the
inductivity of the dielectric filling the space between the two
wires. For a bare overhead line, K=1. Values calculated
by these formulas agree closely enough with results obtained
for bare overhead wires by actual measurement. The effect
of adjacent circuits is to increase the effective capacity of a
line as determined by the foregoing formulas.

If the two parallel wires of a metallic circuit have an
insulating covering, in addition to being suspended a distance
apart in air, the capacity is slightly increased by the greater
inductivity of the insulating covering. If the wires have a
diameter d, an insulating covering of diameter d;, the
distance between them being k, the inductivity of the insula-
ting covering K, and their length in miles /, then the capac-
ity, in microforads, is given by the formula

c-— @
logi.~. h + ! logd—'
dq K *d
The mutual capacity C, in microfarads, between two two-
wire metallic aerial circuits, of length in miles J, one circuit
consisting of wire of diameter da and the other of wire of
diameter dj,is given by the formula
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.15536 log;o 12 ""1
“)
16 logio g logw%— (21 ";’) -

The distances r;, 73, 73, 4, 75, and ¢ are shown in Fig. 85.
These formulas are correct for wires of magnetic or non-
magnetic material. The presence of the earth beneath an
aerial metallic circuit increases the capacity very slightly—
less than a fraction of 1 per cent. if the wires are above the
earth a distance at least
several times the dis- . Circur? 1
tance betwcen them.
The assumption made \\

in the deduction of the ; Tz

formulas for electro- ™~

static capacity is that ’3\ ]\ N
there are no other wires , N \; -
in the immediate vicin- \ :

: ) N

ity of those being con- . L

sidered. The effect of Circuit 2 % L:d'

adjacent circuits is to Fic. 35

increase the effective

capacity of a line. Fora pair of conductorsin a telephone cable,

the formula would be too complicated to be of any practical

value (even if one could be derived), on account of the influence

of neighboring conductors and the grounded lead sheath.
Formulas for Inductance.—The formula for the induct-

ance of a single aerial wire, composing a grounded circuit, is

(.03047 +.7411 1og,‘.ﬂ'>
L= r),

i ®

in which L=inductance per mile, in henrys;
h=height of wire above earth;
r=radius of wire.
h and r should be expressed in the same units. The
inductance of a two-wire aerial metallic line may be
expressed by the formula

.1609 +1.482 loglag>

08 ®

L=
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in which L =inductance per mile of the line circuit, in henrys;
d=distance between centers of two wires;
r=radius of wire (both same size).
d and r should be expressed in the same units. Formulas
5 and 6 are for wires made of non-magnetic material. The
inductance of iron or steel wires is greater than that of
copper wires of the same size. The effect of the earth on
the inductance of a metallic circuit is less than a fraction of
1 per cent. if the wires are above the earth a distance greater
than two or three times the distance between them. The
inductance is d d by the p of the earth. These
formulas assume that there are no magnetizable substances
within a distance of the circuits less than several times
the distance between the wires forming the pair, or the
height of a wire above the earth.
The mutual inductance M between two two-wire metallic
aerial circuits is given in henrys per mile by the formula

7411 log.o';"—-;:
M -1 @)
in which the distances 7y, 73,73, and r4 are the same as in Fig. 35.
If, in formulas 4 and 7, the distances are such that 7, X r;
=r3X 14, C and M become equal to zero. Therefore, it is
possible to arrange two two-wire metallic circuits so that
there will be no electrostatic or electromagnetic interference
between the two circuits; in other words, so that there will be
no cross-talk between two circuits so arranged. This is
practically accomplished by twisting the wires in pairs as in
ordinary telephone cables.

PUPIN LOAD COIL SYSTEM

An articulate voice current consists of a fundamental
wave and a large number of overtone waves of different
frequency. Also, the greater the frequency of an overtone
wave, the more does inductance tend to make it lag behind
the fundamental; whereas, capacity has the opposite effect,
so that the greater the frequency of an overtone wave, the
more does it tend to lead the fundamental wave. Further-
more, the proper amount of inductance inserted in a circuit
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will neutralize a given capacity for one particular frequency.
The difficulty with telephone circuits is the fact that the
capacity between the line and the ground or other conductors
is distributed throughout its length, and the frequency
varies from about 32 to 40,000 periods per second. Prof.
M. 1. Pupin was the first to mathematically demonstrate
and then practically prove that the distributed capacity
of a line can be neutralized by inductance by connecting
properly designed inductance coils in series with the line
and at definitely calculated distances apart. He showed
that, by neutralizing the capacity by inductance for the
highest frequency commonly occurring in conversation,
namely, about 750 periods per second, the neutralization was
sufficient for all frequencies. The coils must have a definite
inductance and be located definite distances apart along the
line, so that there are at least several within the length of
a half electric wave. The calculations, however, are too
complex to be given here. When the neutralization is
properly done, the overtone waves are so little displaced
from each other and from the fundamental wave that
distinct conversation can be held not only over much greater
distances but also over smaller-sized wires.

The coils, known as the Pupin load cosls, are now used on
the New York-St. Louis, New York-Chicago, and other long
circuits. On the New York-Chicago line, it is claimed that
the use of the load coils has improved the transmission
100%. This circuit consists of No. 8 B. W. G- hard-drawn
copper line wires, with load coils in series with the line
every 24 mi. In the underground cables between New
York and Hartford, extra:large manholes are located
every 6,600 ft. apart, in which Pupin load coils are placed.
The use of load coils seems more beneficial and profitable
in underground cable circuits than in bare overhead line
circuits. Professor Pupin is confident that a conversation
between New York and San Francisco may be held without
difficulty over a circuit properly equipped with these induc-
tance coils. A more complete discussion of this theory
and the use of load coils is given in the International Cor-
respondence Schools’ Telephone Engineering Course.



296 TELEPHONY

ATTENUATION ARD DISTORTION

Attenuation.—By attenuation is meant the decrease in
intensity, strength, or amplitude of an electrical wave
between the transmitting and receiving ends. Contrary
to the conception frequently held, the maximum, or mean,
value of an alternating or variable current may not be the
same in all parts of a line wire, even at any given instant,
but may decrease gradually as the distance from the transmit-
ting end increases; this is not necessarily true for a steady
direct current, however. This reduction is due to the
resistance of the conductors, insulation resistance, and
improper relative values of distributed capacity and induct-
ance of the line circuit.

Distortion.—The dsstortion of an electrical wave is due to
the fact that some electrical property (usually, distributed
capacity) of the line acts unequally on the component waves
of different frequencies that together make up a complex
current wave representing articulate speech, the result being
that the change in the phase relations and intensity of the
various overtones and the fundamental tone produces a
change in the shape of the current waves that renders the
articulation more or less defective. Increased distance inter-
feres with the transmission over a uniform conductor, not
only on account of the diminished volume of the sound trans-
mitted, but also on account of the rapid deterioration of the
articulation.

PARTY LINES

Each telephone may be connected to a line circuit termina-
ting in an exchange, where the proper switching devices are
provided for connecting together any two lines. Such cir-

. cuits are termed private, or.better individual telephone lmes
Frequently, several telephone instr ts are cc
to the same Hne circuit, such a circuit being called a
party line. On party lines, the instruments may be con-
nected in various ways.

In the method shown m Fig. 36. which represents a

ground-return ci it, the instr are ted in
series, and such a party line is called a groumded, serses
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party line. A line wire may be used in place of the ground
return, and it is then called a metallic, serses party line.
Each bell is wound to a low resistance (from 60 to 120 ohms),
and is so connected through the switch hook that the removal
of the receiver from its hook cuts out the bell. Evidently,
the ringing current encounters the impedance of all the bells

BEEiEg

Fic. 36

in the same circuit in addition to the line resistance, and the
talking current also encounters the resistance of the line and
the impedance of all the bells, except at the stations where
the receivers are removed from the hooks. As the frequency
of the voice current is very high (average about 300 periods
per sec.), while that of the ringing current is low (15 periods
per sec.), the former is considerably reduced in strength,
and the articulation becomes weak and indistinct if too many

Pic. 37

telephones are connected in the same line. The bells in
series telephones must not be too high in resistance, and the
generators must develop sufficient E. M. F. to send a current
of proper strength through the line and all the bells that
are in series, The generator must be provided with an
automatic device that short-circuits its armature when the
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battery is at rest and opens this short circuit when the gen-
erator is in use.

A better method, now extensively used, consists in con-
necting the telephone instruments in parallel across the line
circuit, as shown in PFig. 37, which represents a grounded,
bridged party-line circuit, so called because the telephones
are said to be bridged across the circuit from the line wire to
the ground. A metallic, bridged party-line circust is shown
in Fig. 38.

In bridging instruments, bells wound to a high resistance
must be used, in order that the bells at telephones not in

use may not short-circuit or form serious leaks for the voice
currents flowing between two stations in use. The higher
the resistance of the line and -the greater the number of
telephones bridzed across one line, the greater should be the
resistance of the bells. The ringing current divides through
all the bells connected across the line. The generator is
usually provided with an automatic device that leaves
the armature on open circuit when at rest and connects it
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directly across the line binding posts of the instrument
while the generator is in use. Usually, the bells are con-
nected permanently across the line binding posts, but in
many instruments the bell is cut out when the receiver is
removed from the hook., The bells are usually wound to
1,000, 1,200, 1,600,2,500 and even as high as 5,000 ohms.
The impedance of such bells to the high-frequency voice
currents is so great that the voice currents are practically
confined to the line and instruments at which the receivers
are removed from the hooks.

Party-Line Signals.—On the party-line systems so far
described, it is necessary to use a code of audible signals
to enable the parties at the various stations to distinguish
their calls from those of other stations on the same line
circuit. These codes are usually made up of a various num-
ber of rings or various combinations of long and short rings,
8o that, by sound, a party may at once tell whether his atten-
tion is desired at the telephone.

There are other systems in which means are provided for
ringing the bell of any one subscriber without disturbing
any of the other bells on the same party line. They are
termed selective-signaling sy ., and may be divided
into three classes:

1. Those employing step-by-step mechanisms operated
by impulses of current sent from the central exchange in
such a manner as to close the bell circuits at the subscribers’
stations successively. This method has been used but little
in actual practice because it is difficult to secure proper
electrical contacts between the stationary and movable
parts; also, the devices have been too complicated.

2. The second system applies to the harmonic, or reed,
method of selecting, wherein currents of various frequencies
are employed for actuating the different bells. The four-
party selective-signaling systems devised by W. W. Dean
come under this class. The four bell hammers on the same
circuit are made so as to have different periods in which they
will readily vibrate, and four different frequency currents
and, in one case, slightly different voltages also, are used
for ringing. In the system made by the American Electric
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Telephone Company, alternating currents of two frequencies
are used (20 and 60 cycles per sec.), while the capacity and
inductance of the two bell circuits connected between the
same two line wires are so proportioned that the lower
frequency current will ring only one of the bells and the higher
frequency only the other bell. By connecting two such bell
circuits between each side of a complete metallic circuit
and the ground, as is customary, any one of the four bells
" may be rung by connecting the proper frequency ringing
machine between the proper line and the ground. A con-
denser is connected between each bell and the ground,
80 that neither line is actually grounded. When the receiver
is removed from the hook, the telephone is connected across
the two line wires; thus, a complete metallic circuit is used
when conversing.

3. There is another system in which selective signaling
is accomplished by changes in the direction of the current.
A polarized relay or an ordinary polarized bell can be
readily arranged to respond to current impulses in one
direction only. Obviously, this in itself affords means for
signaling either one of two stations on the same line circuit
without disturbing the other. By attaching a spring to
one end of the armature of an ordinary polarized bell, the
hammer may be held normally against one gong. If direct
but pulsating current flows through the bell coils in such a
direction as to move the hammer against the other gong,
the bell will ring, because the current impulses cause the
hammer to hit one gong and the spring draws it back against
the other gong between each impulse and while no current
is flowing through the coils. A pulsating current in the
opposite direction will not ring the bell, because the magnet-
ism developed in the cores merely tends to pull the armature
in the same direction as the spring and there is no tendency to
move the hammer against the other gong. Another simi-
larly polarized and wound bell may be rung by putting
the spring on the opposite end of the armature and sending
pulsating currents through the coils in the opposite direction.
By connecting two such bells. wound to a high resistance,
in parallel across a line, either bell may be rung. By
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connecting two such bells between one wire of a metallic
circuit and the ground and two similar bells between the
othermmdtheground any one of the four bells may
be rung by i the g d and the
proper line wire one of two generators that will send
pulsating currents in the proper direction. The circuits
are arranged so that all conversations are carsied on over
the two line wires.

TELEPHONE-EXCHANGE SYSTEMS

The ordinary form of telephone exchange for handling
a large number of subscribers comprises a central office,
from which the lines to the subscribers’ stations radiate.
The lines terminate at the central office in what is called
a switchboard, which must contain apparatus for attracting
the attention of the operator when one subscriber desires
to talk to another; means for the operator to connect her
telephone with the subscriber’s line, in order to ascertain
his wants; means for connecting his line with that of any
other subscriber; means for calling the subscriber desired;
and, finally, means for enabling either subscriber to notify
the operator that their conversation is ended.

Line Signals.—The apparatus for attracting the operator's
attention may be an electromagnetic annunciator, or a
very small incandescent lamp whose circuit is controlled
by a relay in the line circuit. Annunciators, or drops,
as they are commonly called, are used on switchboards where
the subscriber’s set is equipped with a magneto generator,
and relays controlling lamps are used in large central-energy,
or common-battery, systems.

SIMPLE MAGNETO SWITCHBOARD

The circuits of a simple magneto switchboard are illustrat
in Fig. 390. The binding posts L L’ are connected through
line wires with the tip spring #,#’ and the sleeve con-
wctl:' s” of the spring jacks J’, J'/, while the drops D’, D"

cted b the tact spring ¢/, 9/ and the
cleovendaofthelmecm:mt

4
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If subscriber A tes his G’, current flows
through tho line and dropD’ causing the lhuturofthchtter
to fall, thereby attracting the op r's The

operator inserts the mwermg plug P’ in the jack J’, thereby
cutting out the drop and extending the line circuit to a
flexible cord circuit, and restores the shutter of D’ to its
normal position. The tip # and sleeve s of the plugs are
insulated from each other, but connect with wires 1, 8, and
to the tip and sleeve of a jack when inserted therein, The

Subscrider B Subsovidev 4
%
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Fic. 39

operator dep the li ing key K, which connects
the secondary it containing the head-receiver R and
secondary S of the induction coil across the cord circuit
This enables the operator to converse with subscriber A,
who has in the meantime taken down his receiver R and
from whom is obtained the information that i

is d h bscriber, say B. The operator

is desired with
then ingerts the calling plug P” in the jack J”, thereby
cutting out the drop D” and establishing connection with the
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line wires of subscriber B, The op r then dep

the ringing key K’, thereby connecting the ringing generator
G across the strands 1, £ of the calling side of the cord circuit
leading to the calling plug P”, thus ringing the bell at
station B. The ringing current cannot pass to station A
because the depression of the ringing key K’ disconnects
the two cord conductors leading to the answering plug P’.
When the operator releases the key K’ and subscriber B
removes his receiver from its hook, the talking circuit
between the two subscribers is complete. After the con-
versation is finished, one or both of the subscribers should
operate their generators, or “‘ring-off.”” as it is usually termed.
This will send a current over the lines of the two connected
subscribers, a part of which will find a path through the
clearing-out drop CO and cause its shutter to fall. The
operator, seeing the signal, should close the listening key,
restore the shutter of CO to its normal position and inquire
whether any further service is desired; if no response is
received, the two lines should be disconnected by removing
the two plugs from the jacks.

The line drop in a system of this kind should have about
the same resistance as the subscriber’s bell. In order that
the clearing-out drop CO, which is connected across the
circuit during the conversation, shall not form too low a
leakage path between the two sides of the circuit, it is
wound with a large number of turns to a high resistance
(from 500 to 1,000 ohms). The inductance of the drop
is increased by enclosing the core and coil in a tube of soft
iron, which makes its impedance to the high-frequency
voice currents very great, and, furthermore prevents cross-
talk and other inductive disturbance between neighboring
drops.

CENTRAL-ENERGY, OR COMMON-BATTERY,
SYSTEMS
Replacing all the t: itter batteries and the signaling
generators at the subscribers’ stations by a single source of
current located at the central office has proved so successful
that most of the new large exchanges are now operated on
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this plan. While there are many different systems in use,
nearly all of them involve one of the following principles:

1. In the Stone system, the lines during a conversation,
are connected through impedance coils with a common
battery; that is, between one terminal of the common battery
and one side of each circuit is cc cted an imped
coil, and between the other terminal of the battery and the
other side of each circuit is connected another impedance coil.
Thus, for each pair of lines connected together, there is a
separate pair of impedance coils through which the battery
supplies current for those lines. Therefore, each sub-
scriber’s station receives current from the central battery
through a pair of impedance coils, which allows the battery
current to flow, but confines the high-frequency voice
currents to the line wires. These impedance coils may
be made to serve as relays to give clearing-out or supervisory
signals.

