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5 PREFACE

& The publishers. have not attempted in this
z work to produce a condensed eyclopedia 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-
Ation, manufacturers of and dealers in telephone
and telegraph apparatus and supplies, wire-
iefs, managers, and superintendents of tele-

1 phone and telegraph companies.
m The aim of the publishers has been to select
r,‘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
some subjects is of necessity brief, it is suffi-
icient for the purpose, More important subjects
“thave been covered in great detail; for instance,
the treatment of elecirical 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

320026



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 Schoo}
of Telephony and Telegraphy.

INTERNATIONAL CORRESPONDENCE SCHOOLS

Scranton, Pa.

January 1, 1908
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Telephone and Telegraph
Engineers’ Handbook

USEFUL TABLES

WEIGHTS AND MEASURES
LINEAR MEASURE

12 inches (in)....... LmYlfoot. . .. ft.
3 feet. . ... oinnn .., =1 yard.

5% yands. .. .=lyod......

4 Tods. ... i w 1 furlong

B furlongs................. = 1 mile

. ft. wi. rd,  fur. mi.
36 - 3= 1
188 = 165~ 55= 1
TH20 =— 660 = 220 = 40 =1
63360 = 5,280 = 1,760 = 320 = 8 = 1

SQUARE MEASURE

144 square inches (sq.in).... = 1 square foot . ..aq, ft.
9 aqusrefeet..”.‘.......-lsquanyatd lqyd
304 square yarda........ . = 1 squarve rod .. ....sq. rd.
160 sqult!rodl......‘....‘,-lacre ............. A,
840 acres............0..... = 1 square mile . mi.

-,
sg.mi, A, 3q.vd. sq yd. 5. ft. :q ",
1 = 640 = 102,400 = 2,007 600 = 27 878 400 = 4,014.459,600
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CUBIC NEASURE

1,728 cabic inches {(cu.in.).... = 1 cubic foot , . .... cu. K,
27 cubic feet............. . =1cubicyard .. ... .cu yd
128 cubic feet. . ............ =leord,.............cd.
24} cubjefect.............. =1perch....oocvvnann. P.

1cu, yd, = 27 cu. ft. = 46,656 cu. in.

MEASURE OF ANGLES OR ARCS

B0 seconds {).............. =1 minute. ... ....aii..e. *
GO minutes. . .......... ... = 1l degree. ............. ¢
PO degrees................. = 11t angle or quadrant
300 degrees,. .. .= leircle, . ... ... ... cir,

lur —350"21600'-1296000’
AVOIRDUPOIS WEIGHT

437.5 graine (gr)............ = 1 ounce, oL,
16 ounces. .. ............. -] pound AN | -3
M pounds. ............... =1 hund.redweaght cwt.
20 cwt, or 20000b........ = 1 ton.. T
2,240 1b.. .. ‘.,.-llonston ......... L.T

1T. = 20 cwt. = 2.000 Ib, = 32,000 oz, = 14,000,000 gr.
The wvoirdupois pound contains 7,000 gr.

TROY WEIGHT

24 grains (gr.)...... .. ... ... = L pennyweight ., .. pwt.
20 pennyweights. . ........ .. .= lounce .. ......,.... 0z,
l2ounces.........c.ooiuunns =lpound,..........., b,

1lb. = 12 oz, = 240 pwt. = 5,750 gr,

DRY MEASURE

Ppints (Pt .. ... mlgquart. . c.aeaea. ...t

Bguarts.................... = 1lpack.............. Pk,

dpecks.......... 000l e, = 1bushel ............. bu.
1 bu. = 4 pk, = 32 qt, =~ 64 pt.

The U. S. bushel contains 2,150.42 cu. in, ~ approximately
1} cu. fi. The British bushel contains 2,218.19 cu, in.
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1IQUID MEASURE :
4 gl (gid .. onenerieenese ™ LPInt eiisrianrvnes Bh

b 1 S i -1 o - qt.
4 QUATEE. ..\ oveviinnnnnnn ,=lgallon.............g¢k
Ay gallond. ccvnrerriianinans = { barrel.. wessss bl
2 barrels, or 63 gallons. . .. . = 1 hogshead..........hhd,

1hhd, = 2 bbl, = &3 gnl, = 252 qt. = 504 pt. = 2,016 g,

The U, 8, gallon containe 231 cu. in. = ,134 cu. ft,, nearly,
or 1 cu. ft. contains 7481 gal,

When water is at its mazximum density, 1 cu, ft, weighs
62,425 Ib. and 1 gallon weighs 8.345 1b,

PFor approximations, 1 cu, ft. of water ja considered equal
to 74 gal., sod 1 gal, as weighing 83 1b,

THE METRIC SYSTEM

The metrice system is based on the meter, which, according
to the UJ. 5. Coast and Geodetic Survey Report of 1884, is
equal 0 30370432 in, The value commonly used is 39.37 in,
and is authorized by the U, 5. government.

There are three principal units—the meger, the Fter (pro-
aounced *'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), hece (100), and &4le (1.000): the sub-
multiples, or divisions, are obtained by prefixing the Latir
words deci (), conté (xhe), and msZli {rgem). 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. .oveees seaen . = Ldecimeter.......... dm,
10 decimetera., coovnsvnvea-s = I meter. .. ... ouvu...m,
10 meters.. wrerserrrrnns = 1 decameter. ... ... Dm,
10 dcumm veserv.. = 1 hectometer...... ..Hm,
thec'bomems vesasnseresny = 1 kilometer......... . Km,
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MEASURES OF SURPACE (NOT LAND)

100 square millimeters

(sg. mm.)............. = 1 Bquare ee‘rmmmrlq cm,
100 s centi o= 1 g d var o8y, dom.
100 square deci vee = 1 oy meter......,.. 7. m,

MREASURES OF VOLUME
1000 cubic millimeters

(CU. MY vvrnrnnsnns = ] cubic centimeter.....cu. cm.
1,000 cubic centimeters... = 1 cubic decimeter......cu. dm.
1,000 cubic decimeters.., = 1 cubic meter.......... cu, m,

MEASURES OF CAPACITY

10 milliliters (ml)........... = 1 centiliter. ...........cl.
10 centiliters. ... .. .... ..., = 1 decititer, ... . . .dL
10 deciliters................. = 1liter................. L
Wliters............oooeunn. = 1 decaliter............ DL
10 decaliters. . veveweees = 1 hectoliter. .. ..., ... Hl,
lohecto!:terl veireneo. . = 1 ldloliter. . R <

The liter i8 equal to the volume occupied by 1cw, dm

MBASURES OF WEIGHT
lOmiﬂsa‘mms(me) . = 1 centigram...

The gram is the weight of 1 cu. em, of pure distilled water
at a temnperature of 39.2% P.; 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 uee the following factors for converting from
Buglish to metric units, it is ¥ to trmnsf, the
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equations; for example, 1,000 Em. X 621 = 21 mi,, but
1,000 mi. + 621 = 1,610 Km.

Km, ¥ 621 = mi, grams per sq. ctn. X 1422
Km. + 1609 = mi. = Ib. per 3q. in,

Km, x 3,281 = ft, Kg. X 2.205 = Ib,

tn. X 39.37 = in, Kg. X 35.3 = oz. (avoir.)
m, X 3.281 = ft, KEg. X 11023 = tons
m. X 1004 = yd (2,000 1b.)

cm. X 3937 = in, Kg. per sq. ¢m. X 14,223
cm. + 2.54 = in, = Ib. per aq. in,

mm. X 03837 = in. Kg.-m. % 7.233 = ft.lb,
mm, + 254 = in, kilowatts (k. w.) x 1.34
sq. Km. X 2471 = A, = H. P,

8q. m. X 10.704 = sq_ ft. watts + 746 = H. P,

8q. cm. X .155 = 8q, in, watts X 7373 = ft.Jb, per
Bq. cm. + 8.451 = aq. in. sec,

8g. mm, X 00155 = sq. in. Joules X} 7373 = ft.-1b.

#q. mm. + 6451 = sq.in. Calorie (kilogram-degree) X
cu.m. X 35315 = cu. ft. 3968 <~ B.T. U.

cu, m, X 1.308 = cu, yd. Calorie (kilogram-degree) +
cu. m. X 264.2 = gal. (U.5.) 252 =B . T. U,

cu. cn, + 16,383 = cu. in, Joules X 24 = gram-calo-
L % 61022 = cu.in. ries

1. X 28642 = gul, (U.8) gram-calories X 419 =
1. + 3.98 = gal. (U.5) Joules

1. + 28.316 = cu. ft. gravity (Paris} = 981 cm
g X 15432 = gr. per sec. per sec.

E X% 981 = dynes (Degrees centigrade X 1.8)
g. + 28,35 = oz, {avoir.) + 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 Yiquids; and air, in the case of guses).



Weight per .

Metals Cu. In. | Specifie

Pound
Alumioum. ... .. oo .0p8 2,660
Antimony.............. ...iioeas 242 6.712
Bismuth. ... ..... .. .o 352 9.740
Brass, common 307 8.500
Copper, cast. ... it cn i .314 2. 700
Co?rfer rolled. . ... ... .. 321 8.878
Gold, purecast. .................. .608 16.258
iron, cast .. L260 7.207
iron, wrought .281 7.780
pure. . 400 11.330
Mercury, at 0° F .491 13.580
ilver, pure 378 10.474
Steel, hard .286 7.919
Steel, soft. . 283 7.833
Tin. . .256 7.351
Zinc 260 7.101

Weight per -

Stones and Earth u. In. GS":%E;

Pound
Asbestos. . L1110 3t63.2
.0723 2.000
. 2.784
L0686 1.900
. 1.640
. 1.436
0488 1.350
. 1.360
. 4.000
. 3.600
0958 2.652
. 2.168
. 2.700
.0070 2.686
. 2.800
006 2.660
. 2.130
. 2,650
. 2.800
Stone, cOMMon. ...« .o ovvvane,. . LJOBLD 2.520
Sulphur, native.......0 v ve v in, . L0734 2.033
s



Weight per
Dry Wooda Cu. In, m
Pound
T B 0305 845
Cedar, American 0203 561
b 0000 250
Ebony, America 0441 1.220
le ...... m . ‘Moml l.%
m O .
N‘El'?:gan‘;:, Hondarag. ..e.nenson s .| .0202 560
hhrle .................. bersreans 0285 790
............................. 0343 950
Pine, Southerm. . ..oovvvivnnninsas 0260 720
Pine, White..o . ouceurunauns PR 0144 A0
Poplar..cvirierrcrsrssrrrrnrasaes 0128 .383
SPTUCE , o v vr s ses s 0181 . 500
Weight .
Liquids perCu. In.| Specif
Pound
Acd, titric. .. cv v e vini e i s 0440 1217
Acid, sulphuric. . ivass| 0665 1.841
Acid, muﬂatlc of hydmch]onc ceen 0424 1.200
Alcobol, oornmerc‘l.al .- L0301 A33
Aleobol, mu-e 0286 792
Oil, um.seed 0340 940
O, turpentin: 0314 870
Water, d.l.snlled {62 42510, per o £t ) 0361 1.000
Weight :
Gases and Vapors per Ch Fe Sﬁaﬁ;
Grains
At32%and a tens:on of 1 atmosphere
/ 565.11 1.0000
3331 5804
859.0 1.5201
546.6 0673
39.1 J
624.8 1.1056
Bt o |
Steam at 212° V.. 2IR'R .
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The weight of & eubic foot of any solid or liquid is found
by multiplying its specific gravity by 62,425 lb. avoir,” The
weight of & cubic foot of any gas st atmospheric pressure
and at 32° F. is found by multiplving its specific gravity by
08073 1b. avoir,

CHEMISTRY AND ELECTROCHEMISTRY

Dividons of Matter.—Science assumes three divisions of
matter—mmaser, moleculer, and atoms. A mass is any por-
tion of matter appreciable by the senses, A moleculs 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 malecule by chemical and is regarded by chemists
as the unit quantity of chemical combination. A molecule
is & group of two or more atoms that are united by their
affinity, or mutual nttract:on Elemental molecules are
formed of lLike comp molecules are formed of
unlike atoms. Matter compoud of elemental molecules is
called simple, or elempriary matter; matter composed of
compound molecules is called compound matter.

The stomic weight of an element iz 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 o oxygen entering inte 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 axygen is 18, 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,,to form 1 molecule of water, Hal;
1 atom of hydrogen, H, unjtes with 1 atom of chlorine, Cf, to
form 1 molecule of hydrochloric acid, HC..  The walence of
an element is the measure of ite power to hold other elementa
in combination, and js stated on the basis that the valence
of hydrogenis I.  An element is mono-, di-, tri., tétra-, ete.




S§YMBOLS, ATOMIC WEIGHTS, ETC. FOR A NUMBER
OF THE MORE COMMON ELEMENTS

Element Atomic | G poical
and Symbol Weight Valence Equivalent
Aluminum, AL ... 27.1 I11 .03
Antimony, 5b.. .| 120.2 ni-v 40.067— 24.04
Arsemic, As. ....| 5.0 I1-v 26.  —15.
Barium, Sa.....| 137.4 11 8.7
Bismuth, B+, 208.5 I11-v 69.5 — 41,7
Borew, B. ... 11.0 mI 2.67
79.96 1 79.96
112 4 11 56.2
40.1 I1 20.05
© 12,0 v 3.
35.45 1 35.45
52.1 I1-VI 26.056 — B8.88
59.0 -1 29.5 — 19.67
63.6 I-1I 63.6 —31.8
19.0 } 19.
197.2 II1 85.73
1.008 I 1.008
126.85 1 126.85
55.9 II-1I1 27.95 — 18.63
206.9 -1V 103.45 — 51.73
7.03 I 7.08
24.36 1I 12.18
55.0 1I-vII 27.5 — T.86
200.0 I-I1 200.0 —100.0
58.7 II-111 29.35 — 19.57
14.04 11V 4.68 — 2,81
16.0 I 8.0
106.5 v 2663
1.0 1-v 10.33 — 6.2
184.8 v 48.7
39.15 1 39.15
79.2 11 39.6
28.4 v 7.1
Silver, A’V 107.93 I 107.63
Sodium, Na.....| 23.06 1 23.05
Stmontium, Sr...| 87.6 1I 43.8
saﬁg:.,r. S 32.06 1 16.03
Tellurium, Te . .| 127.6 11 53.8
Thaltium, T7....7 204.1 I-111 204.1 — 68.03
Thorium, Th....| 2325 IV 58.13
i, SH.. ... 119.0 1-1v¥ 9.5 — 20.75
n, W....| 184.0 IV-VI 46.0 — 30.67
Uranium, U, . ... 239.8 1y-v1 59.88 — 39.92
Yanadium, V' . 51.2 III-v 17.07 — 10.24
-4 VPPN 65.4 I 3z.7
The names of non-metallic elements in the sbove table
are printed ri’n Hr:i‘iﬂ. The atomic weights given are baed
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valent according to whether its atoms hold the atoms ot
other elements in combination in the preportion of one, two,
three, four, ete. Hydrogen js& monovalent and oxygen
hivalent because 1 atom of oxygen haolds 2 atoms of hydro-
gen, as represented by the gymbol 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 iy
cuprous chloride, CwCl, and cuptic chloride, CuCh,

ELECTROLYTIC ACTION

A current of electricity in passing through an electrolyte
decomposes it; e, g.,an electrolyte consisting of 2inc chloride
{usuelly dissclved in water) is broken up into chlorine gas
and metallic zinc. An electrolytic cell consists of a vessel

m‘hj‘:'h.'('t:"m‘;,i'l'e
frectroLyTic 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 iong; those ions that appear at the anode are called
anions and those at the cathode are called cations, In
decomposing zine chlotide, zinc appears at the cathode and
is thus a cation, and chlorine gas appears at the anode as an
anion,
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The chemical squivalent of an el is the quotient of
the atm-mc weight divided by the valence. ‘I"he slactro~
ch 1 squivalent of an el is the weight in grams

libernted electrulytically 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 agcurstely determined by
experiment as 001118 gram, and that of each of the other
slements can be calculated from this. For example, the

electrochemical equivalent of aluminu is —oos= X 001118

107.93
- 00008354 gram,

HEAT

SPECIFIC HEATS OF METALS

The specific heat of & substance is the number of heat
units required to raise a unit mass of the substance one
degres in temperature. The specific heat of water js very
nearly constant for all temperstures, but thet at its tem-
perature of maximurn density (4* C. or 389.1° F.) is consid-
ered unity. The specific heats of most substances increass
with increasing temperatures.

Specific Heat at

Subetance
oeC. 50* C. 100* C.
or32°F, [or 122 F, | or 212° F.

.2188 2300
0001 0923 0968
L0841 0947 JQBEZ
1060 L1130 12300
Q300 L0315 0331
.0320 -0326 0333
L0473 (0487 0581
0547 05869 L0591

0588 0585

0523 .
0901 0838 0978
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TEMPERATURE OF FUSION

Pusing Point, Degrees
Substance
F. C
Aluminusm........o.oheinaae.| 1,160 627

Tungsten . {above

*]. Swinburme, P.R. 5., Proc. British Institution cf Elec-
trical nsineeﬂ.]a:n 10, 1907.

HEAT UNITS

One British thermal unit (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 calorie is the quantity of heat required to raise the
temperature of 1 Kg. of water 1% C_ at or near 4° C,

1B.T. U. = 282 calorie and ] calorie = 3968 B. T. U.

One small, or grom., caloris (s heat unit also in some use)
it the quantity of heat required to maise the temperatare
of 1 gram of water 1* C. at or near 44 C,
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COEFFICIENTS OF LINEAR EXPANSION
The coefficient of expansion of a body is its expansicn
per degree rise of temperature. The coefficient oi surface
expansion is double, and that of cubical expansion three
times, the coefficient of linear expansion.

Coefficient of Linear

Substance E zpangion in 1nches per
¢ pa Degree P. pe

Aluminum. ... L 00001140

3 1. SR Y D000 1040
Bnick SRR 00000306
Cement and Concrete. . ..... {frgom mmmg
COpDaT. o o I ; .moooooseagé

Tem .

G]BSS.””..‘.,.“,.A.‘...A{ to 00000521
L L 00000841
Granite. ... .. ... . ..., 00000460
Iron, cast. . .. ... ....0.vvun 00000587
Fron, wrought.............. .0DODOETT

ad ..o D0001
Marhble 000%
Masonr¥.. oo vvvnreesivaan ftD :mw
Mercury.......... ... 00003334
Platinum. . OO0004
Porcelain. . . .
Sandstone. . ... .. DU {ﬁ'&m m
Steel. untempered. ..... . DOOOO59D
Steel, tempered. . ... ... 00000702
Wood (pine) .. .....uuuiunns 00000276

For example, a 60-ft. steel rail in warming from 20° P,
below zera to L)O® P, will expand 120 x 00000580 x 60
¥ 12 = 5175 in.

THE MECHANICAL EQUIVALENT OF HEAT

IB.T. U, = 778 it-lb.

. 1 .
1ft-lb, = 18 = 001285 B. T, U,

1 H. P. = 33,000 {t.-lb. per min. = 42.416 B, T, U, per min,
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CERTIGRADE AND FAHRENEEIT DEGREES

WEWNOoONDENCURLINORSINCdaedND

e
2o | ererszagessssseseaIssssss

F.

WOANONLINONDINODDFANCHE PN

HXRRLIVISSINIRAABAT

Pt et o et et g et et e et Ted e g gy

123
125
127
120
131

C.

BARXBRERIRCBRTEBLRBRIBENL

WEANOWLFNONVDFINCHNCFNODOTHIND

- RRYILE IR ERSIF s - oveaey

Tt et et et e A et ek et

C.

ARRABEARIIRLRRLIATINNGISS

Deg. | Deg.| Deg. | Deg.| Deg.
F.

F.

CHoWNCREHNONDINCUO RSO NNE

HEREAIIIRIZEBAGRBYTBB/IFRER

Deg.
C.

Sram Lo RS NN YRRt R ARIARS

TEMPERATURE
The tetnperature of a body is its degree of sensible heat.
For the measurement of temperatures there are three kinds

of thermometers: the Fahrenheit, abbreviated F. or Pahr,,

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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Standord Posnts Degrees F. Degrees ., Dagraees R,
Boiling point of water at

sea level; i. e, pressure Nz 100 80
= 1 atmosphere. ...
Mehting point of ice....... 32 1] 1]

Absolute 2ero, i. e., t.hel
total absence of heat; —£60 —-273 -219
theoretical only......
Between boiling point and freezing point = 180° F,
= 100°C. = 80° R,
Temp. F. = 3 Temp.C. 432 = 3 Temp. R. + 32",

5
i Temp. B,

Temp.R. = 3 (Temp. F.~32%) = ETsmp. c

[
Temp, C, = E(T&mp‘ F.=32°) =
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MATHEMATICAL TABLES
CIRCUMFBRENCES AND AREAS OF CIRCLES FROM

1-84 TO 100
Diam, | Circum.{ Area Diam. | Circum. | Area
0491 2 12.5804
0982 0008 4 129601 | 133641
1963 0031 13.3518 | 14.1863
3927 0123 4 13.7445 | 150330
] 0278 141372 | 15.9043
7854 0401 14.5209 | 168002
: B817 0767 4 14.0226 | 17,7208
1.1781 1104 15.3153 | 18.6556
1.3744 1503 5 15,7080 | 19.6350
1.5708 1063 b 16.1007 | 20.
1.7671 2485 & 16.4084 | 21.6476
1.9635 3068 16,8801 | 224
1508 aT12 5 17.2788 | 23,7583
2.3562 4418 ] 17.6715 | 24
2.5525 5165 b 18.0642 | 25.9673
2.7489 L0133 5 18,4509 | 27.1
2.9452 8903 ] 185468 | 282744
1 a.1416 7854 [ ] 16,2423 | 20.
1 3.5343 940 [ 19.6350 | 30.6797
1 3.9270 12272 6 20.0277 | 519191
1 43197 | 14849 20,4204 | 33.1851
1 4.7124 1.7671 20.8131 | 34.4717
1 51051 | 20739 21.2058 7848
1 54078 | 24063 21.5085 1224
1 B905 | 2.7612 7 219912 | 38.48468
H 62832 | 3.1416 7 223839 | 39.8713
2 6.6750 | 3.5486 T 22.7766 | 41.2826
2 7.0686 | 39761 7 1603 | 42.7184
2 7.4613 4.4301 7 5620 | 44.1787
2 BS40 | 40087 7 9547 | 45.6436
2 82467 5.4119 7 243474 | 47.1731
2 8.6394 5.5396 T 24 7401 | 48.7071
2 2.0321 6.4918 8 25.1328 | 50.2656
3 9. 7.0686 -] 25.5255 | 51.8487
3 981756 | 7.6000 8 259182 | 53.4563
3 10.2102 82058 8 26.3100 | 55.0884
3 10.6039 | 8.9462 8 26.7036 | 56.7451
3 10.9056 848211 8 27.0083 | 584264
3 1.3889 | 10,3200 8 274800 | 80,1322
8 11.7810 | 11.0447 27.8817 | 61.B625
2.1 11.7933 '] 28.2744 | 63.0174
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TasLE—(Comtinued)

Diam. | Circumn. Area Diam. | Circum. | Area
) 28.6671 | 65.3068 19 61.2612 | 208.648
° 0.0508 | 67.2008 19 62,0466 | 308.3
204525 | 69.0283 62.8320 | A14.160
20.8452 | 70.8823 204 63.6174 | 222,
9 302379 | 72.7509 20 644028 | 330.064
9 6306 | 74.6621 20 65,1882 | 338.1484
4 31.0233 76.589 21 65.0736 | 346.361
10 314160 78.540 21 68.7 354.657
1¢ 322014 82,516 21 §7.5444 .051
10 32.9808 500 21 683 371.543
10 3722 90.763 22 69.1152 | 380.134
11 34.5576 95.033 22 69.0006 | 388.6822
11% 35.3430 90.402 T0. 367.600
11 36.1284 | 103.869 22 714714 | 406.4
11 36.9138 | 108.434 23 722568 | 415477
12 37.6002 | 113098 23} 73.0422 | 424,558
12 38.4846 | 117.859 23 73.8276 | 433.737
12 30.2700 | 122719 23 74.6130 | 443.015
12 40.0554 | 127.677 24 753084 | 452.300
13 40.8408 | 132.733 24} 76.1838 | 456].864
13 41.6262 | 137.887 24 76,0602 | 471.436
13 42,4116 | 143.139 24 777546 | 481.107
13 43.1970 | 148.490 25 78.5400 ; 4900 875
14 6824 | 153.938 25¢ L3254 7
14 447678 | 159.485 25 B0.1108 10
14 455532 | 165130 25 520.769
14 46.3386 | 170.874 28 816816
15 47.1240 | 176715 263 82.4470 | 541.100
15 470004 | 182.655 26 83.2524 | 651.547
15 48.6048 | 18R.692 26 840378 | &
15 49.4802 | 194828 7 84.82 572.557
16 2656 | 201.062 27 85.6086
16} 51.0510 | 207.365 27 B6.3940 | 503.959
16 51.8364 | 213.825 27 87.17684
18 52.6218 | 220354 B7.0648 | 615.754
17 4072 | 226,981 28% 88.7.
17 54.1926 | 233.706 28 89.5356
17 DTR0 | 240.529 28 903210 | 649.182
17, 55.7634 | 247.450 29 91.1064 1
18 56.5488 | 254.470 294 01 8918 | 671.959
13 57.3342 | 261.587 2 226772 404
1 58,1196 68803 29 93.4626 | 695.128
18 58 9050 | 2¥6.117 94.2480 | 7
1 50.6004 3. 204 950334 | 718.690
193 60.4758 | 201.040 304 P5.81688 | 730.618
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TasLE—(Continued)

Area Diam. | Circum. E Area
742.646 | 42 | 131.047 | 1.385.450
754,769 | 42 132.733 | 1.40) 900
766. 42 133.518 | 1,418.630
T79.31 42 134.303 | 1.435.370
791.732 1 43 135.089 | 1,452.200
804.250 | 43 135.874 | 1,469.140
816 43 136.660 | 1,486.170
820579 | 43 137.445 | 1,503.300
842391 44 135.230 | 1.520.530
855.301 44 139.016 | 1,537.860
868.300 | 4 139.801 | 1.555.29
881415 | 44 140.587 | 1.572.8]
84620 | 45 141.372 1 1.590.43
07 922 454 142,157 | 1.608.16
921.323 45 142.943 | 1.625.97
934 822 | 45 143.728 | 1.643.89
§48.420 144.514 | 1,661.91
$62.115 | 46 145.299 | 1.680.02
975000 | 46 146084 | 1.698.23
989.800 | 44 146.870 | 1,716.54
1,003.790 | 47 147.655 | 1.734.95
1.017.878 47i 148.441 | 1,753.45
1,032.065 | 47 149.226 | 1.772.06
1,046,340 | 473 150011 | 1,790.76
1,060.732 150.797 | 1.809.56
1.075.213 | 48% 151.592 | 1.828.46
1.080.792 | 48 152.368 | 1.847.46
1,104,469 | 48 153.153 | 1.866.55
1,119.244 49 153938 | 1885.75
1,134,118 49} 154.724 | 1.905.04
1,149.089 4 155.509 ;@ 1.924.43
1,164.159 | 49 156.205 | 1.943.91
1,179.327 157.080 |\ 1.96R.00
1,194.593 S0 158.651 | 2.002.97
1200958 | 5 160.222 | 2.042.83
1,225.420 51% 161.792 t 2.083.08
1.240.981 5 163.363 ; 2,123.72
1.256.640 | 52% 164.934 1 2164.78
1,272.400 166.505 1 2,206.19
1,288 250 | 53% 165.076 § 2.248.01
1.304.210 160.646 | 220023
1,320.260 | 543 171.217 ! 2,132.83
1,336.410 | 55 172,988 ( 237583
1,352.6060 | 554 174359 | 2,419.23
1.369.000 | 56 175.930 | 2.463.01
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TabLe—(Continued)

Diam. | Circum. -Area Dinm. | Circum. Arca
56% 5on | 2.507.1¢ 78 | 240616 | 493983
57 179071 | 2551.78 79 248.1 4,901 .68
57% 180,642 | 2.506.73 793 248.757 | 4.963.02
58 182.213 | 264200 | 80 251. 5.026.56
583 183.784 | Z.687.84 B0} 252809 | 5.089.50
59 185.35¢ | 2,733.08 | 81 254470 | 5.153.01
594 | 186 2.780.51 a1y | 256 521682
Lilg 188496 | 2.827.44 822 257611 | 5.281.03
[i 12 190067 | 2.874.7G 82y 250.1 5345463
(] 191.638 | 202247 83 260752 1 541082
614 |193.208 | 2,070.58 | 83§ | 262. 5476.01

184.770 | 3,019.08 84 263804 | 554178
62k 196350 | 3.067.97 845 265. 5,807 .06
63 197.921 | 311726 | 86 267.036 | 5.074.51
634 190492 | 3.166.93 B85y 268.607 | 5.741.47
64 201.062 | 3.21700 | 86 270.1 5.808 .82
84y | 202, 3.267 48 864 271.748 | 5876.58
a5 204.204 | 321831 273319 | 504460
654 | 205775 | 336856 | 87y | 274890 | 601322
66 207.346 | 3142120 276.481 B8082.14
66§ [ 208916 | 1473.24 884 278.032 | 6.151.45
67 210.487 | 3.525.86 89 70802 | 622115
67} 212.058 | 3.578.48 8o 281.173 | 6.291.26

213.620 | 3.631.69 282.7 4.361.74
685 215200 | 3.685.29 903 284315 | 643202
69 216.370 | 3.739.29 81 285 6.503.90
604 (218341 | 3.793.68 91y | 287456 | 6,575.56
70 219912 | 184846 289 6.647.63
704 221. 3,903.63 2% 200.508 | 6,720.08
n 223 3.956.20 202,160 | 6.792.92
71y | 224824 | 4015.16 | 034 | 203.740 | £,866.16
72 226.105 | 4.071.51 o4 205310 | &6.939.79
725 227.766 | 4.128.28 944 296.881 7.013.82
73 220.337 | 4.185.40 85 208.452 | 7.088.24
733 | 230. 4,242.03 864 | 300023 | 7,163.04
74 232478 | 4,300 85 96 301.504 | 723828
713 234 040 | 4.358.17 964 303.164 | 7313.84
75 235 441787 o7 304.735 | 728083
754 | 237101 | 447668 | 67+ | 306, 7.466.21
76 238.7 4.536.47 % 307877 | 7.542.98
764 | 240. 4.506.36 284 308. 7.620.15
77 241903 | 465664 | 99 311.018 | 7.607.71
TR | 243474 | 4.717.31 P8 312.580 | 7.775.08
78 245.045 | 477837 | 100 314.160 | 7.854.00
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DECTMAL EQUIVALENTS OF PARTS OF ONE INCH

1-641.015625 | 1754 | 265625 | 35-64 | 516625 | 4064 | 765625
1-321.031250| 8-321.281260]17-32.531250|25-32 |.781250
384 046875 ] 10-64| 200875 | 3564 | 5488754 51-64 1796875
1-18[.0625001 5-18|.312500] 9-18:.562500]13-16[.812500
07812512164 | 328125 | 37-64 |.578126 | 5364 /.828125
003750 HHITH0| 27-32 | 843750
7—641.1093751 2364 | 350375 | 3064 | 600375 | 55-64 | 859375
1-6 {.125000| 3-8 |.375000| 5-8 |.B25000| 7-8 |.875000
£-641.140625 | 2564 | 300625 | 4164 | 640625 | 57-64 | 800625

5-a2).156250 406250 656250 20-32|.006250

11-64|.171875 1 27-64 | 42187514364 | 071875 5064 | 921875
$-16.187500] 7-16|.437500 |11-16|.887500]15~16 .937500
13~641.203125| 2964 | 453125 | 4564 | 7031251 8164 | 053125
. 15-32 [ 468750 | 23-32{.71875031-22| 985750
1564 | 2343753164 | 484375 47-64 | 734375 | 63-64 | 984375
-4 |.250000| 1-2 |.500000] 3-4 |.750000| 1 1

TRIGOROMETRIC FUNCTIONS

The table given on pages M~27 contains the natural sines,
cogines, tangents, and cotangents of angles from 0° to 9O°.
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-band 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 containg 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 colurnn 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
& function of an angle greater than 45°, ook in the column
at the right of the page for the angle and at the bottom of the
page for the nmame of the function. The successive angles
differ by an interval of 10/; they increase dowmwards in the
left-hand column and upwards in the right-hand column.
Thus, for angles less than 459 read down from top of page. and
[or 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 52°20° i»
5348, as given in the second columsn, 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 gre given in the fifth column, those
between the cotangents in the seventh column, and those for
the cosines in the ninth ¢olumn, These differences in the
functions correspond to g difference of 10’ in the angle; thus,
when the angle 32° 10 is increased by 10, that is. to 32° 207,
the increase of the sine is 0024, or, as given in the table, 24,
In the tabular diference, 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 ate used to obtain the sines, cosines, ate, 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¢, 5208, and {in
columnn 5) the difference for 107, 37. Difference for 17 ia
37+ 10= 3.7, and difference for 4 is 374 = 148, Add-
ing this difference to the value of the tan 27° 30, gives
tan 27° 30 = 5206
difference for 4 = 148

tan 279 84" = 52208, or 5221, 1o 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 I, because B is greater than §,

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 107,
and below are the differences for any intermediate number
of minutes from 1’ to ¢,  In the abowe example, the differ-
ence at 27° 3¢ for 10° was 37; looking in the table with 37 at
the head, the difference opposite 4 iz 14.8; that opposite T is
25.9; and so on.  For want of space, the differences for the
cotangents for angles less than 458° (or the tangents of angles
greater than 457) have been omitted from the tables of pro-
portional parts. The use of these functions should be
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svoided, if possible, since the differsnces change very mp-
idly, and the computation is therefore likely to be inexuct.

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 or d ing as the angle increases. For
exa.mple, the sine of 21? is 3584, and the following sines,
reading downwards, are 3611, 3638, etc. The sine of 21° ¢
is greater than that of 21°, and the difference for & must be
added. On the other hand, the cogine of 21° is 0336, and the
following cosines, reading downwards, are 9325, 8315, etc.;
that is, as the angle grows Jarger the cosine decreases, and the
difference obtained for wny angle hetwesn 21° and 21% 1§,
say 217 8°, 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 isto 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 4024, and the difference for 10¥ is 26. The angle corre-
sponding to 4024 is 20° 30°, Subtracting the 4924 from
4043, the first remainder is 19; in the table of proportional
parts undet 26, the part next lower than this difference, ia
18.2, opposite which is 7. Subiracting 18.2 from 19 leaves
.8 an the second remainder. In the table under 26 is found
7.8, which with ity decimal point moved one place to the left
is nearest to the second remainder, and opposite 7.8 iz 3,
which indicates .3’ or 187. Hence, the angle is 20° 308 + 7
+ 18% = 20° 37 18"

INVOLUTICA 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 4o 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

*Ciphers (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, §; and the
tigwificant part of the number is 4088. The number
L00000087 has five significant fipures, 9, 0, 0, 6, 7, and
the significant part js 90087, AN numbers that differ only
n the position ¢f the decimal point hove the same significond
figwres and the same significont pari,  For exsmple, 002103,
21.03, 21,030, and 210,300 have the same gignificant fiqures
2,1, 0, and 3, and the same significant part 2103,

The integral pori of & nomber iz the part to the left of the
decimal point.

Square and Cube Boots.—If the given number contains less
than four significant figures, the required root can be found
in the tabls, the square root under Vi, or YiOw, and the
cube roct under “';. m. or ‘100», according to the nuwn-
ber of significant figures in the integral part of the number,
Thas, Y3.14 = 1.772; ¥31.4 = VIDx3.14 = 5.60357; 43.12
=1,46434; W34 = V10X 714 = 3.15484; 4314 = Y00 X314
- 3. 70688,

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 spch for cube tuot, beginning
always st the decimal point. Thus, for square root: 12703,
1°27°03; 12,703, 12.70°30; 220000, 22:00°00; 000442, .00 04°42;
and for cube root: 3141.6, 3"141.8; A7206428, 67'200'428;
0000000217, 000000021700, ete,

Thare are as many figures in the roct preceding the decimal
point mﬂlﬂrmmwmdwsthdnmlmrmth
given + if the ber €5 ly decimal, the root it
emtirely decimal, ond there are as many ciphers following the
decimal point in the root as there are cipher poriods following
the decimal point in the given number,

Applying this rule, 220000 = 469 04, V000442 = 021024,
R18000=160.3113, and 000073~ 0418,

If the number has more than three significant figures,
point off the number into periods, place & decimal point
between the first and second periods of the significant part.
of the number, and proceed as in the iollowing examples:
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Square Root —Examrin.— (0} V3.1416 =1 {}) V23420 =}

Sorvrion.—(a) In this case, the decimal point need not
be moved, In the table under »f find 3.1320w 177 and
3.1884 = 1.78%, onte of these vumbers being a littls less and
the othet a little greater than the given number 3.1416. The
first threse figures of the required root are 177. 31.084
~31,320 = 355 is the first difference; 31,416 (the muumther
jtself) = 31,320 =87 is the second difference. ST-+255= 245,
or 26, which gives the fourth and Sfth figures of the root,
Hence, ¥3.1416=1.7725,

(8) Pointing off and placing the decimal point bet
the first and second periods, the number appeary 23.4200.
Under »* find 23.4250 = 484" and 23.5225 =4 857, The first
three figures of the root are 484, The first difference is
235.225 — 234,260 ~960; the second difference is 234,200
—234.250 = 34; 34+ 060 =035, or .04, which gives the fourth
and fifth figures of the root. Since the integral part of the
number 233420 contains two periods, the integral part of
the root contains two figures, or VIF42.0= 48,404

Cube Root.—ExanrLe.—(a) V0000062417 = ?
®) 450032676 = ¢
Sorumon,—(a) Pointed off, the number appears .000%-
OD6'241'T00, and with the decimal peoint placed betwesn
the first and second periods of the mgnificant part, gives
8.2417. Under »#? find 6.22050=1.84* and 6.33163=1.85%,
The first three figures of the root wre 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, Y 0000002417 = 018412,

(3) Replace sl after the sixth figure with cipbers, making
the sixth figure I greater when the seventh figure is 5 or
greater; that is, Y60932700 and 50082676 will be the same.
Placing the decimal point between the first and second
periods gives 50.9327. Under »* find 50.6530=3.70% and
B51.0648 =3.71%. The first three figures of the root are 370,
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The second difference 2,797 + the Gt difference, 4,118
=679 or 68, Hexce, 60032676 = 370.68.

Sqgaares.—IH the given number contaios leas than four sg-
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 V10w is used, the square will contain twice
a3 many lgures as the number to be squared, while if the
column hesded ¥ is used. the square will contain twice as
many figures as the ber to be aq d,less 1. H the
numher contains an integral part, the priticiple is applied to
the integral part only; if the number is wholly decimal, the
square will have twice as many ciphems, or twice a3 many
plus 1, following the decimal point asin the number itselt,
depending on whether V10w or ¥» column is used.

To square a number containing more than three signifi-
cant figures, place the decimal point between the first and
second mignificant figures and find in the column beadad Va

10w two consecutive numbers, ons a litthe greater and
the other a little less than the given number., The remainder
of the work is exnctly 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 ViOw or Vi is used. The number of ciphers
following the decimal point in the square of & aumber wholly
decimal is indicated in the same way.

Exawrrs 1.—(a) 273,423=? (b} 052436%=?

SoLurioN.—(a) Placing the decimal point between tha
first and second significant fgures, the number is 2.7342,
which occurs between 2.73313 = VT.47 and 2.73406 = ¥7.48,
found under ¥, The first three figures of the aquare are
T47. The woond difference 107 + the first differsnce 183
= K84, or 58. Hence, 273.42%=T74.758.

(3 With the position of the decimal point changed, the
number is 5.2438, which in between 5.23450= V274 and
5.24404 = Y275, both under ¥iOw. The frst three signifi-
cant fgures of the root are 2.74 and ths second difference

|
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910 + the first difference O5d= 052, or 95, the next two
figures. The number has ons cipher fallowing the decimal
point, and the column hesded ViOw is used; hence, 0524309
- 0027405,

Cubés.—To cube a number, proceed in the same way, but
use & column headed ¥s, ¥i0m, or ¥i0Os. § the pumber
contains an integral part, the number of figures in the integral
part of the cube will be three times ue many asg in the given
aumber if the column headed ¥T00% it used; it will be three
times as many less 1 if the column headed 10w is used; and
it will be three times as many less 2 if the column headed
4 isused, If the umber is wholly decimal, the number of
ciphers fallowing the decimal point in the cube will be three
times, three times plus 1, or three times plus 2, a2 many as
in the given number, depending on whether 4100w, ¥T0m,
ot W column is used.

Examrie 2.—(a) 120.684% = 7 (¥) 7. 6442% = } (¢} 0324257 = ?

SoLurron.—(a) With the position of the decimal point
changed, the number 126884 iz between 1.20664= & 18
and 1.20862 = Y2016, 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 33— 2=7; and 120.6842
w2 181,000, correct to five significant figures,

(3) 7.64420 occurs between 7.64032= V446 and 7.64603
= %447, The first diflerence is 6571; the second difference is
388; and A8B+5T71= 679+, or .68, Hence, the first five
significant figures are 44868 the number of ciphers following
the decimal point is 3X0=0; and 7.6442% = 446,88, correct to
five significant figures.

(¢} 3.2425 falls between 3.24278 = ¥0X3.41 and 3.23061
= ¥10X3.40. The first difference is 317; the second difference
ia 280; 289+ 317 = 911+, or 91. Hence, the first five signifi-
cant figurea are 34091; the number of ciphers following the
decimal point is 3X1+1=4; and .032425%= 000034001,
commect to five significant figures, :
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m—muﬂemmthemmhdaunm-
bers exp 1 by thres smgnifi correct t0 =ik &g~
nificant fgures, 'Ihenumberofupheufoﬂmnathedmd
point in the reciprocal of s number is 1 less than the number
ofﬁaummt.lnmtocnlpamo{thenumtm- and if the

ly decimal, the ber of fig in the
mwanlpnﬂo(thempmulnlmmthmthannmbﬂ
of ciphers following the decimal point in the number. Por

example, the reciprocal of 3370=_000206736 and of 00348

=287.358.

The iollowing examples show the process when the number
contains more than three agnificant figures:

ExaurLs. —The reciprocal (a) of 370420 =2 (b) of
0004002 = ?

SoLutton.—{a} .370426 falls between 378788 =——— and

26{
m-2°3 The first difference in 360,226—378,788
= 1.440; the second difference is 380,228 — 370,426 =802;
802+ 1 440= 557, or .58. Hence, the first five significant
figures are 26358, and the reciprocal of 370.426 is 0026356,
to five significant figures,

&) 460200 fally Detween m-2 i3 and 467290

..2-11—4. The first difference is 2,104; the second difference is
i 1

o84; m-n-z,loi‘- “120-1-. or .13. Hence, m-z,ml.s.

correct to five significant figures.

- 'MENSURATION

In the following formulae, unless otherwiss stated, the
ietters have the meanings here given:
A = area of a plane figure;
J = dinmeter;
r = radius;
£ = perimeter, or circumference;
w = ratio of any ci i to its disemy
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Recangle and  Right-angled trinngla Aoy trinngle
gt B A=} bk
A=jad

CIRCLES
ircle pmwd=ier
1l

The ting: A=J(Dt=aY

The sector: .
A=l ogria 08727°E
E=nngle: }=length of arc
. The segment.;
E <
3 »rE
J-m- 01 I6rE
c=chord: «2* Shwr— R0
BLLIPSE
- .\ﬁ+ai__(9—d_'}'
* 2 88
A=~3D3
SOLIDS
The cylinder: Conwex surface=wdh
.l Both end suﬂms—%
1

Volume =7% &
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‘Thae sphere:
Surface = xd? = 4xrl
1 4

Volume-af’-érr‘

. USEFUL NUMBERS
I

= 8183 -:-o‘sooe = 1013
Ve =1.7725 - e

MECHANICS

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

time §;
k& = distance. in feet, that the body falls during the
time 2. 24
Then, v-v—T-wTk-s.ozﬂ;

Ll .
b= = =5, = 01554702,

=22 A 2R oiege i
£ v I3

If k is in centimeters and v in centimeters per sscond, then
£=98] at Paris.

