


HANDBOOK ON OVERHEAD
LINE CONSTRUCTION

COMPILED BY THE
SUB-COMMITTEE ON OVERHEAD LINE CONSTRUCTION
'N‘ATIONAL ELECTRIC LIGHT ASSOCIATION

Sub-Committee
THOMAS SPROULE, Chairman
PAUL SPENCER R. D. COOMBS W. T. OVIATT
FARLEY 0OSGOOD J. E. KEARNS

N. €, \“JNI_(, Secretary *

PRESENTED AT THE THIRTY-SEVENTH CONVENTION
NATIONAL ELECTRIC LIGHT ASSOCIATION
HELD AT PHILADELPHIA, PENNSYLVANIA

JUNE 1-5, 1914



Copyright, 1914

National Electric Light Association

e,
2
9,3
ress
s »

FRANKLIN PRINTING COMPANY



PUBLISHED BY ORDER OF THE

National Electric Light Association

NEW YORK CITY

OFFICERS
JOSEPH B. McCALL
President
Philadelphia, Pa.
JOHN A. BRITTON S. A. SEWALL
Vice President, San Francisco, Cal. Assistant to Secretary, New York
HOLTON H. SCOTT W. F. WELLS

Vice President, New York
E. W. LLOYD
Vice President, Chicago, Ill.
E. C. DEAL

Vice President, Augusta, Ga.
T. COMMERFORD MARTIN

Secretary, New York

Treasurer, Brooklyn, N. Y.
H. BILLINGS

Asst. Sec’y and Treas., New York
EVERETT W. BURDETT

General Counsel, Boston, Mass.

GEORGE W. ELLIOTT
Master of Transp’tion, New York

EXECUTIVE COMMITTEE

JOSEPH B. McCALL

H. C. ABELL
HENRY G. BRADLEE
JOHN A. BRITTON
E. C. DEAL
CHARLES L. EDGAR
W. C. L. EGLIN

A. C. EINSTEIN

H. L. BLEECKER
President Northwest Association

DUNCAN T. CAMPBELL
President Pennsylvania Section

R. E. LEE

President Iowa Electrical Association

W. F. GORENFLO
President Mississippi Section

H. A. HOLDREGE
President Nebraska Section

H. W. PECK
Presid

ent Eastern New York Section

C. E. GROESBECK
E. W, LLOYD

R. S. ORR

W. N. RYERSON
HOLTON H. SCOTT
FRANK M. TAIT
ARTHUR WILLIAMS

T. W. PETERS
President Southeastern Section

C. W. ROGERS
t New H

hire Qacti

H. C STERLIN

President Michlgan Section
D. R. STREET

President Canadian Association
C. C. WELLS

President New England Section
W. W. FREEMAN

Chairman Hydro-Electric Section

T. 1. JONES, Chairman Commercial Section

297667



TABLE OF CONTENTS

Section ) Page
1. An Abridged Dictionary of Electrical Words, Terms and
Phrases........ooviniiiiiiiiiiiiiiii i 1

Logarithmic Tables, Trigonometric Tables. Deci-
mal Equivalent Tables, Tables of Circumferences
and Areas of Circles, Units and Conversion

Tables.

2. Distribution and Transmission Line Supports............ 107
3. Conductors and Wire Tables..............ccoviviunnn.. 171
4. Cross-Arms, Pins and Pole Line Hardware............... 263
5. InSulators. . ..ottt e 285

6. Transformers and Induction Regulators. Lightning Phe-

nomena in Connection with Electric Circuits, Protective
Apparatus, Grounding, Ete.......................... 315

7. Systems of Distribution and Transmission, Electrical Cal-
culations. ...................... Bevrennnne s 435

8. Mechanical Calculations of Transmission and Distribution
Lines.....cooovieiveniiiiiiieen.. SN 519
9. Preservative Treatment of Poles and Cross-Arms......... 561
10. Primary and Secondary Line Construction............... 675

11. Meteorological Data, General Data and Rules for Re-
suscitation from Electric Shock....................... 750



Preface

HE purpose of this Handbook is the presentation, in

one volume, of descriptions of the methods and the

materials employed in overhead line construction,
and a tabulation of the necessary formuls for the electrical
and mechanical solutions of various transmission and
distribution problems.

While many handbooks hitherto have been prepared
covering these various branches of engineering, this, we
believe, is the first attempt made to compile a work
strictly on overhead line construction.

Literature on the subject is comparatively scarce and
that which is available is distributed through a great
number of publications. It has therefore been felt by
almost all who have taken an active interest in overhead
line construction that a handbook would be extremely
useful. The preparation of this book has involved the
collection of the available data and selection from these
data what were most essential.

Itis not the intention, and it must not be so considered,
that this is a handbook of rules and regulations; or that
an attempt has been made to create standards or write
specifications. It is rather a collection of useful informa-
tion, which should prove of material assistance to all those
engaged in the construction or maintenanee of overhead
lines for light and power purposes. The authorship of
such specifications as have been included is specially noted.
The formulse used have been taken from authoritative
sources, and while the Sub-Committee is not responsible
for them, it believes they will be found of service.

It must be expected there will be found omissions of
matter which should have been added; and material may
be included which later may prove of little value. It is
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Preface

hoped, however, that users of this Handbook will assist
future committees by offering suggestions, additions or
corrections for use in later editions.

In the treatment of apparatus, efforts have been made
to describe the various types at present on the market.
It has been necessary to quote extensively from manu-
facturers’ literature; and, in illustrating types of devices,
to select those marketed by a limited number of manu-
facturers. This is not intended either as an endorsement
of such apparatus, or as a condemnation of apparatus
not illustrated or described. In the majority of cases,
selections were made because of the availability of the
information.

The compilation of the data for this Handbook has been
carried out by the secretary of the Sub-Committee,
Mr. N. E. Funk, of The Philadelphia Electric Company, .
to whom belongs the greatest share of credit for what has
been accomplished in the preparation of this work.
Mr. Funk was detailed by that Company to devote all of
his time to this subject, under the direction of the Chairman
of the Sub-Committee, who desires to take this opportunity
to express his appreciation of the amount of thought and
judgment given to the work.

We also wish to acknowledge the assistance which we
have received wherever asked, and especially to Professor
Charles F. Marvin, Chief, Professor William J. Humphreys
and Mr. George 8. Bliss, all of the United States Weather
Bureau, who have codperated in the compilation of the
chapter on “Meteorology,” which is the first attempt ever
made to tabulate such data for publication in a handbook.

The Section on the ‘“Preservative Treatment of Poles
and Cross- " is a reprint of the 1910 and 1911 Re-
ports of the National Electric Light Association Committee
appointed to consider this subject. These reports have

v
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been combined by Mr. W. K. Vanderpoel, of the Public
Service Electric Company, whose efforts are gratefully
acknowledged. ’

The available information on “Pole Timber Logging
and Pole Timber Defects” is meager; much of the data
that are included has been secured through the codpera~
tion of Mr. O. T. Swan, of the Forestry Service, U. 8.
Bureau of Agriculture, and Mr. F. L. Rhodes, of the
American Telephone and Telegraph Company, and this
also is gratefully acknowledged.

The ready cobperation of the various manufacturers,
who contributed for publication much valuable information
many photographs and cuts, is hereby acknowledged.

Grateful acknowledgment is also made particularly to
Mr. J. C. Parker, of the Rochester Railway and Light
Company Mr F L Rhodes, of the American Telephone
and Telegraph Company, Mr. 8. M. Viele, of the Pennsyl-
vania Railroad Company, Mr. J. E. Kearns, of the General
Electric Company, Mr. R. D. Coombs, of R. D. Coombs
and Company, Mr. E. G. Reed, of the Westinghouse
Electric Company and also to Mr. W. C. L. Eglin, Mr.
George Ross Green, Mr. Horace P. Liversidge, Mr. Charles
Penrose, Mr. J. V. Matthews, Mr. W. L. Robertson,
Mr. Alexander Wilson, 3rd and Mr, Robert A. Hentz,
all of The Philadelphia Electric Company; and to rep-
resentatives of the many manufacturing companies for
their assistance in checking over the various parts of the
Handbook.