2. The Hayes common-battery system consists in con-
necting each side of two circuits in use through a repeating
coil to the terminals of the common battery. The repeating
coil is usually divided into at least four coils, constituting

iy two separate repeating coils. One coil connects one
side of one circuit with one terminal of the battery, another
coil connects the other side of the same circuit to the other
terminal of the battery, and, similarly, the other half of the
repeating coil connects the two sides of another circuit
with the opposite terminals of the battery. This method
of operation will be understood from the description to be
given of the Bell central-energy exchange.

LARGE SWITCHBOARD SYSTEMS

Transfer Switchboards.—When the number of subscribers
connected with an exchange is larger than can be attended
to by three operators, any one of whom can reach all the
jacks, either transfer or multiple switchboards must be
used. In the transfer system, auxiliary circuits, termed
trunk, or transfer lines, run between the various sections
into which the switchboard is divided, and means are
provided by which the operator may connect one end of
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any one of these trunk lines with the line of a subscriber,
while the operator at the other end, when instructed to do
80 by the first operator, can complete the action between
her end of the trunk line and the line of the subscriber
called for, Trunk lines thus serve as auxiliary connecting
circuits between two subscribers’ lines that cannot be
connected together at any one section of the switchboard.
A switchboard arranged to operate in this general manner
is termed a fransfer, or express, switchboard.

Multiple Switchboards.—The primary object of the mul-
tiple-switchboard system is to so arrange the apparatus that
any operator can connect the line of a calling subscriber
with that of any other subscriber in the entire system
without the assistance of another operator. The entire
board is divided into sections, each usually containing
the necessary appamatus and room for three operators.
In each section are placed as many multiple jacks as there
are lines in the exchange in addition to the line signals and
answering jacks of the lines the calls from which are to be
attended to at that section. Each operator can reach
over one operator’s position on each side of her, On some
common-battery multiple switchboards, each operator
attends to as many as 200 lines.

It is evident that the operator at one section will, unless
special means are provided, have no way of knowing whether
a line called for by a subscriber at her ion is already
connected with another line at some other section of the
board. Should she -make connections between one sub-.
scriber’s line and another line already in use, three sub-
scribers would be connected together and much confusion
would result. In order to prevent an operator from making
connection with a line that is already in use at another section
of the board, there is provided a so-called busy test, which
forms an essential feature of every multiple switchboard,
The operator usually performs the test for a busy line by
applying the tip of the calling plug to the sleeve or ring of
the jack of the subscriber called for. If the line is busy,
the operator will hear a click in her head telephone, while
#f it is free or not in use, silence will inform her of that
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fact. The details of the busy test will be explained in con-
nection with the circuit of a central-energy multiple switch-
board.

Central-Energy Multiple Switchboard.—The principal feg-
tures of the central-energy multiple-switchboard system used by
the licensees of the American Bell Telephone Company are
shown in Fig. 40. The Hayes principle of utilizing repeating
coils and one battery for all line circuits is employed. Two
operator cords and three subscriber circuits are shown,
Normally, the circuit between the line wires is closed only
through the subscriber’s bell and condenser. The alternating
current from the ringing generator at the exchange can
ring the bell through this circuit, but no battery current
can pass through it on account of the condenser. In each
cord circuit there is one repeating coil, which has four
windings w, z, ¥, and 5. In the ansgwering, or left-hand,
side of the cord circuit, there is one supervisory relay AR,
controlling the answering supervisory lamp AL; and there
is a similar arrangement in the calling, or right, side. So
as not to impede the voice currents too much, the relays AR
and CR are shunted by non-inductive resistances Ar and Cr,
which do not, however, interfere with the proper operation
of the relays. When the resistance coil « and lamp AL are
in series across the 24-volt battery B, the lamp will light,
but it will go out when the 40-ohm resi visc ted ip
parallel with the lamp by the operation of the relay AR.
For the sake of clearness several batteries are shown, but
there is really only one battery. Normally, no current flows
through the cut-off relay CO;, and hence, the line circuit
is closed between a, b and between m, .

When the subscriber at station I removes the receiver Ry
from the hook, the transmitter T; and one winding P; of
the induction coil form a circuit across the two line wires
of sufficiently low resistance to allow enough battery current
to flow from B, to energize the line relay LR,, thereby
closing its local circuit and lighting the line lamp LL,,
which notifies the operator that her attention is desired on
that line. The operator responds by inserting the answering
plug (belonging to any one of the ten- or fifteen-cord circuits
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that she has before her) into the answering jack belonging
to line 1, as shown. Enough current flows through AR
to close it, which prevents the lighting of AL. Current
also flows through CO,, thereby breaking the circuit at b
through the line relay LR;, which causes the line lamp LL;
to go out. The operator closes the Li ing key Lk, thereby
connecting the receiver, secondary winding s of her induction
coil, and the condenser C across the cord circuit. The
operator’s transmitter T, primary to winding p, and retarding
coil Rt are connected to the terminals of the battery B,
The retarding coil not only limits the current through
any one transmitter, but also enables current to be supplied
to all the operators’ transmitters from one battery without
causing cross-talk, The condenser Q improves the trans-
mitting qualities, probably b it comp more or
less for the inductance of the retarding coil Rf.

If the subscriber at station £ is wanted, the operator will
make the usual busy test on that line, and if the line is not
busy, she inserts the calling plug into the multiple jack Jg
opens the listening key, and closes the ringing key Rk.
Current from the ringing generator flows through and rings
the bell at station 8. Current now flows through B-COz-
re-CL—§, thereby lighting the supervisory lamp CL and
closing the relay COg, which prevents the lighting of the
line lamp LL;. When the subscriber removes his receiver Ry
from its hook, current flows from B through the subscriber’s
circuit and the relay CR, thereby connecting g in parallel
with CL, which causes the latter to go out.

When the subscriber talks into the transmitter T, its
resistance changes sufficiently to produce a variable current
through the windings w, y, which induces an alternating
current in the windings x,s. This alternating current,
combined with the direct battery current, produces a
current of variable strength in the line circuit of station 8.
This variable current in the winding P; of the induction
coil induces an alternating E. M. F. in the other winding
of the induction coil, thus producing an alternating current
in the local circuit containing the receiver, transmitter,
and condenser. It is also probable that the effect produced
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by this current is reinforced by some of the variable current,
which may flow through the hook switch, receiver, and
induction coil and sssist in charging and discharging the
condenser., When the conversation is finished, the lamp
CL will light as soon as Ry is hung up, and AL will light
as soon as R, is hung up.

To explain the “busy” test, assume that the circuits
are exactly as shown in Fig. 40; that is, that stations 7 and £
are connected together, subscriber £ not having removed
his receiver from its hook, and that the call of subscriber 3
for connection with subscriber #, whose line is now busy,
has just been answered by an operator at another section
of the switchboard where the lower cord circuit is located.
The latter operator makes the busy test as follows: Her
listening key is already closed solhememlymr.hmthehpt
of her calling plug to the ring contact ry’ of the multiple
jack in her section belonging to subscriber 8. Current
flowing from +B through COgyrs~CL~j makes the poten-
tial of the ring contacts of all jacks belonging to this
line different from that of the ground, and produces a
click in the operator’s receiver R’, for current then flows
through B-ground-o—2’-d’—f—#-ry’ where it unites with
current flowing through B-COgry’, and the whole current
flows through ry~CL-j. Before touching ¢ to ry’, the
points @, ¢, and hence the terminals of condenser C’,
had exactly the same potential difference as the terminals
of battery B’; but now the current through B-ground—o—

/~d’~f'~4—ry—r~CL~j has suddenly 1} d the potential
old’a.ndhenoethechugeon d C’ has suddenly
decreased, thereby produci tary current and

click in the receiver R’, which nonﬁen the operator that the
line is already in use, or busy, as it is called.

If the line is not in use, that is, if there is no plug in any
jack of this line, the tip # of the calling plug and the sleeve ry’
of the jack will be at the same potential—the potential of
the positive terminal of the common battery—and hence
no click will be produced.

The circuits of all the line lamps at any one position
are connected together at k;, betwesn which point and the
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battery is connected a line-pilot relay PR. This relay
controls the circuit of a line-pilot lamp, which is not
shown in this figure, but which lights every time any line
lamp at that operator’s position lights, and goes out
when the line lamp goes out; that is, when the call is
attended to by inserting a plug in the jack. A similar
supervisory-pilot relay and supervisory-pilot lamp is asso-
ciated with all the cord circuits at one operator’s position.
The supervisory-pilot relay is energized and the super-
visory-pilot lamp lights when any answering supervisory
lamp at the same operator’s position is illuminated.

AUTOMATIC TELEPHONE SYSTEMS

An asmtomatic nkphom system is one designed to sup-
plant the telephone op r by aut tic appli-
ances. Switches located at a central office automatically
connect two lines for a conversation and also disconnect
them, this result being produced as a result of certain opera-
tions performed by the subscribers themselves. An auto-
matic system usually consists of a telephone and selecting
device at the subscribers’ stations, the selecting device being
used by the subscriber to select the line desired by sending
a certain number of impulses over one or both line wires.
At the exchange, a switch automatically connects the
calling line to the line selected by the subscriber. Therefore,
to establish connections between any two lines running to the
same automatic exchange, no operators are required.
Thus a large item of expense—operators’ salaries—is saved
in the cost of operation. Those favoring manually operated
systems claim that more expert troublemen and switchboard
men are required, which more or less offsets the saving in
operators’ salaries. Operators are generally employed,
however, for toll service and trunking between different
exchanges, even if both exchanges are automatic. The use
and popularity of automatic systems are increasingand a large
number of exchanges, both large and small, are now equipped
with such systems. Automatic telephone systems are rather
complicated, and, every new installation is likely to contain
improvements over preceding systems; even a general
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description that would apply to one installation would require
more space than can be devoted to it here. Such systems
are fully described in the International Correspondence
Schools’ Telephone Engineering Course.

TELEPHONE-PROTECTING DEVICES

A complete protector for telephone lines includes three
forms of protective apparatus: (1) an open-space cut-out,
designed to act as a spark gap and relieve the circuit from
high-potential discharges by forming a non-inductive path
to ground; (2) a thermal apparatus so designed that when
an abnormal current of relatively low voltage appears,
the thermal apparatus under the effect of the heat created
by the extra current will operate in such a manner as to
open or ground the side of the circuit toward the apparatus
to be protected and ground the other, or line, side; and (3)
a fusible cut-out of relatively large current-carrying capacity
and extended across a long gap.

These three pieces of apparatus are known by the names
open-space cut-out lightning arrester or static arvester, heat
coil or sneak-current protector, and fuse. For the complete
protection of a telephone line, it is usually considered
7o smnsw desirable to place an
open-space cut-out
. and heat coil on the
m< nm distributing board to

| protect the central-

station apparatus; to

Fie. 41 place a fuse wire on

underground lines

where the cable to the central office joins open wire; and to

vlace a second fuse and open-space cut-out and sometimes
a heat coil at the subscriber’s telephone substation.

Whenever the three elements—fuse static arrester, and’
heat coil—are used, the relation of the elements should
be as shown in Pig. 41, the heat coil being connected on
the switchboard side or, if at a subscriber’s station, on
the telephone side of the circuit. The first duty of
protective apparatus is to prevent foreign currents from

ToLne
fuse Hoa? Cow
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damaging tral-office equi ts; hence, the proper posi-
tion for the fuse is between that part of the line circuit
which can come into contact with a source of dangerous
current and the office equipment. The term exposed
wiring may be applied to such’ parts of the line as may
ever come in contact with a source of dangerous current,
while unexposed wiring may be applied to all parts of the
line that are secure from such contact. Unexposed wir-
ing includes wunderground cables cables formed of
wires insulated with rubber, and wiring wholly within
buildings. All other wiring may be considered as
exposed to accidental contact with high-potential circuits.
In this class, aerial cables having lead sheaths are included,
because contact between such a cable and a high-potential
wire very frequently causes an arc that destroys the sheath
and allows current to enter the conductors.

Lightning Arresters.—Lightning arresters used on telephone
lines usually consist of two blocks of carbon separated by
silk, paper, perforated mica, or celluloid. At central stations,
the separation is usually .005 in., and the same or a trifle
greater (008 in.) at the subscribers’ stations. Where
fuses are used, they are generally enclosed in long and
nearly air-tight wooden or fiber tubes.

Pig. 42 (a) shows Cook’s No. 10 protector for use on the
terminal frame of an exchange. The carbons c¢,¢ of the
lightning arrester rest on a grounded strip and are separated
from the line carbons b, d by perforated or U-shaped pieces
of celluloid .005 in. thick. The many small perforations
in the celluloid are said to break up the discharge, thereby
forcing it to pass through the arrester at many points and
thus prevent particles of carbon from breaking off and short-
circuiting the arrester. If an arc continues across bc or de,
due to a cross with a high-voltage circuit, the celluloid will
melt and allow the springs to press the carbon blocks together
and form a dead ground; this will stop the arc,and if the cur-
rent increases sufficiently, the fusesat the outer end of the line
will melt and cut off the line circuit from the switchboard.

A low-voltage current that is large enough—if it per-
sisted—to damage a switchboard, coil, or other device
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will pass from line a through the heat cartridge h-springs f, ¢~
switchboard-springs m, J-heat cartridge k-springs §, to line,
An unusually large current will heat the graphite ¢ packed
in the cartridge [see Fig. 42 (b)], and, by the conduction of
heat, a low-temperature-melting solder on the brass shell at
k will become soft enough to allow the spring m, Fig. 42 (a),
to pull the hard-rubber piece o0 and with it the spring / out
of k. This also causes spring p, which is forked, to touch
both metal pins ¢ and thus close a circuit (not shown) con-
taining a battery and an alarm bell. The cartridge, Fig. 42
(b), consists of a metal shell, enclosing a graphite com-
position that is insulated from the metal casing except
on the upper and lower ends. Hard-rubber strips r, Fig.
42 (a), pass through the central grounded strip and keep
the springs belonging to one line circuit alined and sepa-
rated from adjacent springs.

To reset the heat cartridge, the resetting plug shown in
Fig. 42 (¢) is pushed between the springs, thereby connecting
a battery s, Pig. 42 (a), between the springs v,w and
pressing the springs m, / back toward their normal position,
‘When ! touches &, current flows through &, softens the solder,
allows / to slip into place, and breaks contact between
springs #, v, thereby stopping the current, which allows the
solder to harden and hold the springs /, m in position. Should
the cartridge be defective, the operation of resetting auto-
matically indicates the fact, because the spring / cannot be.
reset properly. By inserting the test plug, Fig. 42 (d),
between the springs of one protector, Fig. 42 (a), it is pos-
gible to test the various circuits, by the aid of the switch
shown and the proper testing instruments,

Combination Protector.—The D and W combination pro-
tector, shown in Fig. 43, well rep ts the 1
protection frequently used at subscribers’ stations. Some-
times the heat coil is omitted and sometimes the fuse,
depending on conditions and the opinion of the telephone
man in charge of the system. The arresters almost invari-
ably consist of two carbons similar to a, b, one of which is
#n contact with each line wire and separated from a grounded
brass plate ¢, usually by means of apiece of silk, paper, o
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perforated mica, .008 in. thick. This thickness of mica will
permit 350 or more volts to arc across the air gap, and thus
allow the line to discharge to ground. Long, enclosed fuses,
the center portioh of which in this particular make runs
through an air-tight capsule of gelatine vw«, are used, and

Fic. 43

the heat coils consist of spirals p, ¢ of German-silver wire
pulling away from each other. These spirals are held
together, however, by a little solder at o, which melts when
more than about .3 ampere flows through the line and the
heat coil for 15 sec.
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INTERIOR SYSTEMS

In many factories, large h and institutions, telephoni
cc ication bet various departments without the

aid of a central switchboard and operator is frequently
desired. Intercommunication may be obtained by running
at least one more wire than there are stations through all
the stations, at each of which is provided a simple switch
whereby the telephone instrument at that station may be
connected with any other station. Such a system is variously
known as an swtercommunmscating, house, or speaking-tube,
system. There is practically no end to the various arrange-
ments of apparatus and circuits used in house systems.
In order to illustrate as many as possible, the description
of each system will be very brief.

For systems requiring more than 20 or 30 stations, a
private branch switchboard seems better. Plugs and spring
jacks and, frequently, push buttons may be used, but the
circuits can be most clearly shown in the figures by using
strap switches, On each switch, the button bearing the
same number as the station at which that switch is located
is usually placed at the left-hand end, and is called the home
button. All the switch levers normally rest on this home
button. In practically all systems to be shown, the wiring
is arranged so that the bells at any station can be rung from
any other station, no matter on what button the switch
lever may have been left, but before a conversation can be
carried on, the switch at the station called should be returned
to the home contact if not already there. This is usually
the best arrangement, except for vestibule or apartment
houses, because it cultivates the desirable habit of returning
the switch to its home position.