CERTRIFUGAL FORCE

F = centrifugal foree, in pounds;
W = weight of revolving body, in pounds:

m-massofbody-%:

7 = Jistance 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,
P2 M2 soosawen,

In calculating the centrifugal force of Bywhesln, it in cos-
tomary to neglect the arms and take r equal to the mean
radiug 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 barst the Sywhesl riom.

ExaMPLE~What is the forve tending to barst o flywhesl
rim weighing 7 tons, making 150 rev. per min,, and having
& mean radius of 5 £t}

SoLvTion.—

00084 X (§ X 72,0005 X 150%
F 3.1416 85,257 o

PARALLELOGRAM QF FORCES
Let db and ob rep the gnitudes and directions
of two foroes that act to move the body b
By completing the parallelogram, there will
be obtained s diagonal force fb, whose mag-
nitade and direction are equal to the effect
produced by db and qb. fb is called the
resultant of db and ¢b. If three or more
forves act in different ditections to move s
body b, find the resultant of any two of
them, and consider it as a eingle force.
g) Between this and the next force find &
second resultant. Thus, pb, ob, and rb am
magnitudes and directi of the foroes,
b+ gb+rb=ghb+rb= b, which is the resultant io the mag-
nitude and direction of the three foroee pb, ¢b, and rb,

WORK ARD POWER
Work is the overvoming of resistance through & distanes,
The unit of work is the foot-pownd; that is, it equals 1 Tb,
raised vertically 1 ft. The amount of work done is equal to
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the registance in pouwnds multiplied by the distancs in fest
through which it is overcome, If s 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 & 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 ia the rate of doing work, or the quantity of work
done in unit time. ‘The ordinary unit of mechamical power
is the horsepower, which is equivalent to 33,000 ft..lb. per
min., or 550 ft.-1b. per sec.

The work necessary to be done in raising a body weighi
W Ib. through & height of k ft. equals W & ft.-Jb. The total
work that any moving body is capable of doing in being

brought to rest equals its kinetic energy, or Ez:—’-} el

The kinetic energy of a 200,000-1b. train running at 40 mi.
per hr. (58.7 ft. per eec.) is 200,000% 5877+ (2 32.18)
=10,714,220 ft.-1b.; the retarding force necessary to stop
the trmin within 2,000 ft. is 10,714,220+ 2,000=5357.1 Ib.,
and the average power required to stop the truin in & min.
is 10,714,220+ § = 21,428,440 ft.-]b. per min. or 21,428,440
+33.000=049.3 H. P.

BELTS, SHAFTING, ETC.

To find the angle of contact of & belt on each pulley:
Let D = diameter of the larger pulley, in inches;
d = di ter of the Uer pulley, in inches;
1 = distance between the pulley centers, in inches;
« = § the arc of contact on the gmaller pulley.

Then, Cos am?,

Prom a table of natural cosines the angle « can be found
and 2 a=the arc of contact on the smaller pulley; 360° -2
= the arc of contact on the larger pulley. In caleulating
belts, omly the arc of contact on the Mer pulley need be
considered.
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To find the length L of & belt,
L-2 "'“xsi +21, approximately.

--'I‘hﬂeformu!ua caly to ordinary open belts
.m'.l not to crossed be Lo 4 g4
+ BXAMPLE =-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 pu]ley (%) Find the
length of the belt.
Sorurion.—{¢) 15 ft. = 180 in. (60 = 12) + (2 X 130)
- 1333 = cos 82° 200,
Arc of contact on smaller pulley =2 x 829 20 = |84* 4.
Arc of contact on larger pulley =300 = 164" 40/ =195° 20/,

@ 2Fyai49x180=477 in. =30 . 0 in.
The following formulas give vative results;

Let € = allowable effective pull, in pounda per inch,
width of belt {ses table);
H = horsepower to be tranamitted:
W = width of belt, in inches;
V = belt gpeed, in feet per minute,

33.000H _VCW
Thea, W==¢+ H=z000
ALLOWABLE BELT PULL
Altowable Pull per Inch
Ao Covered by Belt Width in Pounds
Degrees Praction of Single belt _Dob:llgle
% 250 23 329
1124 312 7.4 3.2
120 233 288 12
i35 17 313 “z
180 1t 338 483
1874 437 349 99
180 1500 31 5.5
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Single belting is & in. thick; four-ply eotton belting ia
generally conmdered equivalent to single belting. To install
one pualley directly over the other, so that the belt rung
wertical should be avoided if poasible; it is better that the
angle between the belt and the floor does not excesd 45°,
and the bottom side of the belt should be the driving side,
The distance bet pulley ters depends on the sige of
the pulleys and of the beit; it should be grest enough so that
the belt will run with a slight sag and a gently undulating
motion, but not great enough to cause ive sag and an
unsteady flapping motion of the belt. In general, the cens
ters of small pulleys carrying light narrow belts should be
about 18 ft. apart and the belt sag 1§ to 2 in.: for large pul-
lays and heavy belts the distance should be 20 to 30 ft. and
the sag 24 to § in.

Loose-running belts will last much longer than tight ones,
atd will be less Likely to cause heating and wear of pulley
bearingn. High-spesd belts are less likely to slip than low-
speed belts; hence. pulleys should be sslected 5o a3 to make
the belt speeds high, provided they do not exceed 3.500 ft.
per min. for Iaced belts and 5,000 ft. per min. for endless
belts. Leather belts should be run with the grain, or hair,
mide 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 end pliable by the applieation of &
coat of melted tallow and beeswax; this should be done only
when the belt becomes dry and hard,

SHAFTING
The dhmeterofashaftmybe_fmdbythefouoﬁn(

formulas, The first is used when great stiffness io required
and the shafts are very long: the second when strength only
is required to be considered; and the third for calculating
the diameters of steel shafts for dynamos,

d = diameter of shaft, in inches;

H = horsepowsr transmitted ;

W = lilowatts output;

N = gumber of revolutions per minute,

¢ = congtant in formuls (1);
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¢ = constant in formuls (2);
¥ = constant in formula (3).

d-c‘qg ) d-a\'(g @ a-h\']g @

& =5.28 for cast iron; 4.75 for wrought iron;: 3.08 for siewd:
¢ =y 02 for cast iron; 3.63 for wrought iron; 3,03 for steed,
=19 to 1 for 1- to 10-kilowatt dynamos;

k=1.1 to 1.4 for §0- to B00-kilowatt dynamos.

Notz—To extract the fourth root, extract the squame

F00t twice,
ROPES AND CHAINS
D = diameter of the rope in inches = diameter of irom
from which the link in chain is made;
W = mafe Jond'in tons of 2,000 1b.
Por common hemp rope, W = § Do,
Por iron-wire rope, W =§ [0,
For steel-wire rope, W = o [0,
Por close-link wrought-iron chain, W = ¢ [,
For stud-link wrought-iron chain, W = 9 [0,
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ELECTRICITY AND MAGNETISM

ELECTRICAL UNITS, SYMBOLS, AND

QUANTITIES
The fundamental units, from which ame derived the units
used in electricity and tigm, are the cantémtor ae the

unit of length, the gram a3 the unit of mass, and the swond
as the unit of time. A system of units denved frumthm
fundamental units is called the e ,
a C.G. 5., sysem. 'I'heC G. 5. umofvelouty,m
called the kine is 1 cent per d; the C. G. S.
unit of force, called the dyne, is the force required to produce
an acceleration of 1 Xine per second in a body having a
mass of 1 gram; the C. G. 5. unit of work or energy, called
the #rg, ix the work done by o foree of 1 dyne working
through a distance of 1 centimeter,

Two systems of units are derived from the-fundamental
units: the slrtrostatic wmils, based on the force exerted
between two quantivies of electricity; and the eleciromagnedic
units, based on the foroe exerted between two mbgmetic
poles or hetwesn  current and s magnetic pole, The ratic
of the electtvatatic to the electromagoetic units is some
multiple or sobmultiple of the velocity ¢ of light in air.
which is 310 cm. per s,

The eloctrostatic units are those of quantity, currenmt,
electromotive force, resistance, capacity, and inductivity,
Thesoe units have not been named.

The elactromagnetic units may be considered in two
classes, electric units and magnetic units, The C, G, S,
electromagnetic units have not been named and, ae they
are junconvenient in sguitude for practical purposes, a
oo-called practical system of units hes been adopted.
Practical electromagnetic units are equal to the C, G, S,
electromaguetic units multiplied or divided by some power
of 10. The practical units are ued to express quantity of
electricity, strength of electric curment, alectromotive force,
fegistance, work, power,mdncunee,-nd oapmeity.
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The magnetic apits that would correspond to the prac-
tical electric units are not used and have not been definitely
named on actount of their inconvenient magnitudes. The
names of all the practical elect ¢ units, pt the
mho, have beenn adopted by some international conventions
and their use legalized by most of the important nationa,

Womerical Expromion of BElagirical Unite.—The expressicn
of electrical unita often requires large bers, and it is
customary to use the multiple 10 with an indsx to indicats
the power to which it is raised. The sign of the index
jndicates whether the dedignated power of 10 is to be used
as » mudtiplier or as a divisor. For exarmple, 7.X10%w 700,
but 710 ’-;;]87, oX 10 I-ﬁ)' o 10~ ’-m.
72310 '-10’000—.07%.«&.

LIST OF IMPORTANT SYMBOLS

In the two tables following,  represents & leagth or dis-
tance, F a force, v a velocity, T the ber of turns in a
coil or circuit, ¢ time, W work, and A an ares.

In this work, the folloﬁnsmmmvillbeuﬂdunood
unless otherwise specified:

A =ares in square contimeters;
A =garen in square inches;
® = magoetic density per square centimeter:
B =magnetic detixity per square inch;
C=capacity in farads or microfarads; f
D, d=dinmeters;
E, e =elactromotive fores, in volts;

I =intennity ofmq'nnic feld per square cedimeter,
M =intensity of maguetic field per square inch,
H. P. = horsepower;
I = current, in amperes;

J=work, in joules;
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K. W.=power, in kilowatts;
I=length, in centimeter,
1 =length, in inches;
L =inductance or coefficient of self-induction, in henrys:
ML = magnetic moment;
M = mutual inductance;
m=strength of pole,
P =power, in watts;
= quantity of electricity, in coulonmbs;
= peluctance;
R = resistance, in ohms;
p = resistivity;
f=time, in seconds;
v=volume. in cubic imeters, or welocity, in centi-
meters per second;
¥ = volume, in cubic inches;
W = work;
# =total magnetic fAux;
= permeability.

PRACTICAL ELECTROMAGNETIC UNITS

Current (I).—The strength of current f is the rate at which
electricity is lowing thrmugh 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 ampers, iz repre-
sented sufficiently well for practical use by the unvarying
current that, when passed throngh a specified solution
of nitrate of silver in water, deposits silver at the rate of
001118 gram per sec,

A milliampere is equal to ﬁo—o or 001 ampere.

Quantity of Electricity (2).—The quantity of electricity
that passes through a circuit is comparable to the quantity
of water that flows through a pipe, and squals the product
of the mte of flow and the time; that is,

O=1i

If I is 1 amnpere and # is 1 second, O ia 1 conlombd, which
iz the practical unit quantity of electricity. If § ampereais
flowing through a wire, then, in 30 seconds, 5X30=150
coulombs of electricity will pass.  One coulomb will deposit
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001118 gmm of slver out of a neutral solution of silver
nitrate consisting of 13 parts by weight of eilver nitrate and
85 parts of water.

Blectromotive Fores (E. M, F., or E)—Electromotive
force, or electric pressure, is that which causes electricity
to flow in & cloaed ciecuit. The practical unit of E M. F
is the volf, which is the B, M, F, that will canse a current
of 1 ampere to flow through a resistance of 1 ochm. The volt

is represented sufficiently well for pncticalmby%oﬂhe

E. M. P. between the electrodes of a Carhart-Clarke stand-
ard cell at a temperature of 15° C. A kilovoli =1,000 volts,
a millivolt = D01 volt, and a mecvevolf = 000001 volt,
Resigtancs (R)Y—All sub offer ist: to tha
passage of electricity through them, the amount of the resist-
ance depending on the substance and on its shape; thet
is, on the longth and cross-section, The resistance of all
metals incresses with an increase in the temperature; while
the resistance of carbon, insulating materials, and electrolytic
solutions decreases with an increase in their temperniures,
The practical st of resistance ia the ohm. A conductor
has a remistance of 1 ohm when the pressure required to
gend 1 ampers thmush it ia 1 volt. In other words,
the drop, or fall, in pressure through o resistance of 1 ohm,
when a current of 1 ampere is flowing, is 1 volt. The
wiicrohss = 000001 ohm. The megohm = 1,000,000 chms,
The ohm in one of the few electrical units for which & material
standard can be used, Different standards have heen used,
all based on the resi of a col of v at 0°C,,
having & cross-sectional ares of 1 5q. mm, and s different
length for esch standacd, as follows:
1. The sinisrnational ohm, now universally recognited
a3 the standard. hasa column of mercury 106.3 cm. in Jongth.
2, The lrgal ok, in use previous to 1803, but now
wperseded by the international ohm, has s column of
mercury 106 ¢m. in length.
3, The Briish Associalion unit (B. A, U.). which pre-
oeded the Jegml ochm but which is no longer in use, has &
+eolumn of mercury 104.8 cm, in length,
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The relative values of these units, as sccapted by United
States Buresu of Standards, are as follows;
1 international ohm = 1.01348 B. A U.
1 internationsal ohm = 1,00283 legal ohims
1 legal ohm = 9B7178 international ohm
1 legal ohm = 1.0106 B. A U.
1 B. A U, = 986600 international ohm
1B, A U. = 98040 legal ochm

The legal ohm has been extensively used, gnd many
esistance coils still in use were calibrated in legal ohms;
but nearly all instruments containing resistance coils that
were made since about 1883 have been calibrated in inter-
national chms.

The resistanty, or specific registance, of a substance i
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 1 is the length and a is the sectional area of a piece of
substance whose resistivity iz #, at a given temperature,
then the resistance ] of .the piece at the same temperature
may be determined by the formula

r-eX!
a

SPECIFIC RESISTANCE OF INSULATORS

Substance Specific Fsesistanoe

350 begohms

14 tregohms

1,670 tregohms
450 tregol
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The resistivily per maisr-grom means the resistages of 5
piece of a substance 1 meter long (uniform in sectional area)
and having s massof 1 gram; this is the resistivity expressed
in terms of the length and mass, 1f k represents the length-
mass resistivity, then, a conductor { meters in length and
having a mass of m grams will have a resistance of

R-AXP
L]

The mile-ohm is & circular wire 1 mi, long having & resist-
ance of 1 ohm. The weight per mile-ohm is a convenient
mandatd for expressing the conducting quality of wires;
the higher the conductivity of s metal, the less its weight
per mile-ohm. The mile-obm = weight per mile ¥ resiatance
per mile. The expression that the weight per mile-ohm
of & vertain grade of copper is 888 b, at 60° F, means that
a wire 1 mi. long made of this copper and having s resistance
of 1 ohm at 80° F. weighs 888 1b.

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

= : 100=859 * 388

or 5= X100=96.73
in which * = = percentage conductivity.

The following formulas are ussful:
P . . 1a o eight per mile-ohm

Weight of a given wire per mile Tosistance per mile
Resi ite o Feight per mile-ohm

nce per mile weight per mile
PHYSICAL AND ELECTRICAL PROPERTIES OF METALS
AND ALLOYS
{By H. F. Porsholl, M. Inst. C. E. and H. M. Hobant, 5. B.,
in " Engineering ')

The following table gives some physical and electrical
properties of various metals and alloys. In nearly every
tase the name of the observer is stated. No sttempt has
been made to cile div 5. The merit
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of the tahle in that it presents in compact form recent
information previously acattered through s large numbwr
of publications and techrical journals

In the last table the first horicontal Hne gives the per
cent. by weight of the subsiance dissolved in water. The
specific resisance of each substance (opposite the word
“Ohme') is given in ohme at 18° C. betwesn oppomite par-
allel facen of & cubw of the electrolyte 1 centimeter on a
tide. Oppodite temperaiurs cosfficient is given the per cent.
demdmumwohmfme@dwmmmd

ure, The resist also waries with the density
of the solution, The resistance of the best conducting
sulphuric-acid solution is about 1,000,000 times that of
copper.

Conductante (G)~—Conductance in that property of a
substance in virtue of which it conducts an electric current.
The conductance of a piece of any material 1 cm. Jong and
1 8q, cm, in cross-section iz called ita specific comductance,
or condwitiity, and is represented by the Greek letter ¥
(gamma). The word mho, which is ochm spelled hack.
wards, has been proposed as the name of the unit of com-
ductance and conductivity, but it hes oot been generally
accepted, Conduct is the ip 1 of registance,
and conductivity is the reciprocal of resistivity, Thun, if
the resistance of 2 cm. of a picce of any material having &
wniform sectional area of 1 sg. cm. is 4 chma, its resistivity
s 2ohms, 1tsooaducume { tnho, and its conductivity § mbo.

Per conductivity of a subst is the matio of its
comductw:tywthn of the sundnrdnthemmmm
ivity of Matth ‘s pure copper at 0" C, ia

umnllytalwnasthemdard i. e., 100%.

RESISTANCE OF CIRCUTTS

Recistances in Series.—When a ber of He
are connected in serics, the total resistance is equal to
their sum.

Resistances in Parallel—The joint resistance R of any
number of resiptances vy, #a, ete, in parlle], may be deter-
mined by the following formula, in the denominator of which
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there should be as many terms as there are resistances in
purnliel:
1
1,1.1. .1
ntntntatee

R

TEMPERATURE COEFFICIENT

The ch in the resk of a substatice per chm
per dagree change of temperature is known as the femperature
corficirnt, If R, is the resistance of a piece of wire at 0° C,
and ¢ in the temperstures coefficient of the substance, ita
resistance Ry at @ may be calculated by the formula

Ri=R,(1+af)

If the registance Ry is not lotown, but the recistance Ry
at & temperature # is known, and it is desired to determine
the resist Ry at » temperature fy, the following formula
may be used:

Rill+aty)

Re=¥a
The value of the temperature ooeﬁaenta ta.lnen from
myhhhnmsthforF“ heit or scales,

acconding to which is used in wt;andtg The
Amenican Institute of Electrical Enginesrs considers 0042
as the best value of o for commercial copper; for ordinary
work it is quite customery to use the approxinwate value 004,

TEMPERATURE COEFFICIENTS FOR COPPER WIRE

The following table gives factorm by which the known
resistance of guod commercial copper at any temperature
from 3L.5° F to 85° F., ioclusive, may be maltiplied to give
its registance at 76° P.; or, if the resistance at 75° P, is
known, the resistance at any other temperatuse can be
found by dividing the resistance at 75° by the factor corme-
sponding to the other temperature, Alwo, if the resistance
at any tempersture is known, the resistance st any other
temperature can be found by means of the factors; for
example, multiplying & known resistance at 32° P, by the
corresponding factor 1.1028 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

. [ B . .

- o L] L
g £ |3 E il § g g
il 3 (8 % 1Bk & g
ﬁ |- E = E = -
2] = = =
850 | 9787 71.5 | 1.0077 | 58.0 | 1.0384 | 44.5 | 1.0708
845 | 97971 71.0 [ 1.0088 | 57.5 | 1.0395] 44.0 | 1.0720
840 | 98081 70.5 11,0099 | 57.0 | 1.0407 ] 43.5 | 1.0733
83.5 | 9818| 700 | 1.0110| 56.5 | L.O419] 43.0 | 1.0745
830 | ea20| 60.5 | 1.0121 | 56.0 | 1.0430 | 42.5 | 1.0757
825 | 9830 69.0 [1.0122] 555 | 1.0442] 420 [ 1.0770
82.0 | 9450 68.5 | 1.0144 | 55.0 | 1.0454 [ 41.5 | 1.0733
81.5 | 9841 | 68.0 | 1.0155| 54.5 | 1.04686 f 41.0 | 1.070E
81.0 | 9871 | 67.5 |1.0186] 54.0 | 1.0478| 40.5 | 1.0808
80.5 | 9882 670 | 1.0177 ] 53.5 | 1.0400 | 40.0 | 1.0821
800 | 9802 66.5 |1.0188} 53.0 | 1.0501 | 36.5 | 1.0833
79.5 | 9903 | 66.0 | 10200 52.5 | 1.0513 | 35.0 | 1.0846
700 | 9914 | 655 | 10211 520 | 1.0525| 38.5 | 1.0959
78.5 | 9924 68.0 |1.0222| 51.5 | 1.0537 | 38.0 | 1.0871
780 | 99a5] 645 | 10233 51.0 | 1.0548 | 37.5 | 1.0
775 | 90461 64.0 | 1.0245| 50.5 | 1.0561 | 37.0 | 1.0897
770 | 99501 63.5 § 1.0257 | 50.0 | 1.0573 | 38.5 | 1.0910
76.5 | 9967 63.0 ; 1.0248 23,5 0585 | 36.0 | 1.0922
760 | DOTR| 62.5 1 1.0279 0 | 1.0508 | 35.5 | 1.0035
755 | 09801 62.0 110201 48.5 | 1.0610| 35.0 | 1.0948
75.0 | 1.0000] 61.5 11.0302 ) 48.0 ) 1.0622 | 34.5 | 1.0961
745 | 10011 | 81.0 {10314 47.5 | 1.0634 | 34.0 | 1.0074
740 | 1.0022]1 605 {10326 | 47.0 } 1.0648{ 33.5 | 1.0987
73.5 | 1.0033 | 60.0 | 1.0337| 46.5 | 1.0859 | 33.0 | 1.1000
73.0 | 10044 | 595 [ 10340 | 46.0 | 1.0671 | 32.5 | 1.1013
72,5 | 1.0085 § 59.0 | 1.0360 | 45.5 | 1.0683 | 32.0 | 1.102¢
720 | 10066 58.5 | 1.0372 | 45.0 | 1.0695 | 31.5 | 1.103¢

Nore.—This table which is given by Kempe in his **Hand.
book of Eler:trlcal est&ggx ﬂ hed from_ the emt.
fogpsls J roe S monnsis
- co as 103

L5 Pord and 'fmﬂr. 3 roer

byChr mwhtchsnexpmsedindem
Fahrenhei
Crocker’s Mothod,—Dr. P, B. Crocker gives, for finding

noe of copper at any temperature * ¢ the formuls

Re= Ro(1 + 004+ 00000246%)
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This formule is easy to apply and gives very accurate
results up to 100° C., being only .1% above those given by
Matthiessen's formuls for conductance ¢, which is as follows:

Gri=(rg(1 — 00FBO01L 4+ 0000OS000:2)

Eennelly’s Method.—!In applying the formula for resist-
ance, it is usvally necessary to work to or from Ry wo a\rcnd
this when changing from one tempern-
ture r* to another #* 4 #°, Kennelly's

method, which is as follows, may be used:  ©°C- @
Ri+n= Rl +au)
Rz is the resistance at #* C.,and ais - 0042
the temmperatute coefficient at ¢*; thetem- 12 0040
perature coefficient varies with the initial 33 %332

temperature £, and is given in the ac-
companying table, Por example, if the ————— ——
resistance Ry, when $=25° C., is known, and the resistance at
30" is desired, then w=5°C,, and
Rap=Ra (14 0038 X5)=1.019 Rz
In North Americs, the table and formulas given on
pege 88 are congidered the best.

SIZBS AND RESISTANCES OF WIRES
In expressing diameters of wires, 001 in. iy called 1 mql
and the sg of the 4 ter of a wire in mils is called its
area in circwlar mils, A wire 1 It, long and 1 mil in diameter
is 1 milfoot. Resistance per mil-foot is & 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

mxi
R-T

in which s is the resistance per mil-foot, I is the length in
feet, and 4 is the dismeter in mils, & being the sectional
area in circular mils,

WIRE GADGES

The Brown and Sharpe (B. & S.) gauge or American wire
gauge (A, W.G.), as it io 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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TENMPERATURE COEFFICIENTS FOR COPPER
(5 dx the imitic] temperaiure n dey C: o, the tempera-
mmbmm.md’uwﬁw,c‘)

‘ a i e i a

0 4200 17 3920 34 3075
1 4182 18 3905 35 Jjee2
2 4165 19 23890 36 3048
3 | 4148 3875 37 3635
4 4131 21 38 2622
5 | 4114 3845 » 3609
6 4097 23 3830 40 3596
7 4080 24 3815 41 3683
8 .4063 3805 42 3570
9 L4047 28 43 3657
10 .4031 27 3772 “ 3545
11 4015 28 3758 45 352
12 .3999 29 48 3520
13 3983 47 3508
14 3067 31 a71e 43 3405
15 3651 3702 49

18 3936 a3 50 A4

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

RipumR {14552
4m(238.144) (@ 1)

in which a is the temperature coefficient given iothe table
corresponding to the initial tempersture °C., and » s the
rise in temperature above the initial temperature s° C.

COPPER WIRE

The specific gravity of pure annealed copper at 60° P,
is 8.80 to 8.91. One cubic inch of it weighs .32 Ib., and it
melting point is about 2.100° F. By the proceas of hard
dmwing, the tensile strength of copper is greatly increased
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without greatly d ing its ductivity. Since the
conductivity vaiise, even with A variation of less than 02 of
1% of impurity, scarcely two samples can be obtained with
exactly the same conductivity. Authontlu very seldom
agree on the specific resi or temp = coeﬂimnt
of copper.

Matthiessan's Stasdards.~—Copper-wire tables are usually
based on the grade of copper used by Matthiessen in deter-
mining the nmtnnca of copper. The following are based on
his on copper with a specific gravity of 8.89.

Resistance at 0*
Dimensions C. International
Ohms

9.560
141729
202030
000001594
1449

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 cormect 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 coefficient
of resistance for 20° C.=1.07088, for 50° C.=120625, and
for 80° Cw 1 33081 1 {t, = 3048028 m.; 1 Ib. = 453.50256 ¢.

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

The average of a number of the most reliable determi-
oxtions gives the registance of a meter-gram of pure annealed
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(B. & S.Gowge)

RESISTANCE OF ANREALERD COPPER WIRE

Fect per Ohm
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Ohme per 1,000 Feet

RESISTANCE OF ANNEALED COPPER WIRE
(B. & 5. Gawgs)

Ohma per-Pou.nd
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SIZE ARD WEIGHT OF ANNEALED COPPER WIRE
{B. W. (5. or Stabbs Gawge; Specific Gravily, 8.80)

At 80° C.
or 17;6" F.
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(B. W. . or Stubbs Gauge)

LERGTE AND RESISTANCE OF ANNEALED COPPER WIRE
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APPROXIMATE WEIGHTS OF WEATHER-PROOF WIRE
(American Electricol Works)
'I:RIT'I.E-HRA]DEIJ INSULATION

| Ampere
F "Pound Pounds |Allowed b
3e eet per 'ounds per| ounds owe ¥
Size Pound 1.000 i"rt. per Mile Fire
Under-
writers
1
0000 1.34 742 3.920 312
000 1.64 609 | 3,215 262
00 | 2.05 487 2,570 20
0 2 386 2,040 185
1 3.25 308 | 1,625 156
2 $.10 244 1,289 131
3 5.16 194 1,025 110
4 6.26 160 845 92
5 7.46 | 134 710 77
6 9.00 111 585 65
8 13.00 73 385 46
10 20.00 50 265 32
12 29.00 35 182 23
14 38.00 26 137 16
16 48.00 21 113 8
18 57 .00 15 81 5
DousLR-BrapED INSULATION
0000 1.40 711 3.75¢4 a1z
000 1.75 570 3.010 262
o0 2.29 436 2,300 229
[ 2.81 356 1,875 185
1 3.56 281 1,482 156
2 4_49 223 1,175 131
El 5.45 184 069 110
4 6.82 147 774 92
5 9.10 110 580 77
[} 10.35 510 66
8 15.52 64 340 48
10 22.00 45 237 32
12 40.00 25 132 23
14 56.00 18 95 16
16 76.00 13 &9 8
100.00 10 53 &
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commercial copper ne 1488 ohm at 80° F, In England,
Matthiessen's values, 150822 ohm for a meter-gram of

led high- ductivity commercial copper and 153858
chta for a meter-gram of hard-dmwnt high-conductivity com.
mercial copper, both at 60° F. and having a temperature
coefficient of 00238 per degree F., are considered ag standards,

STANDARD WEBATHER-PROOF FEED-WIRB

(Roebling' 1)
g Weights g '3“'135
AR
Circular | ; 3 355
g |4 i i
IR +g
2 |ioo0Fe| Mie E‘
é g gzé
LA
1000000 | 1 550 | 18744 800 | 1.000
900000 | 138 28 | 16975 800 920
£00.000 B0 | 15208 250 §40
THG000 1 Jq13 14.325 850
700000 | 1 2545 | 13438 900 760
650000 | 1 2318 | 12838 900
6060000 | 1 210 | 11868 | 1,000 680
550,000 1 2043 10,787 1,200
500,000 | 1 876 | 9900 | 1320 590
450,000 s 703 8,992 1400
400,000 | Liy B30 | BO7E | 1450 500
250,000 1 A58 7170 1.500
gooo | 4 185 | o257 | 1e00 400
250000 1,012 5343 1,600

Carl Herring sdvocates the following values: restatance
of 1 mil-foot at 15* C,, 10.0275 international obhms, as given
by Prof, Lindeck for pure copper, and 10,1478 international
ohma for Matthiessen's standard copper: resistivity (per
centimeter cube) at 15° C., 1.887 microhums, as given by
Prof, Liodeck for pure copper, and 1.687 microhms for
Matthicesen's standard copper,
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Joints in sluminym and hard-drawn copper telephone and
telegraph line wires should always he made with Melnkire
or similar eleeves made of the mme metal as the wire. When
making & Mclntire sleeve joint, pass each end of the wire
through the sleeve until it extands § inch beyond the end of
the slesve, then place a steel de-wreach or conector oo ench
endo(thcduw.thequtddedthetoolwhe}inchfmm

HARD-DRAWN COPPER WIRE

Diameter Gauge wm"-m Resistance per
arne in Mile in Obhms
in Mils Number Pounds | s 60°P.

165 8§B.W.G 435 1.9742
162 6B &S.G. 419 2.0481
180 8 N.B. S, G. 408 2.0098
148 9B WG a50 24541
144.3 7B.&5.G, 331 2.5025
144 9 N.B.S.G a3l 2.5025
134 0B W.G, 287 2.8838
128.5 EB &5.G, 262 3.2310
128 10 N.B.5.G. 262 3.2810
120 11 BW.G. 230 3.7330
118 11 N.B.5.G. 21% 3.9048
114 .4 9B &5 G. 208 4.1363
109 12B.W.G. 190 & 5244
104 13 N.B. 8. G. 172 4.9701
101.9 WB &5 G. 104 5. 1085
13 B.W. G 144 5. 0588
B2 13 N.B.5. . 135 4. .3518
90.74 11 B.&S5 G. 132 8. 4801
83 14 B.W. G, 110 7.8038
80.41 12 B. &5. G. 105 B, 1046
80 14 N. B.8.G. 102 a.4005

N. B. S. stands for the New Pritish Standard wire guuge.

the end of the aleeve, after which 3 to 4} complete turia,
depending on the site of the wire, should be made, using
great care to keep the sleeve abeclutely etraight., For
Neo. 8 B. W, G, wire give 4} turmna, for sises more extensively
used glve 3 turne aod use aleeves of proper sise to it the wire.
Pull-kength and half-length deeves mre mads, the former
for thiough line joints and the latier for branch joints
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308 ELBCTRICITY
TENSILE STRERGTH OF COPPER WIRE

Breaking Weight Breaking Weight
Nos. in f‘“dund.s in Pounds
%‘& 8. - - BG..& -3
Lge g
Hard- .| Hard-
Drawn | Annealed Drawn Annealed
0000 2,310 5,850 2 817 349
000 6:?-80 4,480 10 489 277
00 5,226 23,563 11 388 219
0 4,558 23818 12 A7 174
1 3,748 2,234 13 244
2 3,127 1,772 14 193 }g
3 2480 1,405 15 153 87
4 1,967 1,114 16 133 o9
5 1580 1 883 17 97 55
8 1,237 700 kid 43
7 980 355 19 81 24
2 778 440 27

DATA OF DOUBLE SILK-COVERED COPPER WIRE

B. &S o=0Ohms -

Gauge No. per Cubic Inch per Cubric Inch

20 .78 .79 .24

22 2.0 .69 -]

24 5.0 .62 .21

26 12.0 .55 .19

28 25.0 49 A7

30 54.0 43 .14

a2z 105.0 .37 .12

M 195.0 .31 .08

36 355.0 .25 075

as 630.0 .18 .08

40 1,050.0 .13 .03
Nmn—uhthepoﬂmolthetmal | d

alone, the difference 1—w the
by the : com{n il h-siac rnruon
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IRON WIRE

There are three grades of jron wire; namely. Extrs Best
Begt (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 unilorm 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 col headed P age Conductivity™ in the fol-
lowing table gives the percentages that the conductivities of
the varicvus samples bear to the conductivity of pure copper,
“Percentage of Elongation” means the percentage of the
length the wire elongated before breaking, The column
hended “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, alter being gulvanized,

2, Great tensile strength is not required, but the wire
must not break under a less strain than 23 times its weight,
in pounds per mile,

3 Testa for ductility should be made as lollows: The
piece of wire will be gripped by two vises, 6 in. apart, and
twisted; the [ull pumber of twists must be distinctly visible
on the B«dn. 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 b.; No. 8, 540 1b.; No, B,
280 1b.; No. ©, 320 1b.; No. 10, 250 Ib.; or as near these figures
as practicable.

5. The electrical resistance of the wire, in chms per mile,
at a temperature of 68° F,, must not exceed the quotient
srising from dividing the constant number 4,800 by the
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MECHANICAL AND ELECTRICAL TESTS OF IRON WIRE OF AMERICAN MANUFACTURE
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DIMENSIONS AND RESISTANCE OF IROR WIRR
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112 ELECTRICITY

IRON AND STREL WIRE

(Weight por Mile-Okm)
Weight per Mile-Ohm
Narme of Wire
Roebling’s ‘Washbum
Sons Co. & Moen

4,700 &
|
6,600 6.500

COMPARISON OF PROPBRTIES OF COPPER AND

ALUMINUM
Properties Aluminum | Copper
Conducthw (for equal sizes). . .54 to 63 1
Weight (for equal sizes}........... A3 1
Weight {for equal length and resiet-
ance) ... . 48 1
Price—aluminum, 20¢. 'copper ‘16c.;
Pri M(lé'&wmmm) aad length, 181 !
—_ nice ,
h‘:re line wire}. . 888 1
Temperature coefficient decme F.| 002138 002155
Resigtancs of mil-foot (20°C. ... .. 18.73 10.5
ific gravity.. 2.5t02.68 88915893
e strength (hard-drawn) per
squnm inch.. FTROTTINE Bl 40,000 80,000 .
umna'th e wetg
snd resistance) .. q 58,000 80,000

Coeﬁuant of expansion per deguu
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COMPARATIVE DATA—ALUMINUM AND COPPER

Aluminum
Pure
Property Cop-

PEC 1 A0 | AT5 ) A2

Conductivity ............. 100 62 58 54
Comparative section of
equal conductivity. ... 100 1564 | 1670 | 180.0

Comparative weights of
same lengths of equal

conductivity. .. ... 100 47 0.2 440

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 opemtion to be rcpeated three more
times and if. then, the wire remaing biack as after the firnt
immermion, there being no uppearance of a copper deposit,
the samples are well galvanized. Any apprarance of a
copper deposit shows that the film of zine forming the
galvanizing covering was too thin and has been removed
by combining with the sulphurie acid of the aolution and
forming zinc sulphate.

ALLOYED WIRE
Phono-#lectric wire is made by the Bridgeport Brass

Company of an alloy cuontaining 98.55%% copper, 1.4% tin,
snd 5% silicon. In its manufacture, the silicon is nearly
all slagged off, only 05% imi It is claimed to have

a tensile strength from 40 to 45% greater than that of hard-
drawn copper.  1ts conductivity is only 409 of purs copper.
It is exceadingly tough,as a 6-in. piece of No. 8 will stand
50 complete turns, instead of 30 for hard-drawn copper.
It is uned for trolley wire and for long telephone-line spans.
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RESISTANCE, TENMSILE STRENGTH, AND WEIGHT OF ALUMINDM LINE WIRE
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ELECTRICITY . 17

Silicon- and alwminsm-bromse wires have high tensile
strength and are free from corrosion, thus rendering them
especially suitable for guy wires; they resist corvosion
fully as well as hard-drawn copper. Some silicon-bronze
wires have o tensile strength of 80,000 Ib. per $q. in. and are
ecapable of standing 80 twists in a length of 8 in, before break-
ing, An aluniinum-bronze wire showed & 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
(oot 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 a3 much as either
fron or steel. On account of their cost, they are used but
wvery little, if at all, in the United States; oo ssme long
lines in Europe, it is quite customary to use bmm wires of
some kind.

GERMAN-SILVER WIRE

German silver is an alloy consisting of 18% to 309 nicke)
and the balance about 4 parts copper to 1 part tinc. Weight
of the alloy per cubic foot about 530 Tb.; specific gravity,
B.5. Resistance of the 18% alloy at 25° C, 18 times that of
copper, and of the 30% alloy about 28 times that of copper,
Temperature cocfficient from 0° to 100° C, .M4%, increase
of resistance for 1° C. increased temperature. The max-
irnum 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, Por intermittent duty, the capacity
is twice as great.

SIZES OF WIRE FOR TELEPHONE ARD TELEGRAPH
LINES

Telephone Lines.—MNo definite rules can be given for
chonsing the proper wire to be used for overhead telephone
Enes, 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 saceeding B mi.,
No. 14 B. W. ., B, B. galvanized-iron wire may he used;
for distances not to exceed 25 mi., No. 12 B. W. G., B. B.

)
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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-drmwn
copper wire should be used, not smaller than No. 106 B. & 8,
for 150 mi. and over, The size most generally used on
farmers® lines is No. 12 B. B. galvanized-iron wire, weighing
about 165 lb. per mi. although No 14 will answer up to
about 8 mi.

Por 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 wire may be usad.
Por lines connected with large city exchanges, hard-drawn
copper wire (usunlly No. 12 B. & 5.) is almost always used,

Por toll lines not exceeding 75 mi., B. B. galvanired-
iron wire, generally No., 10 B, W.G. (but in & few cases No. 8
B. W. G} is used; from 75 to 150 mi_, the E, B. B_ grade
ot hard-drawn copper should be used. Por good toll lines
of any length, the best practice calls for complete metallic
circuits of hard-drawn copper, No. 10 B. & 8. up to about
500 mi,, and No. 8 B, & 5. up to'about 1,000 mi.

For interior wiring for telephones, No, 18 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:

Mo. 10 B. & S. hard-drawn copper and No, 4 H. W. (.
galvanized-iron wires are now used on important gquadruplex
circuits. Formerly, No. § B. W. G, galvanized-iron wice
was used for this purpose,

No. & 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. 0 B. W. G. galvanized-iron wire was, until recently,
the size generslly used in the United States. It is
now used on short circuits where No, § is not considered
oecessary,
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Noo.mandllBWGnlvnmnd-immmued
for still ghorter circuits and for railway oh, police,
fire-alarm, and private lines. No, 12 B, WGalumsed
iron wire {8 aleo used for thess purposes.

Nos, 13 and 14 B, W. G. stee] wires are used for short
private lines and where strength is especially necessary,
No. 8 B, & 5. copper wire should be used for permanent
ground wires in termninal telegraph offices

OHM'S LAW
The law governing the flow of current in mn electric

‘citeuit is mown a8 Ofm’s law, and may be stated ns follows:
Thwofﬁccmummmanycmdudmly

o,
inversely proportionc! 1o the regist of the circwit; that is,
I-g. from which R-j—f. and E=lR, where J=curment
in wmperes, E=E. M. F. in volts, and Reresistance in
ohms. If there iz in the circuit more than one source of
electromotive force, the value of the resultant electromotive
force must te used in these formulas, PFurthermore, if
the cirrwit containg inductance or capacity, the formulas
are not applicable to variable- or alternating-currents,
i - CAPACITY

Capacity (O) is parable 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 sir required
to produce s certain pressure in the bottle may be talen
as the measure of the capacity of the bottle. This capacity
is analogous to the electrostatic ceapacity of s condenser,
which {s 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 copacily is the forad.
A & has a capacity of 1 farad when 1 coulomb is
required to raise its potential from zero to 1 wolt, Sinece
the fared is very lurye, its millionth part, or the wekrofarad,
i geverally used s the practical umit, The microfarad

-m.m‘lﬁfmdi. Condensers from oy to 8 micro
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farnds capacity are the sites most commonly used in the
United States.
CARPACITY OF CONDENSERS .
Tf a difference of potential of E volts exists seroes the
terminals of a condenser of € farads capacity, then the charge
of () coulombs in the condenser may be calculated from
the formula

g=CE
from which C-%
and E—g
The capacity of a d is given by the formula
€ (microfaradsy = 352 K2,

in which K i3 the inductivity of the dielectric hetween
the tin.foil or metal plates; o is the area in square centi-
meters of all the dielectric gheets actually between and
ting the d plates; and & is the avernge thick.
ness in centimeters of the dielectric sheets. If there ame
»n ingolating sheets, each of area 5, then a=ns.
When o and 4 are given in square inches snd inches,
respectively, the formula becomes

€ (microfaradsy - 2228 Ka.

Condensers in Parallel—When two or more condensers
are commected in parallel, the joint capacity C is equal 1o
the sum of their capacities, that is, C= O + 0+ O +ete,

Condensers in Seriss.—When two or more condenssrs
), Cg, Ca, ete, are joined in series, their joint capacity Cis
equal to the reciprocal of the sun; of their reciprocals, that is.

Com

1,1 .1
a.-'l'l- E"l- Es+ ete.

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 series it calculated as foltows: ¥+t 4+ 4 + &

1 .
= 1.075, and 1o 93 microfarad,
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INDUCTIVITY
The inductivily, ot specific inductive capacity, of & substance
.1 ita disiectric power, or ability to convey the influence
of an electrified body. Calling the inductivity of dry air
at standard atmospheric pressure 1, the inductivity of any
© other subst: i d by the ratio of the capacity
DIBLECTRIC STRENGTE oF AIR

L

” 7
) s

3 /.)

o]
o

D /0 PG I #0 30 60 70 80 I 200 /0 20 L0 MO &5
Nigvals acress Jpark Gap
? Kilovall = 000 Volts

of m condenser when ite plates are separated by that substance
to the capacity of the same condenmer when its plates are
separated by the same thickness of dry air, Varioua
methods are used to determine the inductivities of substances
and the capwcities of d 3, and thess methods do
oot all give the same results. Values obtained by the so-
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INDUCTIVITIES OF VARIOUS SUBSTANCES

Material Induit\uty
Air, vacuum at about D01 mm. pres-

BUTE .. ot e e S400
Ait, vacuum at abeut 5 mm. pres-

BULE .o ot ih st e e e k
Hydrogen, at ordinary pressure., ... 997 to 1.00024¢
Air, at ordinary preasure, standard. . 1.
gﬁggutdwmde. atdqrdmxry pressire .| 100036 to 1.00055

nt gas, at ordinary pressure. .. 0007
Methane 1.0008
1.0037
1.50
1.60 to 1.81
1.68 to 2.32
1.86
1.9936* w0 2.32
177 to 2.55
2.00
203 to 2.42
205%to 3.15
2.15 w0 243
2.22 to 2487
2.24 to 3.84
2.46% 10 4.20
lac 2. 7T4* to 3.60
Olive and neat's-foot odls .. .. ...... 3.00 to 3.18
Spermoil.............. .. 302 to 309
Glass,........ 3.013* 10 1.208%
400 t0 8
4.38
4.50
6.57
6.85
7.40
10.16
*Results obtained by instant methods,
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called instantaneous methods are invariably lower than
values obtained by the slower charge and discharge methods,

DIELECTRIC STRENGTH

The dseleciric sirengh of an insulating substance iz the
maximumn 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 wolts preceding 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 pointg 2§ in. long.

INDUCTANCE

Inductance, or the cocfficient of self-induction L, is the
ratio between the total induction through a circuit to the
surrent producing it. The unit of inductance is the hewry.
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 millibenry = whe or 10—*henry.