In the first edition of any handbook embracing so large
a subject, errors undoubtedly will be made. These will
be corrected in future editions and we would ask our
readers to send all criticisms to the secretary of the Asso-
ciation so that they can be referred to those responsible
for the revision of the Handbook. In this connection,
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Preface

consideration should be given to the broadening of the
scope of the Handbook, and to the question as to whether
it should include transmission line construction, under-
ground construction, maintenance and methods of keeping
accurate records of outdoor apparatus, etc. These and
other important questions must receive the attention of
future committees, and it will be extremely helpful to
these committees to obtain the advice and assistance of
the membership at large.

In conclusion, we desire to express our appreciation to
the present officers and Executive Committee of the
National Electric Light Association, particularly to its
president, Mr. Joseph B. McCall, through whose personal
efforts the preparation and publication of the Handbook
have been made possible.

It is our earnest hope that this Handbook may prove
of service to the industry; this has been the controlling
thought throughout its preparation.

SUB-COMMITTEE ON HANDBOOK
TroMAS SPROULE, Chairman

PHILADELPHIA, JUNE 1, 1914
X




SECTION 1

AN ABRIDGED DICTIONARY OF ELECTRICAL
WORDS, TERMS AND PHRASES

TABLES

INCLUDING LOGARITHMIC TABLES, TRIGONO-
METRIC TABLES, DECIMAL EQUIVALENT
TABLES, TABLES OF CIRCUMFERENCES
AND AREAS OF CIRCLES, UNITS
AND CONVERSION TABLES
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A.
A.C. An abbreviation for alternating current.

ABSOLUTE TEMPERATURE. That temperature which is
reckoned from the absolute zero, -273° C. or -459° F.

ADMITTANCE. The reciprocal of the impedance in an alter-
nating-current circuit. The apparent conductance of an alternating-
current circuit or conductor.

AERIAL CABLE. An insulated cable protected by a metallic
sheath and suspended from a messenger cable which is usually
grounded.

AERIAL CONDUCTOR. An overhead conductor.

AGEING OF TRANSFORMER CORE. Increase in the hys-
teretic coefficient in the iron of a transformer core during its com-
mercial operation, from its continued magnetic reversals at com-
paratively high temperature.

AIR-CORE TRANSFORMER. A transformer which is void of
a core other than that of air.

AIR-GAP. In a magnetic circuit, any gap or opening containing
air only.

_AIR-PATH. The path a disruptive discharge takes through the
air

AIR-RELUCTANCE. The reluctance of that portion of a mag-
netic circuit which consists of air.
- ALTERNATION. An oscillation of an electric or magnetic wave
from a zero to a maximum value and back to zero again, a half of a
cycle. (See cycle.)

ALTERNATING CURRENT is a current which alternates regu-
larly in direction. Unless distinctly otherwise specified, the term
‘““alternating current’’ refers to a periodic current with successive

half waves of the same shape and area.
An alternating current equals the electromotive force divided by

the impedance, or
-E__E
Z VRx

I = .__.'___E=—
: 'R’+(aL ——1—)’
v «C
This expression may be solved by complex quantities or vectorially.
sl
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Sec. 1 - | DICTIONARY
Z = VREEXS, Impedance of circuit
R= ""Ohmic resistance ‘of "circuit
X = Reactance of circuit in Ohms = aL—&—lC-)

L= Coefficient of self-induction in henrys

C= Capacity of the circuit in farads

® = 2xf, angular velocity, where

f = the number of cycles per second or frequency.

ALTERNATING CURRENT POWER. The power expended in
an alternating current circuit at any given instant in the cycle is
%?ual to the {:roduct of the voltage and current at that instant.

hen the voltage and current reverse at the same instant, this
product is always positive, and if their wave forms are alike, the
power expended is a maximum, and is egual to the product of the
effective values of voltage and current. Such voltages and currents
are in phase. When the term ““power expended in an alternating
current circuit’’ is used, the average value during one cycle is ordi-
narily meant.

ALTERNATION, PERIODICITY OF. The time required for
the current to pass through one cycle. When any icular periodic-
ity or frequency is spoken of, as for example, 250 alternations per
second, 125 complete periods or cycles per second are meant.

ALUMINUM. A soft, ductile, malleable metal of white color
approaching silver, but with a bluish cast. Does not readik'
oxdize. elts at a low temperature. Cannot readily be welded,
or brazed or soldered. Very electro-XOSiﬁve, and is eaten away in
presence of salts and other metals. Atomic weight 27.1. Specific
gravity 2.6 to 2.7. The lightest of all useful metals next to mag-
nesium. Expands greatly with increasing temperature. For equal
conductivity, aluminum about one-half the weight of copper.
Tenacity about one-third that of wrought-iron.

AMERICAN WIRE GAUGE. The name generally given to the
Brown and Sharpe wire gauge, in which the large wire No. 0000, has
a diameter of 0.46", the wire No. 36, 0.005", and all other diameters
are in geometrical progression.

It will be seen upon examining a wire table that an increase of
three in the wire number corresponds to doubling the resistance and
halving the cross-section and weight. Also, that an increase of
ten in the wire number increases the resistance ten times and di-
u:lnishee the cross-section and weight to one-tenth their original
values.

. The American Steel and Wire gauge is used almost universally
in '}Igs gountry for steel and iron wﬂrea.l England heir stand
e Birmingham gauge is used largely in a8 their 8 -
ard, and in this country for steel wires and for other wires not used
especially for electrical purposes.
[4]



DICTIONARY Sec. 1

AMPERE. The practical unit of electric current. A rate of
flow of electricity transmitting one coulomb per second. The
current of electricity which would pass through a circuit whose
resistance is one ohm, under an electromotive force of one volt.
A current of such a strength as will deposit 1.118 milligrammes of
silver per second from & specifically prepared solution of silver

nitrate.

The value of the ampere as adopted by the International Congress
of 1893, at Chicago is equal to the one-tenth of a unit of current in
the C.G.S. system of electric-magnetic units and represented with
sufficient, accuracy for practical purposes, by the unvarying current,
which, when passed through a solution of nitrate of silver in water,
in accordance with certain specifications, deposits silver at the rate
of 0.001118 of a gramme-per-second.

AMPERE HOUR. A unit of electrical quantity equal to the
guantitx of electricity conveyed by one ampere flowing for one hour,
quantity of electricity equal to 3600 coulombs.

AMPERE SECOND. A unit of electric quantity equal to the
quantity of electricity conveyed by one ampere flowing for one
second. A coulomb.

AMPERE TURN. A unit of magneto-motive force e?ual to that
produced by one ampere flowing around a single turn of wire.

AMPLITUDE OF VIBRATION OF WAVE. The extent of a
movement measured from the starting point or position of equilib-
rium. The maximum voltage of a sine wave. -

ANCHOR LOG. A log buried in the ground and serving
as an anchor for a pole guy.

ANGLE OF LAG OR LEAD OF CURRENT. An angle whose
tangent is equal to the ratio of the reactive to the ohmic resistance
in a circuit; whose cosine is equal to the ohmic resistance divided by
the impedance of a circuit; whose cosine is the ratio of the real to
the apparent power in an alternating current circuit or the angle by
which the current lags behind or leads the e.m.f. -

ANGULAR VELOCITY. The velocity of a point moving rel-
atively to a centre of rotation or to some selected point, and usually
measured in degrees per second, or in radians per second. In a
ginusoidal current circuit the product of 6.2832 and the frequency
of the current. :

APPARENT EFFICIENCY. The volt-ampere efficiency or the
ratio of volt-ampere output to volt-ampere input. In apparatus in
which a phase lacement. is inherent to their operation, apparent
efficiency should be understood as the ratio of net power output to
volt-ampere input.

APPARENT POWER. In an alternating current circuit the
product obtained by multiplying the mean effective value of the

[5]



Sec. 1 DICTIONARY

e.m.f. by the mean effective value of the curren .
from 8 volt-meter and ammeter. © t, such as read directly

Power "
Power-factor =apparent power. When the power-factor is unity
the apparent power in volt-amperes is equal to watts.