A complete metallic-circuit, inter icating, telephone
system is here intended to mean one that has a pair of
wires for each station and, if necessary, one or more wires
that may be used for signaling purposes in common by all
the stations. All these wires run through all the stations.
The object of using two wires, usually twisted to form a pair,
for each station is to eliminate cross-talk. Where cross-talk
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to a moderate degree is not objectionable, systems using
only one wire for each station, in addition to one or more
common wires, are cheaper to install, simpler, and give good
satisfaction. However, where the wires are run in cables, as
is usually the case in first-class installations, and all cross-talk
must be eliminated, it is almost imperative to use a complete
metallic-circuit system—as here defined—of some kind. In
systems having only one wire for each station, there is likely
to be more or less cross-talk, due either to induction between
line wires running parallel and close together or to the use
of one common wire as a common return by all stations as
a part of their talking circuits,

MAGNETO-BELL SYSTEMS
A system using ordinary magneto generators, polarized
bells, the necessary talking apparatus, and strap switches
is shown in Pig. 44. To call station 1 from station £, turn Sy
to contact I, as shown, close the ringing key K3 and turn the

Siation 1 Btation Siation 3
Fic. 4

ringing generator G3, which will send & current through the
bells C and C;. The generator may be so constructed as to
automatically close its circuit when its handle is turned.
When both receivers are removed from their hooks, the two
parties may converse over line  and the common return wire,
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If station # should desire to hold a consultation with both
stations 1 and 8, station £ would first call up station 8,
request that the switch there be turned to button I, and
then station £ would call up station I. The three parties
could then converse.

Complete Metallic-Circuit System.—To eliminate all
trouble from cross-talk and interference from ringing
currents, the wiring shown in Fig. 456 may be used. Two
radial switch arms ¢, d are hanically cc d by
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Pic. 45

an insulating piece, to which one handle %, for controlling
both arms is fastened. Of course, any other form of switch
that will accomplish the same result may be used. To
call a station, turn the switch to the number of the station
desired, holding the double-contact push button P; closed

while the handle of the magneto generator G; is turned. *

The piece ¢ is insulated from the hook switch so that the
ringing currents cannot interfere with other telephones in
use, should the switch arm be left off its home position,
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The bell can be rung no matter in what position the switch
is left, but it must be on the home position at the
station called before a conversation can be carried on. A
series bell and generator are required with the wiring shown
at station I, and the usual automatic shunt used in series
telephones is necessary, as indicated by the dotted line
around the generator G;. However, the generator may be
connected as shown at station £, that is, across the con-
tacts v, w. In this arrangement, any suitable generator may
be used and no automatic shunt or cut-in device is necessary;
in fact, one terminal of the generator could then be perma-
nently connected to m and a single-point push button used to
connect the other generator terminal to # when using the
generator. A generator having an automatic cut-in device
could be connected across m, #, no push button being
required. Either series or bridging bells may be used with
the wiring shown at station £.

COMMON RINGING-BATTERY SYSTEMS

Common-Return Circuit.—The common ringsng-battery
system is one in which one battery is used in common by all
stations for signaling purposes only. Fig. 46 shows such a
system. The means for signaling consists of an ordinary
vibrating, or battery, bell and a push button at each station
and one ringing battery conveniently located for ringing
the bells. Stations I and £ represent an ordinary wall
set, and station 8 the wiring for a hand microtelephone set.
The latter consists of a receiver and transmitter mounted
in one handle, which contains a switch that can be readily
held closed by the pressure of the hand that holds it to the
mouth and ear. The bell at the station making the call
does not ring.

Complete Metallic Circuit.—A good way to wire common-
ringing battery telephone instruments for a system having
two wires for each station is shown in Fig. 47. The wiring is
shown more clearly at station I, but the practical arrange-
ment of the hook-switch contacts is more accurately shown at
station £. A centrally located battery RB is used for ringing
ordinary battery bells V;, V2. At station 1, a contact piece ¢
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is fastened to, but insulated from. the hook switch in such a
manner as to close the bell circuit only when the receiver
rests on the hook. To call up a station, the switch is turned
to the proper buttons and the push button is then pressed.

P o )

Stetrom / (X3
Pic. 47

The fact that the switch at the station desired may not
rest on the home position does not prevent that station from
being called from any other station. However, the switch
at the station called must rest on, or be returned to, the
home position before any conversation can be carried on.

CENTRAL-ENERGY HOUSE SYSTEMS

Where batteries are not desired at each station, a cemtral-
energy system, one of which is shown in Fig. 48, may be used.
The objection to most all central-energy intercommunicating
systems is the liability to cross-talk. Cross-talk may be
reduced by inserting a 25- to 50-ohm impedance coil I in
series with each transmitter, as shown at station 8. Current
is supplied to the various transmitters, when in use, by the
ot of cells ab, and the cells cd are used for ringing the bells.
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On a small system, where the same number of cells may

for both ritters and bells, one wire less may be
used by c« ting each transmi to the ringing wire,
the transmitter wire and battery TB being omitted.

Apartment-House System.—In Fig. 49 is shown a more
suitable arrangement for communication between the ves-
tibule and the various flats in a modern apartment house,
as the plug does not have to be returned to its home jack
or be removed from any jack in order that the parties may
converse. Any station may be rung, regardless of the
position of its plug. At each station there is an impedance
coil I3, I3, I's to reduce the cross-talk and a plug P;, P,, P;
to make connecnons through one of the jacks 1, 2, 8, 4
with the desired -----Thm-u may be used
to provide c« ication bet the t , between
the tenants and callers, and between the tenants and the
janitor, in whose quarters a telephone set may be located.
The common battery B may also be placed in the janitor's
quarters, An objection to this system is that, if any two
stations are connected, and a third station calls either one
of the first two, the bells of the first two stations will both
ring if the receivers are on their hooks. In many cases, no
bell would be required in the entrance telephone and the
circuit m-n—1 would be omitted.

Simple Plug-Switch System.—In Fig. 50 is shown a
very simple central-energy intercommunicating system,
described in the Telephone Magazine by James V. Crecelius,
who says that he has found it more satisfactory, where
the longest line does not exceed 1,000 ft., than many other
more complicated systems. Provided the receivers are
hung up when not in use, no bell except the one desired will
ring even though the plugs are accidentally left in any jack,
To call station £ from station 1, insert the plug P, in jack $
at station I and press the push button K;. Very little of
the ringing current passes through the transmitter T,
because the bell W, has very much less resistance. Although
it has not been found necessary, the arrangement shown
only at station 3, in which the transmitter circuit is normally
open and therefore not in parallel with the bell, could be
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weed .at all stations, The receiver must be connected in
the p direction in the circuit and the plugs should
-lwtyl be withdrawn at the end of a conversation, because
otherwise there is a chance for cross-talk should four or more
people be talking at the same time. For the battery B.
use enough dry cells to give from 6 to 9 volts.

Complete Metallic Circuit.—A l-energy i
municating circuit that is suitable for a large system because
it is free from cross-talk, is shown in Fig. 51. There is one
‘battery RB for signaling purposes and another TB for supply-
ing current to all the trahsmitters. Each pair of line wires
is connected through two coils of high inductance to the
talking battery T7B. The transmitter is connected in series
with the primary of an induction coil, and the receiver in
series with the secondary and in a permanently closed local
circuit. At station 3, the bell V; is disconnected from the
circuit at the hook switch while conversing; this prevents
the possibility of interference while talking, due to charging
and discharging currents and to leakage through the bell and
the wire., However, it is very doubtful whether this would
usually be serious enough to warrant the use of the extra
contacts #, o, ¢ thereby required. The bell at any station
can be rung from any other station, even if the switch
has not been returned to its home position, but the con-
versation cannot be held until the switch at the station
valled is returned to its home position,

CONNECTION BETWEEN INTERCOMMUNICATING AND
EXCHANGE TELEPHONES

It is often very desirable to be able to connect a tele-
phoubdmmnctonutyexchnmwnhmmummmum-
cating system. Intercom 8y are being
used for this purpose in place of small private branch switch-
boards. Whether such connections can be made, depends
on whether the local exchange company will allow it, and,
furthermore, intercommunicating telephones should be so
armanged as not to interfere with the proper operation
of the exchange telephone and the switchboard signals.
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Kellogg System.—In Fig. 52 is shown the central-energy
intercommunicating system made by the Kellogg Switch-
board and Supply Company. It is a complete metallice
circuit system. The battery bell has two gongs, which
give it the appearance on the outside of a polarized bell,
Two sets of dry batteries are required, one TB for talking
and another RB for ringing the bells. For five to ten
stations with 1,000 ft. of cable, the talking battery should
contain three cells and the ringing battery six cells; with
2,000 ft. of cable, the talking battery should contain four
cells and the ringing battery sevencells; for eleven to twenty
stations with 1,000 ft. ot cable, the talking battery should
contain six cells and the ringing battery six cells; with
2,000 ft. of cable, the talking battery should contain eight
cells and the ringing battery seven cells,

Two classes of telephone instruments—one called the
major and the other the minor—are made for the Kellogg
system. The major has a receiver and condenser in series,
the two being connected in parallel with an impedance coil,
as shown at station 2. The minor instruments have the
same apparatus, but the condensers and impedance coils
are omitted, the transmitters being connected simply in
series with the receiver, as shown at station 1. The impe-
dance coil in a major instrument forms a path of low resistance
for the battery-transmitter current, which the condenser
excludes from the receiver, while the fluctuating currents,
since they pass through a condenser more easily than through
an impedance coil, readily flow through the receiver-conden-
ser circuit.

At station 1 is shown a minor desk-stand set; at station £,
a major wall set; and at the answering station, a major desk-
stand set equipped as an answering station. The answering
station is provided with two trunk jacks Jt instead of one,
as at the regular int ting stations; an extra
plug P for holding the exchange trunk line; and an extra box
in which is mounted the holding coil H, a polarized bell E
and condenser C, the bell and condenser being bridged, as an
ordinary extension-bell set, across the exchange trunk line, ta
serve as a signal from the exchange to the answering station.
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The plug may be lett in any jack or out of the jacks
altogether, and yet the station desired can be called with
out ringing any other than the desired bell. All incoming
calls from the city h are d by the party
at the answering station, who inserts the plug associated
with this talking circuit into one of the trunk jacks Jt
after a signal is received from central. After learning
what department is wanted, the answering party inserts
the plug P, across whose cords is connected the holding coil
H, into the second jack of the trunk line, withdraws the
regular talking plug from the other jack of the trunk line and
inserts the same into the jack corresponding to the party
with whom the party on the trunk line wishes to talk, and
presses the ringing button, which rings the bell of the called
party. As soon as the called party answers, he is notified
by the party at the answering station to answer on the
exchange line; the called party takes the plug out of the
intercommunicating jack and inserts the same into the trunk
jack, and the answering party withdraws both plugs from
the jacks, restoring this station to its normal condition,
When through talking, the receiver is hung up, which auto-
matically gives the disconnect signal at central. To tak
with an exchange subscriber, the intercommunicating sub-
scriber merely inserts the plug into the trunk jack and takes
down the receiver; this operates the exch line signal
and the exchange operator connects this line with the
exchange subscriber desired in the usual manner.

Skombor(-Cnhon Syltem.—ln Pig. 63 is shown the
central gy inter ti lwtem made by the
Stromberg-Carlson Telephone Manuf; ing Company and
the way in which it may be cc ted to a telept instru-
ment belonging to a t h. y . Ap
may communicate from any station on the intercom i
ting system with outside parties, but the central exchange
cannot be called, nor can the central-office operator ring the
bell of any telephone belonging to the intercommunicating
system only. It is necessary to place one intercommunica-
ting telephone, which is termed the answering gtation, near
the exchange telephone or an ex ion bell ted to it,
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0 that the party that answm the exchmse telephom
may signal the i desired and also
the exchange operator when some one at another inter.
communicating station calls up and requests the answer-
ing station to do so. If the plug is not in the home, or
left-hand, jack, where it should be placed after any conver
sation, the bell can still be rung but nothing can be heard
at the station called until the plug is inserted in the home
jack. The exchange teleph is cted to the inter-
communicating system by of the repeating coil
abcd. The condenser C, connected in the middle of the
winding ab, prevents a constant waste of current from TB

through this winding, and the d Cis y to
avoxdshort-arcmtmgtheordawyl.ooo-ohmpolmndbell v
in the h hone instr

Holtzer-Cabot Syntem.—ln Pig. 54 is shown one way
in which local-battery telephone instruments of an inter-
communicating system may be connected with the instrument
located at station 8, which is supposed to be connected with
a central-energy city-exchange system. No change what-
ever is made in the wiring of the central-energy instrument,
which is located at station 3, the line wires simply being
eonnectedfromthobmdmgpostsa.btothepurofms’
running through all the stati in the inter ing
system, At:tat:onl:sshownthgphnofmnngusedby
the Holtzer-Cabot Electric C: y:n tion with its
Ness automatic i itch. The two
)’ w, v are insulated from each other, but are mechan-
ically connected together, so that moving w by its handle
moves both levers. Pressing the lever w by its handle
against the strip d allows current to flow from the ringing
battery RB through the contact button and line wire to
which w is turned.

At station £ is shown practically the same arrangement,
except that an automatic switch is not necessary and
apushbutm?uusedmphoeofthennmngmdmtho
Ness automatic switch. If the city-exch instr is
operated on the central-energy plan, the resistance of the
secondary 5; and the receiver R; must be of approximately
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the same resistance as that of the transmitter T and primary
coil p in the central-energy system, in order that hanging up
and taking down the receiver at the intercommunicating tele-
phones will properly operate the signals at the central-energy
exchange. The central-energy exchange may be called up
from any instrument on the intercommunicating system by
turning the intercommunicating switch, in this case to con-
tact 8, and taking the receiver off the hook. It is impossible
(and not usually necessary) for the exchange to ring the bell
at any of the intercommunicating telephones, and for this
reason one of the intercommunicating instruments must be
placed alongside the exchange instrument. The party that
answers the exchange instrument at station 8 must call up
the proper intercommunicating station, and, by means of the
intercommunicating instrument alongside it, inform the party
that answers to turn his switch so as to connect the instru-
ment with the trunk line running to the city exchange, then
hang up the receiver R of the exchange telephone and also the
receiver belonging to the intercommunicating instrument at
the answering station.

AUTOMATIC-SWITCH SYSTEMS

With the original house systems it was absolutely necessary
for the calling party to return the intercommunicating switch
to the home position when through with a conversation,
in order to avoid leaving the station cut out so that no
other station could ring it up; with more modern systems
this is not the case, but it led to the development of auto-
matic-return switches and systems. An automatic snter-
communiscating switch is one that automatically restores
all connections to their normal positions when the receiver
is hung on the hook switch.

Holtzer - Cabot Automatic System.— The Holtzer - Cabot
automatic central-energy house system, which has all
batteries located at some one convenient place, is shown in
Fig. 55. Only two stations in a three-station system
are shown, but the switches are made for any number of
stations up to twenty. The current for all the transmitters
is supplied by the battery TB; for ringing the bells, current
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is supplied from both the batteries connected in series
Normally, the switch S; rests upon the home button and
does not touch the strip d. To call up station 8, for instance,
the switch S, is turned to contact £ and the handle is pressed
down, 80 as to touch the strip d as well as button £, thereby
ringing the bell Vs, When both receivers are removed from
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their hooks, current flows through TB—o—m—n-p,~-T~ ¢-line
x—4, and also from o-through j—w—pg-Tsu—s. The voice
currents flow from s; through R;—¢-line 2—«—Ry—sg~Hgv-So
contact €—c-line £—a—contact 8-S;—r-H;~s,. When receiver
R, is hung up, an autc ic device rest the switch S;
to the home contact.

TELEPHONES FOR APARTMENT HOUSES

In the vestibules of modern apartment houses, or flats,
there is usually a row of push buttons that ring bells in
the different apartments and a row of speaking tubes for
communicating with the tenants. Telephone systems may
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be used to advantage in place of the speaking tubes. The
telephonc systems for such cases should be very simple, and
all batteries should be located preferably in the janitor’s
quarters, Callers should be able to communicate with any
tenant and any tenant with the janitor, In .ddm

sometimes desirable to arrange for
the tenants. It should only be necessary for a caller to
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press one push button associated with the telephone of the
desired tenant and to take down the receiver, No system
requiring the manipulation of a switch of any kind by the
caller, who may not be familiar with such a system, is

Push-Button Bell System.—Fig. 56 shows a system
saitable for apartment houses and it can be installed where
push-button bell circuits have been used. The original
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bell circuits include the push buttons P;, P, P;, P4 at the
entrance, the bells V;, V3, V3, V4 in the various apartments,

the common-return wire C, and a battery. It will usually be

necessary to run a third wire D or to'use a ground return in its
place. In each apartment, there is a simple telephone with a
transmitter and receiver in series, a push button and a
battery bell. One terminal of the entrance telephone is con-
nected to an intermediate point in the battery, in order that it
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may be used to talk with either the janitor or any tenant. In
most cases, the ‘entrance telephone would be nearer the
janitor's telephone than any tenant's telephone; hence, a
fewer number of cells would be required in B; than in B,
while the entire battery would be required for conversations
between the janitor and tenants. The push buttons k, &y, ks
etc., when pressed, ring the janitor’s bell V.