WORK AND POWERR

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

J=ExQ
If an electromotive foree, or differencs of potential, of
E volts causes a current of [ amperes to flow for # seconds
through » resistance of B ohms, then
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-
I=F
J=ItRe
The joule may be defined as the work done when 1 ampere
flowa for 1 second through a resistance of 1 ohm,
The snergy weed in forcing current through a resimu
is converted into heat as follows:
4.2 joules =1 small calorie
1 joule= 24 small calotie
The wali-kour is an extensively ased 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  kilowait hour = 1,000 watt-hours, or the product of
the avernge number of kilowatts and the number of hours,
Although five figures are given in most of the values in the
acoompanying table, it is rarely necessary to use more than
three figures, and in very many cases two figures are suf-
ficient. FPor 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 it.-1b.. and the accel.
eration of gravity g was taken as equal to 981 cm. per sec,
per gee.
Power (P), which is the rate at which work is done, is
equal to the work divided by the time, and may be cal-
«ulated by any one of the following formulas,

=tE=pr=E'a]
PmIE=PR="5m1

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

The wat, or unit of electric power, is equal to 1 joule
per pec, It is the mate at which work is expended when
1 ampere flows through a resistance of 1 ochm. The watt
e too enadl & unit for convenjent use in many cases, so that
the ldlowatt (K. W.), or 1,000 watts, is frequently used.
1 H. P. equalg 7486 watts; therefore, H. P, = P(+4:“u).
or H. P, = P (in E_il_owatts)

.14b6



NUMBER OF VOLTS REQUIRED TO PRODUCE A SPARE
- BETWEEN BALLS IN AIR

Length of Spark Gap in Diameter of the Balis
1 Cm. 2 Cm. & Cm.
Centi- = 3937 In,| = 787 In. | =2.36 In,
meters Inches
Valts Yalts Yolta
.02 0078 1.560 1,530
04 0157 2.460 2430
.06 0236 3.300 3.240
IR AR 1B 1R
20 L0787 8,400 8400 7.800
.30 L1181 11,400 11,400 10,800
40 1575 14,400 14 400 13.500
50 . 1969 17.100 17.100 16,500
.60 L2362 19,500 19.800 1%.500
.70 L2756 21,600 22,500 22,500
.80 3150 23,200 24,900 26,100
.90 3543 24,600 27300 29,000
1.00 3937 25,500 20,100 32,700

DIELECTRIC STRENGTH OF VARIOUS SUBSTANCE®
{Maciarlane and Perce)

Strength in

Subetance Volts per

Centimster
Ol of turpentine....voviirvenarrorisnnnna 94,000
noi...... £7.000
Olive oll..\ ...\ 82,000
Paraffin (melted) 56,000
Kerosene ail. .. .. 50,000
Paraffin (solid) .. P 130,000
Beeswaxed paper.... e eresereraer 540.000
Air (thickness § em.Y . oo iiviviinuas 23,800
g (thicial:_esl: 5 crr:l;)‘ gt g%?oo
x jckness Semd. .. iooiiiviinien 200
Hymun {thickness 5 em.). e cevnnnans 15,100
Coal gas (thickness Semd.. . .. .. . .. . a2 300
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MAGNETISM

~ MAGNETIC QUANTITIRS

Strength of Pole (m).—A magnefic pole of unit strength
in one that repels with o force of 1 dyne another similar
and equal pole when placed 1 cm. from it,

Magnetic Moment (J{).—The magnetic moment of a inag-
net is equal to the product of the strength s of one of ita
poles and the distance  between tha poles, That is I
- L

Intensity of Magustization (J).—The inteasity of magnet-
ization is equal to the strength m of 3 magnetic pole divided
byita ares A; thatis, 3=,

Themvyofmgmﬁcw field demsity, or mognetising
jorce JC nt any point is measured by the forcs with which the
field acts on & 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 maswell, per 5q.cm,
A field having an intensity of § lines of force per »q, c¢m,
may be called g fisld of 5 maxwells per 4. ¢m., or simply
s field of 5§ guusses. The number of lines of force, or max-
wells per unit area of a magnetic substance is variously
called its mognetic indwciion, fius density. magnaiic dmsily,
or simply magmetism, and is rep ted by B when the unit
area is 1 8q. cm. or by B when the unit area is 1 sq. in,

Mapnetic fux, or total induction, usually designated by
the Greek lotter @ {phY), is the total number of lines of forer
threading a magpetic circuit, and is equal to the product
of the magnetic density and th& cross-gectional area; that ie.

=(BA

If ® is expressed in lines of force per square centimeter,
or gausses, then A must be in square centimeters; and if
B is in liney of force per square inch, A mugt be in sguare

inchea.
Magnetic Pameability (s).—M; tic permeability is
the miio b the flux density and the fisld inten-

aity 3C; that is, if the flux density through a solencid is JC
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Magnetic Dennity per
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MAGNETIC QUALITIES OF WROUGHT-IRON FORGINGS

MAGNETISM
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134 MAGNETISM
when the core consists of air, and is B when the core con-
sists of iron, the permeability of the jron is
_(B B
1

il -

Ed

g

Linay o Foree v Square Cenlimeln:
S . : . 9 Ia
R
5
h
\
i
\

Lo aF Faree v i par Sgware Conlin s
B Cunvss

Magnetomotive force § (sometimes written M. M. P),
for the unit of which the name Géfwrt has been proposed,
13 the total magmetizing force produced by s coil of T turns
through which a current of | amperes is flowing. The
magnatomotive force o ’

4w
F - =i~ =1257IT
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Reluctance (R, for the unit of which the neme aersted
has been propased. jg the magnetic resistance, or opposition,
oflered by a substance to the passage of magnetic flux,
Unit magnetomotive foree will produce unit flux through

30000,

T
ol AT
=
L amedied 11—
/10000 AR =
\g‘ // _9’/- 7 ;'c—"'rf}-_'_u:.i
// 5 /.’,\.(.wé-
yizsa2s
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¥ saoo0) rE
: u
40000} =
Vil
!/
oyf ]

H | 1
100 200 300 400 500 000 700 S00 900 1000 1100
Lines of force in Air per Spuore iy

B-W Curves

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

Hysterexis may be defined as the tendency of a maguoeti
substance to persist in any magnetic state that it may have
ncquired, When an alternating or variabie current flows
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HYSTERESIS LOGS AT ONE CYCLE PBR SECOND AT
YARIOUS FREQUENRCIES
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Warts pur cubit sxh for ome cpcle per ecomd
in a coil around iron, some work is expended due to the
hywtereais of the iron; this work appears ae 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;
#n, the number of cycles per pecond; and P, the total watts
expended in hysteresis; then,

Pma¥n

Obtain the value of o from the curve given on page 138 for
any given density B,

The Steinmetz forrnula for the power in watta lost in
hysteresis is

V(R -tp
-5
where V is the volume in cubic centimeters and (B 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 uteel, 003,

The total hywteresiy loss in watts in iron, whers tha
dimensiony are given in inches, is very nearly

P_Bﬂl‘-ﬂu
1

EDDY-CURRENT L05S

(From Parshall and Hobart)
Io sheet ivon not over .028 in, thick, the eddy.current
loas should theoretically conform to the formula
W= LEAWIRI X 100
where W= wutts per pound of iron at 0° C;
# =thickness of iron, in inches;
n =number of cycles per second;
B =number of lines of force per square inch,

The logs decreases 5% per d C. i of temper-
ature, The formuls holds for u-on whose specific resistance
is 10 microhms per cm. cube at 0° C. and whose specific
weight is 292 Ib, per cu.in, For thicknesses greater than
025 in,, the results given by the above formuls are greatly
modified, The curves in the accompanying figure show
eddy-current losses in various thicknesses of shest iren,
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LAWS OF MAGNETIC CIRCUIT
The total magnetic flux in a circuit is directly propor-
tonal to the magnetomotive force acting in the circuit
and inversely proportional to the reluctance of the eircuit; or
=
R
It & is the Bux in maxwells, then F will be the magneto-

motive force in C. G. 5. units. or gilberts, and R will be
the reluctance in C. G. 5. units, or cersteds.

120

Q
(=]

@
(=]

@
o

&
(=]

Ailolings per Sguare lnch

10 15 20 25 30 35 40 45
Warts per 1b. at /00 Cycles per Séc. & ar 0 Cent

The reluctance of & magnetic cireuit is directly proportional
to the length of the circuit, and inversely proportional to
the product of the area of the cross-section of the cireuit
and the permeability, o ;

R

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

magmetic substances p=1, the reluctance (= % In &
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complex magnetie circuit, the total reluctance is equal to
the sum of the reluctances of il the parts.

The magnetomotive force due to an electromagnetic
solencid is directly proportionial to the current and to the
number of turng in the solencid; that is,

F =3Cr=1257IT
N1 =31902iT
in which ¢ must be expressed in centimeters and 1 in inch
The fisld density (in air) produced inside a long solencid,
and spproximately inside wny coil, whose langth is large
compared with ita diameter, can be determined by the
preceding formulas. . From the same formulas can be
determined the turng IT required to produce a
given field density 3C or H inside a coll whose langth is
known., The field density multiptied by the average arca
of the coil givea the total number of lines threading the coil
when it containe no iron. I iron is introduced, it is necessary
o multiply the field density by the permesbility of the iron
for that particular field density, and then by the sectional ares
of the iron, in order to get the tota! flux threading the iron.

Since JCI=1267IT., IT=7963CI, where 1 is in centi-
meters; and for a given magnetizing foree in & complex
magnetic circuit, the number of ampere-turmns is

IT = 79630,%; +.7983C 5+ 7963y # ete.,
ar, when the di 3 are in inch
FTw 318H1 10 +.313H2 1 2+ .313H3 ] 5+ ete,

The following ampere-tumn curves are plotted respect-
ively with (B and B as ordinates and 796JC and 313H as
abecissan, For a given density, find from the curve the
corresponding abecissa which multiplied by the length will
give the ampere-turns required for that part of the citcuit.
The sum of the ampere-turns for each part will give the total
aumber of athpere-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
backwurds; for example, a density of 125,000 lines per 8. in.
requires 3256 ampere-turne per in,
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L ]
E=1m
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Seli-Induction,—A coil has 1 € G. S, unit of inductance
when 1 C G, S. unit of current fowing through 1 turn pro-

Auppes-TurN CuRvE—METRIC MEASURES
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duces 1 line of force. If J is the current in amperes. T the
yumber of turns in & ¢oil, # the number of lines of force
due to the coil, then the inductance of the coll in henrys is
+*T
L=1o
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The inductance in henrys of a coil containing no iron
may be computed by the formuls
L;itf’ﬂ
1097
in which T ia the number of tums in the coil, A is its mean
ares in square centimeters. and { is its length in centimeters.
Por a cylindrical coil whose mean area s »r%, the formula
reduces to

3,948r9TF
JT
If the radiua and the langth of the coil are given in inches,
then the inductance in henrys is similar to ¢
L_IO.OWT’
101
These two formulas are strictly true only for a long coil
in which the length is twenty or more times the dimmeter,
and the depth of winding is srmall compared to the mean
radius. However, they may be used to determine approx.
imately the inductance of any ondinary solenoid containing
no magumetic material, A formula for the inductance in
C. G. 5. units of coils having any number of layers and zaid
by L. Coben to be exact to & of 1 per eent., even for short
solencids whose length is twice the diameter and incroasing
in accuracy as the ratio of length to diameter increases, is

as follows: 2as + agP
A+

I = dnintm ——
T Ga+p

+ - - 'l[%:’ + 2 - *al.] + i[m(m - a2 +(m — 1)(m —2)a
+(m—2){m —3)agt+ - - .][ an_ ] }

in which s is the number ofl.aym,ao.thamn radius
of the solencid; ay, gy, ay, etc., the mean radii of the various
Iayers; J, the length of solenoid; r, the radial distance between
two congecutive layers; s, the number of turmg per unit
length; all di iona are in centi For a solenoid
whose length is st least four times its diameter, che lust
formuls reducea to

L

}+ Sr’n’{l(m —1)ag? +(m — Dagt
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- 244t +a?P _Badt 3 [(m—

L= tmtwime| s =g | e {tm—1ya

+(m—-2)a2+ ---[ ‘51’+F—i01]}
For a single layer the first formula reduces to
2at +a2 _ Ra?
Lemgwin?| e
Vigi4+p 3*

If the solenoid cootains magnetic material the induct-
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 indoctance between two coils in henrys is

ua2T
109

RULES POR DIRECTION OF CURRENT AND MOTION
Rule.—!] the current en g condudor w flowing from south
to north, and a compass is placed wnder the comductor, the
nortk end of the nevdle will be .

deflacted o0 the west; if the ﬂg §T£
compass is ploced over ke g

conductor, the north end of the
roedle will be deflocted to the
vast,
To determine the polarity
of an electromagnetic solenoid:
Io looking at the end of a
solenoid, if an electric cutrent
flows in it clockwise, the end
next to the observer is a south
pole and the other end i3 a Pie. 1

north pole; if counter-clock- .

wise, the position of the poles is reversed,

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

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

b

| -
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thumb, forefinger, and middle finger of the lbft hand each
¢ 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

-
Fre. 2 Pic. 3

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

To de ine the direction of wn induced current in a

ductor that is ing in & magnetic field: Place thumb,

forefinger, and middls '
finger of the right kand
each at right angles to
the other two; if the
forefilnger ahows the di- .
rection of the lines of Herton ™
force and the thumb "o
shows the direction of 4
motion of the conduc- ﬂ"
tor, then the middie

finger will show the v
direction of the induced -
current, c. 4

A mle 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 Sald in the
directicn of the lines of force: but if the effect is to incresss
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COTTON-COVERED ANNEALED COPPER WIRE

5 Bare Single Cotton-Coverad
(3 Wires
v Dia. Area Qvet pfr"f: per
o Mis | cir.Mils | Ins. | Fogo | Sa.ln.
: d F Mils ( 1,000,3
0000 212.000
000 410 168,000
00 | 365 133.000
L] azs 106,000
1 289 B3,700
2 258 86,400
a3 220 52.600
4 | 20¢ 41,700 211 473 229
5 | 182 23,100 189 s28 | 278
P (Bm (R M) H
8 128 16,600 138 7.35 5.0
9 | 114 13,100 121 £.26 68.2
10 102 10.400 108 0.25 85.5
11 9.7 8230 97 10.3 104
12 80.8 8,530 A7 114 129
13 719 5,180 78 12.8 163
14 64,1 4110 70 14.2 201
15 57.1 3.260 53 15.8 2490
18 50.8 2,580 50 17.8 al6
17 45.3 2.050 50 20.0 400
18 40.3 1620 45 222
10 359 1,280 39 259 855
20 320 1,020 36 Prki 767
21 28.5 810 325 30.7 o42
22 253 642 29.0 M4 1,180
23 226 510 266 375 1,400
24 20.1 404 241 414 1710
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TabLE—{Continued)
5 Bare Single Cotton-Covered
é
. Dhin., ; Wires

L] Dis. Areg Qver g:rf': per
& Mils Cir. Mils Ins. * | 8q.In.
& d 2 Mk |2 | 1.000 )’

d’ o d’
25 17.9 320 219 456 2,070
26 15.9 254 189 50.2 2.520
27 142 202 182 54.9 3.010
28 126 160 16.6 60.2 3.620
29 11.3 127 153 65.3 4 260
30 100 101 14.0 714 5,080
a1 8.93 ki X 12.9 75 6,000
a2 7.85 632 11.8 840 7.050
33 7.08 §0.1 111 90.0 8,100
M 6.31 308 10.3 97.0 9,400
35 5.62 31.5 9.6 104 10,800
36 5.00 250 8.5 117 13 600
37 445 198
38 397 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,

MAGNRET-WINDING CALCULATIONS
Suppose a winding space,
having the length x and the T __ , .
depth k-d"; 1, is to be filled
with wite wound ic lavers as
closely as possible, The diameter
of the bare wire is &, and owver
the ingulation de. The space

will hold é tutns per layer and

W‘; —]

.
|
]
i
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COTTON-COVERED ANNEALED COPPER WIRE

L

e

Double Cotton-Covered |  Triple Cotton-Covered
5 ire Wire
é
& Dia. | Wires ) Wires Diad. | Wires Wires
@ |Over | g per | Over | perln, | o POF
d Ins. n. 8q. In. Ins. 1.000 .
& | Mis | 1000 | (1d00ys M | IE | (1000
dx ds ds ds ds de
0000 478 209 4.38
000 428 2.23 542
00 383 2.61 6.81
0 339 284 864 ) 343 291 8.48
1303 339 108 | 307 328 10.5
2| 272 3.67 13.4 | 276 a.ne 13.1
3| 242 4.13 17.0 247 4.04 16.3
4| 216 4.62 213 | 220 4.54 2.8
5| 184 5.15 %5 | 168 505 255
8] 174 574 329 178 561 3l.4
71156 8.41 41.0 160 6.25 380
al14 7.09 802 | 145 6.29 4i7.4
91126 783 8 | 130 1.68 58.1
10 ] 112 8482 785 | 114 802 64.3
11|13 9.90 980 | 105 .52 g0
12 91 109 118 10.5 110
13| 82 12.1 144 B4 118 134
14 | 74 13.5 182 8 12.8 183
151 67 14.9 222 71 14.0 198
18| 59 16.9 285 %3 158 249
17| 53 188 ,| 353 57 17.5 306
12| 48 208 432 52 10.2 368
19 43 232 538 47 212 49
20| 40 25.0 825 227 515
21 36.5 | 273 745 40.5 246 605
22| 330 303 918 v 27.0 720
23| 306 | 326 |1.080 M6 | 289 B35
24 28.1 ' 355 (1260 321 | 3ta 87
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TasLs—{Continued)

Doutle Cotton-Coversd Triple Cotton-Covered
3 Wire Wire
. Wires | Wires Wires
w ‘Wires

Q per O per
¢ [ Tol | I8 sqin | Goe % Sq. In.
g | Mils | 1,000 (L.OQ_O)’ Mils & (LUO_U)'

de | Tde [Vde ds

25| 259 (388 |[1480
28| 239|418 1740
27 222 | 450 |2020
28| 206 | 48.5 |2,350
20 193 | 5318 |2480 These small-cise wires are
30 18,0 | 65.5 |3.080 seldom, if ever,
31| 169 | 59.1 |3490 with three Iayers of
32 159 | 628 {3,940 cotion.
3 151 { 662 4380
M 143 | 609 |4 880
as 126 | 735 | 5400
a8 120 | 83.3 8,930

% layers, and the total turns

_dl
T e o
The mean dinmeter of all the turns is

do_g-do_ﬂ;ﬁ-.‘%ﬁ.

the length / of & mean turn is
o(dy+4d))
2 L

and the total length of wire is
 T(dotd)_ wshldo+dy)
L= T I ®
The row = rpchidot 8
TP
R dep »
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where ¢ is the resistance per unit length of wire. Sincs
"i‘%f—d-'?-v. the total volume of winding space, then’
-tV
R=id @
In general, if s is the resistance per mil-foot, ¢ the cr-
cular mils cross-section of the wire, ] the mean length in inches

of one turn, and T the total number of turns, the resistanos is

‘r-74T ®

If the coil is to be used on a fixed voltage E, the current

1=E12E2 05 the ampere-turas 17 = 1228 feory which
the circular mils il T
=155 (U]

Por copper wire at 75* F, s =105 oluna, but if the wire
it heated until the resistance is incrensed about 149, the
constant becomes 12 chms, a value frequently used, If
m=12, the formula becomes

ur
a=z m
which gives the cross-eection of wire needed for s 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 ds ¥ square inches,
the diagmeter of a wire required to fill a winding space of
outside diameter dp, inside diameter d), and length s all in
inches, and offer o given resistyoce of B ohms, is given
approximately by the formula

d= 0288 \'f’“ﬁ;—‘@ ®

where d is the diameter of the bare wire in fnches.
A more exact formule for determining the gize of insulated
wire to fll a given space is
TAGAmslda—d ) .
d= \js"-i- v"_—R___"' )
whers 7 is the radial thickness of the insulation,
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The bare diameter & of & wire for a coll that will produce
IT ampere-turis with & given voltage E miay be determined
from the formula .

P (_.oooomsug, +aIT an

The length of insulated wire on a spool or bobbin is
given by the formula -
_ T8545(d*— di3)
L Zi+d) 1
When the volume ¥V of the winding space in cubic inches
and the ohms per cubic inch ¢ of the gized wire used is known,
the resistance of s coil can be dstermined from the formula
R=Vom 7854s0(d —dy) [4+)]
The heating effect of the energy lost in a magmet coil
depends on the shape of the c¢oil and on the conditions of
ventilation. If dy is the outside diameter of a ¢oil and
# i3 ita length, both in inches, and W ia the total watts lost
in the coil, the watts per square inch of cylindrical surface is
S ads
The safe value for v varies generally from .28 to 1.5, &
fair value, if the ventilating conditions are good, heing
75 to 1 for coils at 75° P. above the tempersture of the
surrounding air. Higher values of w can be used only for
exceptionally good ventiating conditions or for intermittent-
service conditions.
Since W =1R=2, R-%’-;f;, which gives the resist-
ance of & coil when dissipating w watts per square inch.
The following formula gives the diameter 4 of a wire that
will produce the grestest number of ampere-turns with a
rise in temperature of 2 F..

&2 VYV o000z 19 (1 4 2023) x docotx (4t - 4103 Wy 4 A=t
in which ¥ is the radis] thickness of the insulation on the
wire, and W: js the watis radiated per square inch of cylin-
drical surface of the coil.
The greatest number of ampere turns IT that can he
obtained in a coil of given size for a given voltage E, a given
rise in temperature PP, and Wy watts radiated per squam
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inch of cylindrical surface, can be calculated from the
formula

[v \Imsxm- mmxaxt'x(dn'-dn‘)x LI ,_-| '

meu.,q-d,)
DRY-CORE PAPER-INSULATED TELEFPHONE CABLES

No.19B.&S5. [ NG| Noz2p.as
Wire Wire Wire
Splicing I ) Splicing
i g gleeve 3 . g gleeve
MIETY % | %3

é §E 23 ] ﬂ E E 2plE g
L] -§ ¥ ‘E' = = '&.:
! [ ,_s. é B . s 3 E
= i rg a=|= =
15 2 | 20 t 18
20| 1a3¢ |2 ! 20 | 1032 | 860 18
55| 1180 |2 (25 | 1000 | 928 20
50 | 1534 28 | 1427 | 1281 20
75 | 1%02 t 28 | 1648 | 1461 | : 22
100 | 2063 28 | 1907 | 1682 | 3 I 24
125 | 2268 | 3 [ 28 | 2102 | 1006 | 2f | 28
150 | 2487 |3 |30 | 2300 | 1943 | 3 | 28
175 | 2830 I 30 { 2423 | 2080 13 | 28
200 | 27784 | 3% | 32 | 2578 | 23200 | 3 | 28
300 2’ | 36 5630 | 33 | 28
400 | 4 | 10 1+ | 28

Bach conductor has & capacity of 08 micofarad per
mile, The 20-pair Neo. 20 B. & S, conductor cable and the
25-pmir No. 22 B. & 8. conductor cable have lend sheaths
& in. thick, the 20-pair No. 22 B. & S. conductor cable
has s lead shenth # in. thick; sll others have lead sheaths
#in. thick. For ¥ and loop splices, use & sheeve one size
larger than given for stmight splices in this table.
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G te.—For holes and nd duits good con-

crete may be made of 1 part of Fortland cemant or 2 parts of
Rosendale or native cement, 3 parts of sand, and 5 or & parts
of broken stone, or good cinders or furnace slag, that will
pass through a ting 14 inches in diameter, but not through a
ring ¥ inch in diameter. For good resdlts, concrete should
be mixed as follows First, mix the sand and cement,
tutning them together at least thiee times dry, then add the
stone, which should previously have been thoroughly
wetted, and turn the mixture at least once over, finally
add encugh water to make the concrete tamp nicely, but not
50 moist a3 to have water run from it, and tum over at least
thres 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 2 weak stream of
water.
Poles.—Telephone and telegraph poles 25-ft. long should
be set in 5-ft. holes; 30-ft. poles in 54-ft. holes; 35- and 40-ft.
poles in 6-ft. holes; 45-ft. poles in 63-ft. holes; 50-It. poles
in 7-ft. holes; 55-ft. poles in 74-ft. holes; 60-ft. poles in 8-ft.
holes; 65-It. poles in Bi-fi. holes; 70-ft. poles in 9-ft. holes;
75-ft. poles in 94-ft. holes; 80-ft. poles in 10-ft. holes; 85-it.
poles in 104-it. holes, 90-ft. poles in 11-ft. holes. Poles on
corners should be set ahout 4 ft, deeper,

Cross-atms should bo placed at such a height on poles that
the lowest wire will be, in hot weatber, at least 27 ft. and
preferably 30 fi. above milrcad rails over which the wire
crosses. Double cross-atms should be used on each side of
a railroad track, Poles along a mailroad should be at least
7 feet Irom the nearest rail with lowest cross-arm at least
22 ft. above rail. Lowest wire crossing s public rcad
should be at least 10 ft. above crown of road. Standard
telephone and telegraph cross-arms are 3% in. X4} in., and
ga-called telephone cross-army are 28in. %3¢ in.

Por telephone drop lines, extending from line or cable to -
the houss, many companies use & rubber.covered and braided
copper, and occasionally iron, wire of No. 14 or 16 B. & 5,
gauge. Usually this wire comes twisted in pairs, but occa-
siomally two aingle wirea are used.
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PRIMARY BATTERIES

The primary, voltaic, or galvanic eell, as it is variously
called, is an apparatus for converting chermical energy
directly inte electrical energy. A primary cell consists
of two conducting eletnents immersed in a solution that
acts chemically on one element only, or vn one more
than on the other. Cne of the elements, wsually zine, is
valled the anode aud the other, for which various snbstances
may be used, is called the cathode, The chemical action
invident 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,
uof the cell, To evercome thiseffect 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 js 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
indiscoiminately. The table on page 160 gives the clements,
depolanizers, and the E, M, F. in volts for vanous cells.

Care of Leclanché Cells.—The amount of sal ammoniac
required to charge a Leclanché 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 Lo put
in more than will dissolve: 3 oz. of sal ammeoniac to a pint
of _'pum water is the best proportion.  When the solution is
esfra dense at the bottom, the top portion of the zine is
eaten away tmore rapidly than the bottom. There should
never be crystals or undissolved salts of any kind in the
bottom or arvund the lower ends of either electrode; all .
the crystals should be removed by dissolving them in water
-or scraping thern 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 ecups are not uwsually in
good condition for use wuntil 10 or 12 hr. after setting up,
because time is required for the solution to soak through the
porous cup. Wher thers are one or more vent holes at
the top, the action may be hastened by pouring some of
the mal-ammeniac 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 evaporatea,
pure water should be added from time to time to keep the
Jevel up to the proper height.

Directions for Setting up the Crowfoot Gravity Cell.
Proceed as follows: Unfold the copper strip sc 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 bottomn of the cell, and the insu-
lated covering on the wire should come close to the riveted
joint, Suspend the gine about 4 in, above the copper by
hooking the lug on the side of the jar. The method. of
suspending other forms of zines will be evident from their
construction, Pour sufficient clean water into the jar to
cover the zinc and drop about 3 lb, of copper sulphate
in a cell to be used for heavy, continuous work—for instance,
for the local<circuit hatteries 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 nead less
bluestone than the “short” end, becauss the former is not
worked as continuously as the latter. The internal resist-
ance may be redused and the battery made immedistely
available by drawing about § pt. of solution of sulphate of
gine 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 sinc 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 seitle to their normal condi.
tions, which will require at least 24 hr, This prevents or
reduces the forrnation of a black deposit on the zine.  When
there is much of this black deposit, remove the zinc and
brush or scrape it off. If no zisc sulphate is added in setting
up the cell, it will be necessary to short-circuit the cell
far 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 ceils may be roughly divided into two general
classes: First, those capable of fumishing, 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
circpit without consumption of materals due to local action,
The former are called closed-csreuit cells, and the latter open-
ciroud cells, Some closad-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.circnit cells should pever 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
hepce they are riot 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 muost extensively used
closed-circuit cells, For intermittent work—for instance, for
electric bells, and same types of telephones that are not in
eonstant 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 reqguired, nor even for
intermittent work, unless the idle periods are sufficiently
long and freguent to allow the cells time to recuperats,
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INTERNAL RESISTANCE AND CURRENT
CALCULATIONS

Ii & number 5 of similar cells, each having an internal
resistance of b ohms, are connected in series, the total internal
registance 5 of the battery thus formed is equal to sXxb.
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. IT & number p of similar cells, each having an
internal resistance of b ohms, are arranged in pamllel, the
total internal resistance B of the battery thus formed is egral

to % If & number of similar celly are connected in parallel,

the electromotive force of the battery is equal to that of one
cell. If p number pxs of similar cells are arranged in p
parnllel rows, with s cells in series in each row, the total
internal resistance B of the battery thus formed is equal to
’—’;—". and the total electrumotive force is equal to sXe; b is
the internal resistance and ¢ the electrumotive foree of one
cell, If #X ¢ similar cells are arranged in p parallel rows, with
# cells in each row, each cell having an electromotive force
of « volts and an internal resistance of b chms, the current
€ that the battery will produce through an external reaist.
ance of R ohms is
__$Xe
%‘—" +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 inereased
in order to increase the current. Whenever the external
vegistance is very large compared orith the internal resistance
of the battery, the number of cells in series must be
increascd in order to increass the current.

The maximim current is obtained through a given
extsmmal resistance R from a given number of cells, when
the grouping of the cells is such that the internal resistance
of the battory can be made equal to thr external reaistance,
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That is, 80 choose s and p that R = %‘3. The efficiency of
sach an arrangement i only 50%, hecause half the energy
iz expended in the internal and half in the extemal circuit,

Tou determine the least number of cells N that will give
& certain {maximumn) current C through an sxternal recist-
ance R, when each cell bhas an intermnal resistance of & ohms
and electromotive force of ¢ volts, use the formula

N=AXOXRXD
o

The mumber of paralie] rowsg=p= v%b.md the num-

ber of cells in ceries in each row=s= \||——":R

The most e ical arma t. so far as the con.
sumption of battery materisl is concerned, is that in which
the intermal resistance of the battery iz very small compared
with the extemal resistance This would genemally require
such a large number of cells that their cost and the space
occupied by them would be unnecessarily lamge.

In telegraph circuity, it has been quite customary to
consider the hest arrangement as that in which the total
renistance of all relays never exceeded the total resistance
of the line and internsl tesistance of the battery. When
cells, each having an internal resistance of b ohms wnd an
electromotive force of ¢ volts, are armmanged in series, the
number of cells 5 required to produce a current & through
a given external resistance B is given by the formula
- CxR

=bxC

]

STORAGE BATTERIES
Storage batteries or accumulators are compoaed of apecially
prepared lead plates, placed side by side, in glass or rubber
jars or wooden boxes lined with hard rubber or lead, alter-
nate plates being ted together, thus forming two
sets, which constitute the positive and negative elements.
The plates are entirely submerged (} in. below the surface)
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in & sohlution of pure sulphuric acid made from sulphur or
brimstope and pure water, both free especially from such
impurities as iron, arsenic, nitrdc acid, or hydrochlorie
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 & hydrometer having a Baumé scale, when
the cells are fully charged. Cells should never be allowed
to stand over 2 hr. aiter the electrolyte has been pui in
before they are charged. The charging E. M. F. 15 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
Jost in the spray, acid may have to be added every 1 or 2 yT.

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,

Indicati of & Compl Charge—A complete charge
should exceed the previous discharge, in ampere-hours,
from 1% to 1595, The principal indications of & 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 1o 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
8 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 curtent constant at the normal rate, there is
no further increase in either during a period from § to § hr.
The voltage at the end of 4 charge dépends on the uge 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 voliage
readings mentioned are taken with the current flowing:
readings taken with the battery on opet circuit are of
little value and are {requently 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 valts or slightly less, when the discharge is starbted.
Repeated heavy overdischarges are almost sure to injure
the cells if maintained for a considerable time. Batteries
should be discharged at aboot 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 ing cell. If &
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 runge wiil be lessened. Also. at higher rates of dis-
charge than normal, the drop in specific gravity will be less
btece 13¢ 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 sxamined regularly st least omes
& month for voltage and, by looking betwaen all the plates,
fot material lodged there; and near the end of each charge
to see that all cellswre gassing equally. If any cell gives n
voltage reading lower than normal and does not gas freely
at the end of the charge, examine it for materal 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 theend of a
prolonged charge, while the current is still flowing, Record.
ing voltmeters and ters are very useful in a stomge-
battery circuit, as they show just what the battery has beeny
doing. 4

A cell that is lower than normal will require more than
the usual charge to restore it to a propet condition after
the canse of the trouble has been removed, Care must be
taken to remove sediment in cells before it meaches the
bottom of any plate. When a battery is used occasionally
only, it should be given » weekly freshening charge, If
the use of a battery is to be discontinued for a iderable
time, give it o 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 fows through the battery in the proper
direction, as the polarity of the charging source may have
changed in the meantime, until completely charped, which
usugplly requires 25 to 20 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-nr. rate until the cells give all signs of a full charge and
the plates bave resumed their sormal colot. 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) irequently, too strong an electrolyte, and
allowing the battery to stand discharged for toa long a time.
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Chwrging Connections.—A storage battery may be charged
from s K10-volt, direct-current creuit as shown at (a) in

SIGVRIE 3 SIS

«
_ Fic. 1
Pig. 1. in which & rep an s . ¢ the stomge
battery, and the circles 110.volt incandescent lamps. Ume
as many 32-candlepower or twice as many l8-candlepower
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carbon-filament lamps as there are amperes in the normal
charging rate, Fig. 1 (&) shows a simjilar arrangement
for charging the same battery from a 500-volt circuit, There
are five 110-volt lamps in series in each row, thers being
ws many rows of 32-candlepower, or twice as many rows
of lé-candlepower, carbon-filament lampa as amperes are
required. Pig. 1 () shows an amang t for chargi
where an adjustable rheostat r i5 used. The resistance
required in the theostat is K=212%, in which E is the
line E. M. F., N is the number of cells in saries, and [ is the
charging current.
Fig. 2 shows about the simplest armangement for charging
from a dynamo A, having s rheostat f in series with its
¢ shunt field. It is de-
ﬂ'i*l*lﬂﬂllllﬂl' sirable to have an
Poeage cats [ sutomaticundedoad-
and overload-circuit
ix N breaker at K, where
te. 1 the battery is mnot
watched constantly,
Fig. 3 shows a simple
switchboard whera
I — | the battery or char-
ging mains may be
used separately or in
parallel to supply
b the current required,
The voltmeter V
] rna¥ be connected by
i switch  across either
the dynamo or hat-
tery b; r is the handls
of the rtheostat in
series with the shung
! field of the dynamo,
Fo. 2 When the battery i
being charged, the switch k is open and s closed. When
the battery alone is furnishing current to the lines, s is open

+
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and k closed. If both dynamo and battery are to furnish
current to the lines at the same time, both awitches ate

closed. »
The intensity of the _[_"““' '''''''' """"""ll']+ *

hum &
duced in telephones
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 cojls K, R and a
condenser £, as shown
in Fig. 4. EBach c¢oil
may consist of 20 turns
of No. 4 B, & 8. cop-
par 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 s Fie. 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

Fis. 4

battery large encugh to carry the load for 36 and even 44 hr,
If two batteries are used, each should be kept between
three-fourths and full charge for best efficiency. The

1
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avernge efficiency is between 75 and 809 in telephona
aystems,

Ampere-Houwr Capacity.—The number of cells required
in a battery is usually considered to be one-half the voltage
required; more accumtely, the number required is the voltage
required divided by 1.75. The ampere-hour capacity may
be determined with the aid of the followmg data: The
current required for each subscriber's”t itter is from
05 to ,1 ampere, the avernge length of conversation 3 min.,
snd the average number of connections per subscriber per
day is from 5 to 15. The current required by each operator's
transmitter is about .12 ampere throughout the day, Line
aad supervisory lamps teguire about .08 ampere for 6 sec.
for each call, Cut-off relays require about .05 ampere for
3 min, for each call, Pilot lurnps require about .06 ampere
for 7 hr. each day, The current required for each converaa-
tion varies from 08 to (4 smpere in the different eystemns.

GENERAL DATA ON STORAGE CELLS

In order to give an iden as to the size capacity, weight,
ete. of storage cells, the following three tables are given, In
each table, the first cell of & given type is the snallest size
made in that type, and the last given is the largest. The
number of plates per cell is always an odd number, becauss
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 8-plate, type F, ¢¢ll has an
8-hr, ity of 40 amp and a 15-plate cell of the same
type has g ity of 70 The addition of 6 plates
or 3 pair of plates increases the capacity 30 amperes; hence,
the capacity per pair of plates is 10 wmperes. A 27-plate
cell hae 13 pair; hence, its capacity is 13 10 =130 amperes
for B hr, Io malking estimates of the room occupied by

& given battery, about 1§ in, cleargnce 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 Whaatstone bridge is used more than any other oo
- method for the messurcment of resistance, and is suitable
for the t of all reaist except those very
large or very smaill In Fig. 1 is shown the theoretical
dmcramoftheWhmmbndge It can be shown that
if the ac ; resiat od=the resistance cb : resist-
ance db, then there
is no difleresice of
potential between
the points ¢, d, and
consequently no
current will flow
through the gal-
vanometer &, By
amanging four re-
sistances in & circuit
= tij—= of this kind, and
varying the resist-
Pro. 1 -ance of the thres
army ac, ad, and db until the galvanometer gives no deflection,

the unknown resigtance

X_HXP
N

In Pig. 2 is shown a form of portable testing set, including
s Wheatstone bridge, four dry cells, a galvanometer G,
& Dattery key Bo, a galvanometer key Go, and sn armnge-
ment of brass block A, R, B, X for revering the position of
the balance arme oA and aB, with ref to the 1t
arm dikb and the resistance X that is to be messured.
Being connected together by a short, heavy wire f, the two
blocks 4, 6 are really ona and the same point. With one
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plog between A and X and another between R and B,
which iz the ar t for ing & it X
not over 8,100 chmy, A : =X : R, With one plug between
A and R and snother between B and X, which is the armunge-
mant for ing m resist X not under 6,100 ochms,

Kowriom

P, 2

A:B=R:X A etands for the resistance in the arm oA,
B for the resistance in the wrm aB, and R for the resistance
in the arm Jikh,

In using s Wheststone bridge, the battery circuit is
first closed by pressing the battery key Bo and then the
galvanometer key (Ga, which, in this case, first opena a short
circuit around the galvanometer, and almost immediately
-, +3 the gl eter from o to &, If the galvanometer
deflects, both keys are released, the kmown resistances are
readjusted, and the keys again closed in the same orderas
before. This op jom iz repeated untidl no deflection
can be detacted; then the unknown resistance can be calcu-
lated from thbe known resistances in the three arms of the

bridge.
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Ths table on pags 182 shows the valuss of 4 and 3 to
be ch when ing any resi within the range
of the sot, and is licable to almowt any Wh
bridge having the eame resistances in the rheostat and bal-
ance arme,

SLIDE-WIRE Bm

For measuring low resist tion of the
Wheatst bridge, 1 ummm is used;
& diagram of it is
showsa in Fig 3,
The pointer n is
moved along »
German-gilver wire
ab of uniform resist-
ance until a point is
found where the gal-
vanometer gives no
deflection. The un-
known resigtance X can then be calculated from the lormula

x_Rd.'bhncellb
distance an

The ress of elecirolytes may be messured with the
slide-wire bridge by using a telephone rocsiver in place
of the gealvanometer &, and some source of alternating
or mapidly intercupted current in place of the battery B.

MEASURENMENT OF HIGH, OR INSULATION,
RESISTARCE

Wheatstone-Bridge Method. —A  kigh, or saswiation,
resistoncy may be mesasured in the ordinery manner by the
Wheatstone bridge, if it does not exceed about 2,000,000
ohms, Ancther way is to measure a resistance, w3 high as
can be accurstely determined with the bridge and call it
¥ ohma. Thenommthmndmmymmlhlwnhtho
high, or ingulation and the joint resat-
muotthotwomwnllolande-ﬂthulohms. Then, i
* is the unk high, or inpulati

y)(:
Ty

6. 3
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Direct-Daflection Method.—Compl i for

ing insulati i ¢ by the direct-deflection
method are shown in Pig. 4. In thia figure, {f represents
& galvanometer sufficiently sensitive for the purposs: S,
n.n Ayrton, or universal, shunt; A and D, reversing switches;
and R, & known high registance, at least oy megohm, but
sometimes 53 high aa 1 megohm is required, Enough cells
must be usaed at B to give a deflection of the gal t
when ted with the ingulation resist tobe d
The plug is first placed at », so as to connect the battery
and galvanometer in series with the known resistance R,

|
’l
L~
!
g

Fic. 4

the reversing switches A and I being closed and the shunt S
adjusted so that a readable deflection of the galvanometer
will probably be obtained. The key K is cantiously de-
pressed, If the galvmnometer gives s readable deflecti

the deflection ia toted; othm.thenhuntmmdjumd
and the obesrvation repeated until & good deflection g
obtained, The plug is then removed from w» and placed
at m, and the deflection of the galvanometer obtained as
before. Where the insulation resistance of long cables
is measured in this . the deflection is likely to be
large at firgt and then decrease in value. As it is improc-
ticable to wait in many cases until & steady deflection ia
obtained, the wsual custom is to observe the deflection
at exactly 1 minute after the circuit ia closed. This ia
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usually stated thus: insulation i after 1 mi ]
electrification, 400 megohms,
The unknown resist X, d in ' is

given with sufficient accuwracy for mogt DN‘PM by the
formula
Rmd

x-w»

in which R is the known resi exp d in h

m, the multiplying power of the shunt used when the deﬂec-
tion d is obtained; and, similarly, »* the multiplying power
of the shunt when the deflection & is obtained.

The multiplying powers of a galvanometer shunt are
wusually marked on the shunt box, In order to determine
the insulation resistance per mile of a cable or a line wire,
multiply the insulation regist beained by the
ment by the length of the cable or the line expregsed in miles
or a fraction thereof. Rmd is called the constant of the
testing eet.

Leakage Method.— The direct-deflection method is not
suitable for measuring resistances over 1,000 megohma
with E. M. F. less than sevaral hundred volts. Thers
are, howwer the variously called loss-ofcharge, fall-of-
charge, or keakap ethods for

ing higher istances.
These methods require some - o_rh
capacity as well as & very high
resigtance in “the insulation
to be messured. At least as
accurate results can be ob- O
tained by the following leak-
age method, and, moreover,
the calculations required are
iesn complicated than for other
leakage methods. |
The method consists in F
charging the cable as a con- 1. 5
denser, then allowing it, while insulated, toleak foran obeerved
number of seconds, and, finally, again charging it to the
same potential s before through the gulvanometer. The
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taltistic gnlvanometer required may be calibruted by any
method, but the most convenient way is probably by meana
of m condenser connected as shown in Fig. 6. 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
# throw of the galvanometer; on letting up the key so that
it touches b, the condenser discharges, producing another
deflaction.