APPARENT OR EQUIVALENT RESISTAN
counter e.m.f. which is in exact phase oppositiox? %ithR:&re:emntsn:
i. e., in phase with the I R drop. These counter e.m.f.’s ma; ba
generated in motors or in transformers. Losses in the y t.'e
circuit such as hysteresis and secondary losses such as eddy'%”‘gnen;g
ix‘::.gr also be considered as forming part of the apparent resistance

ARMOR OF CABLE. The protectin i .
covering of a submarine or other glectric cal l:fleathmg or metallic

ASBESTOS. A hydrous silicate of o o
meguesia combined with water. A fire-proofing material oo
tl.)lmes used. y itself orin connection with other material for insulating

AUTOMATIC CIRCUIT-BREAKER. A devi .
opening a circuit when the current passing tmﬁ?g"f iftoi‘; sg;bomg.t:;:ally

AUTOMATIC SWITCH. A switch which i :
opened or closed on the occurrence of certain ;red;f aqmelélaét‘:gzltlg'

AUTO-TRANSFORMER. A one-coil transf .
a choking coil connected across a pair of a,ltsg;::t.li.lrlxl eiﬁ'éf,‘fﬁﬁ nC;f
and so_arranged that a current or pressure differing from that
supplied by the mains can be obtained from it by tapping the coil
s erent poe. Called o compenor, ' trinformer
which a part of the primary win is 3 h
ing, or conversely. a8 the secondary wind-

AXIS OF CO-ORDINATES. A vertical and .
1;ulz;mally int?rsecging t::c‘] cc:lther at rightfangles alrlnd ct;‘alllle(:lrizrespectonm il\lrgﬁ’r

e axes of ordinates and abscissas, from which :
abscissas are me: . ' ch the ordinates and

B.

B. & S. G. An abbreviation for Brown and Sharpe’

Gauge. 8 Wire
B. W. G. An abbreviation for Birmingham Wire Gauge.
BALANCED CIRCUIT. A circuit which has been

adjusted as to be free from mutual inductive diet:rob:.r:g:df;? d

neighboring circuits. m
BALANCED LOAD OF SYSTEM. Any system i .

balanced when all conditions of each of the circmyt:tgf a I‘;’lsyal;ld tobe

n-wire, system are alike and numerically equal. hase, or
[el




DICTIONARY Sec. 1
BARROW-REEL. A reel supported on a barrow for convenience
in paying out an overhead conductor during its installation.
BEG-OHMS. One billion ohms, or one thousand megohms.
BICRO. A prefix for one-billionth, one thousand millionth.
BIGHT OF CABLE. A singleAloop or bend of cable.

BIMETALLIC WIRE. A compound wire consisting of a steel
core and a copper envelope.

BLOWING A FUSE. The fusion or volatilization of a fuse wire
or safety strip by the current passing through it.

BLOWING POINT OF FUSE. The current strength at which a
fuse blows or melts.

BRAIDED WIRE. A wire covered with a braiding of insulating
material.

BRANCH CIRCUITS. Additional circuits orovided at points
of a circuit where the current branches or divides, part of the current
flowing through the branch, and the remainder flowing through the
original circuit. A shunt circuit.

BRANCH CUT-OUT. A safety fuse or cut-out, inserted between
a pair of branch wires and the mains supplying them.

BREAKING DOWN OF INSULATION. The failure of an
insulatin, ma.terialhzs evidenced by the disruptive passage of an
electric discharge through it.

BRITANNIA JOINT. A joint in which the ends of the wires are
1aid side by side bound together, and subsequently soldered.

BRONZE. An alloy of copper and tin.

BRUSH AND SPRAY DISCHARGE. A streaming form of high
potential discharge possessing the ap ce of a spra.dy of silvery
white sparks, or of a branch of thin silvery sheets around a powerful
brush. Obtained by increasing the frequency of the alternations.

BRUSH DISCHARGE. The faintly luminous discharge which
takes place from & positive charged pointed conductor.

BUNCHED CABLE. A cable containing more than a single wire
or conductor. .
C.

C. An abbreviation for Centigrade.
C. A symbol used for capacity. Farad.

The defining equation is C = %
The same symbol is often used for current.
(7]



Sec. 1 DICTIONARY

c.c. An abbreviation for cubic centimeter, the C.G.8. unit of
volume.

cm. An abbreviation for centimeter, the C.G.S. unit of length.

C. G. S. UNITS. An abbreviation for centimeter, gram, second
units. The metric system of units for measuring length, mass and
time.

CABLE. A stranded conductor (single-conductor cable); or
a combination of conductors insulated from one another (multiple-
conductor cable). *

CABLE CASING. The metallic sheathing of a cable.

CABLE CORE. The hemp or steel center of an aerial electrical
cable to enlarge the cross section of the cable or to carry the me-
chanical strain of the conductors.

CAI?LE DUPLEX. Two insulated single-conductor cables twisted
together.

CABLE GRIP. The ﬂp provided for holding the end of an under-
ground cable while it is being drawn into a duct.

CABLE HOUSE. A hut provided for securing and protecting
the end of a cable.

CABLE, SUBMARINE. A cable designed for use under water.

CABLE VAULT. A vault provided in a building where cables
enter from und und conduits and where the cables are opened
and connected to fusible plugs or safety catches.

CALORIE. A heatunit. The quantity of heat required to raise
1 gramme of water 1° centigrade.

CAP WIRE. An overhead wire carried on the summit of a pole,
as distinguished from an overhead wire carried on a crossarm.

CAPACITY, ELECTROSTATIC. The quantity of electricity
which must be imparted to a given body or conductor as a charge
ili‘.ll order)bo raise its potential a certain amount. (See Potential

ectric.

The electrostatic capacity of a conductor is not unlike the capa-
city of a vessel filled with a liquid or ?s A certain quantity of
liquid will fill a given vessel to a level dependent on the size or
capacity of the vessel. In the same manner a given quantity of
electricity will produce, in a conductor or condenser a certain dif-
ference of electric level, or difference of potential, dependent on the
electrical capacity of the conductor or condenser.

In the same manner, the smaller the capacity of a conductor, the
smaller is the e required to ‘raise it to a given potential, or the
higher the potential a given charge will raise it. _ .

he capacity C, of a conductor or condenser, is therefore directly
proportional to the charge Q, and inversely proportional to the
potential E; or,
(8]




DICTIONARY Sec. 1
c=2

E
frqﬁ1 which w: obt?m Q=CE. g
e quantity of electricity required to charge a conductor or
condenser to a given potential is equal to the capacity of the con-
duig?ar or condenser multiplied by the potential through which it is
raised.

CAPACITY, ELECTROSTATIC, UNIT OF. The farad. Sucha
capacity of a conductor or condenser that an electromotive force
of one volt will charge it with a quantity of electricity equal to one
coulomb.

CAPACITY OF CABLE. The quantity of electricity required to
raise :.mfven length of cable to a given potential, divided by the
potenti The ability of a conducting wire or cable to permit a
certain quantity of electricity to be passed into it before acquiring
a certain potential.

CAPACITY OF LINE. The ability of a line to act as a condenser,
and, therefore, like it, to possess capacity.

CAPACITY REACTANCE. The property by which a counter
e.m.f. is produced when an e.m.f. is 1mpressed across the terminals
of two conducting surfaces separated by a dielectric.

CARBON. An elementary substance which occurs naturally in
three distinct allotropic forms: graphite, charcoal and the diamond.

CARRYING CAPACITY. The maximum current strength that
any conductor can safely transmit.

CATENARY CURVE. The curve described by the sagging.of a
wire, rutnder its own weight, when stretched between two points of
support.

CENTIGRAMME. The hundredth of a gramme; or, 0.1543
grain avoirdupois.

CENTIMETER. The hundredth of a metre; or 0.3937 inch.

CENTIMETER-GRAMME-SECOND SYSTEM. A system

based on the centimeter as the unit length, the gramme as the unit
of mass, and the second as the unit of time.

CENTER OF DISTRIBUTION. Is the point from which the
electrical energy must be supplied to use a minimum weight of
conducting material.