Couch & Seeley Speaking-Tube System.—Fig. 57 shows a
central-energy speaking-tube system made by the Couch
& Seeley Company. It is suitable for a house, flat, or
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building requiring only three or four telephones and where
communication between a central office and the stations
only is required. The battery TB supplies the current for
the transmitters, and the battery RB the current for ringing
purposes. Impedance coils I, I’ are connected between the
battery TB and the two wires, over which flows the current
for all the transmitters. To call up the central office from
station 1, for example, it is simply necessary to press the push
button K;. When the central office wishes to call a sub-
station, say station I, the push p, is pressed.

Fic. 58

Holtzer-Cabot Apartment-House System.—Fig. 58 shows
what the Holtzer-Cabot Electric Company terms its vestsbule
system for apartment houses. In the vestibule is placed a
telephone, equipped with an automatic switch, for calling
and talking to any tenant. In the janitor’s apartment is
an annunciator provided with one signal, and immediately
below it a jack for each suite, or apartment, one bell V
through which all annunciator circuits return to the battery B,
one plug P for answering ordinary calls by inserting it in
the jack under the displayed signal, and a push button K
for ringing, through plug P and the proper jack, the bell
in any apartment. A pair of plugs P;, P; may also be



TELEPHONY 337

provided for connecting together any two apartment tele-
phones by inserting them in the proper jacks. Each suite
is provided with a telephone, bell, and push button; by means
of the latter the annunciator and bell in the janitor’s apart-
ment may be operated. To call any suite from the vestibule,
the switch S is turned to the desired number and pressed
to make contact with strip d, which will cause the desired
bell to be rung with current from B. When the two receivers
are taken down, the talking battery TB is connected in
series with the two transmitters and two receivers. Hanging
up the receiver in the vestibule restores the switch to its
normal home position.

HOTEL TELEPHONE SYSTEMS
In a hotel, almost any switchboard system can be used,

but it is customary to install only \| RY S8y
witlk very simple instruments in the guests’ rooms. In
most cases, only com ication be the stations and
office is required, but i c ication bet

the stations is afforded by means of simple jacks and
plugs at a central-office switchboard. Very often a tele-
phone system is to replace or to be added to an annunciator
system, the wiring for which is already installed. In such
cases, the same wires between the various stations and the
office can, and generally must, be used for the telephone
system. Inlarge city hotels, it is becoming quite customary
to install a private-branch switchboard, so that the telephone
in any room may be connected to any other telephone in the
hotel or in the entire city-exchange system.

ANNUNCIATOR TELEPHONE SYSTEMS

Pig. 59 shows a Couch & Seeley amtomatic switch system
suitable for a small hotel. The office is equipped with a
telephone, an annunciator, automatic switch, a talking
battery TB, two impedance coils 4, §, and a ringing battery
RB. To call station £ from the office, press in button ¢
(which will remain in until the office receiver R is taken down
and hung up, and also press the ringing push button p.
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thereby ringing the bell V3. When both receivers have been
taken down, the transmitter circuits of the two telephones
are in parallel, both being supplied with current from the
battery TB through the impedance coils s 5. To call the
Aoy Statiers / Jlofm 4
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office from station 1, press the push button k;, which will
operate the annunciator I and bell V in the office. The
office attendant pushes in the corresponding button 7 on
the automatic switch, restores the annunciator, takes down
the receiver, and attends to'the call,

HOTEL-SWITCHBOARD SYSTEMS

Communication Between Office and Substations Only.
In Fig. 60 is shown a simple hotel-switchboard system that
admits of communication between the office and any sub-
station and vice versa, but does not admit of cross-connecting
between any two substations. D, and D; represent ordinary
t and J; and J3 the spring jacks

of a snmple plug switchboard. The talking battery TB
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supplies all the current for talking purposes. The sub-
station instruments can be simplified and cheapened by
connecting the receiver and transmitter directly in series,
omitting the induction coil. The spring jacks and plug may
be replaced by a simple, or automatic, two-wire intercom-
municating switch.

Any substation calls the central office by merely pressing
a push button, and it makes no difference whether the sub-
station receiver is on or off the hook. The office attendant
inserts the plug in the spring jack corresponding to the
drop shutter that has fallen, and takes the office receiver
Roffitshook. To call up any substation, the office attendant
inserts the plug in the proper jack and closes the ringing
key K, thereby ringing the substation bell. When both
substation and office receivers are removed from their
hooks, the two parties can converse. RB and AB may be
the same battery, and, if desired, a bell or buzzer may be
wncluded in the circuit at a, so that it will ring whenever
any drop is operated.

Communication Between Any Two Stations.—The simple
system shown in Fig. 61 allows communication not only
between the office and any substation, but also between
any substations through the office plugboard; this is a
system designed by Couch & Seeley Company for ordinary
hotels. All batteries are located in or near the central office,
where an ordinary annunciator, plug board, connecting
cords, and plugs are also provided. This system is not
intended for use where more than two substations would
need to be connected together at any one time, although
there could be two or more listening jacks and two or more
pairs of connecting plugs. Only three impedance coils
I, I', 1”, one talking battery TB, one bell battery RB,
one annunciator battery AB, one office bell or buzzer C, -
one listening jack, one operator’s plug, and one pair of
connecting plugs would be required, no matter how many
substations there may be on a small system, for which this
arrangement is only intended.

The removal of a receiver at a substation is all that
is necessary to call up the office. To answer a call, the
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office attendant inserts the operator’s plug in the jack
corresponding to the drop whose shutter has fallen. To
call up a substation, the operator’s plug is inserted in the

»

jack iated with the

Fic. 62

substation desired and
the key K is closed to
ring the bell. To con-
nect together any two
substations, the connect-
ing plugs are inserted in
the corresponding jacks.
The office attendant
must insert the oper-
ator's plugin the listen-
ing jack to determine, by
listening, when the con-
versation is completed.
Return-Call Annun-
ciator-Telephone System.
In PFig. 62 is shown a
‘.l’ 14 _&M 1, 1
system, suitable for a
hotel. Since exactly the
same line wires are used
as in the Holtzer-Cabot
return-call annunciator
system, it is a simple
matter to convert their
return-call annunciator

y into this tele-
phone system. If the
push button K, is
pressed, the bell V; at
station I rings. When
the plug P is inserted
in the jack J; and the

receivers R, R; are removed from their hooks, the office and
station! / may converse, the talking battery TB supplying
itt To call up the office, the

for both t:
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push button is pressed at the substation, thereby causing the
shutter of t.he corresponding annunciator to fall and the bell
V to ring. The central-office
attendant responds by insert-
ing the plug P in the corre-
sponding jack,and restores the
annunciator. If, for instance, ,
the party at station £ desires
to communicate with station
1, the operator will remove the
plug P from jack J; and in-
sert the plugs M, N in the
jacks .’ 1 .’ 2.

The Holtzer-Cabot hotel-
switchboard or school system is
shown in Fig. 63. It has a
centrally located switchboard,
aj! centralized talking and ring-

[

ing batteries, and connecting
cords for intercommunication
between the various stations.
* rﬁ ’ In the common connection

Fic. 63

i of the annunciator drops is

the bell V, which therefore
rings whenever any annun-
ciator shutter falls, The oper-
ation of this system is very
simple and only a brief expla-
nation is necessary. When
two parties are conversing,
the battery B supplies cur-
rent for both transmitters

and also energizes the clear-

. .- ing-out drop O. When both

J"' ‘ receivers are hung on the

[ & C -a— l \ hooks, the clearing-out drop
ol releases its shutter, which sig-

" nifies that the conversation is completed, and both plugs
should be withdrawn from the jacks. The impedance coil I,
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having the same resist and induct. as the clearing-
out drop O, causes the system to be evenly balanced.

The Couch & Seeley Company’s hotel-switchboard system,
shown in Fig. 64, allows communication not only between
the office and any substation, but also between any two
substations through the office switchboard. As this system
is more elaborate and complete, it is suitable for a larger
hotel than the one illustrated in Fig. 61. It is a central-
energy system, the talking battery TB being connected
through two impedance coils m, % across each cord circuit.
The two impedance coils in each cord circuit are so arranged
as to constitute a clearing-out drop CD for that cord circuit.
There is one listening key Lk and two ringing keys Rk and R¥.
for each cord circuit. There is a separate battery RB for
ringing the subscribers’ bells and operating the line drops D,
Ds,and D;. There may be as many cord circuits and clearing-
out drops as required. One operator’s set may be connected to
each listening key; the lead f runs to contacts o0,¢ on each
ringing key, and leads ¢, d to each clearing-out drop.

If the receiver Rj is removed from the hook, the shutter
of Dy drops. The operator inserts one plug, say P, into the
corresponding line jack J3, and closes the listening key Lk;
this bridges the battery TB, through the coils m, » of the
clearing-out drop, across the cord circuit and also across
the operator’s receiver R and transmitter T, thereby supply-
ing both the substation and the operator’s set with current.
Furthermore, the shutter of the clearing-out drop is raised.
If station I is desired, the operator will insert the other
plug P of the same pair in jack J; and close the ringing
key Rk, thereby ringing the bell C;. When both receivers
are hung up, the shutter of the drop CD falls. The shutter
remains up only while one or both receivers are off the hook.

TELEPHONE RELAYS
The telephone relay suggested itself almost contempora-
neously with the appearance of the telephone, and probably
thousands of devices have been brought out having for their
object the accomplishment for telephony what the telegraph

4
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relay has done for tel phy. A teleph relay may
be defined as an arrangement of apparatus and circuits
whereby the usual telephone current traversing a line of
usual length may, by passing through the telephone relay,
cause a telephone current of similar characteristics to be
transmitted by the aid of another battery through another
section of the line. One of the first methods suggested was
to attach a transmitter to the diaphragm of a receiver
located at an intermediate station, the transmitter operating
the second section of the line. This did not prove satis-
factory, however, and it was found better to replace such a
telephone relay by a contihuous line. An efficient repeater
should increase the loudness without decreasing the clearness.

8 s,

Line Wast d e Live Laur
Vv o W ry “‘;:: .
Pic. 65

In 1883, Edison patented a telephone relay that did not
prove successful, but recently a slight modification of the
circuit and improvements in the construction of the apparatus
were made, and this same arrangement of apparatus seems
to be successful in the hands of the American Telephone
and Telegraph Company. The arrangement is shown in
Fig. 65, in which d is a special repeating coil with two equal
windings; ¢,c, are condensers; s, S3, 53, ¢ one winding and
£1., P2, D3, P4 the other winding of a repeating coil; and r,a
so-called receiving magnet, having a permanent magnet asa
core m and a light piece of soft iron running part way
inside the coil and having the carbon button of a White
solid-back transmitter fixed to one end. The transmitter ¢
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has the solid back electrode firmly fixed in position. The
east and west lines must be equal in resistance and probably
also in capacity and inductance; if not, they must be made
so artificially, that is, by the insertion of resistance, capacity,
and inductance.

Imagine a current originated in the west line; it passes
through the windings s; and sy in reaching the points a, ¢.
Here, this current subdivides, a portion passing on to the
east line and a portion passing through one winding of the
cepeating coil d and condenser ¢. The current passing
through d induces a current in the winding f that causes the
coil # to vary the pull of the permanent magnet m upon the
soft-iron core n, thereby varying the resistance of the trans-
mitter #, and the current passing through it in unison with
tne current in d and in sy, s3, 3, S¢. This fluctuating current
thus produced in py, s, P3, P4 induces in sy, sz, 53, 54 a current
that it superimposed upon that flowing in these coils from
the west line, and thus produces in the east line a stronger
current 8o near the same form as to give stronger and suffi-
ciently articulate soundsin the receiver at the end of the east
line. The condensers ¢, ¢; are probably proportioned to
neutralize the self-induction of the coils d, f, and thus
eliminate any difference in phase between the currents in
the line and in d, f, r, and in P, P2, P3. P4 All moving
parts of the transmitter are as light as practicable, in order
to reduce the inertia as much as possible. This repeater will
evidently repeat equally well in either direction.

NATIONAL ELECTRICAL CODE

When electric lights first came into use, the insurance
companies discovered that there were many fires of electrical
origin. Therefore, the various associations of underwriters
formulated rules in actordance with which they required
that all wiring be done, or they would not insure buildings
containing it. These rules are reduced to a uniform code,
known as the National Electrical Code, which has received
the indorsement of practically all the fire-inspection bureaus
throughout the United States, besides that of many other
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organizations, A few cities have rules of their own that
differ slightly from this code. Every wireman should be
supplied with a copy of the latest edition of the National
Electrical Code, and do work in compliance with thoee rules,
whether additional laws exist or not. Copies of the code
and of all other information published by the Underwriters’
Association, for the sake of reducing the fire hazard, can
be obtained from the National Board of Fire Under-
writers, Chicago, or by applying to the nearest Underwriters’
Inspection Bureau. The rules are revised as often as changes
in the electrical art make such revision necessary.

In addition to this code of rules, about every year, the
National Board of Fire Underwriters publish a list of approved
fittings for use in connection with the code. This lList
contains the names of articles that have been found entirely
satisfactory, together with the names of the manufacturers.
This publication, however, does not contain all fittings that
will pass inspection, and many good articles are not listed in
its pages.
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TELEGRAPHY

MORSE TELEGRAPH SYSTEMS

Electric telegraphy is the art, science, or process of trans-
mitting intelligible signals or signs between distant points
by means of electric impulses moving between those points.
The first successful system for an electric telegraph was
patented by Samuel F. B. Morse in 1837.

Morse Closed-Circuit System.—Fig. 1 shows the arrange-
ment of an ordinary telegraph circuit having two termi-
nal stations W, E, and one intermediate, or way,
station I. This, practically, is the arrangement devised

Fie. 1

by Morse, and is the one extensively used at the present
time in America. At each station there is a relay R, a
key K, and a battery B in series in the line circuit, the
ground forming the return circuit. Each relay controls
a local circuit containing a sounder S and a battery LB.
Normally, all keys are closed; hence, the operation of any
key, that is, opening and closing the key will cause each
relay to open and close the local circuit containing its
sounder. Thus, by sending a message in the Morse code
by means of any one key, each sounder will give forth a
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Fic. 2

click each time the
line circuit is opened
or closed, thereby
enabling an experi-
enced telegraph oper-
ator to read the mes-
sage by sound.
Almost any num-
ber of intermediate
telegraph offices may
be connected in the
same line circuit with
two terminal offices.
All cells required may
be connected at any
one point in the cir-
cuit, or they may be
distributed at any
two: or more of the
stations. This ar-
rangement of appa-
ratus is known as the
Morse closed-circust
system, because, in
normal condition, all
keys are closed and
current flows through
the whole circuit.
Line circuits con-
taining 150-ohm re-
lays require about 40
milliamperes, and the
local 4-ohm sound-
ers, 250 milliamperes.
For distances up to
about 30 miles, main-
line sounders having
a resistance of 20 or 40
ohms and requiring
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about 180 or 70 milliamperes, respectively may be connected
directly in the line circuit in place of the relays.

Morse Open-Circuit System.—The arrangement of appa-
ratus in the Morse open-circuit system, as used in some
European countries, is shown in Fig. 2. It will be noticed
that equal main-line batteries B, B’, B” are required at
each station, that only one is ever in use at any one time,
and that each one must be powerful enough to operate all
relays in the line circuit, However, all batteries are on
open circuit when not in use.

TELEGRAPH CODES

‘The Morse telegraph code for letters and numerals and the
Phillips code for punctuation are used throughout the United
States and Canada. The Contsnental code, or unsversal code,
as it is sometimes called, is used for submarine telegraphy all
over the world and for land telegraphy in nearly every coun-
try except the United States, Canada, and parts of Australia,
‘The Morse and Continental codes for alphabets, numerals,
and punctuation marks and the Phillips code for punctu-
ation marks are given on pages 352 and 353.

The dot is taken as the unit by which the length of the
dashes and spaces are measured. The dash is made equal
to the length of 3 dots. Theoretically, the extra-long
dash (0, cipher) should be 9 units in length, but in practice
it is usually made only 7 units. The space between parts
of a letter is made 1 unit in length, while the space between
spaced letters, asin ¢, o, r, ¥, 8, &, in the Morseé code, should
be 2 units in length, The space between the letters should
be 3 units, and the space between words 6 units in length.

The Phillips code of abbreviations is a sort of shorthand
applied to telegraphy, and consists ‘of single letters and
combinations of two or more letters that arbitrarily represent
figures, words, and whole phrases. For instance, Cqas
means “closed quiet and steady,” an expression extensively
used in reporting stock quotations. This code, which con-
tains several thousand characters and abbreviations,. is
published separately in book form. There are numerous
other so-called codes, which are really abbreviations used to
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reduce the cost of telegraphing, especially in submarine.
cable telegraphing.