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

CiEy
Km “d

‘The cable to be tested is then ted as shown in Fig. 6.
It the cable is on & reel, it should be immersed in & tank
of water, and particular care should be taken to insulate
the ends of the cable 20 as to avoid surface leakage. With
the switch N and key K closed, charge the cable, For a

(A

g

o

preliminary test, a charge lasting 1 min, is sufficient, ea
poor insulation may render a longer charge useless, Then,
open the circuit at K for a carefully cbserved number of
seconds, say 30, in the meantime opening the switch N and
noting the 2¢ro rending of the galvanometer, At the end
of the 30 pec,, close the key K and note the throw dy of the
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galvanometer ¢.  ‘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 lealage or abgorption 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 cbservation after squael periods of
charge of at least 1 min,, and for ¢qual periods of discharge,
say 30 sec. The insulation resistance may then be caleu-
lated by the formula

Ez di
K= E, xngC' .
in which E3 is the E. M. P. of the battery, which may be
most con iently d by the voltmeter V; d;. the

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

If €} 8 expressed in farads, R will be in chms, but it is
usually more convenient to express | in microfarads,
in which case R will be in megohms, Constant results
may not be obtained ualess the insulation is very high,
and not even then, unless the cable i3 charged until absorp-
tion ceases, requiring in many cases at least 4 hr. If the
deflections decrease as the time the cable is allowed to remain
on open circuit is lengthened, it indicates absorption: the
grester the decreass, 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
of the E. M. P. or both should be regulated to give desirable
deflections,

PUNRCTURE TEST

A puncture, or breakdoun, test of insulating materials is
now considered fully as important as an insulation test.
The connections for this test am shown in Pig. 7, in
which V represents the electrostatic voltmeter, and ¥V’ an
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electre etic volt ted to the ercuit through
its own ¢ former, One voltmeter iy deeirahle, although
not really necessary; either one may be used, A is called a
spark-gup gauge, means being provided for accurately deter-
mining the distance across the air between the points of
the two steel needles, ‘The tranaformer T i 30 conatructed
that any ordinary altermating-current potential of about
125 wvolts acting on the primary winding p will produce
an E, M, F, in the secondary winding # sufficiently high for
the test, The spark gap A and the insulator W, or other
insulating material to be tested, are connected in parallel

8 8]

Pie. 7

‘The spark gap prevents the application of a greater poten
tial ¢ the insulator than will produce o spark acroes 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 beesn raised to the highest value at which it
is desired to test the insulators.

This distance A betwesn the nesdle 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;
theo gradually reduce R, leaving it remain in each position
1 min., thus slowly increasing the p tial betwesn tha
inside and cutside of the insulator until the insulator sither
putictures, or an s is formed ower its gurface, or until the
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desired test potentinl is reached, thersby causing & spark
to pass across the air gup A, New needles should be used
st the gap after sach 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 insnlator may be determined either by the
distance betwesn the points of the needles at A, in connection
with the accompanying curve, or by the reading of the
wvoltmeter 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 s pressurs of
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at least 50 1b, per sq. in. should be played on the insulator
at an angle of about 30° from the hotizontal. The insulator
should not arc over from the wire to the pin at less than
the potential that will exist in eervice between any two
conductors.

ELECTROSTATIC CAPACITY

The electrostatic capacily of well-insulated condensers may
be measured by any one of a number of methods, but the
wvarious methods fail to a greater or less extent with leaky
condensers, submarine and underground cables, and over-
head Llines, The direct-deflection method is the smplest
and probably the most generally used, except perhaps
for submarine cables and for alternating-current apparatus;
for the latter the alternating-current method -is usuaily
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 direci-deflaction meshod, 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 ¥,
ca’
=T
The capacity of the table 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 o
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and & must each be multiplied by the multiplying power
of the ghunt used in each cass, 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
datermining the electrostatic capacity of a cable by the
direct-deflection method, A4 and D represent reversing
switches, £ the condenser whose capacity is known, €' the
cable whose capacity is to be measured, and K a charge-
and-discharge key. First, thoroughly discharge the cable &
by connecting it to ground. With p upon a suitable point

"
Fig.

of the galvanometer shunt, & plug in hole m, the reversing
switches A, I 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 30 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 obeerve the discharge
deflection, Thoroughly discharge the cable and repeat the
same observations with the plug in hole », The average
of bath charge and discharge deflections will give the best
results.  Por this test, a ballistic galvanometer is preferable,
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although a Thomson or D*Arsonval gulvanometer may be
used, if the system iz arranged to miale one-half & come.
plete vibration in from 10 to 15 sec., that is, one ewing in ons
direction and back to zero. Thus, a charge of severnl sec-
onds' duration may act on the moving systermn before it is
moved from ite position of rest.

GOTT'S METHOD FOR MEASURING CAPACITY

Got's mthod for measuring clectrostatic onpacity s
probably more accurnte than the direct-deflecticn method,
and, morecver, any kind of a sufficiently sensitive gulva-
nometer may be used. The connections for this test are
shown in Fig. 10, in which  is the known capacity of &
condenser, O the unlmown capacity of & condenser or cabla.

lalylulal
U
B

Fra. 10

and R, B two adjustable resistancts. R and B may have
any suitatle values, but R+ R' should be as large as possible
or convenient. Close the switch S5, and after 5 or 10 sec,
close the key K and note the deflection of the gal

ter 6. The battery circuit must remain closed until after
the galvanometer deflection is observed. Then, open 5,
and thoroughly discharge btoth © and € by bolding K
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closed at least several tinmies as long an the battery circuit
previously remained closed. After readjusting R or R,
alvmys Leeping R+ R’ lurge, the foregoing operation is
repeated until, on cloging K with 5 restitg on m, no deflec-
tion of the galvanometer is produced. The capacity of the
unknown condenser ¢ can be computed from the formula
R

C=C Vg

If the insulation of the cable is less than several megohms
to the microfarnd, the capacity obtained by Gott's method
will be appreciably greater than the actual capacity. Both
leslmge and absorption tend to jncreass the apparent
capacity of the cable as obtained by this method. The best
eonditiona are to have the Imown and unknown capacities
about equal and the total resistance R+ R’ high: also, the
battery should supply as large a current sy R+R will
safely carry. In order to cbtain uniform results in the
final wdjustments, it is necessary to make the duration of
charge the same for each obeervation, With Iong sub-
marine cables, the duration of charge should be at least
15 sec. Por electric-light, telephone, and telegraph cables,
which have much less absorption, about 5 sec. ia sufficient.

MEASUREMENT OF CAPACITY WITH ALTERNATING
CURRENTS

Mothod No. 1.—Comnect the condensar C, Fig. 11, in series
-with the alterpating-current ammeter A and the gensrator
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If the resigtance and inductance of the whole circuit are
negligible cotnpared to_z'L”c. then the capacity of the
condenser is givet by the fom}t.dl.

Cm Y
2enE
in which 7 is the current measured by A; E, the difference
of potential measnred by V; and », the frequenny or number
of cycles per second made by the alternating current,

If the generator D has # pairs of poles snd makes s revo-
lutions per second, then we=ps, I [ is expressed in amperes
and E in volts, ¢ will be in farads,

If & non-inductive resistance R is included in series with
the condenser, and the vaoltmeter i8 connected o as to
measire the drop-of potenb.al thronsh both R and C, then,
the ind being li

I
¢ 2en VR —[7R0

R should be d by s Wheatst bridge or with
direct current if a voltmeter and ammeter are used,

Method No. 3.~—Connect a uton-inductive resistance
{an incandescent lamp or graphite resistance} in series with
the condenser, Also, measure, as nesrly simultaneous as
possible, the difference of potential E' across the non-
indurtive resistance and the diff of p tial E
the condenser terminal; then,

-

In this method & known resistance R is required, ut no
ammeter,

MEASUREMENT OF INDUCTANCE

The self-nductance of o coil is a quantity that is strictly
oonstant only when no magnetic material, or masy of metal,
m‘clmdcoﬂsmmrit.(‘ t values t be
from of the inductance of coily
unhnmtmmukentonmmnniron.mhl ar
ehosedd coile from the neighborhood of the coil. Moreover, i
the indurtance itself is variable, thers is Ettis wee in striving
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for great inite t. If posmible, the nduct
ance of a coil, eapecially when it o« ing iron, should be
determined with exactly the same current Aowing through it
a3 when in use,

MAXWELL-REMINGTON NETHOD

In Pig. 12 is shown w diagram of connections of the
Maxwell-Remington method, M, N, and P represent
three mon-inductive remistances, 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 )V from g to d after the proper value for this
total resistance has
been once deter
mined. Pitst, bal
ance the bridge in
the usual manner by
closing K for ! or 2
oo, and then K, ad-
justing M. N, and P o
until the guiva-
nometer & gives no
deflection. From the
valuen of M, N, and
P 8oy obtained, R can
be computed, If the
resigtance of the yrm
cb containing the coil
R is low, it is well
to add enough non-
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
pesistance of the arm ¢b. A poiot ¢ should be located along

od where no kick of the galvan is produced by finst
closing K and then K;. Let # be the resistance fromn d to e
after this bal is obtained. The ind of the coil R
mythmbemkuhudbytget;ﬂnuh

L=

N
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L will be in benrys if the capacity C is expressed in inrads,
and the resistances », X, and ¥ in ohms. An ordinary
Thomeaon or D"Areonval 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 a8 to make G deflect in epite of C and L being
otherwis balanced. Otherwise, s ballistic galveacmster,
which, bowever, requires more time and is more troublesome,
thould e uged.

" ALTERWATING-CURRENT METHOD

To determine the self.inductance L, Fig, 13, of & coil whose
resistance is R with alternating current, connect the coil
i seres with an alternating-current ammeter A snd an
alternating-current
dyname D, uing, il
posgible, an adjust-
able rezistance 5 to
ragulate the strength
of the current,
Acroes the terminals
of the coil connect
an altermating-cur-
rent  voltmeter V.,
preferably an elec-
trostatic  voltmeter,
and read both instruments A and V' aa nearly simoltaneously
ns possible. Then, the inductance, io benrys, may be cal-

culated from the formuls
VNE PR
Zenl

Pic. 13

L=

in which E is the difference of potential from ¢ to d; [, the
current in the coil; R, the resistance of the coil; and w,
the frequency, or number of cycles per sec., made by the
alternating current, If E is expressed in volta, 7 in amperes,
and Rin.obms, then L will be in henrys, R cun be messured
by a Wheatstone bridge or with direct turrent snd & valt-
meter and ammeter. There must be no appreciable slectro-
static capacity betwsen the points ¢, d.
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POTENTIOMETER

The principlea of a potentiomater, which in an instrumemnt
saitable for measuring ELM. P, cmnt.vmlowmmunuc.
and for calibrating ters and voltmeters, can be explai
by the aid of Fig. 14, in which R is an adjustable resistance
whose value oeed not be known, and D a steady source of
E, M, P. for which & storage battery of one or two cells
answers admimably, The E. M, P, of D must be at least &
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 ub stretched over a divided scale.

The distance ab is usually divided into 1,000 or 1,500
equul parts. At B is fist placed a standard cell whose
E,. M. P, is kmown,
and the elider d is
sct 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. P.
offthestandatﬂcdlBhld&lvolu.then.mdntapmnt
1,431 divisions from g, and adjust R until the galvancmeter
gives no deflection when both circuits are cloned, firok at
T and then at K, in which case the E. M. P, of B 1qust just
balance the fall of potential from @ to d, due to the current
supplied by D. The mgth ad then represents 1.431 volts,
and hence each division repressnts 001 volt, An E M. P,
not exceading 1.5 volts may now be measured by substituting
it for the cell B, Without disturbing any part of the circmit
containing D', and with T closed, admltdllonzt.ha-hdp
wire ab until no deflsction of the gal tor is p
an closing K. Suppouthatthewalemdslmnthe
point where the balance is obtained, then the E. M, P,
measured is 1,324 volts. Instead of having all the resiste
ance in one alide wire, it is now very customary to use

Fii. 14
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a aumber of equal resistance coils for part or even for
all of ab.

Measurement of Current.—To measure a curfent or ta
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 Obhm's law.

Megsurement 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 deop in
potential across each resistance. Then, the unlmown
reajstance is to the known resistance as the potentiometer
reading across the unknown resistance is to the potentio-
meter rending across the known resistance, from which
the unknown resistance can be calculated.

CALIBRATION OF VOLTMETERS

A voltmeter may be calibrated by ing it in parallel
with a voltmeter of suitable range whose readings are kmown
to be correct, or by connecting it acrosa a suitabls known
resistance that is ted in series with a standard ammeter
and a battery or other sujtable source of current, or the drop
across this loown resistsnice may be determined with a
potentiometer.

Franklin’s Method.—To calibmate a voltmeter by Prof,
W. 5. Franklin's method, connect gs shown in Fig. 15, in
which R is an adjustable resiat. : D, o stead of

"E. M. F.; B, one or more standard cells connected in seriss;
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V, the voltmeter to be calibmied; H, a high resistance whoes
value need not be kmown; and &, s sufficiently sensitive
galvanometer with & shunt,  Adjust B until no deflection of
the galvanomster is obwerved when the key K is closed,
Then, the E. M. F.
of the standard
cells corrected for
temperpture gives
the E. M. P, at the

terminals of the
galvanometer. By -
varying the number

of atandard cells at
B, wa many points
as deaimble may be
calibrated on the Fic. 18
voltmeter scale. The high resistance H mey be short~
circuited, and the shunt resistance S cut out for the final
adjustment, The E. M. P, of D must exceed that of 5.
Carhart’s method for calibrating a voltmeter is shown
in Fig. 18, in which D iz a storage battery having a sufficient
number of cells to
.'—W_— give the desired read-
ing on the voltmeter
[ V,and R, R’ are ad-
5!3‘ justable resistances
v For a high-reading
- wvoltmeter, R should
s be at least as high
#, as 100000 ohms,
- while the ange of B
will depend on the
number of standard
cells used at B and
the reading desired
Pic. 16 on the voltmatar
Adjust the remst-.
ances K, B until no deflection of the galvanometar G is
produced when the key K is clossed, the high resistance H

.
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being short-circuited and 5 openad for the fingl balance,
Then, the reading of the voltmeter should be
R-l-R'
V=nE 7

in which E is the E. M. F. of one standard cell corrected
for its termperature 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
peint 4 moved along the sljide wire until no deflection of the

galvanometer is obtained, Since R;R'

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

is merely a ratio,

CALTBRATION OF AMMETERS

An ammeter may be calibrated by connecting it in series
with an ammeter of similar range whose readings are khown
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, Dut in most cases is
too slow. A third method, which is very satisfactory,
requites the use of a potentiometer and a low remistance
whose value is accurately known.

Calibration of Ammeter by Potenﬁometar.—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 curent
that flows through both the known resistance a.nd the
ammeter may be calculated.

Cakibtration of Ammeter by Franklin’s Method.—Fmanklin's
method for calibrating an ammeter #s shown in Fig. 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 registance, With a suitable number of standard
cells at B, adjust the resistance P until the galvancmeter &
gives no deflection when K iz closed; then, the E, M, F.
between the termjnals of the dard resi R is equal
to the E, M, F. of the battery B, The E. M. F, of the

Wit
!L_[g? S I_M{I

Pig. 17

standard cells divided by K will give the current through
the ammeter A. The high resistance M, equivalent to about
10,000 ohma or more per cell at B, may be short-circuited
and the shunt S open-circuited when maldng the final adjust-
ment. By the use of a different number of standard calls,
various points on the ammeter scale may be calibrated,
The E. M. F. of D must always excead 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 ochmmeter may
be explained by means of Fig. 18 (3}, When the plug P
is ingerted in a hole, say the browm hole, the cormesponding
coil constitutes the known resistatce atm CD, while the
two long wires CB and BA, joined by & bar B of negligibls
resistance, constitute two adjustable arma of a Wheatstone
btidge. The manufacturers mark along the wire in colors
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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 sre not eqnai in
length but gradually decrease in Jength as the resistance at
X increases. The red coil has exactly 10, the bine 100, and
the brown 1,000 times the resistance of the black coil,
Having once calibrated the bridge wire with lmown
resistances at X, any unknown resistance at X that would
bring the balance point 5 somewhere on the bridge wire may

be d and its re read directly from the point
of balance found on the scale,
Using a Sage Ohmmeter.—To the unk

resistance, usually designated as X, connect it between
posts A and D, as indicated in Fig. 18 (e). Put plug P
in the brown hole, place telephone T to the ear, being certain
to prems circuit-closing key X, and tap the stylus S along
alide wire ABC until the click of the telephone ceases
or is & 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 b so close to the A end of the slide wire that an
sccurate reading cannot e 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 talephone 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 telephons
becomes silent at the 805 mark and remains silent until
mark 705 is reached, when it begins to click again; by taking
the 700 mark, half way tetween the two, the result ia more
mearly scourste than if either limit is taken. It is wot
abeolutely b the intervening divisions s
not of the same length.

Two inducrances rmay be compared, provided the resistance
of each coil is negligible compared with its reactance (2wal),
by connecting the coils X, ¥ as shown in Fig, 10, T represents
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an ordinary induction coil or other arrangement by which

alternating current may be obtained at the terminals A7,
Obtain a balance by first closing K and adjusting 5 until
4
(o ’
X
= 1
Gﬁ\lj ol
! = ] gr
K] [+

M. 19

a point giving & minimum sound ia found.  If only a battery
can be obtained for use across AC, the bmlance point is that
which gives a minimum sound when the slide wire is tapped.
‘Then, the inductance of X is to the inductance of ¥ as the
length AS is to the length 5C. )
Two capacities tmay be compared in s similar manner,
but in this case the capacities are inversely proportional
to the resistances; that is, the capacity at X is to the capacty
at Y. as the length 5C is to the length A5, In sither cass,

Pic. 20

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

A grownd on one of a4 pair of ling 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
mdmuthahnemmCFthmﬂdbemedwthehulty
wire at some point F beyond the fault E. Then, if S is
the point of balance,

dist CE length SC X di AFC

length ASC
The resistonce of electrolyies may also be measured with
the oh ter by cting the electrolytic resistance in

the unknown erm of the bridge and using an alternating
current from ah ordinary induction coil or other source
in piace of & battery.

MEASUREMENTS WITH COMMERCIAL
INSTRUMENTS

AMNETERS AND VOLTMETERS
An stev is an instr t for ing the t
flowing in & circnit, The ammeter, or its shunt, i3 connected
directly in series with the tircuit through which the current
is flowing,
A volimeter ia an instrument for ing the. diff
of potential between two points; this is done by connecting
the voltmeter across the two points,
‘The range of aw may be i d by o«
& shunt scroes its terminals. LetRbet.hewsutaneeuf
the ammeter and $ the resistance of the shunt connected
d the ter terminals; I the highest resding, that
is, the present range of the ammeter; and I’ the range
desired. Then the resistance of the shunt required is

S
When thus shunted, the indicated reading must be
mulhpl:edbyf to cbtain the total current fowing in the

main circuit.
The range of o vol¥meter may be |
& resistance in series with the voltmeter, Let R be the
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resistance of the wvolt : R the ixt d
in series with it; V, the h:ghestmadmzol'thcvultw.
and V' the highest Then,
V=V
R= R( 7)

When the resistance R iz connected in seriss with the
voltretar, the scae readings must be mulipled by LA

give the diff of p ial ag the

Doubls, or two-scale, voltmeiers are usdpliy emd
internally, as shown in Pig. 21. The resistance of the non-
inductive coil ab, to-
gether with that of
the movable coil, that
i, the resistance from
a to ¢, may be
15,000 ohms for a
15-volt scale, and the

total resistatice from

£ to £ 150,000 chima

for & 150-volt scale,

When using w»

double-scals volt-

oy theter, care must be

taken not to spply

Fre. 21 too high a voltage to

the terminals of the lower resistance coil that s assorciated
with the lower reading scale.

Mepguremont of Resistance by Voltetar and Ammater,
A resistance R may be measured by connecting an ammeter A
in series with the resistance R and a battery B or other
source of current, and cting & voltmeter VA d
the resistance. a3 ghown in Fig 22 Then, by Ohm's law,
R-%‘ It is quite customary and sometimes necessary to
connect the voltmeter acroas the terminals t, # of the reajst-
ance to be measured, iostead of including, as shown in

this figuie, the ammeter 4 between the voltmeter terminale.
Usually, either method of g the voltmeter will
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give sufficiently I’ Its, bt it g Ty introd
leas of an error to connect the voltmeter as shown in this

figure. By using instruments of the proper mange, resm-
ances from quite low to quite high vafues may be o

Pig. 22
Registance Messuremiont With Vokmwier and Enowsn
Registance,— A resistance may be d by ing it

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

s
!

Pic. 23

ﬂﬂteunmcudamostheendso(}t'htﬂumding‘beﬂ'
wolts; with the val the ends of the
unknown resistance R, let the reading be E wolts. IfR"
is very different from R it is someti Yory conv
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to measure one on the higher-reading scale and the other on
the lower-reading scale of & double-scale voltmeter,

High-Resistance lunrmt With Voltmester.—High-
resistance voltmeters
may be used to
measure very high
resistances, such as
ionsulation resist-
ances, by connecting
as shown in Pig. 24,
in which R is the
insulation or high re-
sistanee to e mens-
ured; HC the bat.
tery or other source
of E. M. F., which

Fio. 24 should be 4 high as
the moge of the voltmeter VM will allow: and K a switch
for short-circuiting the resi R. Then,

Rer(31)

in which d is the reading of the voltmeter with the key K
closed; & 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,

Ingulation Resistance With Vokueter.—The method just
described may be nsed to measure the jnsulation resistance
of telephone, telegraph, and electric-light and power cir-
cuits, and also of dynamos and motors while the system is
in operation, no ghutting 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 I, Let Ra represent the joint resistance of all
leakage pathe between the main line A4 and the groand,
and Rs the same between BB and the ground. Fisst,
connect & suitable voltmeter Vs between the mains #f, and
let the reading be Vm volts. Then, connect the same volt-
meter between the ground ¢ and the main A4 by closing
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wwitch 5 on contect 9, and let this reading be Va wolta,
Finally, t the voltmeter between the ground & and
the main BB by closing .5 on & and let the reading be Vi vaolts,
To obtain the last reading with most voltmeters, it will be
necessary to reverse the connections at the wvoltmetsr in

a

‘: 1:% f,, %g
¢

Fia. 25

order to make the needle deflect in the right dimetion, Ifris
the resistance of the voltmeter, and R the joint resistance
of all possible paths between both mains and the ground,
the insulation of the whols system will be
Vm
Rer{pier-l) @

If the insulation resistance of ome gide, for instance BB,
is extremely high, and the other side A4 is poorly insulated
or partially groundsd, the voltmeter resding Ve betwesn
the partially grounded side and the ground will be practically
2610, because there ja 1o path for sny current bagk to the
well-ingulated main, The formula for the insulation resist-
noce of the side A4 then reduces to

Ve
rRe(3-1) @
Hencs, to measare the ingulation resistance of ons sids of &

wywtem only, take two readings—one between the two maine
and the other between the other or gosd side and the ground,
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IfthemioVT:infomuhzisvmmuchmurthm 1,
the formuls reduces to
r=(3). @

This i5 an approximate formule that is often used for
ordinary measurements,

If the voltmeter has two scales and the reading Vaor Vi is
less than the largest reading on the lower reading acale, . more
accutate result may be obtainad by using the lower reading
scple for determining Ve o1 V5. In the formula, ¢ will be
the resistance of the voltmeter coil used in obtaining the
reading Ve or Vi; the resistance of the coil used in obtaining
the reading Vs will not enter into the result,

When this insulation-resistance test is to be made repeat.
edly, a co ient arrang t is shown in Pig. 25 (b), in
which the double.throw switch 7 is 8o connected as to make
the voltmeter deflect in the proper dirsction, whether con-
nected to ¢ or to b, The switches and connections should
be very much better insulated thean the systern 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 simultanecusly. Slight variations
in the E. M. P. of the source of supply do not affect the
results very materially. The insulation resistance of =
dynamo may be measured in the same way as that of a line
circnit,

ELECTROMOTIVE FORCE AND INTERNAL RESISTANCE
OF BATTERIES

The internal resistonce of a battery or cell is a very variable
quantity; hence, it is somewhat difficult to measure, and
wery exact results should not he expected, The volt
aod-ammeter method i3 about the most satisfactory, as
it enatles both the electromotive force and the intercal
resistance of the battery to be measured wunder actusl
working conditions,

Whantstone's Method.—Wheatstone's mathod for com-
paring the B, M. F. of voltaic cells by means of a volt-
meter is as follows: First, connect one of the celle a0 as
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to be in series with the voltmeter V and the resistance R,
a3 abown in Pig. 26, and note the reading 4 when the key K
is closed, Then, increase the external resistance by opening
the ey K with r, ohms and note the deflection 4, Repeat
these two cbeervations with the second cell connected at E
in place of the firgt cell; but, with the key K closed, first
make the resistance R of such a value s to give exactly
the same deflection ¢ as with the first cell. Then, open the

T

Pic. 26

switch K and male the additional resistance ry of such a
value a8 to get exactly the same deflection 4 ss under
similar connections for the first otll. Then, By : By =, irs,
If E, Is smaller than E,, the resistance of the voltmeter itaclf
may be taken for Ry when E; is connected in the circuit,
It is prefeinble t0 make ry about twice as large a¢ the com-
bined resistance of E, and R;. With & suitable voltmeter,
this mathod ia cotrect to about 1%.
Voltmwter-and-Ammetsr Method.—By the voltmeter-and-
ammwter method, both the internal resistance sod the E.M.F,
of acell may be determined from the same cbeervations; and,
ver, the may be made when the cell
or battery is generating current at ite normal or desired
yute. Connections for this methoed are shown in Pig. 27,
in which' R is a resistance of such value that the battery B
0 be tewted will furnish its normal amount of current.
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With the key K open, rend the voltmeter ¥V, which will
.give E, the B, M, P, of the battery when practically no cur-
rent is Bowing, that is, when the battery is practimlly on
open circuit; than clos the key, and read as nearly simual-
taneously as pomible both the ammeter A and voltmeter V,
Thets two readings give the difference of potential EX at the

Pia. 27
hmrymmimhmdﬂncumntfwlﬁchhﬂowingw
the circuit. Then, the internal resistance & = E‘IE- If the

total resigtance K external to the attery is lmown, the
ammeter will not be necessary, for the current I is equal to

%7 «ad can therefore be calculated.

MEASUREMENT OF POWER
The powes expended in s dirct-current circuit may be deter-
mined by measuring ths current and the difference of potan-
tinl, the product of these two measurements giving the power
expended. Such measurements can be readily made with
s voltmeter and an 1 Voltmeters aud ammatars,
bowever, cannot generally be used in this manner to deter-
mine the power coosumed in alternating-current cirenits,
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msunxmrormwnnwmmmnnm
AMMETER

Pig. 28 shows the method of conmecting voltmeters and
ammeters t0 determine the power expended in direct-
current circuits, The product of the simultanecus readings
of V3 and A4; gives the powerinnmexpend»dlgythe

Fic. 28

dyoame D in the whole circuit; that of the simultanscous
readings of V3 and Ay gives the power congumed by the
motor M; and that of the gimultanecus readings of V and A
gives the power expended jo the group of lamps L.

DYNAMOMETERS

The dymamometer is an instrurment that may be used to
measure currents, B, M, F,, and power in both direct. and
alternating-current circuits, Instraments of this {ype con-
sist of two coils, one fixed and the other armnged to revolve
& limited amount ingide the fixed coil. The movable coil,
which is wnally suspended by a belical 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 secored
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 sero 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  pointer attached to the movable coil
indicates directly the current, voltage, or power, depending
on how the two coils are connected,

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

Messuriag Difference of Potential —When the dynamom-
eter is used to measure the difterence of potential, the fixed
and movable coils and a sufficiently high non-inductive

ist are connected in serjes across the two points in a
circuit between which the diflerence of potential iz to be
measured, Then the deflections are proportional to the
snuare 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 diflerence of potential
across the instrument,

Menguring Power.—If the swinging-toil 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 thoss twe 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; comsequently, 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 ficld may produce an error in the dynamom-
eter reading, but it may be elimingted 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 altermating
currents, E. M. P.'s, and power than for direct current, for
then the earth's ficld 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, ususlly in
volts, with the maximum curtent capacity remaining
unchanged,

Weston Compensated Wattmeter.—In measuring power
with a voltmeter and an ammeter, the product of the twa
readings includes not only the power consumed in the lampa
or other devices, but also the power consumed in one of the
instruments. The same error occurs in the resulta obtained
by the use of a non-compensated wattmeter. This error
is eliminated in the Weston compensated wattmeter by
winding the wire ¢ ing to the p ial ¢oil 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.

Pig, 29 shows the connections of the Weston instrument,
A and B are the current terminals connected to the current
coils ¢, ¢’. The compensating coil ¢ is connected in series
with the swinging coil D, and the protective registance R.
The potential binding posts that are ordinarily used for
heasuring the power supplied to a given load are ab.  When
a reading is taken, the button & iz pressed, thus aflowing
current to pass through the swinging coil. A third binding
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mfhmwdedfwmwhmtheﬁddmdpmw
nals are ted to ind dent circuits. Such connec-
ﬁmmnqwedvhmthemtmmtutmmchecbdby

_—

passing a curfent through the current coils and applying &
onriable pressure to the potential oil; aleo, in cases where
A test is being made with & constant current and varying
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pregsure, lfanmdependlmmmnlcirwithuudinthh
way, the p inl termingly nre o ted to posts J5, thus
cutting out the compensating coil. The mnall resistance r
takes the place of coil ¢, 80 that the résistance of the poten-
tial circuit remaine unaitered,

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

riers, which the total work done during the
given time. The recording wattmeter indicates the product
of watts and tine, 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 eupplied to customers
on  electric-light and power circuits; the watt-howrs or
kilowatt-hours are read about once a month from a dial
similar to that of & gas meter,

LOCATION OF FAULTS

Faults on & ine may be of thres kinds: (1) The line may
be broken; (2) an unbroken kine may be grounded at one or
more points; and () an unbroken line may be in contect
with another line. The first fault is called & drvak, or an
open; the pecond, a grownd; and the third, & cross. A break
tnay be of guch a nature an to leave the ends of the conductor
entirely insulated, or the wire may fall or have its insulation
impaired, #0 as to form elso a cross or a ground. A
ground or & eress may be of such low rexistance as to form
& desd ground or a short circuit, respectively, or may possess
high resistance, thus forming what istermed a im.k The
existence of a wire whose insulation and conti ate
known to be good is termed a good twire,

Line Resstancs When Thres Conductors Are Availahle.
The bewt method for measuring the resistance of a line wire,
where there are three or more line wirea or two line wires
and & 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, ¥, and s, respectively, At the distant station have the
ends of x and ¥ joined together; then, by of » Wheat-
stone bridge at the home station, measure the registance of
the loop so formed and call it @ chms. Then, have the
distant ends of x and 5 joived and measure the resistance of
this loop, calling it » ohma. Similarly, have the distant
ends of ¥ and £ joined and t & the resist of this
loop, calling it ¢ chms. Then, s+ y=a; x4 smb; y4gme,
Solving thess equations for , ¥, and = gives:

_a+z—c a

,_.‘!..t;i‘ @)
b4c—a

I-T (3)

Ebminstion of Earth Corrents.—Where the ground is used
[T p.rtot the circuit, sarth currenis will often render meas-
very liable. These currents may oppose or aid
“the testing current. When the earth currents sre fairly
steady, their effect may be usually eliminated by making a
measurement and then reversing the battery and making
another mesgurement. 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 he emall compared with the testing current,

TESTS FOR LOCATING A BREAK

NO GOOD WIRBS AVAILABLE

Meanmements From Ons End Ounly, 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
kuown, or catt be measured, the distance to a break may be
determined as follows: Let 4 be the deflection, or throw, of
n ballistic gulvanometer obtained by charging or diaschatging
thtough it m condenser of known electrostatic capadity C,
and let & be the throw when charging or discharging ths
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broken line wire whost capacity is ¢, using the came
battery in each case, Then,
gt
d
The electrostatic capacity per mile of the brokem line must
be Imown; then, by dividing C". by thiz electrogiatic capacity
per mile, the aumber of miles to the break is obtained. By
using the foregoing method, this electrostatic capecity per
mile may be determined by measuring the total electrostatic
capacity of the line when it is in good eondidon—that is,
free fromy breaks, grounds, and crosses—and dividing this
total electrogtatic 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

in Htcmfamda per
mf’ 3({ bove Ground
N‘;‘:?r Diameter | Between One
Gauge In. Virs and Wire to Wire
(Grounded [ 12 In. Apert
at Both Ends)
1 2 3 4
88 &85 128 00958 00854
8B &8, 14 00948 .008385
108 &8S. 02 00935 .00818
12 B. & 5, (808 00913 OO78S
14B. &8, L0641 00892 00754
16 B. & S. .0508 00871 00720
12B. W.G. 108 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 eapecially
whether any of the neighboring wires are grounded, Where
there are a number of grounded circuita on tle 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 tell, 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 ¢nd 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 # ft. above the ground, is given in the accompanying

BLECTROSTATIC CAPACITY OF SINGLE LINE WIRES

{Grounded at both ends)
'k Pt. Above Ground € Microfarads per Mile
10 010600
20 009796
30 009379
10 009105

table. If there are two such wires 104 in, in diameter,
1 ft. apart. and grounded at hoth ends, the capacity betwoen
either wire and the ground is 01171 micofatad per mile
when both wires are 20 f1. above the ground, and 0115 micro-
farad when both wires are 30 ft. above the ground. The
capacity, in microfarads per mile, between two wirea 104 in.
in diameter, and forming one metallic circuit is Q08503 when
the two wires are 10 in. apart, .008218 when 12 in. apart,
Q07992 when 14 in, apart, .007806 when 16 in. apart, and
007849 when 18 in. apart,

Mensurements From Bach End, Usng 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 £nd of the cable, also the
discharge deflection D from a condenser of known capacity £,
Then, determine the discharge deflection & from the other
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end of the broken wire, and the discharge deflection DY
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 ag at the other. This
method gives very satisfactory results. Let L be the length
of the cable; then, the distance £ to the break is given by
the formula Le

e D
.
J+D,d

ORE OR MORE GOOD WIRES AVAILABLE
Throt Good Wires Awailable.—A method that has been
mccesdully ueed for the location of breaks in telephone-
<able conductors ie shown in Pig. 30, in which V" and B repre-
sent aby suitable means for supplying a reversible, inter-
rupted, or alternating curreot—in this case s rotating
device—for reversing mpidly the current from the battery B,

i

‘ z
Pic. 30

The eonductor I is open at o, while its mate £ and the
pair X, § are supposed 10 be good wires; m and w represent
two adjustable arms of & Wheatstone, or slide-wire, bridge,
The redistance in the arms m, » is adjusted antil no sound,
or ¢ minimum sound, is produced in the receiver R, Then,
the distance to the fault o is given by the formula

"
z=—1
™
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The wires I, 2, 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 #,

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;
x = distance to break;
L = total length of good wire.
Then, x=d’L
' 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 sheath 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 as much as 5%.
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TESTS FOR LOCATING A GROUNRD

Accidental tions with the ground oceur 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 Resistatice.—Where there is
a dead ground on a line whose length and resistance are
lmown, let f be the known resistance of the line and L the
length of the line, in miles. Then, if the line wire i3 uniform

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

per mile, To locate the distance to a dead ground in such
& case, measure the resistance between the home end of the
line and the ground and call it a4 chms, Then, the number
of miles x from the testing station to the dead ground ia
given by the formula

-

f
TESIS 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. Thia method is
especially valuable for the location of high-resistance fauits,

p——— e —— ————

.f Prc. 31 ‘J

and experience stems 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 js available.
et & rep t the resi e from one end of the conductor
to the fault; ¥ the resistance from the other end of the
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conductor to the fault itself; and § the normal resistance of
the faulty wire. Then, f=x+7.

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 Pig. 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 chms,

~a=b i—a)
2] o
-Eﬂ_cﬁ _ BB
Y= pa [1 m—a)] @

The tine, or siegative, terminal of the battery should be
connected toward the line, and the tests in the earth overlap
tethod 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 ag little change us possible,

When one end of a good line is grounded and its resistance
mensured, the result, called its apporent resistance, will be
less than the true resistance of the conductor when perfectly
insulated. Better results will be obtained in the earth over-
Iap method if the apparent resistance of the wire measured
under normal conditions, that is, free from faults, is used
for f, tather than its true resistance, which is usually deter-
mined from a wire table. The shorter the line or the better
it 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 awailable 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, recistance of the line must be lmown from some
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previous measurement, obtained from a wire table, or cal-
lated from the length, size, and conductivity of the line
wire, Let the total resistance of the line wire be f. First,
meagure the resjstance of the line with the distant end open,
atid call the resistance so obtained b; also, re 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
xme—VNB—f—0)

By dividing x b¥ the resistunce per unit length of the wire,
known from some previ went, 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 had wire to the distant end of the cable, the distance
1o the fault equals %

The accuracy of the result obtained by thia test depends
on the resistance of the fault remaining the same during
both measurements, The firther the fault liss from the
testng station, the tnore accurate will be the result. There-
fore, the more reliable resuly, #ill be that obtained by making
the test from the end farthest from the fault, Howewer, 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 ia
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 fesistance of the fault is very unsteady,
the tneans of each series may be used,

LOOP TESTS WITH ONE OR MORE GOOD WIRES

Varkey Loop Test.—Where there is one available good
wire, the Varley doop meihod is probably the most convenient
and best for locating a ground or a ¢ross on o 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

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

Fic. 32

connect one end of the battery to the ground instead
of to D, as shown in Fig. 33, Call ¥ 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+¥.  Then, when the
bridge is balanced, Tm—2

Thia is entirely independent of the resistance of the fault
or of any earth currents that may exist. Having found =,
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and knowing the resistance of the wire per foot, the distance
to the Lault is readily caleulated,

Murray Loop Test.—The Mwrray loop test is quite similar
to the Varley loop test, Under favorable and suitable con-
ditions, the Varley test gives more correct resuits, but the
great gimplicity of the Murray test ds it, eapecially
for underground-cable work, where it is generally only necle-
sary to locate the fauit between manholes, First, have the
distant ends of the available good and bad wires joined
together, Then, connect the loop so formed to the bridge,
aa shown in Pig. 32 for the Varley loop test, and measure the
resistance of the loop.  Let this resistance be B,  Evidently

Fia. 34

R=zx+y. Then connect the loop and battery as in Fig. 34,
thus having really only two adjustable arms, because AC
and CD now form ooly one arm. F is now the jumction
between the arms £ and . When the bridge is balanced,
m %
nip
Solving the two equations for x, the resistance of the line
wire to the fault is

mR
=arwip D
A test made by this method gives a result that is Inde-
pendent of the resi 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, x may be called the
distance to the fauit, while twice the length L of the cable
may be wed for B, The formula may then be written,

. 2mL
Distance to fault A (2}
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A check on the result obtained by the Murray loop test
may be secured by teverzing the connections of the good and
bad wires with the bridge, obtaining another balance and
result, and taking the mean of the two,

For reliable reaults with the Murray loop test, the good
wire should have an insulation resistance of ai 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 forrnula

F L
_r
I
Iy
L r
| N
I of- rrm—t
w
F1z. 3%

for this test musi 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 eror introduced does not amount to
more than a few feet. which is usually negligible if the length
of one of the two aqual laad wires is added to the length L of
the cable in formula 2, and this same length is then sub-
tracted from the final resuls,

Murray Loop Test With Stide-Wire Bridge.—A very aimple
and sometinies a very convenient way of locating & ground
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on a line wire consists in using e alide-wire bridge, s shown
in Pig. 35, in place of the two adjustable arins of & Wheat-
stone bridge in the Murray loop method, If A is a point ¢n
the alide wire that can be t “wit.hout ducing & daflec-
tion of the galvanometer, then—-— and y4x=R, Hence,

mR
reslstmee::-'_‘_m- (03]

in which » will be the resistance along the bad wire to the
ground and R the resistance of the loop, which, if not aiready
known, must be determined by another megsurement or cal-
¢culated by means of a wire table.

'I"h:smethod:sespemllyusefnl however, when both
and K are congidered as dist, 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 tothehnltiztnL

d-”—_',m‘ (2}
in which L is the length of one line wire, or the length of the
eable containing the line wires, and d, the distance from B
to the fault F,

The length 2L will usually be terice the length of one line
wrire 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,

It ali the conductors jn & cable have become dafective,
but sotne are much more heavily grounded than cthers, the
Murray loop test may still be used with fwir success, pro-
vided there is no disturbing difference of potential from an
outside sottroe between the two wires selected for the test,
Even if all the conductors in & cable are beavily ot equally
groundad, the Murmy loop test may still be succesafully
applied, provided thare is available o good aerial wire or
conductor in another cable that can be joined to the faulty
conductor st the distant end.

Murray Loop Test Requiring Two Good Wires.—Where &
good wire of the same =size a8 the faulty conductor is not
available, but where two good wires of any dite 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
svailable wires 4, §, as shown in Fig, 36. These conductors
are connected together at E and to the bridge as chown in {a).
The arms m and » are adjusted until the galvanoneter gives
no deflection, and their values are recorded. The wire &
running {rom the battery to the lead gheath of the cable in

1 )

M. 38

then connected to the conductor 5, as shown in (}), after
which the bridge arms are adjusted until velues s’ and »’
ame obtained that again produce no deflection of the gnl-
vanometer. If L is the total length of the faulty conductor
aod x the distance to the fault, then
o + 0L
(w4 n)
In the application of this method, the resistanes of con-
ductors ¢, f may be quite different without affeeting the
result; henoe, before the test is made, lepd wires of the pruper
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letigth may be used at sithsr end for making the tions
with the conductors 4, 7. Usually, the same vaplues for m
and m’ can be ased, 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
pimplest loop tmethods for locating grounds and crosses

Fia. 37

where two good wines are available is that proposed by C. L.
Goodrum, Theoretically, it is the same as the method just
explained, but a alide-wire bridge is used instead of a regular
Wheatstone bridge, thereby simplifving the test. In Fig. 37,
B¢ represents a slide wire, which may be a picces of No. 24
B. & 5. German-silver or irom wire stretched between
posts B and C, 50 as to 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 accurnte will be the results. This method may be
used to determine the distance © to a fault at ¥, which oay
be either o ground on wire £ or 3 cross between wires { and 8.
Have all the wires joined together at the distaot end, and
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at the testing end join B to 2, C to 3, and the battery to 4;
the dotted-line connection from the battery toline I is not
made at this time. & represents a gulvanometer or a euffi.
ciently itive millivoltmeter. Adjust the pointer along
the alide wire until a peint A is found where & gives no
deflection. The connecting wire from B to 2 should be
sufficiently ghort or large in diameter, or both, so that ita
registance may be neglected. Then,
L_m
v on
in which L e Iangth of cable;
v = length of wire 8;
mw = distance BA, that is, the sctale reading from
the end B to the point of balance A}
n = digtance AC, that is, the length BC ~m.

If line #is crossed at F with Jine 7, then connect the posi-
tive termingl of the battery to this wire f, as represented by
the light dotted line, instead of to line 4, as represented
by the desh line, If line £ is grounded at F, connect
the positive terminal of the battery to ground instead of to
bine . In eitber case, the procedure is as follows: Again,
balance the bridge and let m" be the new reading on the
slide-wire scalt from B to the new point of balance. Then,

x m

L—x+v

Salving these squations for x gives
w'l
P

Although two guod wires 3 and 4 are required, they may
be of any reasonable size, material, or length, and they may
e wires ingide or outside the cable. The distance x to the

F
gmundorcmismem!yaoertninmtio%ofthetoul

length L of the cable, and this di in independent
of the length of the good wires. The only requitite neces-
mary for extrems accuracy is that the faulty wire 2 shall
twist in the same uniform manner throughout the entite
length of the cable, If it starts a3 an inside wire, it must
continue as such. Most loop tests not only ampurme this 10 be
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the case, but alto pasume that the good and fanlty wires wre
of exactly the samea 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 Iatter twists around the inner
wires and is therefore somewhat longer than any wire insjde
of it. ‘This method tequires only two balances, and only one
connection has to be changed. An apparatus, called the
linemon's faultfinder, has been placed on the market for loca-
ting fanlts by pructically this method,

Por the location of grounds, some form of loop test is
usually supsrior to all others. When the ealage along the
lines js great, the loop tests may be sericusly vitinted thereby,
in common with other methoda, The neaxt best method is
the earth oweriap, which is more suitable than the Blavier
method for & fault that has & varying mesistence or much
polarization. Since the earth overlap method requires
tests from both ends of the line, it is not always applicabls,
in which cage the hest alternative method is the Blavier.