CHARACTERISTIC CURVE. A diagram in which a curve is
employed to represent the relation of certain varying values. A
curve indicating the characteristic properties of a dynamo-electric
machine under various phases of operation. A curve indicating
the electromotive force of a generator, as a variable dependent on
the excitation.

[e}



Sec. 1 DICTIONARY

CHARGE, ELECTRIC. The quantity of electricity that exists
on the surface of an insulated electrified conductor.

CHOKE COIL. A reactance used in alternating current circuits
for the adjustment of voltage and power factor; and also to i e
high frequency oscillations such as lightning discharges in both
direct current and alternating current eircuits.

CIRCUIT BREAKER. Any device for opening or breaking a
circuit.

CIRCUIT, ELECTRIC. The path in which electricity circulates
or liaeses from a given point, around or through a conducting path,
back again to its starting point. .

All simple circuits consist of the following parts, viz:

(1) Of an electric source which may be a voltaic battery, a thermo-

ile, a d{namo-electric machine, or any other means for pro-
ucing e ectncltg .

(2) Of leads or conductors for carrying the electricity out from
the source, through whatever apparatus is placed in the line,
and back again to the source.

(3) Various electro-receptive devices, such as electro-magnets,

electrolytic baths,. electric motors, electric heaters, etc., through
which passes the current by which they are actuated or operated.

CIRCUIT MULTIPLE. A circuit in which a number of separate
sources or separate electro-receptive devices or both, each have one
of their poles connected to a single lead or conductor and their
other poles connected to another single lead or conductor.

CIRCUIT, OPEN. A broken circuit. A circuit, the conducting
continuity of which is broken.

CIRCUIT, PARALLEL. A name sometimes applied to circuits
connected in multiple.

CIRCUIT, SERIES. A circuit in which the separate sources or
the separate electro-receptive devices, or both, are so placed that
the current produced in each, or passing through each, passes suc-
cessively through the entire circuit from the first to the last.

CIRCULAR MIL. A unit of area emf)loyed in measuring the
cross-section of wires, equal, approximately, to 0.7854 square mils.
The area of a circle one mil in diameter.

CLOCKWISE MOTION. A rotary motion whose direction is
the same as that of the hands of a clock, looking at the face.

COEFFICIENT OF EXPANSION. The coefficient of linear
expansion of a solid is the increase in length of unit length when the
‘tiemperaéeure is raised from 32 to 33 degrees Fah. or from 0 to 1

nt.
he coefficient of cubical expansion is the increase in volume of a

[10]




DICTIONARY Sec. 1
body when its temgature is raised from 32 to 33 degrees Fah. or
from O to 1 degree Cent., divided by its original volume.

COEFFICIENT OF HYSTERESIS. The work expended hys-
teretically in a cubic-centimetre of iron, or other magnetic substance,
in a single cycle, at unit magnetic flux density. The coefficient
which multiphed ﬁy_the volume of iron, the frequency of alternation,
and thtla 1.6th power of the maximum flux density gives the hysteretic
power loss.

COEFFICIENT OF INDUCTANCE. A constant quantity such
that, when multiplied by the cunient strength passing through any
coil or circuit, will numerically represent the flux linkage with that
coil or circuit due to that current. A term sometimes used for
coefficient of self-induction. The ratio of the counter e.m.f. of
self-induction in a coil or circuit to the time-rate-of-change of the
inducing current.

COEFFICIENT OF MUTUAL INDUCTANCE. The ratio of the

electromotive force induced in a circuit to the rate-of- e of the
inducing current in a ma.%:etically associated circuit. e ratio
of the total flux-linkage with a circuit proceeding from an associated

inducing circuit, to the strength of current flowing in the latter.

COEFFICIENT OF SELF-INDUCTANCE. Self-inductance.
The ratio in any circuit of the flux induced by and linked with a
current, to the strength of that current. The ratio in any circuit
of the e.mf. of self-induction to the rate-of-change of the current.

COME ALONG. A small portable vise capable of ready
attachment to an aerial line or cable, and used to pull the wire to its
proper tension. .

COMMON RETURN. A return conductor common to several
circuits.

COMPENSATOR. An auto-transformer.

COMPLETE WAVE. Two successive alternations  or a double
alternation of a periodically-alternating quantity. A cycle.

COMPONENTS OF IMPEDANCE. The energy component or

effective resistance and the wattless component or effective react-
ance. .
COMPOSITE WIRE. A wire provided with a steel core and an
external copper sheath, possessing sufficient tensile strength to
enable it to be used in long spans without excessive sagging. A
bimetallic wire.

COMPOUND. An asphaltic composition employed in the sheath-
ing cg submarine cables. A term often applied to insulating ma-
terials.

CONCENTRIC CABLE. A cable provided with both a leading
and return conductor insulated from each other, and forming re-

(1]
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spectively the central core or conductor, and the enclosing tubular
conductor. A cable having concentric conductors.

CONDENSANCE. Capacity reactance.

CONDENSER. A device composed of two or more conducting
bodies separated by a dielectric.

CONDENSER CAPACITY. The capacity of a condenser. (See
Capacity.)

CONDUCTANCE. A word sometimes used in place ot conduct-
ing power. The reciprocal of resistance. In a continuous-current
circuit the ratio of the current strength to the e.m.f.; in an alter-
nating current circuit the quantity by which the e. m. f. is multiplied
to give the component of the current in phage with the e. m. f.

CONDUCTIVITY, ELECTRIC. The reciprocal of electric
resistivity. The conductance of a substance referred to unit dimen-
sions.

CONDUCTOR. Any substance which will permit the so-called
passage of an electric current. A substance which possesses the
ability of determining the direction in which electric energy shall
pass through the ether in the dielectric surrounding it.

CONNECTING SLEEVE. A metallic sleeve employed as a con-
nector for readily joining the ends of two or more wires.

CONNECTION, MULTIPLE. Such a connection of a number
of separate electric sources, or electro-rmﬁve devices, or circuits,
that all the positive terminals are connected to one main or positive
conductor, and all the negative terminals are connected to one main
or negative conductor.

CONNECTION, SERIES. The connection of a number of
separate electric sources, or electro-receptive devices, or circuits,
:g that the current passes successively from the first to the last in

e circuit.

CONSTANT. A quantity used in a formula, the value of which
remains- the same, regardless of the value of the other quantities
used in the formula.

CONSTANT CURRENT. A current maintained at a constant
effective value in a circuit is known as a constant current. This
may be either alternating or direct current.

CONSTANT-CURRENT TRANSFORMER. A transformer which
is intended to raise or reduce a current strength in a given constant
ratio. A transformer designed to maintain a constant strength of
current in its secondary circuit, despite changes of load.

CONSTANT-POTENTIAL CIRCUIT. A cireuit whose potential
is maintained approximately constant. A multiple-arc or parallel
connected circuit.

[12]
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CONTINUOUS CURRENT. An electric current which flows
in one and the same direction. A steady or non-pulsating direct
current.

CONVECTION CURRENTS. Currents produced by the bodily
~arrying forward of static charges in convection streams.

CONVECTIVE DISCHARGE. The discharge which occurs from
the ﬁints of a highly charged conductor, through the electrostatic
repulsion of similarly charged air particles, which thus carry off
minute charges. .

CO-PERIODIC. Possessing the same periodicity.

CO-PHASE. Coincidence in phase of co-periodic motions.
Such a_phase relation between two periodic but non-co-periodic
quantities as tends to increase the amplitude of the motion.

COPPER, Cu. Atomic weight 63.2, c gravity 8.81 to 8.95.
Fuses at about 1930° F. Distinguished from all other metals by
its reddish color. Very ductile and malleable and its tenacity 1s
next to iron. Tensile strength 20,000 to 30,000 lbs. per square inch.
Heat conductivity 73.6%, of that of silver and suﬁerior to that of
othze{zomlgtals. Expands 0.0051 of its volume by heating from 32°
to . .

COPPER LOSS. The total loss of energy produced by the pass-
age of a current through the cglpper wire of a dynamo, motor, or
conducting system generally. The loss of energy due to the re-
sistance of the conductor to the passage of the current. This loss
is_equal to the resistance of the conductor times the square of the
effective current flowing in the conductor. :

CORE, LAMINATION OF. Structural subdivisions of the cores
of magnets ormers, or similar apparatus, in order to prevent
heating and subsequent loss of energy from the production of local
edd{I or Foucault currents.