Speed of Telegraphing.—The highest recorded speed of
legible telegraphy, in which the Morse code was used, was

Fic. 3

made in a contest in which 265 words were sent in 5 min,
However, a steady working rate of 25 to 30 words per minute
is regarded as good sending. The proper way to hold a
telegraph key while sending a message is shown in Pig. 3.

TELEGRAPH SWITCHBOARDS

A terminal switchboard used where dynamos supply the
current for the line circuits is shown in Fig. 4. The long
vertical brass strips are connected to the part of the
spring jack immediately below it. A side view of six
jacks and the various ways of connecting them, also instru-
ments connected through flexible cords and wedges, are
shown, All metal disks in any one horizontal row are
connected together, and different voltage dynamos may be -
connected through incandescent lamps L, L’, or through
non-inductively wound coils used as safety resistances to
5 or 6 rows of disks. Thus, by means of metal plugs, any
vertical strip may be connected to any horizontal row of
disks, thus enabling a large variety and number of con-
nections to be made on a switchboard of this character.
In this one, a circuit is formed from ground through
dynamo-lamp L’—fourth row of disks—vertical strap g-jack
QO-set W-third row of disks—vertical strap c—jack C-line.
On some switchboards, every other pair of disks in hori-
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gontal rows across the board have saucer-like depres
sions to enable the chief operator to follow connections
that he makes across the board more easily, thus reducing
the liability of making wrong connections,

The way in which line wires and relay sets are connected by
means of a small plug switchboard at an intermediate station
is shown in Fig. 5. By properly placing metal plugs between
metal strips ¢ s, p, 0 and metal disks m, , ¢, a, n, ¢, d, b,
either relay may be connected in either line circuit, or the

Fi16. 6

relays may be cut out entirely, or any line may be grounded
with or without the relay in circuit with it. A plate g is
connected with the grounded terminal A, being separated
from the metal strips ¢, s, p, 0 by a thin sheet of mica, thus
forming a static lightning arrester. With four plugs placed
in the black holes £, 21, 10 and 16, the set A is connected
in series with wires No. 2 west and No. I east and lines
No. 2 east and No. I west are connected together. At larger
intermediate and terminal stations, larger switchboards of
wvery much the same construction are generally used.
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SOUNDERS OPERATED FROM LIGHTING CIRCUITS

Current for operating both the local and the line circuits
of telegraph systems is now being obtained as much as pos-
sible from dynamos or electric-light or power circuits instead
of from primary batteries, as it is much more economical.
Fig. 6 shows an arrangement now extensively used for sup-

1{0 0 STREET MANS
gr 14 v
l S R | s R K} R
Fic. 6

plying local sounder circuits with current from electric-
light, 110-volt, direct-current mains. Each sounder S is
wound to a resistance of 200 ohms and connected in series
with a 4,000-ohm, non-inductive, resistance coil r, this
circuit being connected through the contacts of the relay
and across the leads running to the street mains.

TELEGRAPH REPEATERS

A telegraph repeater consists of an arra 1t of telegraph
instruments and apparatus whereby signals coming over
one line are repeated or sent forward on another line by a
separate battery. By the use of repeaters it is possible to
work longer lines with wires of a reasonable size, fair insula-
tion, and E. M, F.'s not unreasonably high, than would be
possible with only one continucus and unbroken wire.
In the United States, it is not customary to operate a circuit
over about 600 mi. in length directly, although in some
cases circuits up to 1,200 mi. are worked without repeaters.
Repeaters may be divided into two classes: button repeatérs
and automatic repeaters,
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A bution repeater requires the turning of a switch, tormerly
called a button, manually by an attendant, in order to change
from repeating in one direction to repeating in the opposite
direction., With such repeaters, the repeater attendant
must listen to what is passing and be ready at any moment
to turn the switch in order to reverse the direction in which
the message may be sent and thus allow the operator at the
receiving end to become the sender and vice versa. Button
repeaters are generally employed for temporary purposes
only, and are not very extensively used.

An automatic repeater is one that will automatically
t3peat in either direction without the necessity of turning
a switch. An operator, however, is always needed at the
repeater station to adjust the instruments and care for the
batteries. There are a large number of automatic repeaters,
some of which are no longer in use. Only one automatic
repeater will be described.

ATHEARN REPEATER

In Pig. 7 is shown a general view of an Athearn repeater
used by the American Telephone and Telegraph Company.
Two ordinary 150-ohm relays are provided with the usual
front stops e, ¢, and back stops f, . In addition, each
relay has two slender springs a, b separated by a hard-rubber
washer #. These springs are fastenhed to the base and fit in
between the two coils of the relay, although for the sake of
clearness they are shown in this diagram as being in front
of the coils. The armature lever ¢ is very light and extends
downwards from the pivot d to ¢, where it has a second
armature facing the holding magnet H of 20 ohms resistance.
Both relays, with their respective holding magnets, are
mounted back to back on one long base.

In the normal condition, all circuits are closed. If
the western operator desires to send and opens his key,
there is no current in the circuit: west line—c-b-west relay-
MB’~g, and hence the west relay releases its armature.
The first backward movement of this armature opens
the circuit between ¢ and a’; this opens a shunt circuit
to ground around the holding magnet H. This prevents the
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release of the armature o of the east relay when, a moment
later, the balance of the backward movement of the arma-
ture ¢ of the west relay opens the east line by breaking the
contact between the spring & and the armature lever ¢’.
Thus, the east line is opened at ¢/, but the west lile does
not open at the repeater. When the western operator closes
his key, the west relay attracts its armature, closes the east
line between ¥ and ¢/, and then closes the shunt between ¢
and @’ around the holding magnet H. All circuits are now
restored to their normal condition.

Fic. 7

Should the eastern operator, desiring to break, open his key
while the east line is also open between ¢, b, the first com-
plete forward motion of lever ¢/, due to the closing of the
western key and west relay, closes the circuit between a’, ¢,
and shunts the magnet H, which then releases the lever o,
which, in its first backward movement, opens the circuit
between a, e, thus removing the shunt from around the
magnet H’, which then holds the west relay lever closed.
‘The eastern operator can then send to the western operator.

A novel feature of this repeater is the limiting resiste
ances I, I’, which instead of being non-inductively wound

-
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are wound on jron cores with heavy end lugs., It is stated
that because of this ind the ts H, H’ are
rendered much quicker in action because, when the shunt is
removed from one of these ts, the ind coil
gives an instantaneous kick of much more than 6 volts,
which helps to o the high impedance of the holding
magnet for a rapidly increasing current and, therefore, to
more rapidly build up its magnetism,

MULTIPLEX TELEGRAPHY

Multiplex telegraphy is the transmission of two or more
messages over the same wire at the same time. The trans-
mission of two telegraphic messages simultaneously over
the same wire is called duplex telegraphy. In the duplex
system there is one sending and one receiving operator at
each end office, that is, four operators in all. There are
three systems of duplex telegraphy: the differentsal, the
polar, and the bridge. The simultaneous transmission
of four independent messages over one wire, two in one
direction and two in the other, is termed the quadruplex.
In the quadruplex system, there are two sending and two
receiving operators at each end, or eight operators in all.

DUPLEX TELEGRAPHY

Differential Duplex.—The theoretical arrangement of
apparatus and circuits constituting the dsfferentsal-duplex
system is shown in Fig. 8. In order to show clearly the
principles only of the differential-duplex system, the diagram
has been made as simple as possible by omitting practical
details and the local sounder circuits controlled by the
levers of the relays in the usual manner. The keys K, K.
which have rear and front contacts, are operated by electro-
magnets, the coils of which are connected with batteries
in local circuits under the control of ordinary telegraph
keys. The batteries B, B, contain the same number of
cells, and hence have the same E. M. F. The resistance
and capacity of the circuit from m through the coil ¢,
resistance r, and condenser C to G should be equivalent
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to the resi and ity of the circuit from m
through d-e-f-dy—n—a,~-/,-G;. Similarl., the resistance
and capacity of the circuit from # through ¢; to Gy
should be equivalent to that of the circuit from # through
dy—f-e—-d-m—a~j~G. The circuit from g to G, containing
r and C, and the circuit from h to G;, containitg n
and C), are called the artsficial lines; the coils ¢ and ¢y, the
artsficsal-line cosls, and the coils d and d,, the lsne cosls of
the differentially wound relays R and R,. The resistance J,
which is equal to the internal resistance of the battery B.

Fic. 8

gives a path of equal resistance from m to the ground G.
whether the key K rests on the front or the rear contact.
J1 is a similar resistance equal to the internal resistance
of By.

The condensers C, C; are arranged to give a capacity
equivalent to that of the line wire. The differential relays
have two coils of equal resistance and the same number
of turns. Hence if a current flows from K to m and there
divides equally through the two windings of the relay R,
tthe relay will not be magnetized at all; but if the current
flows in only one of the two coils, or if the current flowing
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in one coil is enough stronger than the current flowing in
the other coil, the relay will be magnetized. In this figure,
the relays are represented as having only one core, but as
a matter of fact they would have two cores, as in the ordinary
relay, and half of each coil would be wound on each core.

‘When both keys are open, there is no current in any part
of the circuit; consequently, the armature of neither relay
will be attracted and both local-sounder circuits will there-
fore be open. If the key K is closed, current from the
battery B will flow to point m, where it will divide, half
flowing through the line coil d—e-f-dj-n-a,-/,~G\-G, and
half through the artificial-line coil ¢—g—r-G. However,
little of the current will low from » through the artificial-
line coil ¢;~h-r,—G, because r; has a very large resistance
compared with J;. The magnetizing effect of the current
in the coil d will neutralize the magnetizing effect due to
the current through the coil ¢, because the currents in these
two coils are equal and are flowing around the iron core in
opposite directions; consequently, the relay R will not
attract its armature. However, the relay R; will attract
its armature, because a current of sufficient strength flows
in coil d only, thereby causing the core to attract its
armature.

For similar reasons, when key K, is closed and K is
open, the relay R will attract its armature, whereas, the
relay R; will not be affected. When both keys K, K; are
closed, the positive pole of B will be connected to m, and
the positive pole of B; to n; consequently, there will be no
difference of potential between the points m and #, and
hence no current will flow in the line coils of either relay.
However, there will be a current of normal strength flowing
in both artificial-line coils ¢, ¢;, and hence both relays R, Ry
will be magnetized and will attract their armatures, thus
closing both local-sounder circuits. It has now been shown
that the operation of key K controls the action of the relay R,
only, and the operation of key K controls the action of relay
R only. The levers, K, K; can be constructed so as to
operate very quickly; consequently, the interval during
which the lever K touches neither the front nor the back
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stop is so short that any trouble this tends to prodace can
be overcome.

Polar Duplex.—In the golar-duplex systems, differentially
wound polar relays and pole-changing keys are used; im
other respects, the system bles the diffe ial duplex.
A polarised relay is one that requires the direction of the
current flowing through it to be reversed in order to move
the armature from one stop to the other. A current in
one direction will keep the local-sounder circuit closed at
the front stop of the relay, and a current in the reverse direc-
tion is required before the local-sounder circuit can be
opened at this point. The mere absence of a current will
Jeave the armature of the relay against whichever stop the
last current may have moved it. Dots and dashes are
made by currents flowing in one definite direction, and
spaces by currents flowing in the opposite direction, the
length of the dots, dashes, and spaces depending on the
interval of time during which the current is allowed to
flow in the same direction. Polarized relays are used prin-
cipally in polar-duplex and quadruplex systems.

In Pig. 9 are shown the theoretical connections of the polar-
duplex system extensively employed in the United States.
PR, PR, are differentially wound polar relays, and K, K;
are keys that control battery reversing instruments called
polechangm The resistances Rk and Cr and the con-

t the artificial line at the left-hand sta-
tion, md Rhl and C; represent the artificial line at the
right-hand station. These artificial lines are arranged
somewhat different, but they accomplish practically the
same purpose; that is, the arrangement in each case gives
a circuit of equal resistance and electrostatic capacity
to that of the line wire. All four main-line dynamos, two
at each end, generate the same voltage. When both keys K,
K, are open 80 that the levers &, k; rest upon their rear
contacts a, a;, there will be no difference of potential at
the two ends of the line circuit; consequently, there will
be no current in the line coils of either relay. There
will, however, be a current at each end, flowing from the
batteries into the ground through the artificial-line coile
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of both relays and back into the battery. The relays are
so polarized that current flowing in this direction through
only the artificial-line coils will cause the permanently
magnetized armatures to rest against their back stops,
and thus keep both local-sounder circuits open. If key K

PFic. 9

is closed, the dynamo B has its positive pole connected
through contact b to K. Hence, the dynamos B and D,
are connected in series in the line circuit and, consequently,
there will be a current in the line circuit of double the
strength that would be produced by one dynamo acting
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alone in the same circuit. There will a.so .. a current
flowing from k through ¢-Rh-G-G-B. There is now flow-
ing through ¢ a current of the same strength as before,
but in the opposite direction, and through d a current of
twice the strength of that through ¢, and in such a direction
as not only to neutralize the magnetizing effect of ¢. but also
to magnetize the relay in the same direction as before,
consequently, the relay PR remains open. Furthermore,
the current flowing from the line through the coil d;, having
twice the strength of the current flowing through ¢;, not only
neutralizes the effect of the current in ¢; but also reverses the
polarity of the relay PRy, and hence causes the permanently
magnetized armature to move from the back to the front
stop e; and thereby close the local-sounder circuit; conse-
quently, only the local sounder at the right-hand station
will reproduce the signal made with key K. In a similar
manner, the closing of key K; will cause the polarized relay
PR and its sounder to respond without affecting the polar-
ized relay PR,. When both keys K, K; are closed, the
positive poles of equal dynamos will be connected at each
end of the line circuit; consequently, there will be no current
in the line circuit. Current, however, will be flowing
through both artificial-line coils ¢, ¢;. This current flows
through the artificial-line coils of the relays in the right
direction to reverse the normal polarity of the relays, and
hence both armatures will be moved and both local sounders
will be closed.

Bridge Duplex System.—The bridge duplex system, a simple
diagram of which is shown in Fig. 10, is similar in its action
to the Wheatstone bridge. S is a rheostat so arranged that
as the lever is turned upwards, resistance is taken out of
the arm ac of the bridge, and is added to the arm ad and
vice versa if the lever is moved in the other direction.
The four arms of the bridge are ad, ac, dG,, and from ¢
through the line and apparatus at the other station to the
grounds G; and Gs. Hence, the resistance of the artificial
line at each end must be equal to the resistance of the line
wire plus the resistance from the distant end of the line to
the ground, through the apparatus at the distant station,
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assuming, as is usually the case, that the resistance of ac
is equal to that of ad. Whntlmuthaeue.thsmuno

diffe of ial b the p d and ¢. The
resistance Z, keyK andbuttermeeonttdhdmthem

as al ex d in ion with the differen-
tial duplex.

If ac bears the same relation to ad that the circuit from ¢
through the line and apparatus at the distant station to
ground bears to dG,, then the relay R, which in this case

Fic. 10

corresponds to the galvanometer in the Wheatstone bridge,
will not be affected by the outgoing current from the bat-
tery B, for the same reason that the galvanometer in the
‘Wheatstone bridge is not deflected when the bridge is
balanced. If key K* is pressed down and key K is up, that is,
open, some current will pass along the line and will divide
at the point ¢, part of it passing through and operating the
relay R. The position of the key K will in no way affect
the operation of the relay R, because the position of K does
not alter the resistance of the circuit between @ and G.
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Thus, the relay at
one position will
be operated only
by the key at the

Cable Bridge
Duplex.—In Fig.
11 is shown the
bridge duplex as
used for sub-
marine cables. As
the signals depend
on the electro-
static capacity of
the cable as well
as on its resist-
ance, condensers
are freely used in
the various arms.
The artificial
cable is made up
of a large number
of sections, each
consisting of a
pile of tin fail and
paper strips. On
one side of the
paper, the tin foil
is cut in zigzag
strips, as indi-
cated in the figure,
while on the other
side- the tin foil
strips are rect-

angular. Thezig- .

zag stripaare con-
nected in series;
thus, their resist-
anceismade equal
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to that of the cable conductor. All rectangular strips are
grounded, either directly or through high resistances, which
retard the charges. This arrangement of tin-foil strips gives
the necessary capacity to the artificial cable. The key K has
two handles that are normally grounded through a top
grounded metal strip. When either is pressed, the battery is
connected in the circuit, one handle connecting the positive
pole toward the line, and the other the negative pole toward
the line. When the key is operated, equal charges flow into
the condensers C, C and into the cable and the artificial
cable; thus, the points f and ¢ have no difference of potential
and the siphon recorder W is not affected. Charges produced
at the distant end and arriving at f, however, will affect W,
because ¢ is not necessarily at the same potential.

The ssphon r corder, which is extensively used as a receiv-
ing device at W, is a modified form of the D’Arsonval gal-
vanometer, the moving coil being arranged to deflect a light
glass siphon across a paper tape that is moved along under
it by clockwork or motor mechanism. One end of the siphon
dips into an ink well and the moving end is kept vibrating,
thus producing a dotted wavy-line record that can be read
by cable operators.