OTHER METHODS OF LOCATING GROUNDS
Beceiver Method.—The following method is maid by A. B,
Dungan to be very simple and reliable for locating grounds
ony serial cable conductors, provided the cable is free from
dead grounds aguinst other cables and guy wires, In Fig. 38

Frs. 38

is shown the tectssary connections, consisting of a lead-
oovmdmbhmhiuuhuthoonnecudtom-deofn
110-volt lighting circuit. The ductor or conductors
grounded ot some point F are connected through a suitable
tetistance, such as five 110-volt, 16-c.-p. Iamps in parallel, to
the other eide of the 110-volt lighting circuit; either direct
or alternating current may be used. IEa portion of the cable
is water-scaked or the cable iz injured so that one or more
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conductors are more or less grounded on the lead sheath.
then gome 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 yiz ohm, has its two terminals touched to two
points a, b, as far apart ag 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 heapd in the receiver, The points «a, b ghould 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 & few inches such a ground jn o cable. A similar tast
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 Volbmeter.—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 acrass the
terminals of 4 suitable battery and call the reading . 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, valtmeter, line, and ground, Let the
voltmeter reading be d*, Then, if  is the resistance of the
voltmeter, the resistanoedof the circuit is

Re=r(5- 1) W

Thig is the same formuls 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 registance x
to the ground is B—r and is given by the formpula

x-r(;—2) (@
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Locating a Bad Bacape.—A method of locating s bad
srcape on a telegraph or telephone line wire is to insert, at the
testing office, between the line and the ground, a voltmeter
and a battery in eeries. Then have the intermediate offices
open the line wire in turn, beginning at an office beyond the
cocape, A volimeter needle will indicate the amount of
escape until the firat office between the escape and the
testing office opens the wire, then the needle will show prac-
tiaally no deflection if the inpulation of the Line is in proper

LOCATING CROSSES

Where the two crossed wires run pacalle] and have the
sarme resistance per mile, it ig @ rather simpls matter to
locate a croas.  Where such is not the cass, the resistance of
each wire per mile must often be considered. As g 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 ipstead of the ground,

RESISTANCE AT CROSS NEGLIGIBLE

To Determine the Resistance of Cross.—It is first nocessaty
10 determine if the resistance gt the cross ie negligible, Thia
may be done as follows: Connect the lines with a Wheat-

p———— — r

S

e e oy

ll]l]l Pic. 39

stone bridge, as shown in Fig. 39, 5o as to measure the resist-
ance from B to D through the cross F; call this a. Then,
shy=a,
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Now have the wires connected together at the nesrest
station beyond the cross and again the resist
call this b, If b is only a little leas than &, the resigtance of
the cross is probably negligible, but not neceasarily perfectly
»o; for if the cross is near the testing station and the resist.
ance of the line wirea to the next station where the lines are
intentionally connected together i very high, the second
measurement b may be but kittle leas than the first measure.

ment o, in spite of the fact that the resistance of the cross .

is not perfectly nagligible.

Croes Between Two Wires of Sume Size and Material —If
the resistance of the croes is negligible, and if the two wires
are of the same size and matsrial and run along parsllel the
whole distance from the testing station to the croes, the
distance ¥ to the fault, in miles, is given by the following
formula: '

a -
i)
{n which s is the resistance per mile along one wire, and o, the
resistance of the loop through the croas.

Rovistancs of Two Line Wires per Unlt Length Not Equal,
I the wires are still paralle]l with each other, but the resist-
ance of one is w ohme per mile and of the other v ohma per
mike, the formula just given becomen

———

w+e

RESISTANCE OF CROGS NOT NEGLIGIPLER BUT
CORSTANT

Whers the resistarice of the crvss is conetant, but not
pegligible, either the Varley or the Muwray loop method
explained for locating grounde may be used; In this case, one
of the crossed wires is used instead of the ground.

Maethod Requiring Thres Measuremeots.—First, messure
the resistance of the line an connected in Fig. 40, Let this
resistance be g ohme; hence,

Tt+u=a

Then, messure the resistance of the loop from B to D

through the cross whose resistance will be called 5 ohmas,
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with the distant ends of the two crossed wires open. Lat the
resigtance so measured bhe b; hence,
s4atymb

ot

FiG. 40

Pinally, measure the resistance through y, s, and w, as con-
pected in Fig. 41, Let this resistance be ¢; hence,

Yhs+ume
Then, the reristance along BE* t0 the cros is
_a+b—c
¥F="73
- s -
Ao
\..___.._.'..........__'__J B [
|
3 }
' |
{ |
. o

e

It will be ooticed that the resistance of the cross 5 is
eliminated, 5o that if & remains constant during the second
and third measurements, the formula is sccurste and inde-
pendent of the value of 5. Thiz method has the disadvantage
of requiring three messurements, during two of which the
resistance of the fanlt is supposed to remain constant,
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RESISTANCE OF CROSS NEITHER NEGLIGIBLE NOR

- CONSTART
A method will now be given in which the resistance of the
eross in eliminated, whether constant or variable, and the

test requires, moreover, only two registance measurerients
First, comnect upasshown in Pig. 40, and measure the resist.
ance of the line BE’, including the ground return path
Let this be a; hencs, )
E4um=g
Then, connect the bridges as shown in Pig. 42, using only
two arma p and # of the bridge, The resistance of the cross s

and that portion y of the line DI¥ is included in the galva-

nometer circuit, and, therefore, this resistance ¥ and y will not
>

IDEACA

]

Fig. 42

enter into the result; also, the final formula is entirely inde.
pendent, of the resistance of the crosa whether it is constant or
not, After adjusting the bridge until there is no deflaction,
ke = px
Solving these equations for », the following formula for
the resistance along the wire BB’ to the cross is obtained:
na
s {1}
Pinally, by dividing » 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 msults in the
following formula:
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_m—zm
£ ptn @
fllds-Wire Bridge Methiod.—To locate a croes between two
wires of equal size by means of a slide-wire bridge, connect
ny shown in Fig. 43, A good wire, which is necessary in
addition to the two d wires, is d to either
of the cromsd wires st some point beyond the cross, The

PP
e — =

Fic. 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 connected to the other crossed wire,
which must be open at the distant end. Then, find a
point # on the slide wire that produces no deflection of the
gnlvanometer, Then, the
distance length gn
go=distance goma X 3 P

Por the distance gowa, twice the length of ona line wire
or twice the length of a cable being tested may be used.
This result is independent of the reaist of the fault, even
#f it varies dwing the test. This is practically the Murray
Toop test made with a slide-wire bridge.

One Wire in Use.—The method about to be described may
be tiaed to determine the resistance of one wire or the distance
to a croes between that wire and another wire whils the latter
is in regular use as a telegraph line. The result is not, how-
ever, independent of the resi of the crass. By this
method, low-registance cromes and grounds may be located,
snd if & balance can be secured whils the fault exists, swing-
ing crosses snd grounds may be approximately locatsd.

The connections for this test are shown in Pig. 44, in
which BC represects s alide-wire bridge; R. a known
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resistance; &, & sensitive galvanometer with its weual shunt »
and shortcircuiting key k; CFg’, the wire in use; and HF,
the line wire, which is crossed at F with the other line wir
and is open heyond the cross.

To make the test. set the slide about midway slong 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 ita normal position of rest. The telegraph relays
may be i 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

Fic. 44

the position of A until the galvanometer gives no deflection,
and note the lengths m and g,  Then, insert the resistance R
between B and the crossed wire HF, move the pointer A
until the bridge is balanced agmin, and note the lengths m’
and #°, The resistance x of the working wire from € to the
cross F may then be calculated by the formula
x__n)(n' xR
(m’ —m} (e +n)

me+ 9 is the total length of the slide wire and is usally
1,000 or 1040, The resistance used at K should be encugh to
make the two points of balance quite different, The grester
the resistance of CF, that is, the greater the distance to the
cross, the greater must be R,
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ROUGH TESTS

It is frequently necessary to make rosgh tesis to show
whether circuite are continuous or broken, whether croamed,
grounded, or properly insulated. These tests do not require
atcurats measurements, as they are made merely for the
purpose of determining the existence of a certain condition
without the necessity for measuring accurately the extent to
which that condition sxists.

TESTS WITHE MAGKETO-GENERATOR AND BELL

lncnoto Teating Set.—A vory common and useful tegting
inetr ists of & magnet and polarized
ringer, togethar with o gimple telephone, all mounted com-
pactly in a box provided with a strap for convenience in
cartying. The polarized bell = usually connected in peries
with the generator, which in preferably provided with an
automatic shunt,

Continnity Tewts.—In testing wires for continuity, the
terminals of the magneto-set should be coanected to the
terminale of the wire and the generator operated, the switch,
if one is provided on the testing set, being thrown a0 as to
include the bell and generator in series, A ringing of the
bell will usually indicate that the circuit is continucus,
Thin is & sure tast 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,
aven though the line or lines are open st some distant point,

Teating for Croses.—In testicg a line for crosses, one ter-
minal of the magneto-set should be conmected to the fine
under test, both ends of which are insulated from the ground
and from other conductors. The other terminal of the

to-set should he tod successively with the earth
and with any other conductors between which and the wire
under test » crosa is suspected, Under these conditions, &
tinging of the bell will indicate that s croes existe between
the wire under test wnd the ground or the other wires, as the
case may be, and the strength with which the bell ringy and
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also the pull of the generator in turning will indicate in some
measure the extent of this cross.  As in the case of continuity
testa, the ringing of the bell is not & sure indication that o
cross exists, if the hine under test is very long. The ingula-
tion may be perfect and yet a sufficient current may poass to
and from the line, due to its static capacity, and through the
belf to caume it to ring.
Wm&t—lnmyfmofmmm
D itters and batteries for operating them
are also included, A
portable  telephone
testing set, shown in
Pig. 45, containe o
wandard three- or
four-bar geverator, a
1,000-chm bell, and
other telaphone de-
vices. The recsiver
and trankmitter are
tecured 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
microtelephons, as it
i9 termed, is & push
button  that, when
¢losed, connecta the batteries b, b in the trunemitter 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 cap be cut out of the circuit by means of
s push button, The generator i provided with collecting
devices by meana of which either ahernating or direct
pulsating corrents may be obtained; a switch s through
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which the desired current may be obtained is placed on the
ingide of the cover, where & diagram of the wiring of the sat
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 ariee in testing with a to-set, a cheap galva-
. norneter for detecting currents, a voltmeter, or millivolimeter
may be used. o 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
10 the wire under test, it being carefully insulated at both
ends from the earth and from other wires, while the other
terminal of the galvanometsr 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 circwit 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 & 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 an be ramde with considerable accuracy by
this method if a battery consieting of about fifty cells is used,
but if & very high insulation resistance must be measured
with more accuracy, more sensitive methods should be
employed,

In testing for continuity, the distant end of the line should
be grounded and the voltmeter, or galvanameter, and battery
applied between the wire under test and ground or the
distant end of the line should be connected with another
wire, kmown to be good, and the voltmeter, or galvanometer,
and tattery applied between the wire under test and the
go0d wire. Io this case, a permanent deflection of the
needle will denote that the wire is continuous; while if the
needle returns to gero, it is an indication of & broken wire,
If the needle is very unsteady, there ia proba‘bly & looss con-
nection somewhere,
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TESTS WITH TELEPHONE RECEIVER

A good receiver is ons 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 & detector galvanom-
eter. ‘The ordinary watch-case receiver with a head-band
for attaching it to the ear of the user, together witk 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 far grounds or brolen wires, If the set is to be port-
able, the batteties should be amall encugh to be carried in
the coat pocket of the user. Omne terminal of the battery is
connected 1o one terminal of the head-receiver, while to the
remaining terminal may be connected fexible vords provided
with terminals ddapted to make contact with the various
parts of the circuit that it is desiced to test. This arrange-
ment, while being capable of detecting the moat 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 « Receiver.—In using
the receiver for making rough tests for grounds or croases on
conductors in a lead-covered cable, one terminal of the test-
g circwit, including the receiver and battery, should be
connected with the sheath of the cable, whils 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 nesr end
of the cable and connected with the sheath. The wires at the
distant end of the cable must be carefully separuted from sach
other and from the sheath, 5o that thers is no possibility of &
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 ingulated. If the wire is grounded, the flow of cur-
rent will continue as long as the terminal is applied to the
wite; but if the wire is well insulated. the How will cense as
9000 a8 the wire has received its full charge. In order, there-
tore, to guard ingt misleading Its, hold the terminsl
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of the testing eet aguinst the wire several seconds, and then
break and quickly ke the jon, If mo d is
heard at the instant the connection is again made, the insula-
hmugood.wh:bamthmeeo{the clicks each time the
it in de will indi that the wire is grounded,
The loudness of the click depends o the sensitivenss of the
telephone used, the number and voltage of the oells used,
the elactrostatic eapacity of the conductor, the resist. of
the insulation, and the interval of time between the break
and make. Under ordinary conditions, with a telephone
cable from 1,000 {t. to & few miles in length, 1 sec. between
a break and the next make, and a battery of 1 volt, no click
wmally means at least 50 megohme resistance betwesn the
conductor and the ground, This number increases about in
proportion to the increass in electromotive foroe 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 separpte wire leading
to the end of the cable whers 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 euccession at the near end of
the cable, all the wires at this end being carsfully saparated
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 vibmting btell or butzer instead of a
receiver, for then, if the wice i3 ruptured in such a manner
as to offer a very high resjstance, it will oot sllow enough
cureent to pass to ring the bell, while it might allow encugh
to pasa to produce a decided click in the receiver,

‘When the conductors in a cable are 1o be tested and their
ends numbered and connected to tetminals, the first thing to
do ia to test cut & pair that may be wsed 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. 48 (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 conductoe
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 ar 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 recejver connected has been found by the office man O.
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‘The other wire £ of this pair can be readily found, and, if
necessary, tested in a similar manner,

The connections shown at both ends of Fig. 48 {5} are then
made, and the pair I-2 used to talk over. The pole man M
then connects his terminal ¢ to any wire whosa location and
number he desires, and the office man * feels for this wire by
touching, with d, all his terminals until a loud hum indicatss
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 wn induction coil,
thereby inducing an alternating electromotive force in the
secondary winding 5. This may, at all times, produce &
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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 5 is completed
through & conductor,

‘The office man ¢ 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 ( touches his needle to 4 while the pole
man M keeps his needle against ¥, conductors 8 and 4 are
probably crossed; and if the loud ham should be obtained
if the office man @ touches the sheath, the conductor touch-
ing ¢ 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 cirenit suitable for use in medium-
sized magneto exchanges is shown in Fig. 47. Jacks I to {f
may be mounted in & position to suit the testing apparatua,
Jocks f and 4 connect to the line side and jacks £ and & to the
switchboard side of the test ¢lip adapted to fit in the amrester
springs at the terminal rack, Any circuit can thus be tested
towsard the switchboard or line. To jacks &, 6, and 7 are
connected two batteries of any suitable voltage, and by means
of the resistance r the strength of the current may be regu-
lated, provided jack 7 is used, Jack & is connected to a good
ground, Jacks 9 and 10 are connscted 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-
circujts, ete,  Jack ff and its dropare connected with s jak:lf
and drop at the switchboard, so that inspectors may be con-
nected to the wire chiel when they ¢ 11 up the exchange froin
any subscriber's station. The wire chiel may also ring up
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the operator over the same circuit by inserting the plug Pin
Juck t1 and closing key V.

The testing plugs are cted 10 & ber of keys that
are normally open, If it is desired to test a subseriber’s
instr the ing plugs may be inserted in jacks I
and § orin P and 10. Then, closing K should ring the sub-
meriber's hell with current from the power geperstor; if it ia
deaired to use & hand generator and an ordinary 80-ohm bell,
close key Af in addition to key XK. A cross or open circuit
in local appamtus or on short lines, where the electroctatic
capacity ia not large, may be determined by using the hand
generator and bell, By closing switch W, the ability of &
subecriber’s generator to ring a 1,000-chm, or other suitable
bell, may be tested. By closing the key H, the Wheatstone
bridge may be « ted to the testing plugs for a resistance
or loop test on any line or either pide of any line. The bat-
tery terminals of the bridge are connected to plugs 5o that
the testing batiery terminating at jacks 5, 6, and 7 may he
umed to facilitate the mnking of loop tests. To measure the
Loop resistance through the two sides of  crossed or grounded
tine, insert, for instance, the testing plugs in jacks 7 and 4,
close kay H, and insert plugs Pyand Pyin jacke fund 7, To
obtain the second balance, which requires one side of bat.
tery to be grounded, remove the proper plug Pyor Py from
jack @ or 7, and ground that side of the battery by connect-
ing jnck @ or 7 10 jack & with the plugs P; and Py. Where
the testing set has it own battery, it will simply be neows-
sary to have one side of ita own battery connected to one
plug for insertion in the grounded jack § for the second
bl It 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 Hne
is g ded, These tions are very convenient for
making logp tests.

To test for insulation resistance or crosses with the volt.
meter, insert the voltmeter plugs in the jacks of the testing
battery—une of the testing plugs in the jack of the line
to be testad, and the other testing plug in jack 8, and
close key F, Switch V sllows cither scale of the voltmeter
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to be used, switch 5 allows the voltmeter to be o d
directly across the testing battery, and switch U enables
readings of the voltmeter to be taken scross any one of three
known resistances. This is convenient for esti ing the
resistance, by voltmeter readings, to & ground or cross, for
with the same battery the reading of the voltmeter will be
jnversely proportional to the total resist of the o
Closing key E connects the tesi-desk set across the teating
plugs; closing D' connects it acroes the calling plug F, which
tnay 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 eet. . D, E, F,
H, and M should be keys, or cams, that will remain in sither
potition, but keys K and N should return to their normal
poaitions, as indicated in the figure, when relepsed,

WIRE CHIEF'S TESTING CIRCUIT FOR A CENTRAL-
ENERGY EXCHANGE

In Fig. 48 are chown the circuits of a wire chief's
testing table used in tion with a centralenergy
exchange. With this arrangement, the wire chief may make
tests with & voltmeter or a Wheatstone bridge and ring'or
talk ovet a line metallic or from either side to ground, By
using a four-paint plug or test clip switable for insertion
in the terminal head where the heat coils are located, tests
can be made on & circuit ¢ither out on the line or through the
exchange. The wire chiefs telephone tmay be used inde-
pendent of the test circuits as an ordinary ingtrument. The
generator has an B0-ohm ringer in series with it, 50 ws to
obtainn the same results as when ing with a to
An extra key could be readily connected %0 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-cuil springs on the cable terminal,
key § in thrown, This puts the voltmeter VM and test
battery across the line. To test one side to ground, key ¢ is
thrown; and by throwing both keys 8 and 7 the other side i3
tested to ground, To listen on the line, key & is thrown,
This cuts out the voltmeter, and if it is desired to talk,
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close key I, which suppliss both wire chiel's and sub
mhsr’ntdephmmthhmrr Rmcncudanetmh
key 4. EKey 2 p the Wheatst beidge in
maddthevdtmwrmdhmmdbymhyd
the wire chief can talk, ring, or test back toward the
exchange.
The test telephons may be used as & regular inctrument by
throwing key §. This places the wire chiefs telephone
a line running to the switchbaoard, and the operst
receives o signal in the same manner as from s subecriber,
An operator may signal the wire chief by inserting a piog
in the jack corresponding to this telephone oumber. In
doing this, the positive batiery is put on the slasve of the
jack, which connects with the relay R contrulling the signal
lamp on the testing table. Whmthemchidmby
throwing key @, the relay circuit is op P g out the
lamp. Itumtmrywmhylmulkmumwak
the switchboard.
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TELEPHORY

Telephorty is the art of transmitting articulate speech
and other sounds between distant points by means of
fuctuations in an electric current fowing betwsen those
points. The successive vibrations of the human wvoice
that form distinguishable and intelligible mounds constitute
artéicuiate speech. These vibrations are probably the most
complex in the whole realm of sound,

TELEPHONE AFPPARATUS

TELEPHCNE TRANSMITTERS

A telephone tramsmitter i3 an instrument that serves to
produce varistions in the current fowing in the circuit
in unison with the scund waves that reach the transmitter.
Peractically all telephone transmitters now used depend
on the fact that the elec- i

ot o

trical resistance Detween ~Cushion
Bridge

two or more bodies gither
io light or in locse con-
tact is varied greatly by
slight changes in the pres.
sure between them. Such
transmitters are frequently :
called microphones, or bat- EI_;ML_'IL
tery tranmsmiders. Electridel ]|
A view of the working }
parts of a Dean trans. =
mitter is shown in Pig. 1,
A metal cup a, plated Flo. 1
or lined on the inside
with platinum, fotms the front electrode, and is held in an
opening in the center of an aluminum diaphragm. The
rear electrode ¢ is held rigidly in a metal bridge piece §,
which is fastened to the frame that suppotts the mouth-
piece g and the whole transmitter. This rear electrode

—Ligphragm



254 TELEFPHONY

consists of a hard, polished carbon button s sacured to a
brass button, between two parts of which is clamped a mica
ting, or diaphragm, o, the outer edge of which is clamped
against the front electrode a by means of an annular metal
ring & that screws over 4. The space betwesn the rear
catbon button and the platinum-faced surface inside the
cup js partly filled with hard, granular carbon of uniferm
size. Two light dampening springs b, ¢, having tips covered
with rubber or felt, press lightly against the cup system
and prevent the diaphragm from wvibrating at its batural
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 unijt, 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 talldng 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, consaquently, 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 transhuitter,
the entire granular carbon chamber is well shaken up, which
probably decreases the lability of the granules becoming
packed. The thin mica ring ¢ is fAlexibke enough to allow
the diaphragm and its cup to vibrate sufficiently to produce
good articulation and volume of sound,

The vatation in resi e of any itter of simik
construction i3 undoubtedly due to the variation in area
of the surfaces of grunules 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 iz attached to
the diaphragm in various wayn, while the rear one is rigidly

supported.
TELEPHONE RECEIVER

A telephons receiver of modern conctmctnon:sahownm
Pig. 2. It consistsa of a M-shaped p t a,
wtheend-otwhachmhmdooft-impolemmc.f'.
over each pole piece is placed & coil of fine wire, The two
coils are connected in series, 80 a3 to tend to make the front
end of cne a north pole and the front end of the other a
south pole whien a current flows through both coils in a certain
direction, The coils are ususlly wound to a resistance of
about 70, 100, or 125 ohms, although they have been wound

Pig. 2

as low as 10 chms and as high as 5,000 ochms. The pole
pieces pass through the bottom of a metal cup b, which is
thu; secured firmly in place. On the rm of this cup rests
a tinned gheet-iron diaphragm d, which is about 2 in, in
diameter, The receiver cords ame contiected to the terminals
of the coile at #, being secured at the rear in such & 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 conpections nor upon the hard-rubber or composition
ghell g, This ehell stips over the working parts of the
recejver and is held in place by the ear pisce f that screws
on the shell. When all parts are in place, the diaphragm is
held s cioss to the pole pieces a3 &5 possible without allowing
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it, even while vibrating, to touch either of them, The
distinguishing feature of this particular recsiver is the
nearly semicircular shape of the pole pieces; this shape,
it is claimed, gives » more uniform distribation of the lines
of foree through the disphragm than the rectanguilar-shaped
pole pieces which are more extensively used. The perma-
peat magnet of many double-pole receivers consigts of two
per t bar ts, held the proper distance apart Ly
means of a piece of soft iron, and a bolt at the rear end. A
receiver having a U-ghaped permanent magnet is called &
double-pole receiver, becaune both poles are presented to the
diaphragm. Formerly, straight-bar magnets with one pole
only p ted to the diaph were almost exchasively
used in the United States; they wers called single-pols
FeCEiTas,

Operption of Receivers.—If a corrent 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 diretion that
the lines of force due to it oppose those due to the permanent
magnet, the strecgth of the magnetic field will be reduced
and the diaphragm will spring farther from the poles. If
ai 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 diaph will § while the
current is increasing and decreass 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 altemating current may cause the meceiver to produce
sounds.

INDUCTION COIL

One more step will explain the principles involved wherever
an smduction, or reprobing, coil i veed in telephone systema,
In Pig. 3. T represents a transmitter, B o battery, P the
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primary, and 5 the sscondaty winding of an induction cofl,
and R a mm By speaking toward the tmmosmitter,
its resist. ing & variable current to flow
through the pnmryvnnm-u This induces in the secondary
winding an wlternating current that flows through the
recsiver and causes the receiver diaphragm to vibrate in
exactly the same manner, though somewhat less vigoroualy,

Fia. 3

than the tmismitter diaphtagm. Hence, sounds producsd
at the trangmitter are reproduced by the recsiver., The
primary winding is uwsually composed of a small number of
turns of about No, 22 B, & 5. copper wire, and the secondary
winding of a large number of turns of about No. 34 B. & 8.
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 eoils 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 systema and
Mlso where it is desirable to have communication betwesn

v 1§

. jplete metallic circuit and & ground-retumn, or common-
return, system, without making a metallic connaction betwaen
the two circuits, This is shown in Fig. 4, The metallie
eircuit is thus kept free from grounds, and induction from
outside disturbing circuits is limited to that which ordinarily
affects the groundsd line,

rYYYy.
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CALLINRG APFARATUS

Por attracting the attention of a party at a distant station,
the magneto generator and the polarized bell have been
extensively used,

Magnoto Generators.—A magneto generalor is a very simple
form of dynamo, Tt conaists 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 permansnt magnet, In Pig. 5, A represents
the armature, amound the shank of which i wound a coil
of wire. 5 and N are the south and north poles of one

"l
) 3| | H
1. = =y
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PiG. §

of 3 to 8 permanent magnets placed in a row,and P, Pare
the pole pieces, usually of soft cast iron, fastened to the
magnets and bored out 50 as to afford & 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 & maximum in one
direction through zero to a maximum in the other direction,
.ndttnnthwmhummtotbeﬁrumxi:mm. It
therefore follows that for ome revolution two i lsew of
current will flow in the coil, dret in one d:ncuon
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and then in the opposite direction. The current is therefore
an aiternating one,

A very important adjunct to the magneto genemator is
an automatic device that either short-circuits the armature
or apens 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 o
shwnt, which forms a path of practically no resistance
around the armature, In & 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
88 to 75 volts, at a frequency of about 15 complete cycles
per second.

Polarired Bells.—A polarised bell, or ringer, as it is often
called, is shown at the rvight-hand side of Fig. 5, in which
§f »nd ¢ represent soft-iron cores, upon which are wound
coile of wire connected in series with the Line wires I, .
N/, 5 is a permanent magnet, and ¢ 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. When no current is flowing through the coils, the
per t both of the upper ends of the soft.
iron cores ¢, f to be south poles and the both ends of the arma-
ture g 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 o
current passes through the coils in such a direction as to
increase the stength of the south pole at f and to make ¢ n
north pole of a weaker south pole, then § will attract the end
of the armature opposite it, while ¢ will repel its end of the
simature or sttrect it with & much smaller force. If the
current is now reversed in direction so that § becomes n
worth pole or a weaker scuth pole and # & strooger soutk
poie, *he action will be reversed, and & will attract its end
of the armature and f will repel its end or attract it with &
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much smaller force, By thus reversing the direction of the
current about fifteen times per second, the bell at the top
of the rod fagtened to the ture will vibrate between the
two gongs and produce a continuous ringing sound. For
series telephones, the ringer coils are wound to & resistance
of from 80 to 120 chms, 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 ohme.

Maguoto-Bells, —The term mmo-m is usually applied
to the combination of & J tor and a ringer
mounted in the same box. A fairly good generstor will
ring its oswn hell through s resistance of 10,000 ohms, which
i an ordinary test applied to them, Thus, a 10,000-chm
magneto-bell or magnete generator does not mean that
either the bell or the g tor has a resist of 10,000
ohms, but that the generator should be able to ring jta own
bell through B circuit whose total resistance is 10,000 ohma,

Hook Switches,—As the apparatus for sending and
feceiving both aerticulate speech and signals performe
entirely different functions, it has been found necessary
to provide means for cutting ooe eet out of the circuit while

the other is in use, During the idle periods of the instru-
ment the ringer muet be left in the cireuit, but ss e00n wa
the call it received or sent, it is necessary to cut the cxlling
apparatus out of the circnit and the talking o,ppamtm
into the circuit. For this purposs asfomatic ook ]
e uned,
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The Kellogg hook switch i3 shown in Piz. 8. The hook js
beld down by the weight of the receiver, which causes the
lower cootact eprings to be electrically comnected together.
When the receiver is removed from the hock, the spring #
lifts the hook, thus separating the lower contact springs from
one another and causing the upper contact springs to De
electrically connected together, Evidently the number of
spring contacts above or helow the middle spring may be
diminished or increased, or some of the springs may be left
unused, or the middle apring may have an insulating piece
on the top or bottom of the movahls end, so that it will
make connection only with the springs below or above; thuae,
this hook switch may be made suitable for almost any
system, By removing the screw 1, the hook lever may be
slipped out, which iz desirable for shipment. This i3 a good

ole of moderts hook awitch

BATTERIES FOR TELEFHONES

With the varous forms of solid-back transmitters, =
battery of any two good Leclanché or dry cells will give
good results, Dry cells are now being used extensively.
‘The adoption of central-encrgy systems is doing away with
primary cells at the subseriber’s instrument for Jocal city
‘service and even for quite long distances. In long-distance
work, two and even three Fuller bicromate cells l:uwe been
used o great deal Por tral By syst
| ies at the cent 'ofﬁummrlydwnysmd.mdno
magneto generator is required at the subscriber’s ingtrument ;
consequiently, the energy for all telephonea connected with
the switchboard, both for taliing and for signaling purposes,
i supplied by the cential office.

CONNECTIONS' OF TELEPHONE INSTRUMENTS
Series Instruments.—Series icphones ate designed 8o that
they may be connected in series with each other in the line
cirenit.  Fig. 7 shows the Post method, and Fig. § the
Wesiern Electric No. 2 method—two ways of wiring o series
wall telephone that accomplishes the same purpose, (¢ is
the magneto generator, C the bell, R the teceiver, T the
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transmitter, H the hook switch, B the battery, and 5 and P
the secondary and primary windings, respectively, of the
induction coil. While supporting the receiver, the hook is
depressed and thug connects the bell © and the gensrator

Fic. 8

& in serles across the two line wires, In Fig. 7, the circuit
containing the receiver and secondary coil is open at J,
while it is shortcircuited by s-e-b in Fig. 8. When the
gencrator is at rest, its armature is short-circuited; when
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the hand of the generator is twrned, the showt circuit around
the armature is opensd; and when the receiver is removed
from the hook, the transmitter, battery, and primary winding
of the induction coil are connected in a Incal circuit, and -
the meceiver is also connected in series with the secondary
winding of the induction coil and acrost the two line wires,
The generator and bell circuit is open at ¢, Pig. 7, and short-

Fic. 9

circuited by m-d-b, Pig. 8. The same principles are employed
in wiring series desk instruments,

A series desk selephons, with the induction coil in the base
of the stand, is wired as gshown in Fig, 0, a, b, ¢, d being the
HRexible conductors in the desk-stand cord. The generator
atd 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
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terminal block, is shown in Fig. 10. Gensrully, the ends
of the Sexible cord running from the desk stand to the binding

posts on the terminal block are numbered or lettered, so
that it ia only necessary to connect each flexible conductor

in the desk-stand cord to a similarly numbered
or lettered binding post on the terminal block.
Someti the induction coil is mounted on the
terminal block,

Hand Microtelepbone.—In Pig. 11 is shown &
hawd microtelephone, which consists of a trans-
mitter, watch-case receiver, and awiich, all
mounted in one handle, The switch can easily
behelddoeedbythesnmehandthatholdc
the microtelephone. The ti in Pig. 12
show how thls instrument may be used as
an ordinary series telephone: it may also be
wired an & bridging telephone by connecting
wire d to line L and omitting the wire d-I—a,

Bridging Instruments,—In Fig. 13 i¢ shown the ""“ u
arrangement and conoection of apparatus forming & completa
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brédging woll lelaphone. The bell and the generator circuits
are per tly cted across the lins hinding posts A, A7,
but the generator circuit is normally open between g and r,
being closed only while the crank is being turned, When the
switch is up, the receiver R and the secondary winding 5
are connected in series and across the binding powts 4, A*
through a-1-R-£-6-5-8—d-H-f, and the tmnsmitter-battery
cirouit is closed through B-/-3-k-H-d-5—§—o0-P-n-T-m-8.
The bell fg wound so as to have a large number of turng and

| ]
1 e

P, 12

» high resistance (1000, 1,200, 1,600, or 2,500 ohmas), and,
consecoently, may be Jeft [ tly ted wcroes the
fine, b ita induct together with its resistance, in
s0 high that the very rapidly fluctuating wvoics currents
do not pass through the bell to an appreciable extent, but
pass into the line or receiver circuit, which offers much lese
opposition to them.

The witing for an ordinary bridging desh lelephone 3ot
is shown in Rig. 14. The binding posta #, §, g, b, 1 are located
4o the base of the Jesk stand. The binding post b and
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contact tv are not used for this bridgiag circuit, but are pro-
vided because they are required in an arrzngement to be
thown presently, ae well ag in series sets, Flexible conductors
0, b, ¢ connect the desk stand with the box containing ths
bell, generator, and induction coil, On the top or bottom
of this box are placed the binding posts 5, &k, /, m, 5. The
induction evil may be placed in the bass of the desk stand
without increasing the nmumber of flexible conductors;
a will then conmect ¢ to n and b will connect f to m, p being
between § and o, and ¢ between r and f.  The binding posts |
1, & will not then be required,

Bell Deak Set.—The connections of a bridging desk o used
by the Bell Telephone Companies on local-battery system
is shown in Fig. 15. The induction coil is mounted on »
wooden base having five binding posts n. f, L k. m. One
of the corda b is ted to an insulated t inal w in

P, 15
the foot of the stand, to which is also sttached one terminal
of the receiver cord; ¢ i3 oc ted to one tact of the hook

ewitch, and a to the tranamitter, The other terminal of
the tr ittar is co ted through the metal work of
the stand to the hook switch,

Otber Methods of Connecting Ingruments—Another way
of connecting bridging generatom and bells, shown in Fig. 17,
is to arrange them 50 that both the bell and the generator
will be cut out when the hook switch rises. This ie eapecially
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desirable but only necessary for party-line circuits having

e — s

(e
O

A

PiG. 18

a number of jnstru-
ments bridged across
the eamie circuit. The
same object is also ace
complished by connect-
ing the generator ter-
minal 4 direetly 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-

srators in a bridging telephone, A platinum-pointed spring

is provided that short-circuits
the generator when at rest
snd  short-circuits the hell
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, ftom burm-
outs through the entrance of
loreign 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 bels,
because it has no line resst-
afice in seres with it; hence.

|

P, 17

cutting it out is quite desirable, especially on long party lines,
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The connections of the Dean desk set, in which the receiver,
transmitver, 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 (g) is shown a simplified di of the cc ti

Separate Bridging Geoerator and Bell Box.—The wining
for o bridging desk set using eeparate gensrator and bell

T boxes and a terminal block is
o= -4 shown in Fig. 19.

Rellogg Bridging Wall Tele-
phone,—Still another slight
- modification suitable for use
on party lines is shown in
connection with Pig, 20, When
the g tor handle is turned,
the spring r is pushed wway
from r and into contact with
v. Since the mrmature wind-
ing is connected between tha
frame of the genemtor 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 cat
by the rising of the hook

* » & switch, but the bell is also cut
& #  out when the geperator handle
Fie, 20 is turned.
Kellogg Bridging Desk Telephone—The connections for
i deak set, when the induction coil is d on & separat

connecting rack along with the necessary binding poats, is
shown in PFig. 21. PFour Hexible conductors @, b, d, ¢ con-
nect the terminals ¢, f, ¥, ¢ with binding posts, 1. 4, 8. &,
respectively, on the connecting rack, The bell and generstor
ate cut out when the hool switch rises and the bell is cut
out when the generator handle is tumed,
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Fig. 22 shows the wiring when the generator sud bell ars
mounted in separate boxes and the induction coil on a
coonecting rack. The battery in Pigs, 20 acd 21 is placed
on the floor or wherever convenient,

EXTENSION BELLS

All bells used in connection with a telephone, emcept
the bell in the telephone instrument or generator box, are
termed #xtension bells. They are used so that signals
may be received in places where it is not desired to
locate the telepl The extension bell rings whensver

oy o

Fic. 23

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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Serfes EBxtension Bell.—Fig. 23 shows the proper way
to connect an extension bell D to & series telephone in

D

which the Poat cireuit is used, while Fig. 24 shows the sams
thing when the Western Electric No. 2 circuit is used.

Tosobony Ling Wiex

Pig. 25

Bridging Bxtenslon Bell,—The extension bell, which should
be of tbe same resistance as the bridging telephone beil,
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may be bridged across the line crouit of & beidging telephone
at the most convenjent point. Two bridging ertemsion
bells M, N are shown in Fig, 25 properly connected across
a bridging-telephone circuit, When bridging talephones
are connected on the ground return circuits, the extension
bells are connected between the ooe line wire and tbe most

+

cony ground cot ti

CERTRAL-ENERGY INSTRUMENTS

Instruments for use on central-snergy, or commen-
battery, systems can hardly be classified a3 series or bridging
instruments. No generators are used, the osntral office
being signaled by merely removing the receiver from the
hook, These itistruments usually have an ordinary polarized
bell, varying in resistance from 80 to 2,000 chmy {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 arcanged in vadous ways. In
the simplest arrangement, the transmitter and recgiver are
connected in series across the line circuit when the receiver
is removed from the hook., With this armngement, stis-
factory feaults can undoubtedly be obtained for short
distances if the transmitter and the feceiver are suitably
designed; but the use of induction or impedanes coils and
condensers in connection with a subacriber's telephone
ingtrument seems to give better results.

- Tranemitter and Recelver in Series.—The simplest arrange-
ment of a subscriber's instrument for use on central-energy
circuits is shown in Pig. 26. When the receiver rests om
the hook, the ringing current flows from one line wire through
the bell, condenser, and contact 4, to the other line wire.
The bell usually has a registance of 500 to 1,000 chmas
and the condenser a capacity of § to 2 microfarsds. When
the receiver is not resting on the hook, it ia in series
with the transmitter across the line ciccuit, and the bell and
vondenser are on open circuit, The bell circoit may be
connected from contact 4 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
book. For an arrangement of this kind, the receiver should
have g low resistance and the transmitter a high resistance,
& large proportion of which is variable, PFrom 20 to 25 ohms
hes been found to be about the lowest resistance for an

——

L

4]

Pic. 26

efficient recejver for such an armngement. The one main
drawback to this arrangement is that the batiery current
flows through the receiver; this is all right if the current
passes in the direction to increase the magnetismn, but the
current may st some time be reversed on the line, in which
cape the receiver becomnes demagnetized, Another fault is

Jr_;l = Io:r
oy | ;
I G

Pi. 27

that this arrangement lacks the proper quality that many
other combinations possess, _

Receiver in Closed Local Circuit.—In Pig. 27, the receiver
i in a permanently closed local circuit containing the
secondary winding 5 of an induction coil. Both battery
and wojce currents pass through the priman winding p

— —of
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and the transmitter, but the latter current, being Huctuating
in character, induces a similar current in the secondary s,
thereby operating the receiver. When the receiver rests
on the hook, the transmitter circuit js open and the bell
and a condenser are cotmected in series across the signaling
circuit,

Impedance-Coil Circnit.—In Fig. 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

? Firom Liva Folim

l‘gF" ﬁ "ﬁsl

i |

1 1
Lod

Fic. 28

the transmitter, but is prevented from Howing thrungh the
receiver by the condenser, which is opaque to direct currents,
The incoming voice currents, however, are practically pre~
vented from fAowing 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 recejver, as indicated by the double-headed wavy arrows,

Dean Central-Epergy Subscriber’s Circuit.—The sub-
scriber’s talking circuit used in telephones made by the
Dean Electric Company is shown in Fig. 28. The coils
A, B, C, D are arranged in the form of a Wheatstone bridge,
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the usugal position of the galvanometer being occupied by
the receiver. B snd C are non-inductively wound, while A
and P are wound 50 as to have a high imductance, The
bridge is balanced for direct currente, 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
cutrent will then flow between the points £ and 3, 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 4 and D

St %

Pic. 20

and are thus forced through the receiver and non-inductive
registances B and € in the path indicated by the wavy arrows”
The resistances of the four windings, which are wound on one
iron-wire core with lour terminals I, £, 3, 4, are approxi-
mately 20 ohms for A and B and 30 chms for Cand D. The
direct current from the exchange battery passes through the
two 80-obhm halves of the bridge, as indicated by the straight
single-headed arrows, sud thence through the transmitter,
The method of wiring s complets wall instrument, using
the Dean circuit, is shown in Fig. 30 (o). When the hook is
down, the coil and receiver are shunted by the wire #, thus






TELEFPHONY 281

preventing any darmnage from lightning discharges or high-
tension currents, which wre liable to jump the gap Detwesn
the springs of a book switch., The Dean central-enemgy deak
sat iz wired as shown in Pig. 30 (&), while (¢) shows a simpli-

fied diagram of the same circuit.
COMMON FAULTS AND THEIR REMEDIES
The most com. bles i teleph instr t

mduegmemllytooneofthmmmes (1} Looss or
dirty connections at the binding posts of the ingtrument.
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 thase 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 denler for repairs, If the connections
are dirty, corroded, or greasy, scrape the wires and clean
out the binding poats; 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 T pogsible
that the water has evaporated; in dry batteries, the zinc
tnay be eaten through, or the batteries tmay be other-
wise defective. The simplest way to test the battery is
to try a new battery, and sece 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 anv Inose connections are found, correct thern at once,
When inspecting the line cutside see that it does not touch
anything except the insulators, and that it is neither crogsed
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 usad, see that it is in moist ground,

A frequent trouble with transmitters ia a frying nocise;
this is usually caused by too much current or by looss
connections,
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i any colls in the ingtrument 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 ia to replace the
ccil that bas been burned out. One thing that should be care-
fully ided §g the placing of nails, screws, screwdrivers,
scissors, or metallic instrumenits on the top of the telephone
box. In a saries telephone, this might cut cut the instru-
ment; on the bridging line, It might result io all the instrn-
ments cn the line peing throwt out of service. A very short
list of only the most common fauls that occur in ordinary
series and bridging instruments, with suggestions aa to their
cause, will now he given,

Cannot Ring nor Recelve a Riog.—The line or generator
circuit may be open in a series instrument or short-circuited
in & bridging instrument. If a series bell, connect the two
main binding posta together; if the bell will oot then ring
when the generator {s opemted, the trouble is probably
& brolen wire jnaide the box. For a bridging instrument,
ternove 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 u short cirvuit outside the instroment,
probably between the line wires.

Can be Called, but Cannot Call Others.—This trouble may
be dus to weak or defective generators, or to hell coila of
different resistance on the same line.  If a call from another
station rings the hell loudly but the home generator rings
its own and other bells weakly, the trouble iz probably
due 10 & weak g tor, poor o ion in the g tor
circuit, or partial short circuit of the generatorarmature, On
o grounded, bridging, party-line aystem, the troubls may be
due to a high resistance in the ground connection at the home
station only; for this high resistance may cause such »
decrease in the current sent out by the home gensrator that
when it subdivides through alt the other bells, each part is
too fesble to ring any of them, whemas the small incoming
current may still he large encugh to ring the bell,

Cannot be Called, bist Can Call Otheary.—This trouble may
be due to imperfect adjustment of the bell, armature, or
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gonga, or t0 bell coils of different resistance on the same line,
In a bridging Instrument, it may be due to & defect in the
sutomatic cut-in device of the generatar; in a series instru-
ment, it may be dus to a ahort circuit around the bell,

Can Hear, but Cannot be Heard.—In such cases, the trouble
is usually with the battery or ttansmitter circuit. A careful

ination of all co i therein should be made.
It may be dus to a defective, packed, or improperly adjusted
transmitter, an exhausted battery, cells improperdy con-
nected, or & 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 talldng into the instrument
may stand 100 far away; the proper way is to stand so that
the lips are about 1 in. from the transmitter. The trouble
may alse be due to a defective receiver at the distant tele.
pnons, such as weak magnets, improperly adjusted recejver,
dented diaphragm, or short cireuit in receiver or its cords,

Weak Rocelver.—This trouble may be due to poor connec-
tions in the receiver cireuit, partial short circuit, bent or dirty
diaphragm, diaphragm too close or too far from pole pieces
(should usually be 015 jn, from face of pole pieces), or per-
mansnt magnet may be weak (should ususlly support an
8.0, iron weight or hold diaphragm on edge).

Cannot Hear, but Can be Heard.—In wuch cases, the
trouble is usually in the teceiver cirvuit, and is probably due
to & defective or improperly adjusted receiver, dented
diaphmagm, or t0 & short, circuit in receiver cofl or in receiver
cords, However, it may be due to & defective transmitter
or a weak or improperly connected battery at the trans-
mitting station; or, possibly, in s bridging instrument
with & ground return, to an imperfect ground connection,
the ground connections at the severnl other instruments
on the same line being good.