These laminations are obtained by forming the cores of sheets,
rods, plates, or wires of iron insulated from one another.

CORE LOSSES. The hysteresis and the Foucault or eddy-
current losses of the core of a dynamo, motor or transformer.

CORONA. The name given to a brush discharge surroundin
aerial conductors which carry high potential. The discharge is re
violet in color, gives a hissing sound and is probably intermittent in
character. .

COSINE. One of the trigonometrical functions. The ratio of the
base to the hypothenuse of a right-angled triangle in which the hypo-
thenuse is the radius vector, and the angle between the base and
hypothenuse the angle whose cosine is considered.

[13]
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COTANGENT. The ratio of the adjacent side to the opposite

side of an angle of a right triangle. Cotangent O-W
COULOMB. The practical unit of electric 3ul.nﬁty. Such a
quantity of electricity as would pass in one second through a circuit
conveying one ampere.

The quantity of electricity contained in a condenser of one farad
ca.;}acity, when subjected to the e.m.f. of one volt.

he value of the coulomb as adopted by the International Elec-

trical Co ss of 1893, at Chicago. The quantity of electricity
equal to that transferred through a circuit by a current of one
International ampere in one second.

The quantity of electricity which if concentrated at a point and
placed at one centimeter from an exactly similar quantity will repel
the latter with a force of one dyne.

COUNTER-ELECTROMOTIVE FORCE. An opposite or re-
verse electromotive force which tends to set up a current in the
opposite direction to that actually produced by a source. :

COUNTER-ELECTROMOTIVE FORCE OF INDUCTION. The
counter-electromotive force of self or mutual induction.

COUPLE. In mechanics, two equal and parallel, but oppositely
dire(t',ited forces, not acting in the same line, and tending to produce
rotation. «

CROSS ARM. A horizontal beam attached to a pole for the
support of the insulators of electric light, or other electric wires.

CROSS, ELECTRIC. A connection, generally metallic, acci-
dentally established between two conducting lines. A defect in an
elecgric l;:ircuit, caused by two wires coming into contact by crossing
each other.

CURRENT DISTRIBUTION. The density of electric currents in
the various parts of a conducting mass or net work.

CURRENT DETERMINATION FROM WATTAGE. The rated
current may be determined as follows: If W =rating in watts, or
gpa:ent watts, if the power-factor be other than 100 per cent, and
=full-load terminal voltage, the rated current per terminal is:

I=%V— in continuous current, or single-phase apparatus

I in three-phase apparatus

-V
V3E
= ZEE in two-phase four wire apparatus. )

CURRENT, ELECTRIC. The quantity of electricity per second
which passes through any conductor or circuit, when the flow is

[14]




DICTIONARY Sec. 1

uniform. The rate at which a qmtn;g of electricity flows or passes
through a circuit. The ratio, expressed in terms of electric quantity
per second, existing between the electromotive force causing &
current and the resistance which opposes it.

The unit of current, or the ampere, is equal to one coulomb per
second. (See Ampere, and Coulomb.)

The word current must not be confounded with the mere act of
flowing; electric current signifies rate of flow, and always supposes
an electromotive force to produce the current, and a resistance to

op) it.

~'EI]:he electric current is assumed to flow out from the positive
terminal of a source, through the circuit and back into the source
at the negative terminal It is assumed to flow into the positive
terminal of an electro receptive device such as & lamp, motor, or
storage battery, and out of 1ts negative terminal; or, in other words,
the positive pole of the source is always connected to the ‘positive
terminal of the electro-receptive device.

The current that flows or Kasses in any circuit is, in the case of &
constant current, equal to the electromotive force, or difference of
potential, divided by the resistance, as:

D.CE A.C.
I=I_{ I-Z

The flow of an electric current may vary in any manner whatsoever.

A current which continues flowing in the same direction no matter
how its strength may vary, is called a direct current. If the strength
of such a current is constant, it is called a continuous current. A
regular vu.ryincgh continuous current is called a pulsatory current.
A current which alternately flows in opposite directions, no matter
how its s may vary, is called an alternating current. This
may be periodic or non-periodic.

CURRENT, FOUCAULT. A name sometimes applied to eddy
currents, especially in armature cores.

CURRENT, POLYPHASE, is the general term applied to any
system of more than a single phase.

CURRENT RUSH. The initial flow of electricity that occurs
when a transformer, transmission line or other electrical apparatus
is switched on or connected to an electric circuit.

CURRENT, SIMPLE PERIODIC. A current, the flow of which
is variable both in strength and duration, but recurring at definite
intervals. A flow of current passing any section of a conductor that
may be represented by a simple harmonic curve.

CURRENT STRENGTH. In a direct-current circuit the quo-
tient of the total electromotive force divided by the total resistance.
The time-rate-of-flow in a circuit expressed in amperes, or coulombs

[15]
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per second. In an alternating current the quotient of the total
electromotive force divided by the impedance.

CUT-OUT. A device for removing an electro-receptive device
or loop from the circuit. A safety fuse.

CET—OUT-BLOCK. A block containing a fuse wire or safety
catch.

CUT-OUT-SWITCH. A short-circuiting switch by means of
which an arc-light or series loop is cut out from ite feeding circuit.

CYCLE. One complete set of positive and negative values of &n
alternating current.

D.

" D, C. An abbreviation for direct current.
D. P. SWITCH. An abbreviation for double-pole switch.

DEAD MAN. A support for raising a pole and supporting it in
place while securing it 81 the ground.

DELTA-CONNECTION. The connection of circuits employed
in a delta three phase system.

DELTA THREE PHASE SYSTEM. A three phase system in
which tllle terminal connections resemble the Greeg letter delta, or
a triangle.

DEMAND. Demand is a load sﬁeciﬁed, contracted for or used,
expressed in terms of power as kilowatts or horse-power.

DEMAND FACTOR. Unless otherwise specified, demand factor
is the maximum connécted kilowatts of capacity divided into the
actual kilowatts of demand, and expressed in terms of percent.

DENSITY. Mass of unit volume, compactness.

DENSITY OF CURRENT. The quantity of current that passes
per-unit-of-area of cross-section in any part of a circuit.

DENSITY OF FIELD. The quantity of magnetic flux that passes
through any field per-unit-of-area of cross-section.

DIELECTRIC. Any substance which permits electrostatic in-
duction to take place through its mass. .

The substance which separates the opposite coatings of a con-
denser is called the dielectric. All dielectrics are non-conductors.

All non-conductors or insulators are dielectrics, but their dielectric
power is not exactly proportional to their non-conducting ﬁwet.

Substances differ greatlf in the degree or extent to which they
permit induction to take place through or across them.

A dielectric may be regarded as pervious to rapidly reversed
Eeriodic currents, but opaque to continuous currents. There is,

owever, some conduction of continuous currents.

[16]
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DIELECTRIC CAPACITY. A term employed in the same sense
as specific inductive capacity.

DIELECTRIC HYSTERESIS. A variety of molecular friction,
analogous to magnetic hysteresis, produced in a dielectric under
charges of electrostatic stress. That property of a dielectric by
virtue of which energy is consumed in reversals of electrification.

DIELECTRIC RESISTANCE. The resistance which a dielectric
offers to strains produced by electrification. The resistance of a
dielectric to displacement currents.

DIELECTRIC STRAIN. The strained condition of the or
other dielectric of a condenser produced by the du.r% of the con-
denser. The deformation of a dielectric under the influence of an
electro-magnetic stress.

DIPPING. An electro-metallurgical process whereby a thin
eoat‘mﬁ or deposit of metal is obtained on the surface of another
metal by dipping it in a solution of a readily decomposable metallic
salt. eansing surfaces for electric-plating by immersing them in
various acid liquors.

DISCHARGE. The equalization of the difference of potential
between the terminals of a condenser or source, on their connection
by a conductor. The removal of a charge from a conductor by
connecting the conductor to the earth or to another conductor. The
removal of a e from an insulated conductor by means of a
stream of electrified air particles.