QUADRUPLEX SYSTEM

All quadruplex systems are operated on about the same
principle, which is a combination of the polar and the
Stearns differential-duplex systems. The apparatus at
each end is exactly the same. For the operation of quadru-
plex systems, dynamos are rapidly displacing primary bat-
teries. The principle of the quadruplex system may be
explained by the aid of Fig. 12. Four dynamos are con-
nected as shown to the contact points a, b, ¢, d of an instru-
ment PC, called a pole changer, the levers of which are
connected to the contact points e, f of an instrument T,
called a transmstter. NR is a differentially wound ordinary
relay, called a mnesmtral relay, and PR is a differentially
wound polar relay. The neutral relay will attract its
armature if the magnetism developed by the current through
its coils is strong enough to overcome the spring s. This
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spring is: so adjusted that the magnetism must be three,
and in some cases four, times its normal strength in order
to draw the armature against the back stop j. The polar
relay has a permanently magnetized armature and is so
adjusted that it would remain against either stop if no current
flows in either winding of the relay. If the current magnet-
izes the cores of the relay in one direction, the armature

Fic. 12

will be held against the stop o; if the magnetism is reversed,
the armature will move against the other stop m. The
weakest current used will move the armature of this relay
if the current is reversed in direction. When both keys Pk
and Tk are open, the negative pole of the 100-volt machine is
connected to the point h. Closing Tk only will connect —300
volts to k. Closing Pk only will connect +100 volts to A,
and closing both Pk and Tk will connect +300 volts to h.
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Thus, it will be seen that Pk controls only the direction in
which the current tends to flow in ¢k, while Tk controls only
the inteénsity of the E. M. F. and, hence, only the strength
of the current that tends to flow in sh. The two windings
on each relay have equal resistancesand the same number
of turns, and r is equal to the resistance and C to the capacity
of the line circuit, this bination of r and C being called
the artificsal line. Whatever current flows in ¢k tends
to divide equally through the line and the artificial-line
circuits that are joined together at h.

Since whatever dynamo is connected to & tends to send
a current of equal strength through the two windings of
each relay, it follows that these two relays will not move
their armatures, no matter which one of the four dynamos
at this station may be connected to k. These relays can
be operated, however, by varying the potential applied to
the line at the distant station, due to the operation of a
transmitter and pole changer located there. For instance,
normally — 100 volts is applied to similar points k at each
end; no current therefore flows in the line, and the current
in each artificial line leaves all the relays open. The neutral
relays are open because the current due to 100 volts in one
winding only is not sufficient to overcome the springs s.
‘The polarized relays are open because they are so polarized
that a current flowing from h to G holds the armature
against the back stop. Suppose that +100 volts is applied
at the distant end by closing the key corresponding to Pk.
There is now 200 volts acting in the line circuit, which sends
a current from the kine to k; this current is 50 strong that it
not only neutralizes the effect of the current flowing from G
to k, due to the 100 volts applied only at this end, but also
remagnetizes both relays in the opposite direction. Hence,
the polarity of PR is reversed and it will attract its armature,
The polarity of NR is also reversed, but the magnetizsation
produced is aot strong enoungh to overcome the spring s.
‘The aperation of the distant key corresponding to Tk would
operate only the neutral relay NR, because it increases the
potential applied at the distant end and, hence. the current is
increased enough to overcome the spring s; but the curremt
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has not been reversed in direction, consequently the polar
relay PR is not affected. Moreover, it can be shown and isa
well-known fact that all four transmitting keys may be
operated simultaneously or in any practical manner, and that
each key will operate only one particular relay at the distant
end.

SIMULTANEOUS TELEGRAPHY AND
TELEPHONY

The transmission of telephone and telegraph messages
over the same circuit at the same time, without one inter-
fering with the other, is called simultaneous telegraphy and
telephony. An arrangement of circuits that will allow the
transmission of one telephone and one telegraph message
at the same time over one pasr of wires is termed the sim-
plex system. When telephone apparatus is substituted for
telegraph apparatus in the arrangement just mentioned,
thus permitting two telephone messages to be transmitted
over the same pair of wires at the same time, the arrange-
ment is called duplex telephony. Multsplex telephony is
applied to arrangements whereby it is possible tc transmit,
simultaneously, three or more telephone messages over two
or more pair, respectively, of line wires,

An arrangement of circuits that will allow the trans-
mission of one telephone and two telegraph messages at
the same time over one pair of line wires is termed the
composste system,; this term is also given to a similar arrange-
ment of apparatus that will allow the transmission of one
telephone and one telegraph message at the same time
over a single line wire. In the latter arrangement, the
ground is used as & common return for both telephone and
telegraph currents.

SIMPLEX SYSTEM
Impedance-Coil Simplex.—In Fig. 13 is shown a Bell
simplex system, using two 500-ohm impedance coils, which
are bridged across each end of a pair of long-distance tele-
phone wires. The condensers prevent the flow of telegraph.
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currents through the
jacks and the tele-
phone apparatus there-
with connected, while
the impedance coils
prevent the flow of
the telephone current
through the telegraph
apparatus or from one
line wire to the other
through the impedance
coils. In this figure are
shown two terminal
telephone and tele-
graph offices and one
intermediate telephone
and telegraph office.
‘The ringing generator,
which is usually
grounded at all tele-
phone exchanges, is
arranged as shown at
G, with a repeating coil
or transformer inter-
posed between it and
the ringing key, so
that neither line wire
is grounded, which
would unbalance the
circuit, even while ring-
ing over the line.” The
straight arrows show
the path taken by the
telegraph currents,
while the wavy arrows
show the path taken
by the rapidly fluctu-
ating voice currents. It
wvil} be seen that tbe
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two line wires are
used in parallel for
one side of the
telegraph circuit,
the ground being
used as a return
circuit, while the
same two line wires
constitute a com-
plete metallic cir-
cuit for the tele-
phone currents, the
ground not being
used for these cur-
rents.
Repeating-Coil
Simplex.—A sim-
plex system using
one repeating coil

; across each end of

a pair of long-
distance lines and
wherever an inter-
mediate telegraph
station is required
is shown in Fig. 14.

" The repeating coils

dexy, mnvw, and
opts must be de-
signed to transmit
both voice and
ringing currents,
but such coils are
not the best for
transmitting voice
currents over long
toll circuits. This
system, as used by
the American Tele-
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phone and Telegraph
Company, has proved
to be superior to
the impedance-coil
method, and it has
the advantage that
regular cord circui

Al
Fic. 15

and ringing machines
may be used in con-
necting together two
such circuits, without
affecting the telegraph
apparatus adversely.
Composite System.
A composite system is
shown in Pig. 15. One
pair of line wires is
used as a telephone
circuit, while each line
wire with a ground
return constitutes two
separate telegraph cir-
cuits. The telephone
currents are prevented
from entering the tele-
graph circuits by the
use of the impedance
coils D¢, Dey, Dcs, Des,
while the telegraph
currents are excluded
from the telephones
by the use of the
condensers §, ¢;, £3. 93.
Whatever sharp tele-
graph impulses may
happen to get through
the condensers f, ;. fs,
fs can readily pass
through one-half the
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impedance coil Scor Sc; to ground. The impedance coils
Dc, Dcy, Dey, Dca bave their two coils so connected as to
magnetize the iron core in opposite directions when the
relatively slow changing, tel h current p through
them; thus, each one presents but little inductive opposi-
tion to the flow of the telegraph current, and hence does
not appreciably affect the operation of the telegraph
apparatus. However, the two windings on each coil act, to
the rapidly ﬂuctustmg voice currents, practically as two sep-
arate induct: ted in series, and hence compel
the voice currents to pass through the various condensers and
telephone apparatus connected, when in use, to the jacks j5’.
For signaling over the telephone circuit, it is customary to
use a special ringing apparatus that converts the usual ring-
ing-generator current into an alternating current of much
higher frequency; therefore, this current will not readily pass
through the coils Dg, Dcy, Deg, Dcy, and interfere with the
operation of the telegraph relays which would otherwise be the

DUPLEX AND MULTIPLEX TELEPHONY

Por duplex telephony, the circuits are arranged in about
the same as in simplex telephone and telegraph

o) —
0,0 ~
.
’ ¥/
Pic. 16
systems, teleph instr being substituted for ths

telegraph apperatus.

A
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Fic. 17

Impedance-Coil
Method.—In Pig. 16 is
shown a duplex tele-
phone system using sm-
pedance cosls cd and ef
across one pair of line
wires. Telephone A uses
the metallic circuit and
hasa jack Ja and a drop
Da at the exchange,
while telephone B uses
the two line wires in
parallel as one conductor
and the ground as a
return conductor; the
latter also has a jack Jb
and a drop Db at the ex-
change. The circuit B-
v—{ ;:;}—u-Db—g’—g is
called a phantom circudt,
because it is an extra
circuit obtained without
the actual addition of
any more line wires than
were already in use for
the telephone A.

Three Circuits Over
Two Pair of Wires.—
Usually, more satisfac-
tory results are secured
by arranging two com-
plete metallic circuits, as
shown in Fig. 17, s0asto
obtain three telephone
circuits. The third cir-
cuit may be brought
through a jack Jeand a
plug P, to jack J3 and
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drop Dj; or two keys K, K’ may be used to connect the
impedance coils across the two line circuits. To use the third,
or phantom, circuit, the plug P, must be inserted in the
jatk-J4 and the keys K, K’ closed. The line wires constitu-
ting the metallic circuits should be transposed, as indicated
at m, #, as would any two pair of parallel and adjacent
telephone line wires, to eliminate cross-talk between the
two pair. Furthermore, one pair of wires should be trans-
posed with respect to the other pair, as shown at X, in order
to eliminate cross-talk between the phantom circuit and any
other circuit parallel and adjacent but not associated with
this duplex circuit.

Repeating-Coil Method.—In Fig. 18 is shown a duplex
telephone system using repeating cosls cd and ef across one
pair of telephone line wires. The ground is used as a return

() /. .
4
& "HE
‘ ,_“‘_ , @ "
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Pic. 18

for the phantom circuit containing the telephone B. Ja
- and Da are the jack and the drop, respectively, for tele-
phone A, and Jb and Db for telephone B.

Three telephone circuits may be obtained over two pair
of line wires by the arrangement shown in Fig. 19. When
the phantom circuit is to be used, the plug P, is inserted
in jack J, and the corresponding plug at the other station
is also inserted in its jack.
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Phantom Cerd Cir-
cuits.— Where phantom
circuits are obtained by
the use of impedance
coils, as in Figs. 16 and
17, & cord cércuit con-
taining a repeating coil
should be employed to
connect a telephone on
a phaatom circuit with
a telephone on the
metallic circuit from
which that particular
phantom circuit is de-
rived. Otherwise, the
half, for example, cv,
Pig. 16, of the im-
pedance coil connected
to ome side of one
metallic circuit will be
short-circuited, while
the other side of the
same metallic circuit,
for example, line wire 2,
will be connected di-
rectly to the ground, or
to the middle of the
impedance coil I3, in
Fig. 17, across the other
metallic circuit. In
either case, the sounds
heard in one telephone
due to talking in the
other would be due
mostly to a large
amount of cross-tak
caused by a badly un-
balanced circuit. To
connect the circuits



TELEGRAPHY mo

terminating in jacks J,, /g, Fig. 17,and J4, /s, Fig. 18,8 cord
circuit W without a repeating coil may be used. Generally,
repeating coils ¢hould not be inserted in cord eircuits W, 7,
Figs. 18 and 19, used in duplex systems obtained by

of repeating cails.

WIRELESS TELEGRAPHY

The most successful methods for telegraphing through
space without connecting wires depend on the propagation
through space of electromagnetic waves frequently called
Hertzian waves. These waves are identical in some respects
to light waves, but have different frequencies and wave
lengths. The principles of transmitting and receiving
apparatus for wireless telegraph systems may be briefly
explained by the aid of Fig. 20.

At the left is shown the transmitting apparatus, which
consists of a Ruhmkorff induction coil, through the pri-
:lnary # of which current from the battery B may be sent

Fic. 20

by closing the key K. The secondary s has its terminals
connected to brass rods terminating in small brass balls.
The gap ab between the balls is called the spark gap. When
the spark gap is properly adjusted and the apparatus is
in working order, cloging the key K will cause a torrent
of sparks to pass across the spark gap. These sparks
cause electromagnetic waves to pass out in all directions
through speace.
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The recesving apparatus is shown at the right of Fig. 20,
and consists of a device H called a coherer, which is con-
nected in series with the relay R and a weak battery LB.
The coherer consists of a glass tube, usually exhausted,
in which are placed two silver plugs. The small space
between the faces of the two silver plugs is only partly
filled with coarse filings—usually 90% nickel and 10%,
silver. Normally, the resistance through these filings
is very high, several thousand ohms, but if the coherer
is placed where electromagnetic waves of sufficient intensity
strike it, its resistance decreases enormously, thereby allow-
ing sufficient current from the local battery LB to flow
through it and the relay, to close the relay. The tapper ¢
of an ordinary vibrating bell is arranged to tap the tube
whenever the relay closes its local circuit. The slightest
tapping will readily restore the resistance of the coherer
to its high normal value, provided the electromagnetic
waves are no longer present to act upon the coherer. The
current through the relay is thus reduced to its normal
strength and the relay will open. It is impossible to show
here all the apparatus and details of the circuits necessary
in a successful wireless-telegraph station. Usually, the
terminals b and # are grounded, and the terminals a and m
are connected to wires that may extend high in the air
and are called the derials. The electrical disturbances
emanating from high aerials produce waves that are able
to travel greater distances than would otherwise be possible.

It is usually necessary to prevent sparking at relay or
other contacts and to reduce the inductance of receiving
devices as much as possible. For these reasons, it is cus-
tomary to shunt all make-and-break contacts with con-
densers or high non-inductive resi and to c«
in parallel with each relay or other electromagnetic device
a non-inductive resistance of at least four times the resistance
of the device. )

The distance over which it is possible to transmit signals
depends on the power of the transmitter, the sensitiveness
of the receiving device, and the height of the aerial con-:
ductors; whether the intervening surface is comparatively |




TELEGRAPHY 381

smooth like the ocean, or rough like the land; and whether
it is day or night. With the same apparatus, greater
distances can be covered at night, and about three times
as far over the ocean as over the land; the distance varies
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about as the square of the height of the vertical conductor.
The energy received is said, by different authorities, to vary
as twice the sq of the di to the tra itter, as
the square of the distance, and even as the distance ltself




383 TELEGRAPHY

Marconi’s System. — One arrangement of transmitting
and receiving apparatus used by Marconi is shown in
Fig. 21. The aerial wire ends in a plug P that may be
connected to the transmitting apparatus by inserting it
in m, or to the receiving apparatus by opening the metal
door f and inserting it in #. The receiving apparatus is
enclosed in a metal box, so that no waves from the home
sending apparatus can damage the coherer. a, b are the
two windings of an induction coil without any iron core;
this induction coil is frequently called a jigger. All electro-
magnets and sparking contacts are shunted by non-inductive
resistances except the relay contact, which is shunted by
five polarizing cells . The choke coils 4, 4; assist in compel-
ling the rapidly alternating ourrent to pass through the
coherer H instead of through the relay. The wire coming
out at x is first covered with msulating material and then
tin-foil, as shown at (%), so as to make a metallic screen
through which no waves will pass into the box.

Electrolytic Wave Detectors.—The electrolytic wave
detector, which was first described by Fessenden, and shortly
afterwards by Schlomilch, consists essentially of a cell
having a fine point, usually of platinum, as one electrode
and a larger piece of platinum or some other metal as the
second electrode. The cell in its most effective form contains
an electrolyte, the decomposition products of which are *
gases. When an E. M. P. is applied to such a cell, powerful
polarization ensues, so that scarcely any ecurrent passes
unless the E. M. F. exceeds a certain critical value, When
electric oscillations pass through this cell, the resistance
is decreased, and the current for the moment is increased,
only to return to its former small value as soonr as the oscil-
lations cease.

Pig. 22 shows the simple connections for using the electro-
lytic wave detector. A telephone receiver ¢ is used to
detect the oscillatory currents that pass through the cell e
and produce the chamge in its resistance. The cell made
by the National Electric Signaling Compmy consists
essentially’ of a minute plati cup, taini the

electrolyte into which a platinum wire about .002 mm. in
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diameter dips. This platinum wire s drawn in silver,
and the silver is dissolved in acid, leaving the bare plati-
num point ready for use. By means of the resistance r,
any desirable potential due to the battery b may be applied
to the circuit containing the electrolytic wave detector e.
The potential appiied to the circuit containing this electro-
lytic cell may vary from about 1 to 2.7 volts, but the best
pressure across the cell is 1.6 volts. The telephone used in
this circuit has a resistance of about 1,300 ohms. For
the electrolyte, a 50% solution of hydrochloric acid, a 20%
solution of nitric acid, or a 30%, solution of sulphuric acid
may be used. The hydrochloric-acid solution seems to be
the most sensitive. The resistance of the detector for
small alternating currents varies from about 20,000 to 400
ohms, according to the polarizing E. M. F. applied. For
rapid oscillations, the
capacity effect of the.
point electrode probably
has some influence on the
action of the cell. When
the E. M. F. is increased

e
or decreased .02 volt,
ueing a solution of hydro- 1
chloric acid, the resist- ¥

ance change is about
13,000 ohms. The action Fic. 22
is likely to be more ngulu with the vonm electrode u the

To Aersal

anode. The current ch are ple for a phone
receiver, but are too small to operate a relay with certainty.
Instead of cc ting the terminals of the electrolytic

cell ¢ $0 the earth and to the aerial wire, a transformer or
jigger may be interposed, in which case the terminals
of one winding of the sransformer will be commected to
the aerial wire and to the earth, while the terminals
of the other winding will be connected to the ter-
minals of the electrolytic cell. The arrangement would
otherwise be the same as already shown.