Weak Ringing of Belly—This may be due to loose con-
nections, bad joints in the line, or imperfect ground connee-
tion at terminals, in case a ground retum 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 alsc be defective.
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Instrameat Recelves and Transmits Rings, tut Nothing
Can 1o Heard at Bither Station,—This trouble may be dus
to Jooces tions or @ brol wire in ejther receiver,
in either receiver cord, in either secondary winding of the
jnduction coil, or to poor or loose contacts in the switch
hook, or to weak batteries, improperly connected celis,
open or ghort 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 t0 remain on the hook,
Remove the line wire from the binding posts, and placs the
two ends of the receiver cord in the line binding posts and
tum the genemtor handle; if the receiver or cord cireuit
is not broken, the bell will ring. The wires in a cord may
be broken, and vet the break may not be apparent if the cord
i8 held in & certain position; bence, move the cords while
making the test, If either conductor is broken, & scraping
sound is producad in the telephone, of it may interrupt the
speech 80 that a word is only andible occasionally. i

Clapper Clings to One Goog.—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,

Rasping, Grating, or Sirzling Nolme in Recelver.—This
trouble may be d by looss connections or excessive
current in the battery circuit, by a buckled dipphragm
in the recsiver, or by particles of foreign subatance lodged
b the diaph and the pole piece of the receiver;

or, the position of the diaphragm may not be correct, In
modmnesivm.mwwiﬁmismllvmadeforddjmﬁu
the dist of the dis fmmthemm Where
such wdj t is ible, the diaphragm should be
DlSin.fromthemunek Thhmuﬂnmydlohadmw
a weak magnet; the t should be strong enough at

Jeast 1o hold the diaphragm by its edge. It may sl e
dua to a live wire of a power, electric-light. of ather cirouit
lying scross the telephone line.
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Bell Rings Prequently Without Appareat Cause.—The
line wire swings across télegraph or other live wires. On
aome sclective-vinging 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 iine is off the hook. When the
ground is used as one side of the ringing circuit, hells will
sometimes give a few taps when the line side of its circuit
forms & 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 geperally the cause of troublea
that can be very ¢asily remedied by cleaning or retempering
the springs, The latter may be done by briaging the
spring to a red heat apd then dipping it into water., Oil
may be used instead of water if it males the spring too hard,

TESTING MAGNETO GENERATORS

One way to test a 1 tor consisty in placing
the fingers across the terminals and turning the crank;
if the @ tor ia in proper working order, a shock will
be ﬁe.lt. This method of testing is preferred by some,
b if the magneto is bridged, the ringer might be open.
and the geperator O, K,

To test a ceries-bell and gensrator, place a piece of metal.
across the binding posts of the telephone, and turm the
crank; if the bell rings, it is O, K., if not, trouble is inside,
This in not specific, however, and both this and the former
test ahould be made. Assume that the latter test has been
made and that the bells did not ring clear and strong, but
when another gensrator was used to send current through
the defective magneto, the bell in the latter rang ol right:
then the wires were taken off the terminals and it fested-
clear, that is, the bell did not ring. If talen apart and
axamined closely, it will probably be found that the trouble:
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is due to the automatic cut-cut on the armature not working
properly. If no shock can be felt, the fault will be due to s
short circuit {crossed wires) or to a broken wire; if, however,
a shock is received, but the bell does not respond, then the
fault ia in the ringer and may be due to bad adjustment or to
broken or crossad wires. If the shock is weak, the fault may
be dus 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. Wery little oil ahould be ussd, as it is Hable
to cause trouble,

INSPECTOR'S OUTFIT

The following list of tools and materials for sstting up
and repairing ingtruments will he found very useful, Although
not complete for all and too cotuplete for some work, it
can be added toorsubtracted from as may be found necessary.
One puir of long-nosed 5-in. pliers; one amall hammer;
three @-in, acrewdrivers, with blades of different sises; onas
kevhole saw; one set of drills; one pair of tweezers; three
small files; one pair of side-cutting pliers; one box of fuseq;
one box each of screws, tacks, b staples, etc.; one
racket brace; one set of bits, §, §. ¥ in.; one small can of cil;
emery paper or cloth, size 0000; crocus cloth; cloth and
polishing paste; black jnsulating tape; 8-0z. weight for testing
strength of receiver magnets; soldering lamp, iron, solder,
and flux; small dusting brush; receiver and transmitier
diaph and Jar 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 shotld have an angle or ratchet
brace, & long bit of proper size to take circulsr loom
conduit, a Syracuse drill, a long gimiet bit, a pair of side
cutting plisrs, long-noged pliers, 8 hammer, s small key-
hole saw, two gizes of screwdrivers, an alcobol torch, a
small gimiet, & coarse, flat fle, some screwy, washery, tacks,
tapes, ote
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DISTURBANCES IN TELEPHONE LINES

CAUSES OF NOISES IN TELEPHORE CIRCUTITS

Strange noises are frequently heard in  inetruments
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 curreuts in the Hne, which will cause sounda 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 lealage from other lines; a neighbor-
ing wire carrying fluctuating currents will have set up about
itself a varying magoetic ficld of forve, which field may
embrace the telephone line under congideration and by ite
fluctuations cause corresponding altarnating currents to
flow in the telephone Jine; and there may be a condenser
action between the telephone wire and the neighboring wire,
by which the latter may induce fluctuating chargea oo the
former, and these charges will produce currents capable of
affecting the receivers,

GROUNDED AND METALLIC CIRCUITS

Grounded telephons systems ate those in which one line
wire ig used, the ground forming ooe side of the circuit, or,
as it is commonly designated, the retwrn cirendél, Such
telephone Hnes frequently form part of the return circuit
for electric street-railway systems and, moreover, induction
from peighboring parallel Yines may be considernble; in either
case, the result may be what ia commonly termed a noisy
bine. The first source of trouble just mentioned may he
sliminated by the use of A common return wire in place of
the earth, constituting what is called o common-reisrs rysiom,

To eliminate noises due to induction as well as those due to
leakage, two sepatate 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
sdjncent pairs are transposed in exactly the same manner.
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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 15 said to be a complete metallic, or merely
a metallic, circust system.

TRANSPOSITIONS

The proper way to make a lmu:pon'rs’on'. where McIntire
sleeves are used, is shown in Fig. 31. In Fiz. 32 is shown

s

Fic. 31

the transposition ingulator used where these transpositions
are made,

The séngle-pin, or Murphy, transpesition is shown in Fig. 33,
Suppose that pole b is the one on
which the transposition is to be made
between the wires ./, k, which take at the
pole a, the pins £ and 1, respectively,
A transposition insulator is placed on
pin { at the pole & and the conductor
k is tied in the lower groove, while
the conductor { is iied in the upper
groove, On the next pole ¢, the con-
ductor k will be tied in the usual
| manner to pin £, while the con-

duetor J will be tied to pin I, Their

mutual positions are thus reversed.

Fic. 32

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 us the cass may be, The gingle-
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pin transposition is said to have the comparative advantage
of less first cogt and simpler construction. It can be cut in at

5,

.
L

T 2
6] B
Fig. 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,

?.90_0: _{.5‘_0.?’ Upper cross arm
=k —~K >k

K < > >R > > :
< > <
> b Al > > >
=K > .
Lower, Cross| arm

& K - 0
D < -, ¢ > > L _g
K P> < =

i -l - N s, < >
>K >K e

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 apact,
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CAPACITY AND INDUCTANCE OF LINB 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, sutpended
at # 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 hoth 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
(1,200-0hm) bridging bell, is ccnnected between the end of the
line and the ground, the capacity for high-frequency currenta
will be .ery nearly as great as when the end is insulated.

The capacity and inductance of one copper wire, 14 in.in
diameter, weighing 173 1b. per mi,, with both ends grounded,
are given in the following table:

CAPACITY AND JADUCTARCE OF SINGLE LINE WIRES

Height of Wire Capacity Inductance
Above Ground Microfarads Henrys
Feet per Mile per Hgne
10 01060 002706
20 009796 003019
30 000379 003149
40 009195 003242
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The capacity and inductance, when two copper wires,

104 in, in dinmeter, are suspended at the same height and
1 ft, apart, are given in the following table:

CAPACITY AND INDUCTARCE OF LINE WIRES

Mutual In-
Capacity Inductance; d
Between Capacity n nce| ductance
Height Wire Between | L One of Two

Above | Oroundsd | Tw Wires Groanded | Cotmeced

Ground at b (Distant at Both | Together
F Ends and | Ends Open} Ends at Distant
eet | the Ground Microfarads E

; Hen nd
Microfarads | per Mile e Ml Hen
per Mile pe © per lﬂlse
20 01171 004732 D030G1Y D01187
a0 01150 004936 003149 001318

‘The increase of capacity between one wire and ground
due to the adjacent grounded circuit js 01171 —.000796
- D01814, or 19.6% at a height of 20 ft. and ,0115--.000379
= 002121, or 22.6% at a height of 30 ft.

The capacity and inductanee of metallic circuits of copper
wire,, 104 in. in digmeter, 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 007806

O0GE4E
18 007649 003924
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Formulas for Capacity.—The electrostatic capacity of a
mingle wire of length / and diameter d at a height & in the
nir above the ground when grounded at both ends may be
theoretically calculated by the formula

c= IO::E’:;') ticrofarads @

The electrostatic capacity of two parnllel wirea each of
length [ and diameter d at a distance k from each other may
be theoretically calculated by the formula

Co DK @

2k
tosn %7)

In these two formulss, / must be expressed in miles,
but & and d may be expressed in any units of length, pro-
vided both ere expressed in the same unite, X is the
inductivity of the dielectrc filling the epace between the two
wires. For a bare overhead line, X' =1, Values calculated
by thess formulas agree closely encugh with results obtained
for bare overhead wires by actual measurement. The effect
of adjacent circuits is to increass the effective capacity of a
line as determined by the foregoing formulas,

If the two parallel wirea of a metallic circuit have an
insulating covering, in addition to being suspended a distance
apart in air, the capacity is slightly & d by the g
inductivity of the insulating covering., If the wirea have a
diarmeter d. an insulating coverng of diameter dy, the
distance between thetn being &, the inductivity of the insula-
ting covering K, and their length in miles /, then the capac-
ity, in microforads, is given by the formuls

Co—g @
lollbdl K‘Q 4

The mutual capacity C, in microfarads, between two two-
wire metallic aerial circuits, of langth in miles J, one circuit
consisting of wire of diameter ds and the other of wire of
dismeter dy,is given by the formula




TELEFPHONY %3

15536 1og,.,"' ’:

16 logaoZylogu e (2 Togie )’
The distances ry, 13, s, f.. s, und 7y a.m shownin Mg 35
‘These formulas are cormect for wires of magnetic or non-
magnetic material. The presence of the earth beneath an
werial metallic circuit increases the capacity very slightly—
less than a fraction of 1 per cent. if the wires are above tho
earth a distance at least
several times the d:s-
tance  between thern.
The assumption made
in the deduction of the q;\
formulas for electro-
static capacity ia that

LLH

there are 0o other wires “‘z .

in the immedfate vicin-

ity of those being con-

sidered. The effsct of ““”’2 —% *
adjacent circuits js to Fic. 35 .

increase the effective
capacity of aline, Fora pair of conductorsin a telephone cabile,
the formula would be too complicated to be of any practical
walue (even if one could be derived), on account of the influence
of neighboring conductors and the grounded lead sheath,
Formulas for Inductance.—The formuls for the induct-
ance of & sitgle arerial wire, composing a grounded circuit, is
(.03047 +.7411 loe.n%*)
L- _w— »
in which Lsinductance per mile, in henrys;
h=height of wire above earth;
r=radius of wire.
& and r should be expressed in the same units. The
inductance of w two-wire serial metallic line may be
expressed by the formula

1609 +1.482 103“,%)
— 1/

(5}

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, Pormulas
6 and 6 are for wires made of non-maguetic material, The
inductance of jron 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 sarth a distance greater
than two or three times the distance between them. The
inductance is decreased by the presence 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 henrya per mile by the formula

J411 lugl.,?ﬁ'
z‘

M= 108 . M

in which the distances £, r1, 73, and rg are the sarme aain Pig, 35,

If, in formulas 4 and 7, the distances are such that ;X 7,
mryty, 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 electromagmetic interference
between the two cirenits; in other words, so that there will be
no cross-talk between two circuits 20 armanged, This is
practically accomplished by twisting the wires in pairs as in
urdinary telephone cables.

PUPIN LOAD COIL SYSTEM

An articulats voice current consists of a fundamental
wave and a large number of overtone waves of different
frequency. Also, the greater the frequency of an overtane
wave, the more does inductance tend to make it lag behind
the fundamental; whereas, capacity has the opposite effect,
so that the greater the Irequency of an overtone wave, the
more does it tend to lead the [undamental wave. Purther-
more, the proper amount of inductance inserted in a circuijt
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will neutralise & given eapacity for ons particular frequency.
The difficulty with telephons circuits ic the fact that the
capacity between the line and the ground or other conductory
is distributed throughout its length, and the frequency
varies from about 32 to 40,000 periods per second, Prof.
M. I. Pupin was the first to math tically demonstmate
and then practically prove that the disttibuted eapacity
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 tralizing the ity 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 distatices apart along the
line, 6o that there are at least several within the length of
a hali electric wave. The calculations, however, are too
complex to be given hers, When the neutralization is
properly done, the overtone waves are 80 little dicplaced
from each other and from the fundamental wave that
distinct conversation can be held not only over much greatar
distances but also over smaller-gized wires,

The coils, known as the Pupin load coils, 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 hes 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 2% mi. In the underground cables between New
York end Hartford, extralange manholes are located
every 6,600 it. apart, in which Pupin load coils are placed,
The use of load coila ssems more benefical 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 squipped with these induc.
tance coils. A more complete discussion of this theory
and the uge of load coils is given in the Internationgl Cor-
respondence Schools’ Telephone Engineering Course,
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ATTERNUATION ARD DISTORTION

Ath tion.—By afiewstiion i L the d in
intensity, strength, or amplitude of an electrical wave
between the tranamitting and receiving ends, Conmtrary
to the conception frequently held, the maximum, or mean,
value of an alternating or variable corrent may not be the
same in all parts of a kine wire, even at any given instant,
but may decrease gradually as the distance from the transmit-
ting end increnses; this is not necessarily true for a steady
direct current, however, This reduction is due to the
resistance of the conductors, insulation reaistance, and
improper relative values of distributed capacity and induct-
snce of the line circuit.

Distortion,—The distortion of an electrical wave is due to
the fact that some efectrical property (usually, distributed
capacity) of the line acts unequally on the component waves
of different freq jes that together make up & complax
current wave representing articulate speech, the rsult being
that the change in the phase relations and intensity of the
vatrious overtones and the fundamental tons produces a
change in the shape of the current waves that renders the
articulation more or lsss defective, Increased distance inter-
feres with the transmission over a uniform conductor, not
only on account of the dirminished valume of the sound trans-
tnitted, 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 Hnes, Such cir-
cuite are termed private, or, better, individual tetephone lines,
Frequently, several telephone instr ts are cted
to the same EHne circnit, such & circuit being called a
party line, On party lines, the instruments may be con-
nected in various ways.

In the method shown in Pig. 36, which represents a
ground-return circuit, the instr te are ted in
series, and such a party line is called a grounded, series
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party line, A line wire may be used it place of the ground
return, and it ig then called a wwallic, seriss party Jins
Each bell ia wound to a low reaistance {from 60 to 120 ochms),
and ia 50 connected through the awitch hook that the removal
of the receivar {rom its hook cuts out the bell. Evidently,
the ringing current encounters the impedance of all the bells

EEEEEY

Fio. 36
in the same circuit in addition to the line renistance, and the
talldng current also the resi 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 curtent is very high (avemge about 300 periods
per sec.), while that of the ringing current is low (15 periods
per eec.), the former ia considerably reduced in strength,
and the articulation becomes weak and indistinct if too many

Pra. 37
teleph are co ted 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 gencrator must be provided with an
automatic device that short-circuits its armature when the
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battery i3 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
cireuit, as shown in Fig. 37, which represents a grownded,
bridged party-Jine civeudd, so called becguse the telephones
are said to be bridged across the circuit from the line wire to
the ground, A metallic, bridged pariy-line cércust is shown
in Fig. 38.

In bridging instruments, bells wound to a high resistance
must be uzed, in order that the bells at telephones not in

use may not short-circuit or form serious leaks for the voice
currents Bowing hetween two stations in use. The higher
the resistance of the line and the greater the number of
telephones bridged across one line, the greater should be the
resistance of the Dells. 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 oo open circuit when at rest and connects it
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directly across the line binding poats of the instrument
while the geperator is in use. Usually, the bells ate ¢on-
nected permanently acroes the line hinding poats, but in
many jnstruments the bell iz cut out when the teceiver js
removed from the hook, The bells are usually wound to
1,000, 1,200, 1,600.2.500 and even aa high as 5,000 ohms,
The impedance of such bells to the high-frequency voice
currents i3 30 great that the voice currents are practically
confined to the line and instruments st which the receivers
are removed from the hooks,

Party-Line Sigoabh.—On the party-line systems »0 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 cornbinations of long and short rings,
so that, by sound, a party may at once tell whether his atten.
tion is desired at the telephone.

‘Thers are other gystems in which means are provided for
ringing the bell of any one subscriber without disturbing
any of the other bLells on the same party line. They are
termed selective-signaling systems, and may be divided
into thres classes:

1, Thoss employing step-by-step mechanisms operated
by impulses of current sent from the central exchange in
mich & manner as to close the bell circuits at the subscribers'
stations succeasively., Thiz 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 sacond system applies to the harmonic, or reed,
method of selecting, whetein currenta of various frequencies
are employed for actusting the different bhells, The four-
party selective-signaling systems devised by W, W, Dean
come under this class. The four bell harnmers on the samne
circuit are made so as to have different periods in which they
will readily vibeate, and four different frequency currents
and, in one case, dightly different voltages also, are used
for ringing. In the system msde by the American Blectric
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Telephone Company, alternating currents of two frequancies
are used (20 and 60 cycles per eee,), while the capacity and
inductance of the two bell circuits connected botwesn the
mme two Line wires ate so proportioned that the lower
frequency current will ing only one of the bells and the higher
frequency only the other bell, By connecting two such bell
<ireuita between each side of w complets metallic circuit
and the ground, ss is customary, any one of the four bells
" may be rung by cennecting the proper frequency ringing
mmachine between the proper line and the ground, A con-
d is ted b each bell and the ground,
83 that neither line ix actually grounded. When t.ln tac-uur
is removed from the hook, the teleph

the two line wires; thm.acomple&emetn&echmtuuud
when conversing.

3. Thers is another aystem in which sslective aignaling
is mccomplished by changes in the direction of the current,
A polarized relay or an ordinary polarised 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 atations on the sams line circuit
without disturbing the other, By attaching s spring to
one end of the armature of an ordinary polarized beil, the
hammer may be held normally against one gong, 1 direct
but pulsating current fliows through the bell cojls in such
direction as to move the hammer aguinst the other gong,
the bell will ring, because the current impulses cause the
hammer to hit cne gong and the spring draws it back against
the other gong between each impulse and while no current
is flowing through the coils, A pulssting current in the
opposite direction will not ring the bell, because the magnet-
i9mn developed in the cores merely tends to pull the wrmature
izt the same direction as the spring and there is 10 tendancy to
move the hammer ageinst the other gong. Another simd-
Inrly polarited and wound bell may be rung by putting
the spring on the opposite end of the armature and sending
puleating currents through the coils in the opposite direction.
By connecting two such bells. wound to a high resistance,
o paraliel acros = line, either bell may be rung, By
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oonnecting two such bells between ons wire of & metallic
circuit and the ground and two similar bells between the
other wire and the ground, any one of the four bells may
e rung by connecting between the ground sod the
proper line wire one of two generators that will send
pulmating currents in the proper dimsction. The cireuits
wre arranged so that all conversations are car-ied on over
the two line wires.

TELEPHONE-EXCHANGE SYSTEMS

The ordinary form of telephone exchange for handling
8 large number of subscribers comprises a central office,
from which the lines to the subscribers’ stations madiate,
The lines terminate at the cantral office in what is called
& mwitchboard, which must contain apparatus for stitracting
the attention of the operator when one subscriber desires
to talk to ancther; means for the operator to cannect her
telephone with the sublcnber‘s line, in order to sscertain

3 for ting his Jine with thet of any
other subscriber; means for eal.hng the subscriber desired;
and, finally, for bling 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 s relay in the line eircuit. Annuncistors, or drops,
a8 theyare 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-hattery, systems.

SIMPLE MAGNETO SWITCHBOARD

The cireuits of & sémpis magneio switchboard are illustrated
in Pig. 39. The binding posts L L’ are connected through
line wires with the tip spring £, +” and the sheeve con-
tacts &, 1 of the spring jsels J*, J¥, while the drope DV, D7
are connected between the contact spring #°, #7 and the
shoove side of the line circuit.

.
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If eubacriber A operates his tor &, t flows
through the line and drop I, cansing the shutter of the lntter
to fall, thereby attracting the operator's attention, The

opetrator inserts the answering plug P in the jack 7, thereby
cutting out the drop and extending the line cirenit to a
flexible cord cirenit, and rest the shutter of IF to it
normal positicn, The tip ¢ and sleave 1 of the plugs am
inmalated from each other, but connect with wires 1, #, and
to the tip and gleeve of a jack when inserted therein, The

Bubtiribar B Sudarilew 4

tor & the listening key K, which connects
tha uoondanr circait containing the head-receiver R and
mcondary S of the induction coil arroes the cord eircuit,
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 conbection
is desired with another subscriber, my B, The opsrator
then ineerts the calling plug P” in the jack J”, thereby
cutting out the drop I and establishing connaction with the
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Iine wirea of subscriber B. The op then dep

the ringing key K*, thereby connecting the ringing generator
G acrosq the strands I, 8 of the calling side of the cord circuit
leading to the calling plug P, thus ringing the bell at
station B. The ringing current ¢ t pass to jon A
because the depression of the ringing key K” disconnects
the two cord conductors lsading to the answering plug P,
When the operator releases the key K” and subacriber B
removes his recsjver 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
opetate their generators, or *'ring-off." as it is usually termed,
This will send a current over the lines of the two connectsd
mubscribers, & part of which will find & path through the
clearing-out drop CO and cause its shitter to fall. The
opemator, seeing the signal, should close the listening key,
restore the shutter of €O to its normal position and inguire
whethet any further service is desired; if no response is
recejved, the two lines should be disconnected by removing
the two plugs from the jacks.

The line drop in a system of this kind ahould bave 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 conwversation, shall not form too low &
leal path bet the two sides of the circuit, it is
wound with a large number of turma to a high resistance
(from 500 to 1,000 ohms), The inductance of the drop
is increased by enclosing the cote and coil in a tube of soft
jron, which makes its impedance to the high-frequency
voice currents vety great, and, furthermore preventa croas.
talk and other inductive disturbance between neighboring
drops.

CENTRAL-ENERGY, OR COMMON-BATTERY,
SYSTEMS
Replacing all the transmitter batteries and the signaling
genemmtors at the subscribers’ stations by a single source of
current located at the centmal office haa proved a0 succesaful
that most of the new large exchanges are now opernted on
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this plan, While there are many different systems in o,
nearly all of them involve one of the following principles:

1. In the Sions sysiem, the lines during a conversation,
are connected through impedsnoes coils with & common
battery; that is. between one terninal of the common battery
and one side of each circuit is connected an impedance
coil, and hetween the other terminal of the battenr and the
other side of each circuit is c« ted nnother img coil,
Thus, for each pair of lines connected toaether, there is »
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 ellows the battery
current to flow, but confines the high-frequency woice
currenta to the line wires. These impedance coils may
‘be made to serve as relays to give clearing-out or supervisory
signals,

2. The How: common-baotiery sysiem consicts in con-
necting each side of two circuits in use through a repeating
coil to the terminala of the common battery. The repeating
coil is usually divided into at least four coils, constituting
really two sepamte repsating coils. One coil connects one
wide of one circuit with one termingl of the battery, ancther
eoil connects the other side of the same citeuit to the other
terminal of the battery, and, similasly, the other half of the

ing coil o ts the two sides of another circuit
with the opposite terminals of the battery. This method
of operation will be understood from the deseription to be
given ol the Bell central-energy exch

LARGE SWITCHBOCARD SYSTEMS

Transfer Switchboards,—When the number of subscribens
connected with an exchange iz Jarger than can be attended
to by three operators, any one of whom can teach all the
jatks, either transfer or multiple switchboards must be
uped. In the transfer aystem, auxiliary circuits, terrned
trunk, or iransfer Jines, Tun between the various sections
into which the switchboard is divided, and means wre
provided by which the operator mey t one end of
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any ong of these trunk lines with the line of a subacriber,
while the operator at the other end, when instructed to do
s> by the first operator, can completa the action between
her end of the trunk line and the line of the subscriber
called for. Trunk lines thus serve as suxiliary connecting
circuita between two subscribers’ lines that cantiot be
conpected together at any one section of the switchboard,
A switchboard arranged to operate in this general manoer
in termed a iramsfer, or express, sedichboord.

Multiple Switchboarde.—The primary object of the mui-
Hiple-switchboard sysiem in to so arrange the apparatus that
any operator can connect the line of a calling subecriber
with that of any other subscriber in the entire system
without the sssistance of another operator. The entime
board iz divided into sections, sach unsually containing
the necessary apparatus and room for three operators,
In each section are placed as many multiple jucks as there
are lines in the exchange in addition to the line aignals and
answering jacks of the lines the calls from which are to be
attended to at that section, Bach operator can reach
over one operator’s position on each side of her, Om some
common-battery multiple switchboards, eacth opemt
attends to as many a9 200 lines,

It iz evident that the operator at ons section will, anless
apecial means are provided, have no way of knowing whether
s Hne called for by a subscriber at her section 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-
seribers would be connected together and much confusion
wauld result. In order to prevent an operator from making
connection with a line that is already in use at ancther section
of the board, there is provided a so—called busy toet, which
forms an essential feature of every multiple switchboard.
The operator nsually 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 ber of that
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fact, The details of the busy test will be exphained in con.
nection with the circuit of a central-energy multiple switch-
board,

Contral-Eoergy Multipls Switchbourd.—The principal feg.
tures of the contral-emergy multiple-switchboard system wed by
the licensees of the American Bell Telsphone 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 thres 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 g it at the hange can
ring the bell through this circuit, but no battery cuwrrent
can pass through it on aceount of the condenser, In each
cord ciccuit there i one repeating ¢oil, which has four
windings w,. £, ¥, and 5. In the answering, or left-hand,
side of the cord cirvwit, there is cne supervisory relay AR,
controlling the answering supervisory lamp AL; and there
is a similar armogement in the calling, or right, side, %o
a8 not to impede the voice currents too much, the relays AR
snd CR are shunted by non-inductive resistances Ar and Cr,
which do not, however, interfere with the proper opemtion
of the relays. When the resistance coil  and lamp AL are
in series across the 24-volt battery B, the lamp will l.ls’ht.
‘but it will go out when the 40-ohm resi vis dip
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 telay €Oy, and hence, the line circuit
38 closed between g, b and between m, 4.

When the subscriber at station I rernoves the receiver B
from the hook, the transmitter T; and one winding P, of
the induction coil form a circuit acroes the two line wires
of aufficiently low resistance to allow enough battery current
to flow from B to energize the line relay LRy, thereby
closing its local circuit and lighting the line lamp LI,
which notifies the operator that her attention is desired om
that line, The operator responds by inserting the anewering
plug (belonging to any one of the ten- or fifteon-cord circuits
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that she has before her) into the answering jack belonging
to line I, an shown, Enough current flows through AR
to close §t, which prevents the lighting of AL. Current
also flows through C0y, thereby breaking the circuit at b
through the line relay LR,. which causes the line lamp LI,
togo out. The operntor closcs the listening ey Lk, thereby
connecting the receiver, secondary winding s of her induction
eoil, atid the condenser C mcross the cord circuit, The
operator's transmitter T, primary to winding #, and retarding
eoil R are o ted to the terminals of the battery B,
The retarding coil not only lmits the curment through
any one teansmitter, but aleo enables current 1o be supplied
to ell the operators’ transmitters from one battery without
causing crogs-tallk, The condenser Q itmproves the trane-
mitting qualities, probably b it P more or
leas for the inductance of the retarding coil B2,

Ii the subscriber at station # s wantad, the operator will
malke the usugl busy test on that line, and if the line is not
busy, she inserts the calling plug into the multiple jack Jy
opensthehsbemngkey mddomtheﬁnmnshykk
Current from the ringi tor flows th h wnd rings
the bell at station £. Curmn now flows t.hrough B-COr
r-CL—f, thereby lighting the supervisory lamp CL and
cloaing the relay C(O4s, which preventa the lighting of the
line lamp LLy. When the subscribar removes his receiver Ry
from ite hook, eurrent flows from B through the subscriber’s
girenit and the relay CK, thereby connecting ¢ in parmllsi
with CL, which causes the Iatter to go out.

When the subscriber talks into the transmitter T, its
resistance changes sufficiently to produce a variable current
through the windings wr, ¥, which induces an alternating
current in the windings £, s, This alternating current,
combined with the direct battery current, producss a
current of variable strength in the line circuit of station &,
This variabhle current in the winding Py of the induction
coil ind 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,
snd condenser. It is also probable that the sffect produged
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by this current is minforced by some of the variabls current,
which may flow through the ook switeh, reomiver, and
induction coll and essist in charging end discharging the
condenger, When the conversation iy finished, the lamp
CL will light as soon as Ry is bung up, and AL will light
as ;oon a8 R is hung ap.

To explain ths “busy” test, ammims that tha circuits
are exactly as ahown in Fig. 40; that is, that stations f and #
are connected together, subacriber # not having removed
his receiver from jits hool, and that the wall of subscriter §
for ¢ ion with subwcriber #, whose line is now buay,
has just Deen d by an op st another soction
of the switchbonrd where the lower cord dircuit is Jocated,
The latter operator makes the busy test as follows: Har

listening koy is alrendy closed, s0 the meruly touches tha tip ¢
of her calling plug to the ring contact #y’ of the multiple
jack in her section belonging to subscriber 8. Current
flowing from +8 through COpryCL—f maima tha poten
tial of the ring contacts of all Jacks belonging to this
line different from that of the ground, and produces
click in the operator's receiver R, for current then flows

B-ground—o—g'=d'-f—4=r¢f where it unites with
current flowing through B-COyry, and the whole current
fows through rCL-j, Before touching # to ry, the
points &, ¢, and hence the terminals of condenser (¥,
had saactly the same potential difference as the terminals
of battery B'; but oow the current through B-ground—e—
st —P—try=rp-CL=f has suddenly lowered the potential

E

click in the receiver R’, which notifies the operator that the
line s alrendy in use, or Dusy, se it fy called,

If the line is not in use, that is, if there ia no plug in any
jack of thia Kne, the tip ¢ of the calling plug and the deeve ny’
of the jack will be at the same potential—the potential of
the positive terminal of the battery—and bHeoce
no click will be produced.

Tha circuits of all the line lamps st any ooe positios
am connected togetber at by, betwean which point and the




TELEPHONY * 00

battety is connected a line-pilot relay PR, This relay
controls the circuit of a line-pilst lamp, which in oot
shown in this figure, but which lights every time wny line
lamp wt that operstor's position lights, end goes out
whon the line Jamp goes out; that is, when the call is
attended to by inserting & plug in the jack. A similar
supervisory-pilot relay and supervisory-pilet Iamp 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 sny answering supervisory
lamp at the same operator’s position is illuminated,

AUTOMATIC TELEPHONE SYSTEMS

An ostomatic lelsphons system in one designed to sup-
plant ths telsphone-exchange operator by automatic appli-
ances, Switchew located at 4 central office automatically
connect two lines for & conversation and also disconnect
them, this result being produced as a result of certain opern.
tions performed by the subscribers themselves. An auto-
matic aystern usually consists of a telephone and selecti
device at the subacribers’ stati the selecti dwwebemg
used by the subsctiber to select the hne demedby sending
& certain number of impulses over one or both line wrires.
At the exchange, a switch sutomatically connects the
calling line to the line selectad by the subacriber, Therefore,
wmbhahomemombetwmmymhmmmwthe
same tie ge, no op % are required.
Thus & large item of expense—operators’ salaries~—is saved
in the cost of operation, Those favoring manually operated
systermns claim that more expert troublemen and switchboard
men sre required, which more or less oflsets the saving in
operstors’ palaries. Operstors are generally employed,
however, for toll pervice and trunking between different
exchanges, even if both exchanges are automatic. The use
and popularity of automatic systems are ingreasing and » large
number of exchangss, both large and gmall, are now equipped
with such syatems. Automatic telephone systems are mther
complicated, and, every new installation is likely to contain
improvements over preceding systems; even a generw)
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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 teleph lines itcludes thres
forms of protective apparatua: (1)} an open-space cut-out,
designed to act as a spark gap and relieve the circuit from
high-potential discharges by forming s non-inductive path
to ground: (2) a thermal apparatus 5o designed that when
an abnormal current of relatively low voltage appears,
the thermal apparatus under the efect of the heat created
by the extra current will operate in such a manner as to
open of 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 Jarge cutrent-carrying capacity
and extended across 4 long gap.

These three pieces of apparatus are known by the names
open-space cul-ouwl Wghining arrester or static arvesier, heot
cosl or snrak-current proiector, and fuse. Por the complete
protection of a telephone line, it iz wsually considersd
7o Snpiww  desirable to place an

Fol o
s A orence oo
. an t on
G Strry comwwtiad L
m".'v< Wy Mot Cwd distributing board to
L protect the central-

station apparatus; to

Fic. 41 place a fuse wire on

undergronmd lines

where the cable to the central office joins open wire; and to

place a second fuse and open-space cut-out and sometimes
& heat coil at the subscriber’s telephone substation,

Whenever the three elements——fuse static arrester, and’

heat coil—sare used, the relation of the elements chould

be as shown jn Fig. 41, the heat coil being connected on

the switchboard side or, f at & subscriber’s station, on

the telephone side of the circuit, The fimt duty of

protective apparatus i3 to prevent foreign currents from
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damaging central-office equipments; henes, the proper posi-
tion for the fuse is between that part of the line eircuit
which can come into contact with a source of dangerous
current and the office equipment. The term exposnd
wiring may be applied to such parts of the line as may
ever come in contact with a source of dangerous current,
while wwexposed wirsmg may be applied to all parts of the
line thet are secure from such contsct. Unexposed wir-
ing includes wunderground cables cables formed of
wires insulated with rubbet, and wiring wholly within
buildings, All other wiring may be considered as
exposed to accidental contact with high-potential circuits,
In this class, acnal 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 telephona
liues usually consist of two blocks of carbon separatsd by
silk, paper, perforated mica, ot celluloid. At cantral 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 genemlly 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 ¢.¢ of the
lightning arrester rest on & grounded strip and are separated
from the line carbons &, d by perforated or U-shaped pieces
of cellulojd 005 in, thick. The many small performtions
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 are continues across b or de,
due to a cross with & high-voltage circait, 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 cartridges h-aprings f, i~
switchboard-springs m, I-heat cartridge k-eprings §, to line,
An unusually large current will heat the graphite o packed
in the cartridge [see Fus 42 (b)l. and, by the conduction of
beat, & low-temp ting solder on the brass shell at
k will become soft enough to allow the apring wm., Pig. 42 (a),
to pull the hard-rubber piece o and with it the spring J out
of k. This also cpuses spring P, which is [orked, to touch
both metal pina ¢ and thus close a circuit (not shown) con-
taining @ battery and an alurm bell, The cartridge, Fig. 42
(b). consists of & metal shell, enclogsing a gmphite com-
position that is insulated from the metal casing except
on the upper and lower ends, Hard-rubber strips r, Fig.
42 (¢}, pass through the central grounded strip and keep
the springs belonging to one line circuit alined and sepa-
rated trom adjacent springs.

To resct the heat cartridge, the resetting plug shown in
Pig. 4% (&) is pushed between the springs, thereby connecting
» battery 5, PFig. 42 (a), between the springs v,w and
pressing the springs m, § back toward their normal poeition,
When I touchee &, cutrent flows through &, softens the solder,
allows ! to slip into place, and breaks contact between
springs 4, v, thereby stopping the current, which allows the
solder to harden and hold che gprings J, min position.  Should
the cartridge be delective, the opemtion of resetting auto-
matically indicates the [act, becauss the spring / cannot be.
reset properly, By inserting the test plug, Fig. 42 {J,
between the springs of one protector, Pig. 42 (a), it is pos
sible to test the wvarious mmts. by the atd of the switch
shown and the prop i

Combination 'Pmtomr —The D and W combination pro-
tector, shown in Pig, 43, well represents the complets
protection frequently used at subscribers’ stations. Some-
times the heat coil is omitted and eametimes the fuse,
depending on conditions and the opition of the telephons
man in charge of the system. The arresters aimost invari.
ably consist of two carbons similar to a, b, one of which is
in contact with each line wire and separated from s grounded
brass plate ¢, usually by means of apiece of silk, paper, or
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perforated mica, 008 in. thick. This thickness of mice will
permit 350 or more-volts to arc acrosa the air gap, and thus
allow the line to disch to @ Long, enclosed Fugses,
the center portion of which in tl'us particular make runs
through an air-tight capeule of gelatine ow, are used, and

Encilosed Fuse

Fir. 43

the heat coils consist of spirals #, ¢ 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 sbhont .3 ampere flows through the lne and the
hest coil for 15 sec,
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INTERIOR SYSTEMS

In many factories, Inrge houses, and institutions, telephonic
rommunication between varicus departments without the
ud of & central switchboard and operator is fmquent.ly

ired, Int ication may be obtained by runming
at least one more wite than there are stations through all
the stations, at each of which is provided a simple switch
wheteby the telephone instrument at that station may be
connected with any other station, Such « system is variously
known as an sutercommunicating, house, or speaking-iube,
system, There is practically no end to the various arrange-
ments of spparatus snd circuits used jn house systems.
In order to illustrate as many as poscible, the description
of each system will be very brief,

For systems requiring more than 20 or 30 stations, s
private branch switchboard seems hetter., Plugs and spring
jacke 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 ws the station at which that switch is located
it usually placed at the left-hand end, and is cclled the home
button. All the switch levers normally rest on this home
button. In practically all systems to be shown, the wiring
is arranged s0 that the bells at any station can be rung from
any other mtation, no matter on what button the switch
lever may have been left. ut 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 uavally
the best arrungement, except for vestibule or apartment
houses, because it cultivates the desirable habit of retuming
the switch to its home position.

A complete metallic.cirenit, intercommunicating, telephone
systemn 48 here intended to mean one that has a peir of
wires for emch station and, if necessary, one or more wires
that may be used for signaling purposes in common by all
the stations. ATl these wires run through all the stations,
The cbiect of using two wires, usually twisted to form a pair,
for each station is to eliminate cross-talk. Where croma-talk
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to s modernte degres in not objectionable, systems using
only cns 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 nsually the case in first-class installations, and all cross-tallke
must be eliminated, it is almost imperative to use o complets
metallic-circuit system—as here defined—of some Xind. In
gyitems having only one wire for esch station, there iy likely
t0 ba 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 & common return by all stations as
a part of their talking circuite.

MAGWETO-BELL SYSTBMS

A system using ordinary magneto generators, polarized
bells, the necessary talking apparatus, end strap switches
is shown in Pig. 44. To call station f from atation #, turn 5y
to contact 1, as shown, close the ringing key K and turn tha

Mation D
Fa. 44

ringing genemntor 3, which will send » current through the
bells Cand 3. ‘The generator may be 90 congtructed as to
automatically closs its tircuit when its handle i¢ turned.
When both recelvers are remaved fromy their hooks, the two
parties may converse over ine 1 and the common retum wire,
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If station # should desire to hold a consultation with beth
stations I and &, station # would first call up station 3,
request that the switch there be tumned to button I, and
then station # would call up station f. The three partics
could then converse,

Complets Metallic-Circuit System.—To eliminate all
trouble irom cross-talk snd interference from ringing
currents, the wiring shown in Fig. 45 may be used. Two

radial switch arms ¢, d are hanically e d by
L
o~ B 1
arl
H 's
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an insulating piece, to which one handle A for controlling
both armu is fastened, Of course, any other form of switch
that will sccomplish the same result mey be used. To
call & station, twrn the switch to the number of the station
desired, holding the double-contact push button Py closed
while the handle of the magneto genemtor G; fs turned,
The piece ¢ is innulated from the hook switch so that the
ringing currents cannot interfere with other telsphones in
wse, should the ewitch arm be left off its home position.
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The bell can be rung no metter in what position the switch
is left, but it must be on ithe home position at the
station called before a conversation can be carried on. A
series bell and generator are required with the wirins shown
at stntion I, and the usual sutomatic shunt used in series
telept is v, as indicated by the dotted line
sround the generator &;, However, the generator may be
connected as shown at station £, that is, across the con.
tacts v, . In this arrangement, any suitable generator may
bt 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

tor. A or having an sutomatic cut-in device
could be connected across m, %, no push buiton 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  ringing-baliery
syitem is one in which one battery is used in common by all
stations for signaling purposes only, Fig. 46 shows such a
systern. 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, BStations ! and £ represent an ordinary wall
set, and station & the wiring for & band microtelephone set.
The latter coneists 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
doea not ring.

Complete Motallic Clrealt.—A good way to wire common-
ringing battery telephone instruments for & 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 accurntely shown at
station #. A centrally located battery RE is used for ringing
ardinary bhattery bells ¥y, Vo At atation I, 8 contact piece #
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is fastened to, but insulated from. the hook switch fn puch o
manner 83 to clos the bell circuit only when the feceiver
rests oo the hook. To call up & station, the switch is turned
o tha proper buttons and the push button is then pressed.