DISRUPTIVE DISCHARGE. A sudden and more or less com-
plete discharge that takes place across an intervening non-conductor
or dielectric.

DISRUPTIVE STRENGTH OF DIELECTRIC. The strain a
dielectric is capable of bearing without suﬁeﬁnﬁr:i)isrugﬁon, or with-
out permitting a disruptive discharge to pass through it.

DISSIPATION OF ENERGY. The expenditure or loss of avail-
able energy.

DISTRIBUTED CAPACITY. The capacity of a circuit con-
gidered as distributed over its entire lengtﬂ, 80 that the circuit ma
be considéred as shunted by an infinite number of infinitely
condensers, placed infinitely near together, as distinguished from
localized capacity, in which the capacity is distributed in definite
aggregations.

DISTRIBUTED INDUCTANCE. Inductance distributed through
the entire length of a circuit or portion thereof, as distinguished from
inductance interposed in a circuit in bulk at some one or more
points.

DISTRIBUTING CENTER. (See Center of Distribution.)

[17]
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DISTRIBUTING MAINS. The mains employed in a feeder
system of parallel distribution.

DIVERSITY FACTOR. A diversity factor is used to e?rees the
relation between the simultaneous demand of all individual con-
sumers and the sum of the maximum demands made by these con-
sumers; the sum of the maximum demands of the consumers for one
year, no matter at what time they occurred, divided into the simul-
taneous test demand of these consumers for a like period, when
expr in percent will give the diversity factor.

DRAW VISE. A device employed in stringing overhead wires.
A portable vise for holding and drawing up an overhead wire.

DROP. A word frequently used for drop of potential, pressure,
or electromotive force. The fall of potential which takes place in
an active conductor by reason of its resistance, or impedance.

DROP OF POTENTIAL. The fall of potential, equal in any part
of a circuit to theiﬁ;roduct. of the current strength and the resistance,
or impedance of that part of the circuit.

DROP OF VOLTAGE. The drop or difference of potential of
any part of a circuit.

DUPLEX CABLE. A cable containing two separate conductors
placed parallel to each other.

DUPLEX WIRE. An insulated conductor containing two sepa-
rately insulated parallel wires.

DYNAMIC ELECTRICITY. A term sometimes employed for
the phenomena of the transfer of electric energy, in contradistinction
to static electricity.

DYNE. The C.G.S. unit of force. The force which in one
second can impart a velocity of one centimeter-per-second to a
mass of one gramme. .

E.

e. h. p. An abbreviation for electrical horse-power.
e.m. f. An abbrewviation for electromotive force. -
e. m. f. OF SELF-INDUCTION. The e.m.f. generated in a loop

:ltl wire during the change of magnetic flux due to the current flowing
erein.

EARTH CIRCUIT. A circuit in which the ground or earth forms
part of the conducting path.
EARTH CURRENTS. Electric currents flowing through the
earth, caused by the difference of potential of its different parts.
EASEMENT. A ;lxermit obtained from the owner of a property
for the erection of poles or attachments for aerial lines.
[18]
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EDDY CURRENTS. (See Foucault currents.)

EFFECTIVE ELECTROMOTIVE FORCE. The difference be-
tween the direct and the counter e.m.f. The square root of the
mean square of the instantaneous values of a varying electromotive
gome. he value which is equivalent to a constant electromotive

orce.

EFFECTIVE REACTANCE. In an alternating-current circuit,
the ratio of the wattless component of an electromotive force to the
total current.

EFFECTIVE RESISTANCE. In an alternating-current circuit,
the ratio between the energy component of an electromotive force
and the total current.

EFFICIENCY. The efficiency of an apparatus is the ratio of its
output to its input. The output and input may be in terms of watt-
hours, watts, volt-amperes, amperes, or any other quantity of interest,
thus respectively defining energy efficiency, power efficiency, ap-
pa.rent;gower ciency, current efficiency, etc. Unless otherwise
specified, however, the term efficiency is ordinarily assumed to refer
to power efficiency.

en the input and output are expressed in terms of the same
unit, the efficiency is a numerical ration, otherwise it is a physical
dimensional quantity.

ELASTIC LIMIT. This may be defined as that point at which
the deformation ceases to be proportional to the stresses, or, the
point at which the rate of stretch or other deformations to
increase. It is also defined as the point at which permanent set
becomes visible. .

ELECTRIFICATION. The production of an electric charge.

ELECTRO-CHEMISTRY. That branch of electric science which
treats of electric combinations and decompositions effected by the
electric current. The science which treats of the relation between
the laws of electricity and chemistry.

ELECTRO-MAGNETIC UNITS. A system of C.G.S. units
employed in electro-magnetic measurements. Units based on the
attraction and repulsions capable of being exerted between two unit
magnetic poles at unit distance apart, or between a unit magnetic
pole and a unit electric current.

ELECTRO-METALLURGY. That branch of electric science
which relates to the electric reduction or treatment of metals.
Electro-metallurgical processes effected by the agency o’ electricity.
Electro-plating or electro-typing.

ELECTRO-NEGATIVE. In such a state as regards electricity
as to be repelled by bodies negatively electrified, and attracted by
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those positively electrified. The ions or radicals which appear at
the anode or positive electrode of a decomposition cell.

ELECTRO-NEGATIVE IONS. The negative ions, or groups of
atoms or radicals, which appear at the anode or positive terminal of
a decomposition cell. The anions.

ELECTRO-PLATING. The process of covering any conducting
surface with a metal, by the aid of an electric current.

ELECTRO-POSITIVE. In such a state, as regards an electric
charge, as to be attracted by a bod; negnﬁvely electrified, and
repelleh by a body positively electrified. The ions or radicals which
appear at the cathode or negative electrode of a decomposition cell.

ELECTRO-POSITIVE IONS. The cations or groups of atoms
or radicals which appear at the cathode of a decomposition cell.

ELECTROLYSIS. Chemical decomposition effected by means
of an electric current. The decomposition of the molecule of an
electrolyte into its ions or radicals. ~Electrolytic decomposition.

. ELECTROLYTE. Any comgound liquid which is separable into
gzs constituent ions or radicals by the passage of electricity through
it.

ELECTROLYTIC CELL. A cell or vessel containing an electro-
lyte in which electrolysis is carried on. A plating cell or vat.

ELECTROSTATIC CAPACITY. (See Capacity Electrostatic.)

ELECTROSTATIC DISCHARGE. A term sometimes employed
for a disruptive discharge.

ELECTROSTATIC FIELD. The region of stress existing about
an electrified body due to its electric potential.

ELECTROSTATIC FORCE. The force of attraction or repulsion
exerted between two electrified bodies due to their potentials.

ELECTROSTATIC INDUCTION. The induction of an electric
charge produced in a conductor brought into an electrostatic field.

ELECTROSTATIC LINES OF FORCE. Lines of force produced
in the neighborhood of a_charged body, by the presence of the
charge. Lines extending in the direction in which the force of
electrostatic attraction or repulsion acts.

ELECTROSTATIC POTENTIAL. The power of doing electric
work possessed by a unit 'guanﬁty of electricity residing on the surface
of an insulated body. That property in space by virtue of which
work is done when an electric charge i1s moved therein.

ELECTROSTATIC UNITS. Units based on the attractions or
repulsions of two unit charges of electricity at unit distance apart.

ENERGY. The power of doing work.
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.ENERGY COMPONENT OF E.M.F. In an alternating current
circuit the component of e.m.f. which is in phase with the current.
In an alternating current circuit, the product of the current and the
effective resistance.

ENXERGY COMPONENT OF CURRENT. In an alternating
current circuit the component of current which is in phase with the
im emf. In an alternating current, the product of the
e.m.f, and the effective conductance.

ENERGY, ELECTRIC. The power which electricity possesses
of doing work.

EgUALIZER FEEDER. A feeder whose principal purpose is to
equalize the gmssure between the ends of two or more other feeders,
as distinguished from supplying current to feeding points.

EQUIPOTENTIAL. Of, or pertaining to an equality of potential.