De Forest Audion.—The audion, so called byDeFomst
and shown in Fig. 23, consists of an exh
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lamp ¢, preferably a tantalum 4- to 6-volt lamp, to which
are added two metal parallel wings ¢,f. The battery a varies
from 4 to 8 volts, for which three storage cells are generally
used, and b, from 6 to 18 volts, for which dry cells that will
last at least 6 months are used, as the current produced by
them ic very small. De Forest claimed, in 1906, that
tuning with the audion was sharper than with any other

= L|||||
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form of receiver, and that the same signals, for practical
distances, were louder than with the electrolytic receiver,
The relay will operate fast enough to allow a speed of at least
35 words a minute. The oscillatory waves passing from the
wings to the filament reduce the conducting power of the
attenuated gas between them, and thus the current through
the relay is decreased.

Other Wave Detectors.—Besides those already explained,
there are several other devices used to some exteut to detect
the waves produced by wireless transmitting apparatus.
‘The carborundum detector consists of a crystal of carborun-
dum clamped between metal electrodes. This detector is
connected in the circuit in exactly the same manner as a
coherer, but a telephone receiver is used to receive the
message instead of a relay.

The sslicon detector, invented by G. W. Pickard, consists
of a piece of pure silicon held across two low-resistance
metal electrodes. The incoming oscillations in passing

[
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across the contacts heat one more than the other, thereby
causing a direct thermoelectric-current impulse for each
oscillation and producing a sound in a telephone receiver
as long as the oscillations persist. A fragment of silicon
held with suitable pressure against two flat-ended brass
rods is said to give excellent results. The silicon detector
requires no battery in the telephone-receiver circuit and
is claimed to be twice as sensitive as the carborundum
detector, and about as sensitive as the electrolytic detector.

Poulsen’s Undamped Oscillation Transmitter.—Most oscil-
lations produced by wireless telegraph transmitters are
very much damped, that is, succeeding waves decrease
greatly in amplitude, so that only a few waves have sufficient
intensity to be effective. Poulsen has succeeded in produ-
cing waves that are so much less damped that they are called
undamped waves. Undamped oscillations are very desirable
for selective or tuned systems, but so far it has not been
possible to produce damped waves that are as powerful
as undamped waves.

Poulsen’s damped transmitter is a so-called singing, or
flaming, arc maintained between a positive copperand a nega-
tive carbon electrode. When the capacity and the inductance
that shunt the arc are suitably adjusted, rapid oscillations
of uniform amplitude are produced in the circuit, including
the aerial wire. The energy given off by this method is
low, however, and it remains to be determined whether
weak, undamped waves are as useful as stronger damped
waves, or whether more powerful undamped waves can be
produced by this or some other method.

WIRELESS TELEPHONY

For a wireless telegraph transmitter, it is necessary to
have some method for modifying the electromagnetic
waves s0 as to impart to them the fluctuations characteristic
of the current in a circuit containing a telephone transmitter.
The form of the electromagnetic wave must be varied
exactly to correspond with the sound wave due to the words
spoken at the transmitting station; and at the receiving
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energy iato sound
waves of like char-
acter to those origi-
nated at the distant
end of the system.
Fessenden’s arrange-
ment of apparatus, in
1006, for transmitting
telephone messages be-
tween two stations
about 10 miles apart
is shown in Fig. 2¢.
The battery b excites
the field f of a epecial
dynamo, the armature
a of which produces g
sine-wave alternating
current having a fre-
quency of 60,000
cycles per sec,, & voit-
age of 60, and an out-
put of about } kilo-
watt at a epeed of
10,000 rev. per min.
This dynamo, when
run by a steam tusr-
bine, is capable of
giving 100,000 cycles
per sec. The internal
resistance of the srma-
ture is approximately
6 ohms, and the drop
due to inductance at
full load is about
equal to the drop due
to ite registance. The
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bearings are kept cool by forcing oil through them with
an air pump. The machine, which was designed and
built by the General Electric Company, has run daily for
8 or 7 hr. with practically no attention. The dynamo
current passes through an inductance 1 and one winding ¢
of an air-core transformer, thereby inducing a constant
E. M. F. in the other windingd. Both windings are arranged
80 that the number of turns may be varied to suit different
conditions. In series with the winding d is connected a
variable inductance /, which is adjusted to tune the circuit
g-ed-I-h with a—-c. The aerial wires are shown at k
and a variable-resistance telephone transmitter at e.
Thus, ¢ varies the strength of the current produced in the
circuit g—e—d-/-h, and hence the electromagnetic waves emit-
ted, in accordance with the sounds epoken into the tranes-
mitter e.

The receiving aerial circuit contains the aerial wires ¥/,
an adjustable inductance », and a winding d’ of an air-core
transformer, as at the transmitting station. The con-
denser j is adjustable, while k has a fixed capacity; m is
a liquid barreter, or electrolytic cell, consisting of a minute
platinum point dipping into a 20% solution of nitric acid
contained in a minute platinum cup. The electrolytic
cell has a voltage of about 1.6 applied to it by means of
the cells 0 and the potentiometer arrangement xn. The
telephone receiver may be connected directly at p, and the
variation of current produced by the varying polarization
of the cell m when variable electromagnetic waves are
received at 4’ will cause the receiver to reproduce the sounds
spoken at e. However, these sounds are probably weak,
as a telephone repeater at p was used for a distance of 10 mi.
between h, h’, this repeater may be described as follows:
It is an ingenious type of relay, using differential windings
on the cores of magnets, between the poles of which is
mounted an armature attached to one electrode of a micro-
phone transmitter. Variation of the current traversing
the windings causes a shifting of the magnetic field to one
side or the other, producing a corresponding series of changes
in the position of the plate controlling the movable transmitter
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electrode: This relay is claimed to be very sedsitive and
improvements made in 1907 are expected to improve
its efficiency. A double relay of the same type has been
used as a calling device to operate a loud-speaking telephone,
or a bell, or a Morse register.

It is claimed that the speech is as distinct as over a short
open wire line, somewhat more distinct than over cables,
and that there is a total absence of extraneous noise, also
no distortion of sounds with increase of distance, as in
wire lines. With an ordinary granular transmitter, 4 ampere
is all that can be used, and even with special transmitter
buttons, 24 amperes seem to be the limit. A multiple-
button transmitter cannot use over 10 amperes. At the
transmitting station the t i and a primary battery
may be connected in a local circuit with one winding of a
telephone induction coil, the other winding of which is
connected to the winding of a telephone repeater, the
transmitter part of the telephone ter being
in place of the transmittere. This descnptxon was abstracted
from an article in The American Telephone Journal, for
February 2, 1907.

RUHMER’S PHOTOPHONIC SYSTEM

An ingenious system for the wireless transmission of
speech has been developed by Ruhmer, who used the photo-
phone originally devised by Bell. A beam of light from an
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arc light a, Fig. 28, is allowed to fall on a parabolic mirror e,
which reflects the light in a parallel beam through the space
%0 the receiving station. The light is here converged to a
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point in the focus of a parabolic reflector g and impi upon
a selenium cell ¢, which is in series with a battery A, con-
denser m, and a telephone receiver . The selenium cell is
constructed by forming a grid of conducting wires between
fused seleni the resistance of the seleni cell varying
with the intensity of the light that falls upon it.

Varying the resistance of the transmitter ¢ by speaking
into it, varies the current from b in the primary winding ¢
of an induction coil. This induces an alternating current
in the secondary winding d, which, being superimposed
on the steady-direct current produced by battery k, causes
a variable current to flow through the arc a. This produces
both a light and a sound, which vary in intensity and character
with the sound waves produced before the transmitter.
The light waves strike the parabolic mirror g, which reflects
them to a point at its focus, where the selenium cell ¢ is
placed. The resistance of the selenium varies with the
light that is reflected upon it, and hence the current developed
by the battery h varies; sounds are therefore produced
by the receiver r corresponding to those produced before
the transmitter . An inductance coil } allows a larger direct
current to flow through ¢ but confines all the fluctuating
current to the condenser m and receiver r.

The transmission depends on an uninterrupted line of view
between the transmitter and receiver, and on the power of
the light and the sensitiveness of the receiving device. By
this method messages have been transmitted about 9 mi.
Ruhmer used a regular 350-mm. diameter, parabolic, search-
light reflector with carbons fed by hand, a battery supplying
from 4 to 5 amperes for a distance of 2 Km., 8 to 10 amperes
for 3 to 4 Km., and 12 to 16 amperes for § to 7 Km. The
electromagnetic waves produced are short, and the selenium
cell decreased in resistance from 120,000 ohms in the dark to
about 1,500 ohms when placed near a 16-c.-p. incandescent
lamp. A permanent record of the sounds may be obtained by
passing a sensitive photographic film through the beam of the
talking arc and developing it; then, by drawing the film
over a seleneum cell with a strong light behind it, a telephone
connected with the cell will reproduce the original sounds,
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DE FOREST SYSTEM
Dr. Lee De Porest, by his wireless telephone system,
has suceeeded in transmitting telephone m: a dist
of 12 mi. without connecting wires. In Fig. 26 (a) is shown
the transmitting eitcuit. The source of current may. be
a storage battery or lighting mains with suitable impedance
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coils ¢d to eliminate undesirable varistiens im the current.
At ¢ is shown the oscillator, which may be any form of high-
frequency interrupter, although De Forest uses an enclosed
arc and an alternating current, thereby pfoducing in fh
an allernating eurrent of sufficient frequency. There
is thus produced a high-f current in the wiading
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fh of a transformer. The current induced in the d
ary i1 has its strength varied by the variation in resist-
ance produced in the ordinary microphone transmitter
¢ when speaking into it. Thus, variable radiations are
sent out from the aerial wires k. The intensity of these
radiations and the distance at which they are effective
depend on the length and frequency of the waves produced
by the oscillator, the power supplied to the illator, and
the height of the antenna, which project into the air.

In Fig. 26 (b) is shown the receiving circuis, which resembles
the transmitting circuit. The De Forest audion, which
9 a modified incandescent tantalum lamp, has its filiment /
lighted by a storage battery m. One side of the circuit
8 ¢ ted to a plati grid o, while a platinum wing p
is connected to an ordinary telephore receiver r, which is in
turn connected to a battery #. The incandescent filament
is said to cause the highly rarefied gases in the bulb to
separate into very minute pasticles, called sons. When the
waves reach this receiving device, they produce a change
in the resistance of the interior and the receiver promptly
responds. The received waves apparently pass between o
and J, while the variable current from the battery » passes
between p and .

ELECTROLYSIS OF CABLE SHEATHS

Earth Currents.—Elestrolysis means here the eating
away of cable sheaths, underground pipes, rails, or other
grounded or buried conductors by stray curremts from
street-railway or other circuits. Currents dwe to electric-
railway or other systems carrying large currents and using
earth returns are likely, in choosing their path back to the
power station, to select the sheaths of underground cables
or of any other metallic bodies that offer paths of compara-
tively low resistance.

Danger Points.—Except in a few cases, the current
in flowing from one kind of a conductor to another will
be compelled to pass through the earth, and it is at the
points where the current emerges from .the conductor
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and enters the moist earth that el lytic acti

to the probable destruction of the conductor. So long as
the cable sheath is negative to all of the surrounding con-
ductors it is in no danger from electrolysis, for this indicates
that the current is flowing from the surrounding conductors
to the sheath. If, however, a point is found where the
cable sheath is positive to the surrounding conductors, the
current is flowing from the cable to the other conductors
through the ground at that point. The maximum positive
point on the cable should be determined, and a heavy copper
bond should be run from this point to the rail or return feeder
of the electric-railway system, or other conductor, to which
the readings indicate the current to be flowing.

Under certain conditions, the chemical actions produced
where the current leaves a pipe causes no eating away of
the metal pipe. This may be due to the fact that the
energy expended per unit area of the pipe surface may not
be great enough to decompose the salts in the damp earth.
Electrolytic action may also take place for a while and
then cease, owing to the character of the earth around the
pipe having become changed by the decomposition of the
salts tained therein and dered i ble of acting
longer as an electrolyte. Underground conductors may
also become corroded by the simple chemical action of
the salts in the earth, The only sure way of determining this
point is to bury a similar-sized piece of exactly the same metal,
insulated from but alongside the metal that becomes pitted,
for about 6 mo. At the end of that time, note the difference,
by weighing or by observation, in the effect on the insulated
and uninsulated similar pieces of metal. The relative effects
of corrosion from the two sources can thus be determined.

Lead is eaten away nearly twice as rapidly as tin, over
twice as rapidly as zinc, over three times as rapidly as
copper or iron, and over twelve times as rapidly as aluminum.
Underground lead sheaths are, under similar conditions, eaten
away very much more rapidly than iron pipe. Wrought-iron
pipe is eaten much more rapidly than cast iron, probably due
to impurities, which form a kind of scale on the cast-iron
pipe and protect it.
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Locating Danger Points.—The method of procedure
in each case, in order to locate the danger points on a cable,
is usually to measure the difference of potential, with a
voltmeter or, preferably, with a millivoltmeter, between
the cable sheath and the surrounding conductors, such

-~
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as water pipes or the rails of electric railways, at frequent
intervals along the cable line. The voltmeter may be
connected to the upper ends of two metallic rods, about 10 ft.
long, the lower end of one being provided with a conical
steel tip for making contact with the earth, rails, or other
conductors, and the lower end of the other rod veing provided
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with a wedge-shaped tip for making contact with the lead
sheaths of the cables. The readings should be recorded
in tabular form and a curve eonstructed from them; their
location may also bs useful.

Herrick’s Mothod.—The following method is recom-
mended by A. B. Herrick as being much more reliable for_
determining the potential between a pipe or sheath and
the adjacent earth than the method of using a millivolt-
meter. An insulated pointed rod a, Fig. 27, is driven through
the soil until the point comes in contact with the pipe. A
second insulated rod b is driven in so that its point will come
close to the pipe but will not touch it. Both rods are insulated
and protected by running them through a piece of iron pipe
lined with insulating material, as, for example, a piece of
lined conduit such as is used for wiring buildings. The
earth-potential point is covered with cadmium so that
there will not be a local E. M. F. set up, which will disturb
the difference of potential due to the earth currents. Also,
the E. M. F. existing between the pipe and the test point
is measured not by means of a voltmeter, which would
disturb the normal current flowing between pipe and ground,
but by balancing the unknown E. M. P. against a known
E. M. P. from a standard battery. The resistance cd is
adjusted until the galvanometer G indicates zero current,
and the E. M. F. between the pipe and ground then bears
the same relation to the known E. M. F. of the standard
battery that resistance x between ¢ and d bears to the total
resistance y included between ¢ and d; or,

Eﬂ'Ei
in which E;=E, M. F. between pipe and ground;
E =E. M. F. of stagndard battery;
x =resistance cd;
¥ =total resistance des.

It is not necessary to know the values of x and ¥, in ohme;
it is sufficient if the retio of their resistances is known.
Registance y can be in the form of a slide-wire bridge or
s bare high-resistance wire wound on a cylinder and pro-
vided with a sliding contact and scale, 80 that the divisions
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read off for any position of the contact will be proportional
to the resistance x.

Prevention of Electrolysis.—A large system of piping
forms a conducting network of very low resistance in par-
allel with the car track, hence it is a very difficult matter to
prevent part of the current from leaving the track. How-
ever, if proper steps are taken, the bad effects of electrolysis
can be largely avoided. The following are the main points
that experience has shown should be observed: -

1. The trolley wire should be made the positive side of
the system,

2. The track should be thoroughly bonded and the bonds
maintained in good condition.

3. Any metallic connections that may exist between
piping or lead-cable systems and the track should be located
and removed.

4. Return feeders should be run out from the station and
connected to those pipes or cables that carry, the greater
part of the current. Thus, the current in the pipes or cables
will be “drained’’ off without passing from the pipes or cables
to the ground.

5. Where service pipes, cables, or undeiground con-
ductors pass under tracks or through other regions where
they are exposed to electrolytic action, they can often be
protected by covering them with glazed tile or by placing
them in a trough filled with asphalt.

6. If, in any part of a system, the rail return carries an
excessive current, return feeders should be run so as to
relieve the rail of part of the current and prevent an excess-
jve fall of potential along the rail. The greater the fall of
potential in the rails, the greater is the tendency for the
current to pass off to neighboring pipes.