.=

Rry

— —
Mt / Jroten 2

Po. 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 ewitch
st the station called must rest on, or be returned to, the
horme position before any conversation can be carried on,

CENTRAL-ENERGY HOUSE SYSTEMS

Where batteries are not desired at sach station, a conéral-
onergy systom, one of which is shown in Fig. 48, may bo umd,
The objection to most all central-energy lotercommunicating
systema is the liability to cross-talk, Cross-talk may be
reduced by inserting a 25- to 80-ohm impedance coil I im
seties with each transmitier, ns shown at station 8.  Current
is supplied to the varivus transmittem, when ia nes, by the
ot of cells ob, and the cells ¢d are uped for ringing the balls,
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On a «mall system, where the same mumber of cells may
for both t itters and hells, one wire lesw may he
used by ting each tr itter to the ringing wire,
the transmitter wire and bettery TB being omitted,
Apurtmvent-Hooss System.-—In Fig. “nahowaamm
suitable ar nent for com jemti the ves
tibule and the various Asts in « modern apartment house,
as the pluy does sot have to be returnad to its home jack
or be removed from any juck in order that the parties may
convarse, Any station may e rung, regardless of the
position of its plug. At each station there is an impedancoe
eoil Iy, I3, Iy to reduce the cross-talk and & plug Py, Py, Py
10 mmke convections through one of the jacks 1, 2, &, §

with the deeired teleph - ‘This arrang: may be ueed
to provide communication between the tenants, between
the tenants and callers, sad b the tenants and the

janitor, in whoss 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 ix that, if any two
stati are ted, and o third station calls either one
of the first two, the bella of the firet two stations will both
ting if the recelvers are on their hooks, In many cases, no
bell would be mequired in the entrance telephome and the
circuit m-mn~f would be omitted,

ﬁmll Plu;-&du'.h sm-ln Pig. 50 n uhma

1.

dmbed in the Telephom Munnne by James V. Clece.l.nm,
who savy that he hog found it more satisfuctory, where
the longest line does not exceed 1,000 ft,, than many other
more complicated eystems. Provided the receivera are
hung up when not in use, no hell except the one desired will
ring even though the plugs are accidentally left in any jack,
To eall station £ frotn station [, insert the plug P, in jack #
at stetion  and preps the push button K, Very Little of
the ringing current passes through the trmnsmitter ¥y,
because the bell W2 has very much less resistance, Although
it has not been found necessary, the arrangement aliown
only st station &, in which the tranemitter cirenit i normally
open and therefore not in parallel with the bell, could be
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wad st wll i The i must be connected im -

the proper direction in the circuit and the pluge showld
slways be withdrawn at the end of & convermation, becnuss
otherwise there is o chance for ¢ross-talk should four or more
people be talking at the same time. For the bmttery 8.
nae snough dry cells to give from 8 to § volts,

Complsts Metalic Circuit.—A centralenergy intercoms
municating circidt that is suitable for & Inrge system becauss
it is fres from cross-tall, is shown in Pig, 51. There is one
battery RE for signaling purposes and another TH for supply.
fag current to all the tmafimmitters, Each pair of line wires
in connected through twoooﬂsoth;ghinducumtotho
talking battery TH. Tha t itt ted in series
vithiheprhnryofmmdummooﬂmdﬂnmnrin
series with the pecondary and in & permanently closed local
circuit. At station 3, the bell V) in disconnected from the
circuit at the hook ewitch whils conversing; this prevents
the poesibility of interference while talling, dus to charging
and discharging currents and to lealeage through the bell and
the wire. However, it is very doubtful whether this would
wnally ba serious enough to warrant the use of the extmm
contacts #, o, # thereby mquired. The bell at any station
cann b rung from any other station, even it the switch
has not been retumed to its home position, but the eom-
varsation cannot be beld until the switch at the station
talled iz returned to itse home position,

CONNECTION BETWEEN INTERCOMMUNICATING AND
EXCHANGE TELEPHONES

It i often wvery dedirsble to be ahle to connect s teler
phone balonging to s city exchange with an intercommuni.
cating eystam, Intercommunicating sywtems are being
used for this purposs in place of small privets braoch switchs
boards, Whether such i can be mads, depands
on whether the local exchange company will allow it, and,
furthermore, intercommunicating telephooss should be o
artanged as not to interfers with the proper opeeation
of the exchange telophone sand the switchboard elgnala,
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Kallogg Systep —In Fig. 52 is sh the centrul-energy
intercommunicating system made by the Kellogg Switch-
board end Supply Company. It it a complete metallics
eircuit system, The battery bell has two gongm, which
give it the appearance on the outside of a polarized hell
Two sets of dry batteries are required, one T'B for talking
and anocther RB for ringing the beils, For five to ten
stations with 1,000 ft. of cable, the talking battery should
contain three cells and the roging battery six cells; with
2,000 ft. of cable, the talldng battery should contain four
cella and the ringing battery seven'cells: for eleven to twenty
stations with 1,000 ft. of cable, the talking battery ghould
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 Kellogy
eystem. The major has & receiver and d in weriag,
the two being connected in paralle]l with an impedance eoil,
as shown at station £, The minor inetruments have the
same apparatus, but the cond s and imped. coils
wre omitted, the t 8 being ted simply in
series with the receiver, as shown at station I, The impe-
dance coil in 4 major instrument forms & path of low resistance
for the battery-transmitter current, which the condenaer
excludes from the receiver, while the fluctuating currenta,
fince they pass through a condsnser more easily than through
an impedance coil, readily flow through the receiver-conden-
ser circuoit,

At station [ is shown a minor desk-stand pet; at station #,
a major wall set: and at the answering station, a major deak-
stand set equipped as an answering station, The answering
station is provided with two trunk jacks Jt instead of one,
a8 at the regular intercommunicating stations; wn extra
plug P for holding the exchange trunk line; and wn extra box
in which is mounted the holding coil H,a polarised bell E
and condenger , the bell and condenser belng bridged, as an
ordinary extension-bell set, across the exchange trunk line, to
srve ap o xignal from the exch to the answering station,
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The plug may be leit in any jack or out of the jaclks
altogether, and yet the station desred can be called with-
out ringing any other than the desired bell. AR incoming
calls from the city h are d by the party
at the answering station, who inssrts the plug essociated
with this talking circuit into one of the trunk jacle Je
after u signal is received from central. After learning
what department is wanted, the snewering party inserts
the plug P, acrom whose corda 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
inperts the eame into the jack corresponding to the perty
with whom the party on the trunk line wishes to talk, and
pressts the ringing button, which rings the bell of the called
party, As soon as the called party answers, he is notified
by the party st the anawering station to answer on the
exchange line; the called party takes the plug out of the
intercommunicating jack and inserta the same into the trunk
juck, and the anywering party withdaws both plugs from
the jacks, restoring this station to its normal condition,
‘When through talking, the receiver is hung up, which suto~
matically gives the disconnect signal st central. To talk
with an exchange subscriber, the intercommunicating sub
seriber merely inserts the plug into the trunk jeck and talkes
down the receiver; this operates the exch line signal
and the e:chmgu operntor connects this line with the

hangs iber desired in the usual manner,

Strombarg-Carbon System.—In Pig. 53 it shown the
central-energy intercommunicating system made by the

Stromberg-Carison Telephone Manufacturing Company and
the way in which it may be cted to a teleph instro-
ment belonging to & t h sy

may communicats from any station on the mummumcu-
ting eystem with outside parties, but the central exchange
cannot be called, nor can the central-office operstor ring the
bell of any telephone belonging to the intercommunicating
system only. [t is necemsary to place on¢ intercommunics-
ting telephone, which is termed the answering station, near
the exchange telephone or an extension bell connected to it,
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o0 that the party thut snswers the exchange telephone
may signal the int munjcating station desived and alse
the exchaige operator when some one at another inter-
communicating station calls up and requests the answer.
ing statiom to do s, If the plug is not in the home, or
Jeft-hand, jack, where it ghould be placed after any conver
sation, the bell can still be rung but nothing can be heard
atthemhonuﬂeduntﬂtheplushinmdinthehom
Jac'k.'l"he h teleph in ted to the intere
communicati by of the ting cofl
abed, The condenser €, connected in thenuddleor[ﬂu
winding ab, prevents s constant waste of current from THB
through this winding, and the & Cis ¥ to
avoid short-cireviting the ordinary 1,000-0hm palarised bell ¥
in the axchange telephons struwment.

Holtzor-Calyt System.—In Fig. 54 is shown one way
in which Jocal-battery telephome instruments of an inters
communicating system may be connected with the instrument
Jocated at station 8, which is supposed to be connected with
- tral-energy city-exch system. No change what.
cmhmdeinthowiﬂngoftbemtnlwhﬂmmnt.
which is located at station 3, the line wires simply being
mmd&mthahn&ncpma.btothemotmss
ranning through all the stations in the intercommmicating
system. At station 1 is ahown the plan of wiring used by
the Holtzer-Cabot Electric Company in connection with its
Ness automatic intercommunicating switch, The two
levers w, v are insulated from each other, but are roechan.
joally connected together, so that moving w by jta handle
moves hoth levers, Pressing the lever w by its handie
aguinst the strip & allows current to flow from the ringing
battery RI through the contact button and line wire to
which w is turned,

At station # is shown practically the same arrangement,
axcept that an sut tic wwitch ia not ¥ and
& puth button P is used in place of the ringing strip d in the
Ness antomatic switch, If the city-exchange instrument ja
opemated on the cantral-energy plan, the resistance of the
ssoondary #; and the receiver R; must be of approximataly
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the same reaistance a3 that of the trasemitter T and primary
coil $ in the central-enetgy gystem, in oprder 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 exch may be called up
from any instrument on the intercommunicating system by
turmning the intercommunicating switch, in this case to eon-
tact 3, and taking the receiver off the hook, It is impoasible

{and not usually r y) for the h to ring the bell
at any of the i icating teleph and for this
reason one of the intercommunicating instruments must be

placed al ide the h instrument. The party that

mwers the exchange instrument at stetion & must call up
the proper intercommunicating station, and, by means of the
intercommunicating instrument alongside it, inform the party
that answers t¢ turn his switch a0 as to connect the instru-
ment with the trunk line ranning to the city exchange, then
hang up the receiver R of the exchange telephone and also the
receiver belonging to the inter icating ingtrument at
the anawering station.

AUTOMATIC-SWITCH SYSTEMS

With the original house systems it was absolutely necessary
for the calling party to return the intercommunicating switch
te the home position when through with a conversation,
in order to avoid leaving the station cut out so that ne
other station could ring it up: with more modern systems
this iz not the case, but it led to the development ot' auto~
matic-return awitches and syst An awd ntyre
communicaling rwikk is one that automancally testores
all connections to their normal positions when the receiver
is hung on the hook switch.

Holtzer - Cabot Avtomatic System.— The Holtgsr - Cabot
automatic central-energy house system, which has all
batteries located at some cne convenient place, is shown in
Pig. 55. Only two stations in a three-station system
are shown, bot the switches are made for any number of
stations up to twenty. The current for all the teansmitters
is supplied by the battery T8; for ringing the belly, current
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is supplisd from both the batteries connected in series
Normally, the switch 5; reets upon the home button and
does not touch the strip 4. To call up station #, for instance,
the ewitch 5, is turned to contact # and the handle is pressed
dowm, 50 a8 to touch the strip d ae well as batton #, thereby
ringing the bell V3, When both recsivers are removed from

£y

e

¢
Fia, 55

their hooks, current flowa through TB—o—m—x—p,—T— ¢-line
a—f, and also from o=-through j-w=pe=Ty-n=4, The wvoice
currents flow from 5 through Ry—¢-line +—wRysy-Hev-5r

tact £—~-line £-o tact #-5,—-Hi=5,. When receiver
Ry is bung up, an automatic devics restores the switch 5,
to the home contact.

TELEPHONES FOR APARTMENT HOUSES

In the westibules of modern apartment houses, or fats,
there is usuplly & row of push buttons that ring bells in
the diferent spurtments and a row of speaking tobes for

icating with the t ts. Taleph systems may
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be used to advantage in place of the speaking tubes. The
telephonc systerns for such cases should be very simple, and
all batteries should be located preferably in the janitor's
quarters. Callers should be able $0 communicate with any
tenant and any ¢ t with the janit In addition, it is
sometimes desirable to armnge for communication between
the tenauts, It should only be necessary for s caller to

s
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Fia. 66

press one push buttom associated with the telsphone of the
degired tenant and to take down the receiver, No system
requiring the manipulation of & switch of any kind by the
aller, who may not be familiar with such a system, in
admissible.

Push-Button Ball System.—Pig. 56 shows a eystem
saitable for apartment houses and it can be installed where
push-button bell circuita have been used. The original
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bell circurts include the push buttons Py, Py, Pa, P, at tha
entrance, the tells ¥y, Vi, V3, Vyin the varicus apartments,
the common-retum wire £, and a battery. It will usually be
necesgary 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, & 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

w -
-—l‘l Tq --ll‘t
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Pia. 57

may be used to talk with either the janitor orany tenant. In
most cases, the entrance telephone would be nearer the
jattitor’s telephome than any tenant’s telephone; hence, a
fewer number of cells would be required in B, then in B,
while the entire battery would be required for convemations
betwaen the janitor and tenants. The push buttons k, &y, ks
wte., when pressed, ring the janitor’s bell V.,

Couch & Seeley Bpealting-Tube System.—Fig. 57 thows &
centralenergy spealing-tube system made by the Couch
& Secley Compeny. It is suitabls for & house, fiat, or
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building requiring only three or four telephones and where
communication between a central office and the stationa
only iz required. The battery TB supplies the current for
the transmitters, and the battery RE the current for ringing
purposes, Impedance coils I, J* are connected between the
battery TB and the two wires, over which flows the current
for all the tranemitters. To ¢l up the centiul office from
station 1, for example, it is simply necessary to preas the push
button K;. When the central office wishea to call a sub-
etation, =ay station {, the puah # is pressed.

i
L .

I8
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Holtzer-Cabot Apartment-House Bystem.—Pig, 58 shows
what the Holtzer-Cabot Electric Company terms ite vestdbule
system for apartment houses, In the wvestibule is placed a
telephone, equipped with an automatic switch, for calling
and talking to any tenant. In the janitor's apartment is
st annuncistor 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 inssrting it in
the jack under the displayed cignal, and a push button X
for ringing, through plug P and the proper jack, the bell
in any apartment. A pair of plugs Py, Ps may alwo be
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provided for connecting together any two apartment tele.
phones by inserting thein 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 soite from the vestibule,
the switch S is turned to the desired ber and p d
to make contact with strip 4, which will cause the desjred
bell to be risng with current from B, When the two receivers
are taken down, the talking battery TH is connected in
seriss with the two transmitters and two receivers. Hanging
up the receiver in the vestibule restores the switch to its
nocrmal home poaition,

HOTEL TELEPHONE SYSTEMS

In & hotel, almost any switchboard system can be used,
but it is costomery to install only tral Y ayst
wnhwamcplemstnmtsmthecuem rooms. In
moet cases, only « n b the dataom and
office is required, but ti com jcation between
the stations is afforded by means of simple jacks and
plugs at a central-office switchboard. Very often a tele-
phone aystem is to replace or to be added to an annunciator
asystem, the wiring for which is already installed, In such
cases, the same wires between the varicus stations and the
office can, and generslly must, be used for the telephone
system, Inlarge city hotels, itis b ing quite cust
toinsmllapnmubnnchmtchhotrd.wthattheulephom
in any room may be connected to any other telephots in the
hotel or in the entire city-exchange system,

AFNNUNRCLATOR TELEPHONE SYSTEMS

Fig. 59 showy a Couch & Sesley awiomatic mrikch sysiem
suitable for a small hotel. The office in equipped with &

leph an an ciator, auts ic switch, a talking
baturyTB two:mpedmoecoulst. f, and a ringing battery
RE. To call station # from the office, press in button #
(which will remain in until the office feceiver R is talen down
and hung up, and also press the ringing push button p.
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thereby ringing the bell ¥y, 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 ¢ . To call the
i . et £ w._m 2
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office from station I, press the push button k;, which will
operate the annunciator f and bell ¥ in the office. The
office attendant pushes in the corresponding button ! on
the automatic switch, restores the annunciator, tales down
the receiver, and attends to the call.

HOTEL-SWITCHBOARD SYSTEMS

Communication Betwsen Office and Svbstations Only,
In Fig. 60 is shown a sitnple hotelsusichboard syriem that
admits of communication between the office and any sub-
station and vice verga, but does not admit of croes-connecting
betwm an)r m substations. I and Dj; represent ordinary
ta, and Ji and Jy the spring jacks

of & mple plug switchboard. The talking battery TB
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supplies all the current for talldng purposes. The sub-
station instruments can be simplified and cheapened by
connecting the receiver and transmitter directly ino serles,
omitting the induction coil. The gpring jacks and plug may
be replaced by a simple, ot automatic, two-wire intercom-
murdcating switch.

Any substation calls the central office by merely pressing
& push button, and it malkes no difference whether the mb-
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
Roff itshook, To call up eny substation, the office attendant
ingerts the plug in the proper jack and closes the ringing
key K. thereby ringing the substatiot bell, When both
substation and office receivers are removed from their
hooks, the two parties can converse, RB and AB may be
ibe same battery, and, if desired, s bell or butzer may be
wicluded in the circnit at a, so that it will rfing whenever
any drop is operated.

Communication Between Any Two Stations.—The simple
systern shown in Pig, 61 allows communication not only
between the office and any substation, but also betwesn
any substations through the office plugboard; this is =
system designed by Couch & Seeley Company for ordinary
hotels. All batteries are located in or near the central offics,
where an ordinary annunciator, plug board, conpecting
cords, and plogs wre also provided. This system is not
intended for use where more than two substations would
need to be connected together at any one tima, although
there could be two or more listening jacks and two or more
pairs of connecting plugs. Oanly three impedsnce coils
I, I', I, one talking battery TH, one bell tattery RSB,
one annunciator battery AB, one office bell ot buzzer ¢, .
one listening jack, one operator’s plug, snd one pair of
cotmecting pluge would be required, no matter how many
substationa there may be on a emall system, for which this
arfangement is only intended.

The removal of & receiver at & substation is all that
it necessary to call up the office, To wnswer 4 call, the
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office attendant inmserts the operator’s plug in the jack
correspottding to the drop whose shutter has fallen. To
call up 2 substation, the operator's plug is inssrted in the

jack dated with the

Fio. 62

receivers R, R, are remowed from their hoolks,
station’ § may converse, the talking battery
current for both transmitters. To ¢all up the office

subatation degired and
the key X is closed to
ring the bell. To con-
nect together any two

bata tions, the t
ing plugs are inserted in
the cormesponding jacks,
The office attendant

phone system, I the
pressed, the bell ¥V, at

3
g
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push button iz pressed at the substation, thereby causing the
shutter of tbe comspondms annunciator to fall and the bell

V to ring. The central-office
attendant tesponds by insert-
ing the plug P in the corre-
sponding jack, and restores the
intor. If, for inst

the party at station # desires

to communicate with station
1, the operator will remove the
plug P from jack Jiand in-
sert the plugs M, N in the
jacka Jy, Jy

The Holtser-Cabxt hotsl-
swiichboard or school sytiem iz
shown in Fig, 63. It has a
cantrally located switchboard,
centralized talking and ring-

A=
“’

Ay

S ing batteries, and connecting
¢ vords for intercornmunication
& between the various stations.
In the common coonection
of the snnuncistor drops is
the bell ¥, which therefore
rings whenever any announ-
ciator shutter falls, The oper-
ation of this system is very
simple aod only a brief expla-
nation is necessary. When
two partice are conversing,
the battery B supplies cur-
rent for both transmitters
and also energizes the clear-
ing-out drap 0. When both

receivers are hung oo the

hooks, the clearing-out drop
releases Ltsshutt.er, which =sig-

" nifies that the con
should be withdrawn from

is pl , and both pluge
the jacks, 'I'hounpedgaeecoilf.
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having the same resist and induct as the clearing-
cut drop O, causes the system to be evenly batanced,

The Couch & Seisy Cmpanf: hotel-swritchboard syttem,
shown in Pig, 64, allows com tion not only b
the office and any substation, but also betwean wny two
pubstationa through the office switchboard., As this system
is mare elaborate and complete, it is suitable for s larger
hotel than the one illumtmted in Pig. 61. It is & centml-
energy system, the talking battery TH being connected
through two impedance coils m, # across each cord cireuit.
The two impedance coils in each cord cirenit are 5o arranged
a3 to constitute a clearing-out drop CD for that cord circuit.
There is one listening key Lk and two ringiog keys Rk and R¥
for each cord circuit. There is n separute battery RE for
ringing the subsctibers’ bells and operating the Yine drops Dy,
Dy, wnd Dy, There may be as many cord circuits and clearing-
out drops aa requited. One operator’s set may be conbected to
each listening key; the lead f runs to contacts ¢,¢on each
ringing key, and leads ¢, 4 to each clearing-out drop,

It the mceiver Ry is removed from the hook, the shutter
of Dy drops.  The operator inserts one plug, say P, into tha
corresponding line jack Ji and closes the listening key Lb:
this bridges the battery TH, through the coils m, » of the
clearing-out drop, acroes the cord circuit and also across
the aperator's receiver R and transmitter T, thereby supply-
ing bath the substation and the operator's set with Current,
Furthermore, the shutter of the cleaning-out drop is redeed.
If station 7 is desired, the operator will insert the other
plug P of the same pair in jack f; 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
remaing up caly whils one or both receivers are off the hook,

TELEPHORE RELAYS
The telephons relay suggestad itself wlmost contempors-
naoualy with the wppearance of the teléphone, and probably
thousands of devices have been brought out having for their
object the accomplishment for telephony what the telegraph
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relay has dome for telemphy A telephone relay way
be defined ap an er 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 snother
section of the line, One of the first methods suggested was
to attach a transmitter to the diaphragm of & receiver
located at an intarmediate station, the transmitter operating
the second section of the line. This did not prove satis-
factory, however, aud it was found better to replace such a
telephone relay by & continuous line, An efficient repeater
should i the loud jithout decreasing the clearness.

Fic. 65

In 1883, Edison patented a telephone relay that did not
prove successful, but recently s slight modification of the
¢ireuit and improvements in the construction of the apparatus
were made, and this same arrang t of apparat
to be successful in the hands of the American Telephone
and Telegraph Company. The srrangement is shown in
Pig. 85, in which ¢ is a special repeating coil with two equal
windings; ¢,¢; ere condensers; 5, 5, 53, 5, one winding and
P1. P2, P2, Pu the other winding of a repeating coil: and r. 2
so~called receiving magmet, huving & permanent magnet asa
core m and a light pieos of soft iron running part way
ingide the coil and having the earbon 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
eant wnd west lines must be equal in resistance and probebly
also in capacity and induct ; if not, they must be made
soartificially, that js, by the insartion of resistance, capacity,
and inductance,

Imagine & current origineted in the west line; it passes
through the windingw #: end 53 in femching the points g, »,
Here, this current subdivides, a portion passing on to the
st line and & portion passing through one winding of the
repeating cuil d and condenser ¢, The current passing
through d induces a curvent in the winding f that causes the
eoil r to vary the pull of the permanent magnet s upon the
soft-iron core w, thereby varying the resistance of the trans-
mitter #, and the current passing through it in unison with
toe current in d and in 5, 5y, 53, 5, This fluctuating current
thus produced in py, P, Py, Py induces in sy, £3, 73, £4 & current
thet it wuperimposed upem that fowing in these coils from
the west line, and thus produces in the east line a stronger
current so near the same form ag to give stronger and suiBi-
ciently articulate soundsin the receiver at the end of the east
line. The condensers ¢, ¢ are probably proportiooed to
pentralize the selfqnduction of the coils &, f, and thus
eliminate any differsnce in phase between the currents in
the line and in &, f, r, and in gy, ps, Py Pi.  All moving
parts of the ttanamitter are as light as practicable, in order
to redace 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 uss, the insurance
companits discovered that there were many fires of electrical
origin. Therefore, the varicus associstions of undereriters
formulated rules in actordance with which they tequired
that all wiring be done, or they would not ingure 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 othes
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organizations, A few cities have rules of their own that
differ alightly 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 those rules,
whether additional laws exist or not, Copies of the code
and of all other information published by the Underwriters’
Asscciation, for the sake of reducing the fire hazard, can
be obtained from the Nmtional Board of Fire Under-
writers, Chicago, or by applying to the nearest Undsrwriters'
Inspection Bureau, The rules are revised as often as changes
in the electrical art make such revision necessary,

In addition to this eode of rules, about every year, the
National Board of Pire Underwriters publish & Est of approved
fittings for use in connection with the code. Thia Lst
containe the names of articles that have been found entirsly
satisfactory, together with the of the afn =ry
This publication, however, does not contain all fittings that
will pase inapection, and many good articles are not Listed i
its pages.
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MORSE TELEGRAPH SYSTEMS

Eloctric telegraphy ia the att, acience, or process of trans-
mitting intelligible signaly or signs between distant poinis
by means of electrie impulses moving between thoss points,
The Bret successful system for an electric telegraph was
patented by Samuel F, B. Morse in 1837

Morse Closed-Circuit Syitem.—Fig 1 shows the arrange.
ment of an opdinary telegraph circuit having two termi-
nal stations W, E, and one intermediate, or way,
station J. This, practically, is the arrangement devised

Mo, 1

by Morse, and is the ons extensively used at the pressnt
time in America. At each station there Iy a mlay R, o
ey K. and & battery B in series in the line circuit, the
ground forming the return circuit. Bach relay controls
a Jocal circud taining = der 5 and s battary LB,
Normally, all keys are cloged; hence, the operation of any
ey, that {s, opening and closing the key will cause each
selay to open and cloee 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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Fia. 2

click earh time the
line circuit is opened
or closed, thereby
enabling an expen-
enced telegraph oper-
ator to read the mes.
sage by sound.
Almost any num.
ber of intermediate
telegraph officea may
be connected in the
samea line circuit with
two terminal offices.
All cells required may
be connected at any
one point in the G-
cuit, or they may be
digtributed at any
two-or more of the
stations. This ar
rangement of appe-
ratus is known as the
Morss  closed-circuit
system, because, in
pormal condition, all
keys are closed and
curient flows through
the whole circuit.
Line circuits con-
taining 150-ohm re-
lays require about 40
millisrperss, and the
local 4-ohm eound-
era, 250 millinmperes.
Por distancea up to
about 3¢ miles, main-
line sounders having
w 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 circoit in place of the relays,

Morss Open-Circuit System.—The arrangement of appa-
ratus in the Morse open-circuit systemm, 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 ust at any one time,
and that each one must be powerful enocugh to operate all
relays in the line circuit, However, all batteries are on
open circuit when not in use.

TELEGRAPH CODES

The Morse telegraph cods for letters and numernls and the
Phillips code for punctuation are used throughout the United
States and Canada, The Contsnental code, or sndversal code,
85 it is sometimes called, is used for submarine telegraphy all
over the world and fot land telegraphy in neatly every coun-
try except the United States, Canada, and parts of Australia,
The Morse and Continental codes for alphabets, numernls,
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 sp are ed., 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 hetween parts
of a letter iz made 1 unit in length, while the space between
epaced letters, agin ¢, o, r, ¥, 5, &, in the Morsé code, should
be 2 units in length. The space bet the lett hould
be 3 units, and the space between words 6 units in length,

The Phillips cods 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, Cgas
means “closed quiet and steady,” an expression extensively
used in reporting stock quotations, This code, which con-
tains several thousand chamacters and abbreviations, is
published separately in book form. There are numercus
other so-called codes, which are really abbreviations used to
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reduce the cost of telegraphing, especially in submarine.
cable talegraphing,

Speed of Telegraphiog.—The highest recorded apeed of
legible telegraphy, in which the Morse code was weed, was

Fic. 3

made in a contest in which 2656 words were sent in § min,
However, a ateady worldng mte of 25 to 30 words per minute
is regmurded as good sending, The proper way to hold &
telegraph key while sending & message is shown in Pig. 3.

TELEGRAPH SWITCHBOARDS

A terminal swilchbogrd used where dyomamos supply the
current for the line circuits 36 shown in Pig. 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 ingtru-
ments connected through flexible cords and wedges, are
shown, All metal disks in aoy one horizontsl row are
connected together, and different voltage dynamos may he -
connected through incandescent lamps L, L/, or through
non-inductively wound coils used as safety resistances to
5 or B rows of disks. Thus, by means of metal plugs, any
wvertical atrip may be counected to any horizontal row of
disks, thus enabling a large variety and number of con-
pections to be made on & switchboard of this charecter.
In this one, a circuit is formed from ground through
dynamo=lamp L'~fourth row of digks—vertical strap g~jeck
Q-oet W-third row of diske-vertical strup ¢=jack C-Ene,
On some switchboards, every other pair of disks i horie
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sontal rows mcrose the Loard have saucerlils depres
sions to enable the chief operator to [ollow connections
that he makes across the board more easily, thus reduchy
the linbility of making wrong connections,

The way in which line wires and relay sets are connected by
means of 3 small plug switchboard et an intermediate station
iashown in Fig. 5. By properly placing metal pluge betwwen
metal strips ¢ s, p, 0 and metal diska m, }, ¢, o, », 5, d, b,
either relay may be connected in either line circuit, or the

No. 2. West No. 2 East

No I Wost < No.1 Bos
ke

Grownd Wire 1

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 k, being separated
from the metal strips t, 3, o, ¢ by a thin shest of mica, thus
forming = static lightning armester.  With four plugs placed
in the black holes £, £1, 10 and 18, the set A in connectad
in series with wirea No. # west and No, 1 east and lines
Ho, #eant and No. I west are connected together, At larger
inteymediate wnd terminal stations, larger switchbowrds of
wary 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 primacy batteries, as it is much more economical,
Fig. 8 shows an arrangement now extenaively used for sup-

dov ) SRELT Mans
3. *
Fio. 8 '

plving local sounder circuits with current from electric-
light, 110-wolt, direct-current mains. Each scunder 5 ia
wound to a resigtance of 200 ohms and connected in seriea
with & 4,000-0hm, npon-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 telegrapk repecter consists of an arrangement of telegraph
instrauments aod appamtus whereby signals coming ower
one line are repeated or sent forward on another line by a
separate battery. By the uae 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 m:e,
In the United States, it is not Iy 10 ¢ a
over about 600 mi. in length directly, althoush in some
casen circuits up to 1,200 mi. are worked without repeaters.
Repeaters may be divided into two classes: button repeatirs
and automatic repeaters.
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A buifon repeaier requires the turning of u switch, tormerly
called o hutton, manually by an attendant, in order to change
from repeating in one direction to repeating in the opposits
direction, With such repeaters, the repeater attendaot
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 aflow the operator at the
receiving end to become the sender and vice versa. Putton
repaqters are generally employed for temporary frurposes
only, end are not very axtensively used,

An astomatic repecter is one that will sutomatically
rypeat in either direction without the necessity of turning
a awitch. An operator, however, is always needed at the
repeater station to adjust the instruments uud care for the
batteries, There are a large ber of aut
some of which are no longer in use. Onlym.mm
repeater will be described,

ATHEARE BREPEATER

In Fig. 7 is shown a general view of un Atheorn repealer
used by the American Telephone and Telegraph Company,
Two ordinary 130-chm relays are provided with the usosl
front stops ¢, ¢, and back stops f, F. In addition, each
relay has two slender springe ¢, b sepamted by s hard-rubber
washer », Thess springs are fastened to the base and fit in
between the two coils of the relay, although for the mim of
clearness they are shown in this diagram as being in front
of the coils. The armature lever ¢ is very light und extends
downwards from the pivot d to ¢, where it has & sscond
armature facing the holding magnet H of 20 ohma 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, I
the western operator desires to send and opens hia ley,
there is nio current in the circuit: west line—¢-i-weat relay-
MB'-g, and hence the west relay releases ite armature.
The first baclwsrd movement of this armature opens
the circuit bwtween o and of; this opens a shunt cireuoit
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
gontact between the spring ¥ and the armature lever .
Thus, the ecast line is opened at ¢, but the wes? lide does
1ot 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 &’ arcund the holding magnet H, All circuits are now
restored to their normal condition, .

ke

- L)

=E

¥
Prc. 7

Should the eastern operator, desiring to break, open his key
while the east line is also open between ¢, ¥, the first com-
plete forward motion of lewer ¢/, due to the closing of the
wesiern key and west relay, clases the circuit between a’, ¢,
and shunts the magnet H, which then releases the lever ¢,
which, in its first backward movement, opens the circuit
between a, ¢, thus removing the shunt from around the
magnet H’, which then holds the west relay lever cloged.
The eastern operator can then send to the western operator

A novel feature of this repeater is the limiting resist
nuces I, I, which instead of being non-inductively wound
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ave wound o jron cores with heavy end luge. 1t is stated
that because of this inductanca the magnets H, H' am
rendered much quicker in action because, when the shunt s
removed from ons of thess magnets, the inductance coil
gim.‘nmmmukickofmmﬂmtmem.
which helps to the high i d of the holding
mmforanﬁdlyincmmammmmd,m to
more rapidly build up its magnetiom,

MULTIPLEX TELEGRAPHY

Multiplax telegraphy is the transmission of two or more
messages over the same wire at the same time. The trana-
miszion of two telegraphic ages simult ly over
the same wire is called dupler telegraphy. In the duplex
system there is one sending and one receiving opemtor st
each end offios, that is, four operators in all. There are
three systems of duplex telegraphy: the diferswhial, the
polar, and the bridgs, The simultaneous transmission
of four indspendent mesgages over one wire, two in one
direction and two in the other, js termed the quadrupler.
In the quadruplex system, there are two sending and two
receiving operatom at each end, or eight operators in all.

DUPLEX TELEGRAPHY

Diftersotia] Duplex.—The theoretical armngement of
apparstus and circuits constituting the differemtial-duplex
sysiem 1n shown in Fig. B. In order to show clearly the
principles only of the diff tinl-dup] tem, the diagram
has been made as simple as possible by omitting practical
detaily and the Jocal sounder circuits controlled by the
levers of the relays in the usual manner, The keys X, X,.
which have rear and front contacts, are operated by electro-
magnets, the cofls of which are connected with batteries
in local cirevite under the control of ordinary telegruph
keys. The batteries B, By contain the same number of
cells, and hence have the same E. M, P, The resistance
and capacity of the circait from m through the coil ¢,
resistance 7, and condeneer C to & should be equivalent




TELEGRAPHY 34

to the resist and city of the cireuit from m
through dv=f=dy=m=g,=fi=;. Similarl. the resistance
and capacity of the oi "fromuthmughc;toG.
whould be equivalent to that of tha circuit from » tl

dy=f-o—d—m—a—j—. The circuit from g to G, cmt.mmn.g
r and €, and the circuit from b to G;, containity
and G, are called the artificial lines; the coils ¢ and o, the
artificial-line coily, and the coils d and oy, the Jine coils of
the differentially wound relays R and R,. The resistance [,
which i equal to the internal resistance of the battery 5,

f

Pic. 8

gives & path of equal mesistance from m to the ground &,
whether the key X rests on the front or the rear contact.
J1 in a similat resistance squal to the internal resistance
of By.

The condensers C, &) are armoged to give s capacity
equivalent to that of the line wire. The differential relays
bave two coils of equal resistance and the same numbwr
of turns, Hence if a current flows from K to m and them
divides equaliy through the two windings of the relay R,
%he relay will not be magnetized at all; but if the current
flows in only one of the two eoils, or if the current Howing
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in ome ¢oil is enough stronger than the current flowing is
the other coil, the relay will be magnetized, In this figure,
the relays are represented as having only one core, but as
» 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 keve are open, there is no current in any part
of the circuit; consequently, the armature of neithetr melay
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 s, where it will divide, half
flowing through the line coil d—e—f—di—n—a-Ji~G\~C, and
helf through the artificial-line coil ¢-g-r~&, However,
little of the current will low from # through the artificial-
line coil &—h—r—s, because r; has s wvery large resistance
compared with Jf;. The magnetizing eflect of the current
in the coil d will neutralize the magnetizing effect due to
the current through the coil ¢, because the currents in these
towo coils are equal and are flowing around the fron core in
opposite  directions; consequently, the relay K will not
attract its armature. However, the relay R; will attomct
ita armature, because a current of sufficient strength flows
in coil d only, thersby causing the core to attract its
armature.

For similar ressons, when key K ic closed and K iy
open, the relay R will sttract its armature, wheress, 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 #; consequently, there will be no
diff of potential bet the points m and », and
hence no curmrent will flow in the line coils of either relay.
However, there will be & current of normal strength fowing
in both artificial-line coils ¢, ¢, and bence both relays R, R,
will be magnetived and will atiract their armatures, thus
closing both local-scunder circuits, It has now been ahown
that the operation of key X controls the action of the relay Ry
only, and the operation of key K controls the action of relay
Rouly 'I"helevm}{ K1 can be congtructed sc aa to

1 juently, the interval during
which the leverl(touchumtherthe front tlor the hmck
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stop is so short that oy trouble this tends to produce can
be overcome.

l’blnr Duplex.—In the polar-duples system, differeatially

d polar relays and pole-changi hnanuudu
other respects, the system bles the diffs ] duplex,
A polarissd relay in one that requires the direction of the
current flowing through it to be reversed in order to move
the sroature from one stop to the other. A current in
one direction will keep the local-pounder dircuit closed st
the front stop of the relay, and a current in the reverse direc-
tion is required before the local-sounder circuit can be
opeted at this point, The mere abaence of & current will
Jeave the armature of the relay aguinst whichever stop the
lagt current may have mowed jt. Dots and dashes are
made by currents flowing iz one definite direction, and
spaces by currents flowing in the opposite direction, the
length of the dota, dashes, and sp depending on the
jnterval of time during which the current is allowed to
flow in the sume direction. Polurised relays are used prin-
cipally in polar-duplex and quadruplex systems,

In Pig. Bmthmthetheonﬂmlconmchmo(thepohp
duplex system ext ployed in the United States.
PR, PR; are dnﬁemmlly wound polar relays, and X, K
are keys that control Intury Teversing instruments called
pole hange: The Rh and Cr and the con-

C the artificial line at the left-hand ste-
tion, and Hu and C; represent the artificial Hine at the
right-band station. Thess anificial lines are arranged
somewhat different, bt they wccomplish practically the
same purpose; thet is, the sfrangement in each cuse gives
& circuit of equal resistance and electroatatic capacity
to that of the line wire, Al four main-line dynamos, two
at ench end, genernte the same voltage. When both keys K,
X, are open o0 that the kevers &, &) rest upon their rear
contacts o, gy, there will be no difference of potential at
the two ende of the line circuit; consequently, there will
be 0o ‘current in the line coils of either rulay, Thers
will, however, b & current st each end, flowing from the
bnm:juinwtlumdthmhtheuﬁﬁdd-ﬁmmih




864 TELEGRAPHY

of both relays and back into the battery. The relays are
a0 polarized that current flowing in this direction through
only the artificial-line c¢oils will cause the permanently
magnietited armatures to rest agajnst their back stops.
and thus keep both local-sounder circuits open. If key K

e

@

aqm-

Pio. 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 & current in the line circuit of double the
strength that would be produced by one dynmmo acting
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slone in the same circuit, There will mdo .. & current
flowing from & through ¢~Rk-G—G—B. There is now flow-
ing through ¢ & current of the same strength as hefore,
but in the opposite direction, and through d & current of
twice the strength of that through ¢, and in euch & direction
»a not only to neutralizs the maguetizing effect of ¢, but wlso
to maguetite the relay in the mame direction as befors,
consequently, the relay PR remains open. Purthermore,
the current fowing from the lins thevugh the coil &), having
twice the strength of the current Sowing through ¢;, not only
mtralimtbeeﬂecto{themmtmc.butﬂmmnmthe
polarity of the relay PR),and hence the per tly
magnetized armature to move from the back to the front
stop #, and thereby close the Jocal-sounder circuit; conse-
quently, only the local sounder at the right-hand station
will reproduce the signal made with key XK. In a similar
manner, the cloging 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; conssquently, there will be no current
in the line cimuit. Current, however, will be fowing
through both artificial-line coily ¢, ¢y, This current fiows
through the artificial-line coils of the relays in the right
direction to reverse the normal polarity of the relays, snd
hence both armatures will be nmvoved and both local sounders
will be cloged.

Bridge Duplex System.~The bridge duplex sygem:, a simple
diagram of which is shown in Fig. 10, is similar in its action
to the Wheststons bridge. $ is s rheostat 80 arranged that
as the lever ia tursed upwards, resistance is taken out of
the arm o of the bridge, and is added to the arm od and
wice vergn if the lever iz moved in the other direction.
The four arms of the bridge are od, ac, 4Gy, and from ¢
through the line and appamtus at the other station to the
grounds Gy and Gy. Hence, the resistance of the artificial
e at each end must be equal to the redstance of the line
wire plus the resistance from the distant end of the line to
the ground, through the apperstus st the distant station,
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assuming, ae is usually the case, that the resistarws of a¢
is equal to that of ad. Whan this ia tha e, there is no

differenice of inl bet the poi dand ¢, Tha
mz hyK andhxwﬂmmdhdhtham

as dy explained in ctian with the difforen-
tial duplex.

If ac bears the same relation to ad that ibe cioouit from ¢
throogh the line and apparstus at the distant station to
ground bears to dG,, then the selay R, which in this case

Fig. 10

correaponds o tha galvanometer in the Whetstons beidge,
will oot be affectsd by the outgoing curvent From the het-

tory B, for the same that the gul tar in the
Whentstone bridge is not deflected when the bridge is
balanced, [f koy K* in pressad down and key K i up, that i,
opan, some current will paas along the ke and will divide
at the point ¢, part of it pasting through and operating the
nlsy R, The position of the key K will jn no way affect
the opemtios of the relay R, becauss the position of K doss
not alter the resistance of the circuit between ¢ and G.
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Thus, the relay at
be opersted only
by tha loay at the
distant sation.
Cable Bridge
Dupler.—In Fig.
11 ia shown the
bridge duplax as
used for sub-
marine cables. A
the signals depend
on the eectro-
static capacity of
the cable sa well
[T L.
ance, condensers
are freely used in
the various arms,

3 The srtificial

cabla is made up
of g large number
of eections, each
conaisting of »
pile of tin fcil and
paper strips. On
one side of the
paper, the tin foil
is cut in sigeag
strips, a8 indi-
cated in the Sgure,
while oo the other
side the tin fail
atrips A mect-

sogulat. Thesig- .

g SLTIPE are cOn-
oected in seties;
thus, their resiat-
anceia made equal



308 TELEGRAPHY

to that of the cable conductor. All rect lar strips are
grounded, either directly or through high resistances, which
retard the charges. This arangement of tin-foil strips gives
the necessary capacity to the artificial cable. The key K has
two bandles thet sre normally grounded through m top
grounded metal strip. When either is pressed, the battery is
o cted in the circuit, one bandle connecting the positive
pole toward the line, and the other the negative pole toward
the line, When the key is opetated, equal ch flow into
the condensers C, € and into the cable and the artificial
cable; thus, the points §f and # have no difference of potential
and the siphon recorder Wis not affected. Charges produced
at the distant end and arriving at f, however, will affect W,
b # is not. rily at the same potential,

The siphon 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 & light
glass siphon actoss & paper tape that is moved along under
it by clockwork or motor mechanism, One end of the siphom
dips into an iok well and the moving end is kept vibmting,
thuspwdumngadotwiwawhmncoﬂithatmhemd
by cable operntors,

QUADRUPLEE SYSTEM

All gquadruplex systems are operated on about the same
principle, which is a combination of the polar and the
Stearng  differential-duplex syat The appamtus at
each end is exactly the same. For the operation of quadrn-
plex systems, dynamos are rapidly displacing primary bat-
teries, The principle of the quadruplex system may be
explained by the aid of Fig. 12. Pour dynamos am 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 ¢, f of an instrument T,
called a iransmitier. NR is a differentially wound ordinary
relay, called a wemtral relay, and PR is a differentially
wound polor reloy. The neutral relay will attract its
arroature 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 30 adjusted that the magnetism must be three,
and in some cases four, times its normal strength in onder
to dmw the armature against the back stop . The polar
relay has & permanently magnetized armature and is so
adjuyted that it would remain against either gtop if no current
flows in either winding of the relay, If the current magnet-
izes the cores of the relay in onme direction, the armature

Joo Joo oo
boils Volts Voirs

T

3

P, 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 dimection. When both keve Fhk
and Tk are open, the negative pole of the 100-volt machine is
connected to the point k. Closing Tk only will connect — 300
volts to k. Closiog Pk only will connect -+ 100 volts to b,
and closing both Pk and Tk will connect +300 volts to k.
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Thus, it wil be seen that Pk controls only the direction in
which the current tends to fiow v &, while Tk controle only
the inténgity of the E. M, F. and, hence, only the streagth
of the current that tends 0 fAow jo ¢k, The two windioge
<m each relay have equal resstamcns and the same oumber
of twns, and v 19 equal bo the resistance and © to the capacity
of the line circuit, this combination of r and ¢ beiog callad
the ortificial bine. Whatever current flows in éh tends
to divide equally through the line and the antificialline
carcmthatmmdtoauheratk.

Since wh i d to kb tends to send
acumntdequdstmgththmuehthemmdmgsot
each relay, it follows that these two relays will not move
their prmatures, no matter which one of the four dynamon
at this station may be connected to k. These relays cun
be operated, however, by varying the potential applied to
the line at the distant station, due to the operation of o
transmitter and pole changer located there, For instance,
normally — 100 volts is applied to similar points b at each
end; no current therefore fiows 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 oot sufficient to overcome the springs .
The polarized relays are open because they are a0 polarized
that & carrent fowing from & to ¢ holds the armature
against the back stop, Suppose that +100 volts is applied
at the distant end by closing the Loy correaponding to Pk,
‘There ia now 200 volta acting in the line circudt, which sends
acumthmtheﬁnewh;thiscumntiamm_thnit
0ot only neutralizes the effect of the current flowing from G
to b, dus to the 100 volts applied only at this end, but also
remagoetises both relayw in the opposite dimection, Hence,
the polarity of PR is reversed and it will atoect s ansature.
The polurity of NK is also mversed, but the mapoetisation
produced is dot strong eonogh to overcame the epring s,
The cperation of the dintant key corresposuding to T would
operste ouly the neviral relay NR, becamm i bucresss the
potentind applied at the distant ¢nd and, haore, the curewist
increased enough to overcome the spring 3; but the cwrrent
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has not beet reversed in direction, comsequently the polar
relay PR is not affected. Moreover, it can be shown and isa
well-lmown fact that all four transmitting keys may be
operated stmultaneously or in any practical manner, and that
each key will operate only owe partcular relay at the distant
end.