EQUIVALENT RESISTANCE. A single resistance which may
replace a number of resistances in a circuit without altering the
current traversingit. Such a resistance in a simple-harmonic-current
circuit as would permit energy to be abso: , with the same ef-
fective current strength, at the same rate as an actual resistance in
a complex-harmonic-current circuit.

ERG. The C.G.S. unit of work, or the work done when unit
C. G. 8. force is overcome through unit C. G. 8. distance. The work
accomplished when a body is moved through a distance of one
centimeter with the force of one dyne. A dyne-centimeter.

F.

FAHRENHEIT THERMOMETRIC SCALE. The thermometric
scale in which the length of the thermometer tube, between the
melﬁnﬁﬁoint of ice and the boiling point of water, is divided into
180 equal parts or degrees.

FARAD. The practical unit of electric capacity. Such a capacity
of a conductor or condenser that one coulomb of electricity is re-
quired to produce therein a difference of potential of one volt.

FATIGUE OF IRON OR STEEL, MAGNETIC. The change
of magnetic hysteresis loss with time. Ageing of magnetic material.

FEED. To supply with an electric current. To move or regulate
one or both of the carbon electrodes in an arc-lamp.

FEEDER. An electric circuit, used to supply power to a station
or service, as distinguished from circuits confined to a single station.

FEEDER DISTRIBUTION. A feeder-and-main system of dis-
tribution.
[21]
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FEEDING POINT. A point of connection between a feeder and
the mains. A feeding center.

FIELD, ELECTROSTATIC. (See Electrostatic Field.)

FIELD, MAGNETIC. The region of stress existing around the
poles of a magnet or a magnetized body, with reference to its effect
upon a unit magnetic charge. Also the field around a conductor
due to a current flowing in it.

FOOT-POUND. A unitof work. The amount of work required
to raise one pound vertically through a distance of one foot.

FOOT-POUND-PER-SECOND. A rate of doing work equal to
the expenditure of one foot-pound of energy per second.

FOUCAULT OR EDDY CURRENTS. It was observed a num-
ber of years before Faraday’s discovery of induced currents, that. a
vibrating magnetic needle quickly came to rest when near or over
a copper plate. Arago had in 1824 also shown that a magnetic needle
suspended over a rotating copper disk rotates with the disk. Both

F1a. 1.—Foucault Currents Generated Fia. 2.—Another Form of Arago's
in Disk by Arago’s Rotation. Experiment.

the damgin%of the needle and Arago’s disk experiment were ex-
R_lained y Faraday as phenomena of electro-magnetic induction.

he relative motion of the magnet and the disk induces an e.m.f.
in the metal disk. The current thus generated circulates in the
disk, producing a magnetic action, which by Lenz’s law tends to
hold the magnet at rest relative to the disk or plate.

Electric currents, thus induced and circulatingTin a metallic mass,
are called eddy currents or Foucault currents. The energy of such
currents is dissipated in heat. The iron cores of armatures of
d; 0 machines and transformers are always laminated so as to
offer resistance to the formation of such currents, and thus to stop
the heat losses (Figs. 1 and 2).

FREQUENCY. The number of cycles or periods per second.
[22]
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FUNDAMENTAL FREQUENCY. The nominal or lowest
frequency of a complex harmonic electromotive force, flux or current.

FUSE BLOCK. A block containing a safety fuse, or fuses.

FUSE BOX. A box containing a safety fuse. A box containing
fuse wires. .

FUSE, ELECTRIC. A conductor designed to melt or fuse at a
certain value of current and time and by so doing to rupture the
circuit.

FUSE LINKS. Strips or plates of fusible metal in the form of
links employed for safety fuses.

FUSING CURRENT. A term sometimes applied to the current
which causes a fuse to melt.

G.

g. An abbreviation or symbol for the gravitation constant, or
the force with which the earth acts upon unit mass at any locality.
An abbreviation proposed for gramme, the unit of mass in physical
investigations.

GAINS. The spaces cut in poles for the support and placing of
the cross arms.

GALVANIZING. Covering iron with an adherent coating of
zinc by dipping it in a bath of molten metal.

GAUSS. The name Proposed in 1894 by the American Institute
of Electrical Engineers for the C.G.S. unit of magnetic flux density.
A unit of intensity of magnetic flux, equal to one C.G.8. unit of
magnetic flux per-square-centimeter of area of normal cross-section.
A name proposed for the C.G.S. unit of magnetic potential or mag-
netomotive force by the British Association in 1895.

GILBERT. A name proposed for the C.G.S. unit of magneto-
motive force. A unit of magnetomotive force equal to that produced

by i 2;66 of one ampere-turn. That value of magnetic force which

will establish one line or one maxwell per centimeter cube of air.

GLOBE STRAIN-INSULATORS. Insulators provided for the
support of the strain wires in an overhead system.

GRADIENT, ELECTRIC. The rapidity of increase or decrease
of the strength of an electromotive force. The vector space-rate
of descent of electric potential at any point.

GRAPHITE. Graphite is used for rendering surfaces to be elec-
tro-plated, electrically conducting, and also for the brushes of dyna-
mos and motors. For the latter purpose it possesses the additional
advantage of decreasing the friction by means of its marked lubri-
cating properties.
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GROUND. A general term for the earth when employed as a
return conductor. A term for the connection of a conductor to the

* GROUND CIRCUIT. A circuit in which the ground forms part
of the path through which the current passes.

GROUND, EFFECT OF. On the neutral point of three-phase,
three-wire systems. Consider a general case. A lightning stroke
disables some apparatus so that inductive reactance is introduced
in the accidens ground. Before the accident there was a
perfectly balanced system, where the neutral, or ground potenti
18 symmetrical in reference to the line conductors and govern

Il I
Fia. 4. Fia. 5.

entirely by the ground capacities represented in Fig. 3, as three con-
densers. If, now, one line is grounded through an impedance, the
neutral will be displaced along line AB.
The conditions are then:
irst. Ground made by infinite reactance. (No Ground.) We
have then .

X =00, e1=3—2e- and e.=% when e, is the voltage from one wire

o Y -
:

Fia. 3.

to the neutral of a balance system and e; is the voltage from the
neutral of the balanced system to a point midway between the other
two wires and X is the condensive reactance; that is, in Fig. 4 the
neutl-aliln lies at O, and the ground is symmetrical in reference to the

es.

Second, when e; =0, and e, =e (shown in Fig. 5).

In this case the neutral lies midway between the other two con-
ductors and its potential difference to ground is .87e.

Third, when e; and e; both become infinite, under such condition,
the system would be subjected to infinite potential. The third con~
dition arises if one line is grounded by a reactance of } of the con-
densive reactance, the system then being subjected to very great
stresses, even at normal frequency.

GROUND-RETURN. A general term used to indicate the use
of the ground or earth for part of an electric circuit. The earth or
ground which forms part of the return path of an electric circuit.
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GUTTA-PERCHA. A
resinous gum obtained
from a troincal tree, and
valuable eectncally for
its high insulating powers.

GUY. A rod, cha.m
rope, or wire em;;llgy

for supporting or s
ing any structure such as

a pole.
GUY WIRE. A wire
employed as a guy.

H.

H. An abbreviation for
the henry or ractlcal unit

of self ind:
/\/X /\

Fra. 6.—Relations of the Fund tal e.m.f. o/
and Triple Harmonics in a Delta Connected
Circuit.

H. A symbol for field
intensity.

#M. An abbreviation

for the magnetizing force
that exists at any point,
or, generally for in-
tensity of ma.gnetlc
force.

H.B. CURVES. Curves
indicating the relations
between magnetizing force
and magnetic flux density
in a magnetic substance.
A term sometimes em-
ployed for magnetization
curves.

HP. An abbreviation
" for horse-power.

HALL EFFECT. A  Fia7.—Relation of the Fund le.m.f. and
transverse electromotive  Triple Harmonics in a Star Connected Circuit.
[25]
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. force produced by a magnetic field in substances undergoing electric
displacement.

HARD-DRAWN COPPER WIRE. Copper wire that is hardened
by being drawn three or four times without annmealing. Copper
wire not annealed after leaving the die.

HARMONIC CURRENTS. Periodically alternating currents
varying harmonically. Currents which are harmonic functions of
time. Sinusoidal currents.