The remedy given under 3 is important. Very often acci-
dental connections exist between the rails and pipe or cable,
so that the current can pass directly to the piping or cable
IS, This is especially the case where pipes or cables run
across iron bridges that also carry railway tracks. Before
attempting to drain off the current from a piping system, it
is needless to say that all metallic connections between track
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and pipe or cable sheath must be removed. Where pipes or
cables pass across iron bridges, the best plan is to insulate
them from the bridge, or if this is impossible, insulate them
by the insertion of insulating joints at either end of the
bridge.

Remedy 4 is very commonly practiced and gives good
results if properly applied. The return feeders should be
attached to the pipes or cable sheaths that carry the most
current and, as a rule, the current so returned to the power
house will not be more than 5 or 6% of the total railway
current; if it exceeds this amount, it is probable that there
i8 a metallic connection somewhere between the track
and pipes.

Service pipes crossing under street-car tracks are partic-
ularly subject to el lytic action, and when they are being
laid or repaired it costs but little to cover them with tile or
to run them in a box, as explained in 5.

Another method consists in providing, at a danger point,
a very large ground plate, which may be cheaply and efficiently
provided by excavating a hole, at the bottom of which
a ton or two of coke is placed, and on top of this a load
of old iron, such as worn-out car wheels, old rails, chips
from machine shops, etc. The cable sheath should be
connected to the ground plate by copper wire of good
size. A large sleeve should be used to make the best pos-
sible metallic contact with the cable sheath that it is desired
to protect, either by soldering the sleeve to the cable sheath
or by securing metallic continuity by the use of some flex-
ible amalgam that is manufactured for making bonds
with rails and similar purposes. The connection to the
ground plate may be made in a manner similar to that
with the lead sheath, It is well. however, where soldered-
joint connections are made, and, especially to the ground
plate, to paint the soldered joint thoroughly with some
good waterproof paint, in order to resist electrolytic action
between the two kinds of metal at the joint, Since the cop
per wire is of much lower resistance than the surrounding
ground, the current will usually follow the wire to the ground
plate and thus the flow of electricity into the ground directly
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from the cable sheath, and the resulting electrolytic action is
reduced. Of course, there will be more or less electrolytic
action at the ground plates, but this plate is so large that it
will resist corrosive action for a long time, and, moreover, it
is cheaper to occasionally replace this ground plate, if neces-
sary, than to have the cable sheath damaged by electrolysis.
This is also usually cheaper than to provide a copper return
cable or wire of sufficient size to carry the stray current back
to the power station,

Method of Bonding to Cable Sheaths.—With most tele-
phone companies, a standard method has been adopted
for bonding the cable sheaths. Bonds are placed between
all the cables of an underground line in every manhole
through which they pass. The wire used is No. 8 B. & S.

Fic. 28 Fic. 29

gauge bare copper tinned. The surfaces of all the sheaths
are scraped clean of mud, but great care must be taken
not to cut away too much of the sheath. The end of the
bond wire is then heated in a portable furnace and placed
on the bright surface of the sheath, and solder applied. A
soldering iron is then used to heat the sheath to the required
temperature. The surface of the next sheath is cleaned
in turn, and the bond wire bent down and soldered to it.

If the bond wire runs to a gas pipe, it may be soldered
a¢ in Fig. 28, in which a is a piece of sheet copper, which
is soldered to the surface of the pipe b that has been previously
prightened and tinned. The bond wire ¢ is then coiled
as at d and soldered to the copper plate.

Where it is necessary to bond to a water pipe, with which,
while containing water, it is almost impossible to make
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a soldered connection, a yoke, shown in Fig. 20, may be
made of strap iron and securely clamped in place on the
water pipe, the surface of which has been previously bright-
ened. The whole should then be given a heavy coating

e
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of asphaltum to prevent corrosion. The method of bonding
to a rail is shown in Fig. 30, which needs no explanation,
except to say that the contact surfaces must be clean and
bright when the bond is made.
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Now District Manager

NoORTH DAKOTA INDEPENDENT TELEPHONE Co.
Casselton, N. Dak.

I am with the North Dakota Independent
Telephone Company, holding the position of
district manager. Wish to inform you that my
salary has trebled since I took out the Course
with you. When enrolling I was engaged in
farm work. If it had not been for my Course
I would not be where I am now. I shall be
more than pleased to recommend the Schools

to any one.
A. O. HEDBERG,

District Manager




FROM FARM LABORER TO ASSISTANT MANAGER

When E. N. EGGE, Oxnard, Calif., enrolled for a Telephone:
Engineering Course he was worlnng on the farm for his parents,.
doing also a little telephone line construction work, making:
about $300 a year. He is now assistant manager of the Home
Telephone Company. of Oxnard, Calif.

BECOMES WIRE CHIEF

When F. E. BRUMFIELD, 346 W. Cambridge St., Alhsnce..
Ohio, enrolled for the Telephone Engineering Course he was.
working as an errand boy in a small electrical shop, earning but.
little es. Through the help of his he has
advan unt:l he is now wire chief in_his home town in an
exchsnge 1,800 subscribers. His salary has been
increased more an 600 per cent.

SAIARY STEADILY INCREASED

ARTHUR BurpIcK, 74 Eagle St., Albany, N. Y., had
reached the tlnrd grade in high school ‘when he n work in
the electrical line. Feeling the need of technical education
to secure advancement in the telephone business he enrolled
ior the Telephone Engineering Course, and in due time secured
Dlploma At the time of his enrolment he was earning-
6.50 a week with the New York Telephone Company, Albany
tnct. Hudson Division. His salary was soon increased to-
$18; then $20; and then $27 a week. He is now combination
troubleman at the main exchange at a salary almost double:

what he received at the time he enrolled.

NOW MANAGER

W. A. CooPER, New Smyrna, Fla., had only a seventh-grade-
education and was worl as a button cutter when he first
enrolled with the I.C.S. aving made a success as a clerk he
later enrolled for the Telephone Engineering Course, gaining
one promotion after another, until now he 18 manager of the
Brevard County Telephone Company, having five exchanges.
under his direction.

1.C.S. DIRECT CAUSE OF INCREASED SALARY

JouN M. CosGrove, Hickman Mills, Mo., knew very little
about electricity and had almost no practlcal experience when
he enrolled for the Telephone Engmeenngs The reports .
of progress sent to his employer f the Students’ Aid Depart-
ment were the direct cau,se of i mcressmg his salary $25 a month.
He is now the Hickman Mills, which.
position he declares i |s due to his I.C. S Cou.rse

GENERAL INSPECTOR AT LARGE SALARY
When Forrest G. Davis, Bluffton, Ind., enrolled with the
1.C.S. for the 'I‘ele&l;g;;ee Engmeenng Course he was only
18 years old. advanced him to the position
of general inspector for the Umved Telephone Company, at a.

salary which has been increased more than 150 per cent.
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General Manager of Two
.
Large Companies

I was a telephone lineman earning $50 a
month at the time I enrolled with the I.C.S.
for the Telephone Engineering Course.
Although I had only reached the seventh grade
in the public school I found your Course could
be mastered by any one who seeks advance-
ment. The knowledge I gained has been very
valuable to me and I am glad to recommend
the Course to any one who has not had the
advantage of a good education in thig lige.
The cost is small in consideration of the benefits
to be derived therefrom. I am now general
manager of two large telephone companies,
The Home Telephone and Telegraph Company,
of Santa Barbara, and the Home Telephone
and Telegraph Company, of Santa Barbara
County, with a combined investment of more
than half a million dollars. I have entire
charge of all construction, maintenance, and
operation. My salary has increased 400 per
cent.

ALBERT SCHULER, Santa Barbara, Calif.




Mapager of a Telephone
Company

Some fifteen years ago I took up the
Telephone Engineering Course with the
International  Correspondence  Schools.
Prior to that time I was employed in sev-
eral lines of business, none of which
required any special training. The advan-
tage to me from the Course I took. is best
shown by the position I now have as Man-
ager of the Citizens Telephone Co., and I
am sure the I.C.S. deserve a good share of
the credit for whatever success I may have
had.

E. W. Lutg,
Circleville, Ohio




650 Per Cent. Increase

When I enrolled with the I.C.S. for the
Telephone Engineering Course I was at the
bottom of the ladder in the East Exchange
of the Cleveland Telephone Company. I had
only passed the eighth grade in the public school
and knew nothing of algebra at the time of my
enrolment. At first I got “cold feet’' on this
study, but finally mastered it with no other
help than that furnished by my I.C.S. instruc-
tor. Through the Students’ Aid Department
I was brought to the attention of the superin-
tendent, who gave me my first promotion. I
was gradually advanced until I am now chief
clerk in the traffic department of the same

y with an i in salary of 650 per
cent. 'W. F. Jounson,
8811 Harkness Road, Cleveland, Ohio




I1.C.S. Advanced This
Man

When I enrolled with the International
Correspondence Schools, I was working for the
Western Telephone Company, getting $25 a
month, digging holes and learning to climb
poles. In the same year I was transferred to
Brookfield, Mo., as troubleman for the same
company. As I had already begun my I.C.S.
Course, the manager, Mr. Hyde, was notified
of my progress right along. My salary was
raised and when the local manager left I was
given his job. Later when the Bell Telephone
Company absorbed this plant, I was manager
for them for three months until they sold out
to a home telephone company.

I am now manager of the D. G. Evans Tele-
phone Company and have had offers to go to
still better positions but do not wish to leave
my home town. I give all the credit of my
advancement to my I.C.S. Course.

JAs. A. SCHOOLER,
Box 182, Unionville, Mo.




Now the Superintendent

I completed a Telegraph Engineering Course
with your Schools some years ago and believe
that it has helped me a great deal. To my
mind such a Course offers the best, and often
the only opportunity an operator has to get a
technical knowledge of his business. The
supply of competent wire chiefs is limited and
any one who has a natural inclination for this
work, and has access to the electrical machinery
of a large telegraph office, and; if willing to
work for what he gets, can hardly help being
benefited by his Course.

R. F. FisHER,
Superintendent, The Colo. & Wyo. Tele. Co.
Deaver, Colo.




SALARY THREE TIMES AS LARGE
R. F. TRAMER, 20 Alma St., Berlin, Ont., Canada,

clerking in a store at the time of his enrolment for the Tele-
phone Engineering Course. Amorsohterhegamedl
ﬁ)smon wnth the Bell Telephone Cc T,

has since advanced to the position of wire clnef in his h
town at a salary three times what he received when he s
with the company.

NOW WIRE CHIEF

At the time when DENNis W. MooORE, Leadville, Colo.,
enrolled with the Schoolshhe was )u.st start in at telephoné
work, at the age of 21. m%!‘n to work out
all kin oi dithicitlt problems while in the employ of the Bell
Telephone e is now wire chief, Mountain States

Telegraphi and F’ll:phone Company.

A GRADUATE’S SUCCESS

Gxoncs B. Fox, 460 E. 18th St., Paterson, N. J.,
loyed ds & troubleman at the time of his enrolment for the
gphone Engineering Course. Before obtaining hi8 Diploma
ted to the position of wire chief. Since then heé
has uated and has now the right to place ** Manager” after
his name. He says that the knowledge acquired from his
Course Has been of inestimable value to him, and that his salary
has been largely increased.
NOW FOREMAN, WITH A LARGE SALARY
GEORGE B. SWARTHOUT, 147 Muilberry St., Rochester, N. Y.,
was earning a month on a wnstruction gnng when he
enrolled with th I C.S. for the Tel?htil{e E Course.
Later hé entered the emplo oc] |way and
Light Cothpany as cable aip Next he me assistant
foreman, and in August, 1914, he was promoted to the position
of foreman of the u.ndergroun department, receiving about
$1,500 a year.

ADvAN(:nD TO MANAGER AND SECRETARY

, Neb., was ning $25 a month
When he enﬁlgéﬁrthtl ti ools for a Tetphone Engineering
Course. This enabled him to advance to various positions as
troubleman, electncnan. and superintendent, and to become
manager and secretary of the Howard County Telephone Com-
pany at a salary which has increased several hundred per cent.
SALARY INCREASED $76 A MONTH
CarL Lunp, 1521 N. Rockwell St., Chicago, Ill., is work-
ing for the Chicago “Telephone Company as switchboard
foreman. When he enrolled he was switch tester for the Auto-
matic Electric Company. He attributes his advancement in
gmon and salary to the I.C.S. Telephone Engmeen
His salary has increased $75 a month since he entot




Head of Two Companies

When I enrolled with the I.C.S. for the
Telephone Engineering Course, my only educa-
tion along electrical lines was what little I had
picked up from reading journals treating tele-
phone work. I am now secretary, treasurer,
and general manager of the Light and Power
Company of this place, also secretary and
general manager of the Franklin County
Telephone Company. I have selected all of
the machinery, electrical apparatus, etc., used
by the company. I could not have planned
and cleared up many difficulties but for the
knowledge gained from your Course and from
reading books on electric light and power
which the Telephone Course made intelligible
to me. My earnings are several times what
they were when I took up your Course.” You
may use this letter as you like. N

B. L. PisuER, Rocky Mount, Va.
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Four Times His Former
Salary

My position when I enrolled for my
Telephone Engineering Course with the
I.C.S. was that of Telephone Inspector,
earning a salary of $600 a year. I am now
General Manager of the Peoples’s Home
Telephone Co., at a salary of $2,400 a
year.

The technical knowledge I secured
through my Course, together with the
practical knowledge I was able to attain in
.my additional work enabled me to make
rapid progress.

I especially recommend an I.C.S. Course
to young and middle-aged men who are
now engaged in some definite line of work,
for I believe that in this way practice and
theory are harmoniously blended.

H. W. Sexron,
Leavenworth, Kansas

11




Makes as Much in a Day
as He Did in a Week

When CHas. F. ScyarTLE, 305 Renwick
Ave., Syracuse, N. Y, first enrolled with the
Schools for an Electnc Power and Lighting
Course, he was earning $6 a week for ten hours
hard work as a bicycle repairer. Before he
graduated fmm this Course his salary was
mcreased Later he enrolled for a Telephone
Engmeenng Cou.rse, in wh:ch he also obtained
a diploma." He now has charge of the power
department, both steam and electrical, in the
E. C. Stcarns & Company plant. He says
that the price paid for his Course was the best
investment he could have made, since he now
earns about as much in one day as he then did
in a week. '
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Recommends 1.C.S. to His
Employes

At the time of my enrolment I was working
as a telephone lineman, receiving very good
wages for thay class of work. At the end of
three years I received my Diploma in the
Telephone Engineering Course and was draw-
ing a salary over 100 per cent. greater than
what I was receiving when I enrolled.

Without your instruction my advancement
would have been much slower, as I have enough
confidence in my ability to believe that I
could have made good some time. To me your
assistance has been that of a “Short Cut" to
a better position and the years I saved by this
“Short Cut’ are now being used in further
correspondence study, with the hope that I may
continue increasing my ability and egmigg
capacity.

I always recommed your Schools to my
employes, gwmg your Pﬂplls the preference
whenever I can.

D. B. WHITE,
Sec. & Treas., Home Tele. Co.,
Clarksville, Tenn.
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300 'Per Cent. Increase

L. L. LUTHER, 146 West Kennedy St., Syra-
cuse, N. Y., has now graduated from our Tele-
phone Engineering Course. When he enrolled
he had just left the high school and was work-
ing as a day laborer. Before he graduated he
obtained a position with the Moravia Electric -
Light, Heat and Power Company through the
Students’ Aid Department. He is now electri-
cian for the Merrill-Soule Company, of Syracuse,
N. Y. His work consists of electric installa-
tion and operation of electrical machinery in °
the Syracuse plant, and the installation of
lighting systems in the new pure food plants of
the company as constructed in other cities,
together with the supervision of electrical
work required in their other plants. His sal-
ary has increased at least 300 per cent.
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Gives His 1.C.S. Course
the Credit

I started my Course with the I.C.S.
when a wireless operator. I am now Man-
aging Editor of the Pacific Radio Publish-
ing Company, publishing a wireless monthly
magazine. I could never have accepted a
position' as editor without my knowledge of
Engineering.

I expect rapid advancemeat in a short
time. Here is wishing the International
Correspondence Schools big success.

Hengy W. Dickow,
427 26th Ave.,
Merchants Exchange Bldg.,
San Francisco, Calif.
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Messenger Boy Bevomes
Genéral Mastager

I cannot express my thanks for what your
Schools have done for me. When I enroiled
in your Schools in 1900 { was employed by
the Napoleon Home Telephone Company as
messenger boy, earning but $4 & month.
Before I completed my Course the I C. S.
fron time to time recommended me to theé
company for a better position, and in a few
years I advanced to inspéctor, then to super-
intendent, and at présent am general manager
of the Napoleon Home Telephoné Cotnpany,
having in my charge six exchanges.

Again thanking you for the interest your
Schools liave taken in me, I beg to remain

F. P. Disukr, Napoleon, Ohio
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