SIMULTANEQUS TELEGRAPHY AND
TELEPHONY

The transmission of telephone and telegraph mespages
over the same circuit at the same time, without one inter-
fering with the other, is called ssmullansons telegraphy and
telephony. An arrangement of circuits that will allow the
transmission of one telephone and one telegraph message
at the same time over ome pawr of wires is termed the sim-
plex system. When telephone apparatus is substituted for
telegraph apparstus in the arrangement just mentioned,
thus permitting two telephone nessages to be transmitted
over the same pair of wires at the aame time, the armange-
ment is celled duplex lelephony. Multiplex telephony is

lied to armang ts whereby it I3 possible tc trmansmit,
mu.dtnnewsly, three or more telephone messages over two
or more pair, respectively, of line wires,

An armangedrent of dronits that will allow the trans-
mission of one telephone and two telegraph messages at
the game time over one pair of line wires is termed the
compozite system; this term js also given to a similar arrange-
ment of apparatus that will allow the transmission of one
telephone and one telegraph tessage at the same time
over w gingle line wire, In the latter armangement, the
ground iz used as & common returmn for both telephone and
telegraph cusreats,

Impedance-Coll Smplex.—In Fig. 13 is shown a Bell
sémplex rysiavn, asing two 5HH)-ohm impedance coils, which
are bridged across each end of a pair of long-distance tele-
phone wires. The condensers prevent the flow of talegraph
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Fra. 13

currents thiough the
jacka 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 vsually
grounded at all tele-
phone exchanges, is
arranged as shown at
&, with a repeating coil
or transformer inter.
posed between it and
the ringing key, so
that neither line wire
ia grounded, which
would unbatance the
circuit, even while ving-
ing over the line, The
straight arrows show
the path taken by the
telegraph currents,
while the wavy arrows
show the path taken
Ly the rapidly fAuctu-
ating voice currents. It
will be seen that the
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two line wires are
usad in parallel for
one side of the
telegmph  circuit,
the ground being
used as & return
circnit, while the
same two line wires
constitute a com-
plete metallic cir-
cuit for the tele-
photie currents, the
ground not being
used for these cur-
renta.
Repexting~Coll
Slmplex.—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
s shown in Pig. 14,

" The repeating cails

dexy, mnwe, and
opds must be de-
signed to transmit
both voice and
ninging curtents,
trat such coils are
not the best for
transmitting voice
currents over long
toll circuits, This
syatem, ag used by
the American Tele.



nhons and Telegraph
Company, has proved
to be superior tu

i St
Fic. 15
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fromm entaring the tele-
graph circuits by the
use of the impedance
mﬂ‘m- mlaDc’amla

telegraph

whils the

currents are excluded
from the telephones
by the wa of the
condansers f, fy, iy, fp
Whatever sharp tele-
goaph impulses may
happen to get through
the condensers , fi. fy.
fr can readily pass
through one-half the
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impedatce cail Scor Scp to ground. The impedance coils
De, De\, Doy, D¢y have their two ooils so connected as to
muagnetize the jran coge moppodtnd:muomwhenth.
relgtivaly alow changing, tel h through
them; thus, each one presenis but Lttle mducnuoppd
tion to the flow of the telegraph curment, and hence does
not appreciably affect the operstion of the telegraph
spparatus. However, the two windinge an each coil act, to
f.hemd.ly fluctuating voice currents, prmctically as two sep-
arats ind woils ted in series, and hancs compel
the vaice currents to pase through the various condensers and
telephone apparatua connectad, when in use, to the jacks ff.

For signaling over the telephons circuit, it is customary to
use g special ringing apparatus that converts the wsual ring-
ing-generator current into an alernating current of much
higher frequency; therefore, this current will not readily pass
through the coils Ds, ¥y, De;, Dey, and interfere with the
operation of the telegiaph relays which would otherwiss be the
case,

DUPLEX AND MVULTIPLEXI TELEPHORY

Por duples telepkony, the circuits are wrranged in about
the sama ad in plex telaphone aod telegraph
LS

[5G

Fio. 16

systsma, telephoos inst nts being substituted for the
talagraph apparmtut

M
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Linel

Fig. 17

Impedance-Coil
Method.—In Pig. 16 is
shown a duplex tele-
phone system using dm-
pedance ¢oils cd and ef
acrosas one pair of line
wiren, Telephone A uses
the metallic circuit and
hasa jack faandadrop
Da at the exchange,
while telephone B uses
the two line wires in
paraliel us one conductor
and the ground as a
return  conductor; the
latter also has a jack Jb
and a drop Db ut the ex-
change. The circuit B-
u—{ ;:;}-—a—Db—"-g ia
called a phaniom circnd?,
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 Ovwer
Two Palr of Wires.—
Usually, more satisfac-
tory results are secured
by aranging two com-
plete metallic circoits, s
shown in Fig. 17, soasto
obigin three telephone
circuits. ‘The third cir-
cuit may be brought
through a jeck fyand s
plug F; to jack Jy and
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drop I}y or two keys K, K’ may be used to connect the
impedatics coils across the two line circuits, To use the third,
or phantom, cireuit, the plug P¢ must be inserted in the
jaitk fq and the keys K, K’ closed. The line wires constitu-
ting the metallic circuite should be transposed, as indicated
at m, », as wonld any two pair of parallel and adiscent
telephone line wires, to eliminate cross-talk between the
two pair. Furthermore, one pair of wires should be trabs-
pased with respect {0 the other pair, as ahown at X, in order
to eliminAte cross-talk hetween the phantom dircuit and any
other circait parallel and adjacent but not associated with
this duplex circuit.

Repeating-Coil Method.—In Pig. 18 is shown a duplex
telephone system using repeating cotls cd and ¢f across one
pair of telephone Hne wires. The ground is used as a return

L} L)
A
0

F)
Y ¢
R Skl g ' .
_ !

Fio. 18

tor the phantom circuit containing the telephone B, Jfo
-and Da are the jack and the drop, respectively, for tels-
phooe A, and Jb and Db for telephone B.

Three telephone circuits may he obtained over two pair
of line wires by the armangement shown in Fig. 19. When
the phantom circuit is to be used. the plug P, in inserted
in jack f4 and the corresponding plug at the other station
is alao ingerted in its jack.
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Pre. 19

Phantomn Card Cir-
cuits.—Whers plmntom
circuite are obtaioed by
the use of impedance
coils, as in Fige. 16 and
17, & cord cércwid com-
taining a repeating cosl
should be employed to
conoect a telephone on
& phantom circuwit with
a telephone on the
metallic circuit  from
which that particular
phantom circuit is de-
rived. Otherwise, the
half, for example, cv,
PFig. 18, of the im-
pedance coil connected
to one side of one
metallic circuit will be
short-ciremited, while
the other side of the
same metallic cireuit,
for example, line wire £,
will be connectad di-
rectly to the ground, or
to the middle of the
impedance coil Iy, in
Fig. 17.act08s the other
metallic circuit. In
either case, the sounds
heard in one telephone
due to talking m the
other would be due

cawied by a badly un-
balanced circuit,. To
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terminating in jacks o, fy, Pig. 17.and 4 fs, Pig. 18,0 cord
circuit W without & repeating coil may be usd. Generally,
repesting coils should not be inperted in cond circuita W, 7,
Fige. 18 pod 19, ueed in duplex systerns obtained by mesns
of repeatiog coils.

WIRELESS TELEGRAPHY
The most successful methods for telegraphing through

space without ing wires depend on the propagation
through space of electromagmetic waves frequently called
Hertsian waves. These waves are identical in some respects

to light waves, but bheave different frequencies and wave
lengths, The principles of trunsmitting and receiving
pparatus for wireless telegraph eystems may be briefly
explained by the aid of Pig. 20,

At the left is shown the framsmitting apparatus, which
consists of a Rubmkorfl induction coil, through the pri-
mary ¢ of which current from the battery B may be sent

Fis. 20

by closing the kay K. The sseondary 5 has its terminals
conuectsd to brams rods terminating it small brass balls
The gap ab between the balle is called the spavk gap. When
the spark gap is propecly adjusted and the apparatus is
in worldng order, cloging the key K will cavas & torrent
of wparks to pase sovoss the spark gap. These sparks
cpuse sleciromagnetic waves to pas out in all directions
through spaoe.

i

F 3
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The receiving opparates is shown at the right of Pig, 20,
and congists of o device H called a coherer, which is con-
nected in series with the relay R and a wesk battery LB,
The coherer consists of a giass tube, usually exhauwsted,
in which are placed two silver plugs. The small space
between the faces of the two silver plugs iz only partly
filled with cosrse flings—usually 9#0% nickel and 10%
gilver, Normally, the resistance through these flings
is very high, several thousand chins, but if the coberer
it placed where electromagnetic waves of sufficient intenaity
strike it, its resistance decreases enormously, thereby allow.
ing sufficient current from the local battery LE to flow
through it and the relay, to close the relay. The tapper #
of an ordinary vibrating bell is arraoged 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 electromagmetic
waves are 00 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 nec 4
in a successful wireless-telegraph station. Usually, the
terminals & and » are grounded, and the termingels o and m
are connhected to wires that may extend high in the air
and are called the aevdials. The electrical disturbances
emanating from high aerials produce waves that are able
to travel greater distances than would otherwiss be possible,

It is usually necessary to prevent sparking at relay or
other contacts and to reduce the inductance of receiving
devices ag much as possible. Por these reasons, it is cus-
tomary to shunt all make.and.break cootacts with coo-
densers or high non-inductive i and to 1 £
in parallel with each relay or other electromagnetic device
& non-inductive resistance of at least four times the resistance
of the device. ’

The distance over which it is possible to transmit signals
#epends on the power of the tranemitter, the pensitiveness
of the receiving devics, and the height of the serial con- -
ductors; whether the intervening surface is compacstively |
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smooth like the ocean, or rough like the land; and whether
it is day or night. With the same appamtus, greater
distances can be covered st night, and abont thres times
as far over the ocean we over the land; the distance varies

( N —)
- - r |I' -I
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M. 21

about we the square of the height of the vertical conductor.’
The energy received is said, by different anthorities, to vary
a8 twice the square of the dist to the t itter, as
the ng of the dist: and even as the distance iteelf,
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Marconi's System. — One armangement of traosmitting
and receiving apparatus used by Marconi ia shown in
Fig. 21. The aerial wire ends in o plug P that may be
connected to the t itting apparatus by imeerting it
in m, or to the receunng apparatus by opening the metal
doot f and inserting it in #. The receiving apparstus is
enclosed in a metal box, o that no waves from the home
sending apparatus can damage the coherer. a, & are the
two windings of an induction coil without any iron core;
this induction coil is frequently called a féigger, AN electro-
magnets and sparking contacts are shunted by non-inductive
resistances except the relay contmet, which ig shunted by
five polarizing cells #.  The choke coils 4, 4; assist in compe!-
ling the rapidly alternating ourrent to pass through the
coherer H instead of through the relay, The wire coming
out at ¥ is first covered with msulating material and then
tin-foil, as shown at (@), 30 an to make n metallic acreen
through which no wavea will pass into the box.

Electrolytic Wave Detectorsn.—The electrolytic  ware
deiacior, which was first described by Fesserrden, and shortly
afterwards by Schlomilch, consists essentially of a cell
having & 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 #s most effective form contains
an electrolyte, the decomposition products of wihich are -
gases. Whenan E. M. F. is applied to such a cell, powerful
polarization engues, so that scarcely any current passes
unless the E. M. F. exceeds a certain critical value, When
electric oseillations pass throogh this cefl, the resistance
is decreased, and the current for the moment is increased,
only to return to its former small value ax soon as the oscil-
lations cease.

Pig. 22 showa the simple connections for nsing the elacten-
lytic wave detector. A telephore receiver # is used to
detect the oscillatory currerrta that pass through the cell ¢
and produce the chasge in ity resistance. The cell made
by tha National Electric Sngnlmg Company consicis
essentially of a mi cup, containing the
eloctrolyte into which a plaunum wire about 002 mm, in
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diarmeter dips. This platinum wire s drawn I silver,
and the sihrer i dissolved in acid, leaving tbe bare plati-
rum poind ready for use. By means of the resistance r,
any desitable potential due to the battery b may be applied
to the citvuit containing the elctrolytic weve detector e.
The posential appleed to the circudt containing this electro-
iytic cell may vary from about 1 to 2.7 volta, but the best
pressure across the cell i 1.6 volts. The telephone used in
this citcuit has & resistance of about 1300 ohms. For
the electrolyte, & 50% wolution of hydrochloric acid, a 209
solution of nitric acid, or & 30% solution of sulphuric acid
may be used. The hydrochloric.acid solution seems to be
the most eensitive. The resistance of the detector for
smmll alternating currents varies from about 20,000 to 400
ohma, aceording to the polarizing E. M. F, applied. For
rapid oscillations, the
capacity effsct of 1ihe
point electrode probably
hassome influence on the
action of the cell. When
the E. M. F, is increased
or decreased 03 volt,
using a sobution of hydro-
chloric scid, the resigt-
ance change is about P, 22
12,000 chms, The action '
is likely 80 be more reguiar with the point electrode as the
anode. The current changes are ample for a tslephone
reveiver, bus are too small 40 operats & relny with otrtainty.

Instend of co iing the terminals of thw electrolytic
cell # 4o the earth and 4o the aerial whe, o transiormer or
jlgger may be interpomed, in which cas the terminals
of ome winding of the former will be & ted to
the serinl wire and to the carth, whils the terminals
of the other winding will be econnected to the ter.
minals of the electrolytic cell. The arrangsment would
otberwise be the same a3 already shown,

De Foresd Avdion,—The owdion, so called by De Forest
and shown in Fig. £3, comsisty of an exhausted incandescent
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lamp ¢, preferably & tantalum 4. to 8-volt lamp, to which
are added two metal parallel wingw ¢, f. The battery o varies
from 4 to 8 volts, for which three storage oells are generally
used, and b, from 8 to 18 volts, for which dry cells that will
last at least 6 monthe are used, as the current produced by
them it very small, De Porest claimed, in 1908, that
tuning with the audion waa sharper than with any other

R 3
. Gig)

Fic. 23

form of receiver, and that the same signals, for practical
distances, were louder than with the electrolytic receiver,
The relay will operate fast enough toallow 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 betwesn them, and thus the current through
the relay is decreased.

Other Wave Det —Besides those already explained,
there are several other devices used to wme extem to detect
the waves produced by wirel tus

The carberwndum detector consists of a crystal of mborun-
dum clamped betwesn metal electrodes. This detector i
connected in the circuit in exactly the same manner as =
coherer, but & telephone receiver is used to receive the
message instead of & relay.

The titicon detector, invented by G. W, Piclard, consists
of a piece of pure silicon held weross two low-registance
metal electrodes. The incoming ocecillations in paswng
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acrosa the contsets heat one more than the other, thersby
eausing & direct thermoelectric-current impulse for each
oscillation and producing a sound in s telephone receiver
as long as the oscillations persist. A fragment of silicon
held with suitable pressure against two Hat-ended brass
rods is said to give excellent results., The silicon detector
requires no battery in the telephone-receiver circuit and
is claimed o be twice as sensitive as the carborundum
detector, and about ag sensitive as the electrolytic detector.

Poulsen’s Undamped Oscillation Trancmitter,—Most oscil-
lations produced by wireless telegraph transmitters are
very much damped, that i3, succeeding waves decrease
greatly in amplitude, so that only g few waves have sufficient
intensity to be effective. Poulsen has succeeded in produ-
cing waves that are 50 tuch less damped that they are ealled
undomped waves. Undamped oscillations are very desirable
for selective or tuned systems, but so far it has oot been
possible to produce damped waves that are as powerful
a8 undamped waves.

Powlsen's undamped 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 prodiced in the circuit, including
the aerial wire, The energy given off by this method is
Jow, however, and it remains to be determined whether
weak, undamped waves are as useful ag stronger damped
waves, or whether more powerful undamped waves can be
produced by this or eome other method,

WIRELESS TELEPHORY

Por » wireless telegraph transmitter, it is necessary to
have some method for modifying the electromagnetic
waves B0 a3 to impart to them: the fluctuations characteristic
of the current in a circuit containing a telephone transmitter,
The form of the electromagnetic wave wust be varied
sxactly to cormespond with the sound wave due to the words
mpoken at the tranamitting station; and at the receiving
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atation the apparatus
uust o cepable of
retnsforming  the
censrgy imto eound
waves of like char
ascter to those origi-
asied st the distant
end of the system.
Pommenden's srrangs-
ment of apparstus, in
1006, for transmitting
telephone mesanges be-
tween two  etations
about 10 miles apmrt |
is shown in Pig. 24,
The battery b excitas
the Geld f of & epecial
dynamo, the armatore
o of which produces 5
sine-wave alternating
current having o frp-
quency of 80000
cycles per sec,, & volt-
age of 60, and en ou-
put of gbowt } kilo-
watt at & epeed of
10,000 rev. per min.
This dynamo, whem
ron by & stemm tur-
bine, is capable of
giving 100,000 cycles
per sec. The intemal
resistance of the arma-
ture is approximately
6 ohmy, and the drop
due to inductance at
full losd i about
oquel to the drop dus
1o ite resistance. The
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bearings wrm lept cool by forcing oil through them with
an sir pump. The machine, which was designed and
built by the G ! Electric Company, has run daily for
& or 7 hr. with pructically ne attention. The dynamo
current passes through an inductance 4 and ot wmdmg ¢
of an air-core t ., thereby ind a

E. M. P, in the other winding d. Both wmdmgsnn arranged
a0 that the number of tums may be varied to euit different
conditions. In series with the winding d is connected o
variable inductance I, which is a.djumd to tune the circuit
g—o—d-l—hw\tha—o-c Themial m are shown at &
and & variabl hone itter at o,
Thus, # varies the strength ofthe current produced in the
circuit g——d-}&, and bence the electromagnetic waves emit-
ted, in accordance with tha sounds spoken into the trans.
mittar 4.

The meeiving serial ciceunit contains the aerial wires ¥,
an adjustable inductancs &, and a winding 4" of an air-core
trpoaformer, as at the tmosmitting station, The con-
d i i wdy ble, while & hus o fixed capacity; s is
& liquid barreter, or electrolytic cell, consisting of a minute
platinum point dipping into a 20% solution of nitnc acid
contained in a minute platinum cup, The electrolytic
cell has a voltage ofabuut 1.6 applied to it by means of
the cells ¢ and the p i ter AT w. The
telephone receiver may be comnected directly at #, and the
variation of current produced by the varying polarization
of the cell m when variable electromagnetic waves are
received at ¥ will cause the receiver to reproduce the sounds
spoken at ¢, However, these sounds are probably weak,
as a telephone repeater at $ was used for a distance of 10 mi.
Tetweean K, ¥, this repeater may be described as follows:
It is an ingenious type of relay, using differential windings
on the caores of magnets, between the poles of which is
mounted an armature attached to one elactrode of a micro-~
phone tramsmitter. Variation of the current traversing
the windings causes  shifting of the magnetic field to one
nide or the other, producing & corrwsponding eeries of changes
in the position of the plate controlling the moveble traoymitter
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electrode: This relay is claimed to be very sedsitive and
improvementz made in 1007 are expected to improve
jits efficiency. A double relay of the same typs has been
used as a calling device to operate a loud-speaking telsphone,
or a bell, or a Morse register.

It is claimed that the speech is as distinet s 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, § ampere
is all that can be used, and even with special transrhitter
buttons, 2§ amperes seem to be the limit. A multiple.
button transmitter cannot use over 10 amperes. At the
transmitting station the transmitter and a primary battery
may be connected in a Jocal circuit with one winding of &
telephone induction coil, the other winding of which is
connected to the winding of a telephone repeater, the
trangmitter part of the talephone repeater being co ted
in place of the tranamitters. This description was abstracted
from sn acticle in The American Telephone Journsl, 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

arc Light o, Fig. 25, is allowed to fall on a parabolic tmirror »,
which seflects the light in & parsllel beam through the space
%0 the rwceiving station, The light is here converged to &
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point in the focus of & parebolic reflector ¢ and impinges upon
a selenium cell ¢, which is in series with a battery A, cone
denser wi, and a telephone receiver r.  The selenium cell is
constructed by forming a grid of conducting wirea between
fused seleni the resist of the selenium cell varying
with the intensity of the light that falls upon it.

Varying the resistance of the transmitter ¢ by speaking
into it, varies the cwrrent from & in the primary winding ¢
of an induction coil. This induces an alternating curent
in the secondary winding J. which, being superimposed
on the steady-direct current produced by battery k, causes
» vatiable current to flow through the arc .  This produces
both a light and a sound, which vary in intensity and character
with the sound waves produced bef: the tra itt
The light waves strike the parabolic mirror g, which reﬂ.ect‘s
them to & point at its focus, where the selenjum cell ¢ iz

laced. The int: of the selenium varies with the
hght that is reflected upon it, and hence the current developed
by the battery & varies: sounds are therefore produced
by the receiver # corresponding to those produced before
the transmitter 2, An inductance ceil 1 allows a larger direct
current to How through 4 but confines ail the Auctuating
current to the condenser m and receiver r,

The transmission depends on an uninterrupted line of view
between the tmmnmnitter 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 5to 7 Km. The
electromagnetic waves produced are short, and the selenjum
cell decreased in resistance from 120,000 ohms in the dark to
about 1,500 ohms when placed near & 16-¢.-p. incandescent
lamp. A permanent record of the sounds may be obtained by
paseing w mnsitive photographic film through the beam of the
talldng arc and developing it; then, by drawing the film
over a seleneum cell with a strong light behind it, s telephone
connected with the cell will reproduce the origina] sounds,




%0 TELEGRAPHY

DE FOAEIT STETEM
Dr. Le¢ De Porest, by Nis wireless telephons system,
has ded in + iteing teleph » digt
of 12 mi. without eonnecting wires. In Fig. 20 (a) is shown
the trymemitting eftcult. ﬂemdcumtmurbo
a storage battery or lighting maine with suitable irnped

'm_im‘

b

()

coils od 40 aliminate undesiable varintiens in the current,
As ¢ is shown the oacillator, which may be any form of high-
frequengy interrupter, alt.houhberou-t-ncndnﬂ

is thus produced a high-frequancy current in the winding
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fh of & transformer. The current induced in the d
ary 31 has ity strength vatied by tbonmionmmm
ance produced in the ordinary micropt I
¢ when speaking into it. Thus, vwriable adiations sn
mnt out from the serial wirea & The inteneity of thess
radistions and the distance at which they are effective
depend on the length and frequency of the waves produced
by the oscillator, the power supphed to the oscillmtor, and
the beight of the antenna, which project into the air,

In Pig. 26 (b) is shown the receiving cireuis, which resernbles
the transmitting circuit, The De Foremt wodion, which
is & modified incandescent tantalum lamp, has its Glament J
lighted by a storage basterr m. One side of the circuit
i ted to s plati grid o, while & platinum wing ¢
i connected to wn ordinery delephote receiver r, which s in
surt comaected to a battery . The inesndescent flament
ia said to cause the highly rerefied gases in the bulb to
separate into very minuts partichs, ewllod sons, When the
waves reach thie receiving device, they produce a change
in the resictance of the interior and the receiver promptly
meaponds. The received waves spparcntly pass briween o
and §, while the variable current from the battary » passss
between p and /.

ELECTROLYSIS OF CABLE SHEATHS

Earth Currenty.—FElawirolysis means heres the eating
away of cable sheaths, underground pipes. rwils, or other
grounded or buried comductors by stray curremts from
street-railway or other circuits. Currents dus to electric-
railway or other systems carrying large currents and using
oarth meturns ame likely, in choosing their path back to the
powar station, to select the sheatha of andempround cables
or of any other metallic bodies that offar patha of compars-
tively low resistance,

Danger Points.—BExcept i n few cases, the curromt
in fowing from ome kind of a conductor to snother 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 electralytic action cccurs
to the probable destruction of the conductor, So lvog s
the cable sheath ia negative to wll of the surrounding ¢om.
ductors it ia in 0o danger from electrolysis, for thia indicates
that the curent in Sowing from the surrounding conductors
to the sheath. If, however, s point iz found where the
cable sheath ia poditive to the murtvunding conductors, the
current 8 flowing from the cable to the other conducton
through the ground st thet point, The maximum positive
point on the cable should be determined, and a heavy copper
bond should be run from this point to the mil 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 chemnical 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
enetgy expended per unit ares of the pipe suriace may not
be great enough to decompase the milts in the damp earth,
Electrolytic action may also take place for s while and
then cease, owing to the character of the earth around the
pipe having become changed by the decomposition of the
salts ined therein and dered incapable of acting
longer sa an electrolyte, Underground conductors may
also become corroded by the simple chemical sction of
tha salts io the earth, The only sure way of determining this
point is to bury asimilar-sized piece of exactly the same metal,
ingulated from but alongside the metal that becomes pitted,
for about 8 mo, At the end of that time, note the difference,
by weighing or by cbheervation, in the effect on the ingnlated
and uningulated similar pieces of metal, The relative eflects
of corrosion from the two sources can thus be determined.

Lead is eaten away nesrly twice as rapidly as tin, over
twice as rapidly as sinc, over three times as rapidly as
copper or iron, and over twelve times as rapidly as aluminum,
Underground lead sheaths are, under gimilar conditions, eaten
swsy very much more rapidly than iron pipe.  Wrought-iron
pipe is esten much more rapidly than cast iron, probebly due
to impurities, which form a Jind of scale on the cast-irow
pipe and protect it,
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Locating Panger Points.—The method of procedure
in each case, in order to locate the danger points on a cable,
is ugually to measure the difference of potentinl, with &
voltmeter or, preferably, with a millivolimeter, betwesn
the cable sheath and the surrounding conductors, swch

Pig. 27

as water pipes or the rails of electric milways, at frequent
intervals along the cable line. The voltmeter may be
connected to the upper enda of two metallic rods, ahout 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 weing provided

4|
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with & wedge-chaped tip for making contact with the Jead
shesths of the cables. The readings should be recorded
in tabular form and a curve posgiructed from them; their
locaticn may alec be usclul,

Herrick’s Mothod —The following method is recom-
mended by A. B, Herrick as being much more reliable for
determining the potentizl between o pipe or cheath and
the adjmcent earth than the method of using a millivolt-
meter, An inmdated pointed rod a, Fig. 27, is driven through
the soil until the point comes in contact with the pipe. A
second insulated rod & s driven in 9o 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, aa, for example, a piece of
lined conduit such as is used for wiring buildings. The
earth-potentinl point is covered with cadmivm so that
there will not be w local E, M. P. sat 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 mesasured not by means of a voltmeter, which would
disturb the oormal current flowing between pipe and ground,
but by balancing the unlmown E, M. F. aguinst a known
E. M. P. from a standard battery. The resistance cd in
adjusted until the gel ter & indicstes zero current,
and the E. M. P, between the pipe and ground then bears
the same relation to the known B, M. . of the standard
battery ithat resistance x between ¢ and d bears to the total
rexistance ¥ included between # and d; or,

51-53
in which E;=E. M. F. be pipe and g d;
E =E, M. P. of signdard battery;
x =registance cd;
¥ =total mesistance do,

It ja Dot necessary to know the valoes of x and ¥, in ohma;
it s sufficient if the retio of their resistances ia lowewn.,
Resistance y can be in the form of s slide-wire bridge o
& bare high-resistance wire wound oa s cylinder and pro-
vided with a sbiding contact and scale. s0 that the divisions
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read off for any position of the contact will be proportional
to the resistance =

Prevention of Ehctrolysls—A laege system of piping
forms a conducting network of very low resistance in par-
alle]l with the car track, hence it is & very difficult matter to
prevent part of the current from leaving the track. How-
gver, if proper steps are taken, the bad effscts of electrolysis
can be largely avoided. The following are the main points
that experience has shown should be otwerved: -

1. The trolley wire should be mnde the positive side of
the system.,

2. The track should be thoroughly bonded and the honds
maintained in good condition,

3. Any metallic connections that may exist between
piping or lead-cable systema and the track shoald be located
and removed.

4. Return feedars should he 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 tables
will be *drained" off without passing from the pipes or cables
to the ground.

5. Where service pipes, cabl or d d con-
ductors pasa under tracks or through other ng:om where
they are exposed to elsctrolytic action, they can often be
protected by covering them with glazed tile or by placing
them in & trough fillod with asphalt,

6. If, in any part of a system, the rail mturn carries sn
excestive current, return feeders should be run so as to
relieve the mil 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 paes off to neighboring pipes.

The remedy given under 3 is impartant, Very often acci-
dental connections exist between the rails and pipe or cabls,
so that the carment can pass directly to the piping or cable
system. This is eapecially the case where pipes or cables tun
scroes iron bridges that also carry railway tracks. Bef
attempting to dmin off the current from » piping system, it
5 peedloss 10 say that all metallic connections batween track
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and pipe or cabla 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 impostible, insulats them
by the insertion of insulating joints st either end of the
bridge.

Remedy 4 is very commonly practiced and givea good
regulty if properly applied. The feeders should be
sttached to the pipes or eable sheaths that carry the most
current and, as & rule, the current so returmed to the power
house will not be more than § or 8% of the total milway
current; if it exceeds this amount, it is probable that there
ia a metallic connection somewhere bhetween the track
and pipes.

Servioe pipes crossing under street-car tracks mre pattic-
ularly subject to electrolytic action, and when they are being
laid or repaired it costa but little to cover them with tile or
to run them in a box, as explained in 5.

Ancther method consists in providing, at a danger point,
averylarge ground plate, which may be cheaply and efficiently
provided by excavating a hole, at the bottom of which
B ton or two of coke ia placed, and oo top of this a load
of old jron, such as wom-out car wheels, old mils, chipa
from machine shops, ete. The cable sheath should be
connected to the ground plate by copper wire of good
size, A large aleeve should be used to make the best pos-
sible metallic contact with the cahle gheath that it is degired
to protect, ¢ither by solderitig the sleeve to the cable sheath
or by securing metallic continuity by the use of some flax-
ible amalgaum that is manufactured for making boods
with rails and similar purposes. The connection to the
ground plate may be mmde in 4 manner mimilar to thet
with the lead sheath, It is well. bowever, whers soldered-
joint conpections are made, and, eapecially to the ground
plate, to paint the soldered joint thoroughly with ecme
good waterproof paint, in order to resist ¢lectrolytic action
between the two kinds of metal st 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 grovnd
plate and thus the flow of elactricity into the ground directly
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from the cable sheath, and the resulting elactrolytic action is
reduced. Of course, thers will be more or leas electrolytic
mction at the ground plates, but this plate is so large that it
will resist corromive action for s long time, and, moreover, it
is chesper to occasionadly replace this ground plate, if neces-
sary. than to have the cable sheath damaged by elactrolysis.
This is also usually cheaper than to provide a copper return
eable or wire of sufficient site t0 carry the stray current back
to the power station,

Mothod of Bonding to Cable Shesths.—With most tele-
phonie companies, & standard method has been adopted
for bonding the cable sheaths. Bonda are placed betwean
all the cables of an underground line in every manhole
through which they pass. The wire used s No. 8 B, & 5.

e, 28 Fic. 29

gauge bare copper tinned, The surfaces of all the sheaths
are scraped clean of mud, but great care must be taken
oot to cut away too much of the sheath, The end of the
bond wire is then heated in & portable furnace and placed
on the bright surface of the sheath, and solder applied. A
soldering iron is then uaed to heat the sheath to the required
tempersture. 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
at in Fig, 28, in which & is & piece of sheet copper, which
i3 soldered to the surface of the pipe b that hay heen previously
prightened and tinned., The bond wire ¢ is then coiled
as at d and soldered to the copper plats.

Where it is necessary to bond to a water pipe, with which,
while cogtaining water, it is almost impossible to make
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a zoldered connection, a yoke, shown in Fig. 29, may tw
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

Pic. 30

of asphaitum to prevent corrosion. The method of bonding
te a rail is shown in Pig. 30, which necds 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

Norrs Daxorta InpepreNpENT TELEPBONE CoO.
Cagselton, N. Dak.

T am with the North Daknta Independent
Telephone Company, holding the position of
district manager, Wish o inform you that my
salary has trebled since I took out the Course
with you. When enrolling I was engaged in
form work. If it had not been for my Course
T would not be where T am now. T shall be
more than pleagad to recommend the Schools

to any cne.
A. O, HepBERG,

District Manager




FROM FARM LABORER TO ASSISTANT MANAGER
WhenE N, Eocx.Omard Calif., enrolled for a Telephone:
Cou.rse workmu on the farm for his parents,
dmng also a little t.elephone line construction work, making
ubout $300 a year. He is now asgistant manager of Home
Telephone Company, of Oxnard, Calif.
BECOMES WIRE CHIEF
When F. E. BRU‘M‘P‘IB‘LD. 346 W. Cambridge St., Al]:ance.,
Ohlom. v ‘mfor d boT mnllB lectncnli'hgow e b at
little go, 'l'htoushytll:;ahelp Ofl? his Counep' m%e:n
adva ,unt:lhe:snowmrecluefmhlshmemwnman

wn&m Wb:e?beﬂ. His salary has heen

SATARY STEADILY INCREASED
AstHun A. Pumpick, 74 Eagle St., Albany, N. Y., hed
reached the third gmde in high school when he work in
the electrical line. Feelmsthe_negdof technical education

to secure advancement in the he
for the Telephone Engineering Course, and in doe time secured
his Diploma. At the ti ort his mmlmmt he waa eatning:

16.50 8 week with the New York Telephone Company, Albany

ict, Hudson Division. His salary waa soom increased to-

$18; then $20; and then $27 a week. He is now combination

troubleman at the main exchange at & salary almost double:
what be received gt the time he enrolled.

NOW MANAGER

'W. A. CoorEr, New Smyrmna, Ma., had only a seventb-grade:
education and was as & button cutter when he first
molluiwlththeIC-S. aving made & success as & cletk he
later enmll:d ft:rt the Telephone %name?eng Course, m&n&u
one promotion teranother.unt now he is mMAanager e
Brevard County Telephone C y, having five

direction.

1.C.S. DIRECT CAUSE OF INCREASED SALARY
Joun M. Coscrove, Hiclonan Mills, Mo., knew wery little
about electricity and had almost no practical experience when
be lled for the Teleph Em&mru The reports -
ofproeresmttohmemp °¥er the udems'Adeepaﬂ-
ment were the direct his salary $25 & month.

Hensnowmmeroith [ enthclnnan Milla, which
position he declares is due to his 1.C.S, Course.

Gmm INSPECTOR AT LARGE SALARY

en Pokmrxst G. Davis, Bluffton, Jod., enrolled with the

ICS. for the Tel lm Enmneenu Course he waa only

i:l'szu'earnf}ld wam hhﬁsgd‘rol:ghmtothemhton

generql ins; 1 Company, at a.
-]arywhwhﬁbnumu:au?mm:hmlm;»«mt

a3




General Manager of Two
Large Companies

I was & telephone lineman earning $50 ¢
month at the time [ enrolled with the 1.C.S.
for the Telephone Bngineering Course.
Although I had only reached the seventh qrade
mthepublncschoollfoundwurCocuwcould
bemasmudbywon_ewhoseeh advance-
ment. The imowledge I gained has been very
valuable to me and I am glad to recommend
the Course t0 any one who has not had the
advantage of a good education in thiy line.
The cost is small in consideration of the benef
tobedeﬁvedtherefm. 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 Ssnts Barbara
County, with & combined investment of more
than half a willion dolara. I have entire
charge of all consttuction, maintenance, and
operstion. My salary bas increased 400 per
cent.

ALBERT SCHULER, Ssats Barbara, Calif.




Mapager of a Telephone
Company

Some fifteen years ago I fook up the
Telephone Engineering Course with the
International  Correspondence  School
Prior to that time I was employed in sev.
eral lines of business, none of whjch
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., gnd [
am sure the I.C.S. deserve 3 good share of
the credit for whatever success [ may bave
bad.

E. W. Loy,
Circleville, Chio




650 Per Cent. Increase

When I earclled with the [.C.5. for the
Telephone Engineering Course [ was at the
bottomn of the ladder in the Bamt Exchange
of the Cleveland Telephone Company. I had
only passed the cighth grade in the public school
and knew nothing of algebra at the time of my
enrolment. At first I got "cold fest” on this
study, but finally mastered it with no other
help than that furnished by my [.C.S. instruc-
tor. Through the Students’ Aid Department
I wua brought to the sttention of the superin-
tendent, who gave me my first promotion. I
wumduallyudmoeduntﬂlnmmch;d
cerk in the trafic department of the same

cent, W. P. Jouwnson,
8811 Harkness Road, Cleveland, Ohio




1.C.S. Advanced This
Man

When I enrolled with tbe International
Correspondence Schools, I was working for the
‘Weatern Telephone Company, getting 325 a
month, digging holes and leaming to <limb
polea. In the same year I was transferred to
Brooldfield, Mo., a3 troubleman for the same
company. As I had already begun my LC.S.
Course, the mansger, Mr. Hyde, was ootified
of my progreas right along. My salary was
raised and when the local manager left I was
given his job. Later when the Bell Telephone
Company nbaorbeq this plant, I was manager
for them for three months until they sold cut
to a home telephone company.

I am now manager of the D. (3. Evans Tele-
phone Company and have had offers to go to
stil! better positions but do not wish to leave
my home town, I give all the credit of my
sdvancement to my 1.C.5. Cowrse,

Jas. A. SCHOOLEE,
Box 182, Unionville, Mo,




Now the Superintendent

I completed & Telegraph Engineering Course
with your Schools some years ago and believe
that it bas helped me a great desl. To my
mind such a Course offers the best, and often
the only opportunity an operator has to get b
technical knowledge of his business. The
supply of competent wire chiefs is limited and
any one who has a patural inclication for this
work, and hay accesa to the electrical machipery
of a large telegraph office, and, if willing to
work for what he gets, can bardly help being
benefited by his Course.

R. P. Frsusz,
Superintendent, The Colo. & Wyo. Tele. Co.
Denver, Colo.




BALARY THREE TIMBS AS LARGE
R. P. Tramzn, 20 Alma St., Berlin, Ont., Canada,
cler in a store at the time of his his enrolment for the Tele-
Couree. A year ar 30 later he gained &
ﬁ)cmon with the Bell Telephone Cw:pnn as ingpector,
has since d to the chlefmhu‘m
town at a salary three tnnuwhathemmvod
with the sompany.
NOW WIRE CHIRF

At the time when DEnNis W. Moore, Leadville, Colo..

enrolled with the Sch hewaajusts in at tel
work, gt the age of 21. 10 wor] oul.
ali i ot it problems while | m oy of the Bell
Tetephone ?ny Ha is now wire cha

Telegraph and Company.

A GRADUATE'S SUCCESS

GBORGI Fox, 460 E, 18th St., .
yed s & troubteman atthzhmeolplzs emolmentjfoftho

T one 'Engmemnge‘:‘m\m Bufort obtain D;plomn
he was m clnef u then he
has uated aod hag now t]

his name. He says that the & d from his
Coumnubeendmuhmbevalueto hnthlsmlary
has been largely incrensed,

NOW POREMAN, WITH A LARGE SALARY

Gmes B. Sm\mom m Mulberry Bt., Rochester, N. Y.,
on & tonstruction gang when he

.mlled wi elgh

Later he entereﬁ the emp!o § mﬁ%mn iway and

Light Comhpany a4 cable ? Hext he b assistant

foreman, and in Auglat, 1914, he was gromoted to the position

'gi foreman of the undergmund department. receiving about
AS00 & year.

mv.imc:m TO MANAGER AND SECRETARY

whe-n he en ﬁ mSL ttmgchooll tor a e epm:;‘rwszﬁn;mm

him to advance to various positions as
tmblemnn, electman. and superintendent, and to become
manager and sacre tm;yh the Howard County Telgphom Com-
pany at a salary which has increased several hundred per cent.

SALARY INCREASED $76 A MONTH

CanL Luwo, 1521 N. Rockwell St., C:hmaqo L., is work-
ing for the Chicago Telephone Company es switchboard
foreman. W‘henhemol hemmtchtesurfwthe&u‘bo-
manc Blecmc Company- He attributes his advancement in

t0 the LC.S. Telephone E
gne. Hu-l-ry increased $74 a menth since e en .
)




Head of Two Companies

When | eorolled with the ].C.5. for the
Telephone Engineering Course, my only educe-
tion along electrical lines waa what little ] had
picked up from reading journals treating tele-
phone work. I aim 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, 1 have selected all of
the machinery, slectrical apparatus, ste., used
by the company. I could not have planned
and cleared ap many difficuities but for the
knowledge gained from your Course and from
reading bools on clecttic light and power
which the Telephone Course made dntelligible
to me. My earnings are several times what
they wete when ] took up your Course. You
may use thia letter as you like. N

B. L. fisasgr, Rocky Mount, Va.

10




Four Times His Former
Salary

My position when I enrclled for my
Telephone Enginecring Course with the
1.C.5. was that of Telephone Inspector,
earning & salary of $600 a year. I am now
General Manager of the Peoples’ Home
Telephone Co., at a salary of $2400 a
year.

The technical knowledge 1 secured
through my Course, together with the
practical knowledge I was able to attain in
my additional work enabled me to make
tapid progress. . .

1 especially recommend an LC.S. Course
to young and middle-aged men who are
now engaged in some definite line of work,
for J believe that in this way practice and
theory are harmoniously blended.

H. W, Sgxron,
Leavenworth, Kansaa

11




Makes as Much in a Day
as He Did in a Week

When Cuas. F. Scgarrie, 305 Renwick
Ave., Srm.cuae N. Y.. first enrolled with the
Schools for an Electrg,c Power and Lighting
Course, he was earning 38 & week for ten hours
hard work as a bicycle repairer. Before he
graduated from this Course his salary was
increased. Later be enrclled for a Telephone
Engineering Course, in which he also obtained
a diploma.” He now has charge of the power
department, poth steam and electrical, in the
E. C. Stcamns & Company plant. He says
that the price pajd for his Course was the best
investment he could have made, since he now
eams abou} es much in one day as he thea did
in a week. ’ '

12




Recommends 1.C.S. to His
Employes

At the time of my encolment I was working
a8 u telephone lineman, receiving very good
wages for that class of work. At the end of
three years 1 received my Diploma in the
Telephone Engineering Courss 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 [ 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 thisg
*Short Cut” are now being used in further
correspondence study, with the hope that I may
continue incressing my ability and eaming
capacity.

. I always recommed your Schools to my
employes, giving your pupils the preference
whenever 1 can.
D. B. WwaiTs,
Ser. & Treas., Home Tele, Co.,
Clarksville, Tenn.




300 'Per Cent. Increase

L. L. Lyrazz, 148 Wert Eennedy 5t., Syrs-
cuse, N, Y., has now graduated from our Tele-
phove Engineeting Cowrs. When he emrolied
be had just left the high school and was work-
ing s & day laborer. Before he graduated he
obtained s position with the Moravia Electric -
Light, Heat and Power Company through the
Stodents’ Aid Department. He is now electri-
clan for the Merrill-Soule Company, of Symacuse,
N. Y. Hie work consists of electric instafls.
tion and operation of electrical machivery 1o
the Syrwcuss plant, and the installation of
lighting aystems in the new pure food plants of
the company as congtructed in other citiew,
together with the supervision of electrical
work required ln their other plants. Hie sal-
ary baa incressed at least 300 per cent.

14




Gives His 1.C.S. Cﬁurse
the Credit

I started my Course with the I.CS,
when a wireless operator. T am now Man-
aging Editor of the Pacific Radie Publish-
ing Company, publishing a wireless monthly
magazine, [ could never have accepied a
position” as editor without my knowledge of
Engineering.

I expect rapid advancement im a short
time. Here is wishing the International
Correspond Schools big

Huway W. Dickow,
427 26th Ave.,
Merchants Exchange Dildg.,
San Francisco, Calif.
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Messenger Boy Beuvomes
Genéral Masnger

1 my thanlks for what your
Schoolshavodoneforme When I enrolled
in your Schooh in 1500 I was employed by
the Nap Home Telephons Company as
messenger boy, eatning but $4 & month.
Betore I completsd my Course the L C. 8.
fromi time to time recommended me to the
company for a better position, and in & Tew
years I advanced to mspect.or then to super-
intendent, and at p b am general manager
of the Nagoleon Home Telephoné Cotapany,
having in my chargé siX exchanges.

Again thinking you for the interest your
Schools Have taken 1n me, I b to remain

F. P. Disuke, Napoteon, Ohlo

- f
r‘!"? LA |

F

19










NNNNNNNNNNNNNNNN

v