In modern alternators an endeavor is made to shape the magnetic

circuit so that the e.m.f. is a sine wave, nevertheless, a triple har-
monic of some magnitude usually exists in the e.m.f. wave of single-

Fundomentals osuttont

\h&% Hormorres
Orgploced 90° /7
N\ "/
. £ 76 0°

Flyromenra/s, Dovble Sormmarres
/v‘“\‘\afp/xa/ o°
/ 3,

(144

Fia. 8.

phase alternators, and in each of the individual phases of a polyphase
generator.

The e.m.f. between two terminals of a three-; e generator,
does, however, not contain any triple harmonic for the following
reasons:

Consider first in Fig. 6 a delta-connected three-phase generator,
in each phase of which is a prominent triple harmonic; a, b and ¢
represent the three e.m.f.’s as displaced 120 degrees. It is seen that
the three triple harmonics are in phase, thus the machine is reall
running under short circuit as far as the triple harmonic is concernecK
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A triple frequency current will be established, which will consume

the e.m.f. which, therefore, will not appear in the terminal e.m f.
The triple harmonic current will, however, set up an armature

reaction which will distort the field magnetism and thereby cause a

Fendormenyo/

7Ziple Hormomsse
Dosp/oced 60°
Y

Fia. 9.

fifth and seventh harmonic. With star connection the terminal
em.f. is the resultant of two e.m.f’s, OA and OB in Fig. 7. Re-
ferring to Fig. 7 we see that again OA, OB and OC, the individual
e.m.f.’s., are displaced 120 degrees. 'fhe e.m.f. between A and B is

Pesultont

\(‘:mdo/»oﬂ/o/

Triole Harmonse
/Z{.;,daceo' o° .
\ ”a-\ / PN

/ AN

Fia. 10.

the resultant of OA and OB, thus OA—~OB (the minus sign on ac-
count of the direction). In a are given the em.f.’s in OA, in b are
given the e.m.f.’s of OB; and their resultant (with OB reversed) is

[27)
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¢. The triple harmonic again has disappeared, but the fundamental
is larger than in the individual phase. In the e.m.f. against the
neutral or ground the triple harmonic exists; therefore, the charging
current against ground will be of triple frequency and any multiple
thereo&d' permitted to exist, that is, if the generator neutral is
grounded.

The transformers are a source of triple harmonic-e.m.f.’s or cur-

s

Fia. 11.

&%

Nthird harmonic
\ ffth harmbnlc
v

‘st (or fundamental) harmonic

T“},

rents, but this can also be eliminated if one side of the transformers
is delta connected, as should always be the case.

Ixzugleneral, it can be said that the triple harmonics should give no
difficulties in a three-phase transmission; it need not exist.

[28]
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HARMONICS, EFFECTS OF HIGHER. To elucidate the
variation in the shape of alternati wavuumadbynmhr-
momes,mFigSFngﬁglO, ﬁg.llmllhnnted wave
forms u the double, triple and
the g tuplehmmuponthefmdmhl-nenn.

In Fig. 12 is shown the fundamental sine wave and the complex

360°

Tno‘
A e

\4 60

\\—\v / 60°

+,./ 0 1760°

Fia. 12.—Various Distortions of the Fundamental Wave by Triple Harmonic in
Different Phase Relation to the Fund tal

waves produced by the superimposition of a triple harmonic of 30
percent of the amplltude of the fundamental, under the relative
phase displacements of 0, 45, 90, 135 and 180 degrees.
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As seen, the effect of the triple harmonic is in the first figure to
flatten the zero values and point the maximum values of the wave,
giving what is called a ed wave. With increasing phase dis-
placement of the triple harmonic, the flat zero rises and gradually

¢ / 730°

Fia. 13.—Varlous Distortions of the Fundamental Wave by Triple and
Quintuple Harmonics of Characteristics given Below :
1.15% 3rd,¢= 0  10%5th,¢— 0
2. 224% 3rd, ¢ == 180 5% 5th, ¢ = 180
3.15% 3rd, ¢ ~180  10% 5th,¢=— O
. 4.18% 3rd,¢= O 109, 5th, ¢ = 180
[80]
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changes to a second , giving ultimately a flat-top or even double-
peaked wave with zero. The intermediate positions represent
what is called a saw-tooth wave.

The quintuple harmonic causes a flat-topped or even double-
peaked wave with flat zero. With increasing phase displacement,
the wave becomes of the type called saw-tooth wave also. The
flat zero rises and becomes a third peak, while of the two former
peaks, one rises, the other decreases, and the wave gradually changes
to a triple-peaked wave with one main ﬁeak, and a sharp zero.

. As seen, with the triple harmonic, flat-top or double-s:ak coin-

cides with sharp gero, while the quintuple harmonic flat-top or
double-peak coincides with flat zero.
. Sharp coincides with flat zero in the triple, with sharp zero
in the quintuple harmonic. With the triple harmonic, the saw-tooth
shape appearing in case of a phase difference between the funda-
mental and harmonic, is single, while with the quintuple harmonic
it is double.

Thus in general, from simple inspection of the wave shape, the
existence of these first harmonics can be discovered. Some char-
acteristic shapes are shown in Fig. 13.

HEAT. A form of energy. A vibratory motion impressed on the
molecules of matter by the action of an{ form of energ‘v. A wave
n}otion impressed on the universal ether by the action of some form
of energy.

HEAT UNIT. The quantity of heat required to raise a unit mass
of water through one degree of the thermometric scale—the cal-
orie. There are a number of different heat units. The most im-
portant are: '

The British Heat Unit, or Thermal Unit, or the amount of heat
required to raise 1 ’pound of water 1 degree Fahr. This unit repre-
sents an amount of work equal to 772 foot-pounds.

The Calorie, or the amount of heat required to raise the tempera-
ture of one gramme of water 1 degree C.

The Joule, or the quantity of heat developed in one second by
t}l;;?assage of a current of one ampere through a resistance of one
ol

1 joule equals .2407 calories.
1 foot-pound equals 1.356 joules.

HENRY. The practical unit of self-induction. An earth-quad-
rant or 10° centimeters. The value of the heng as adopted by the
International Electrical Congress of 1893, at Chicago. The value
of the induction in a circuit, when the electromotive force induced in
the circuit in one International volt, and the inducing current varies
at the rate of one ampere per second.

HIGH FREQUENCY. This term is used to some extent as de-
fining high commercial frequencies such as 133 cycles per second.
The term should rather be used to define frequencies much higher

[31]



Sec. 1 DICTIONARY

than those in commercial use; i. e., frequencies prod _

ning discharges, arcing gmunﬁs, etc. produced by light
HIGH POTENTIAL CURRENT. A term loosel i

current produced by high electromotive forces. y applied for a

HIGH POTENTIAL INSULATOR. An insulator suita
use on high potential circuits. r suitable for
HIGH TENSION CIRCUIT. A circuit employed i .
with high electric pressures. ployed In connection
HORSE-POWER. A commercial unit of power, or rate-of-doing-
work. A rate-of-doing-work equal to 33,000 poun(’ls raised ong foot-
per-minute, or 550 pounds raised one foot-per-second. A rate-of-
doing-work equal to 4.562 kilograms raised one meter per minute.

HORSE-POWER, ELECTRIC. Such a rate-of-doi :
work as is equal to 746 watts, or 746 volt-coulombs pt;lrng ele(at.nca.l

HORSE-POWER-HOUR. A unit of work equal to th
by one horse-power acting for an hour. 1,938?000 £ o:t_m‘gst‘ione

HYDRO-ELECTRIC SYSTEM. An electric ;
erators driven by water-power. system with gen-

HYSTERESIS. A lagging behind of magnetisati i
magnetizing force. Apparent ,m°lecularma§::1ﬁon dxsg lt'.ghmmtweb;tgg
change of stress. A retardization of the magnetizing or demagnet-
izingfeffects as rega.rtds th%s iauses ;VhJCh produce them. That qual-
ity of a para-magnetic substance by virtue of which energy i gjggi-
pated on the reversal of its magnetization. e 8

HYSTERESIS COEFFICIENT. The hysteretic coeffici
energy dissipated in a cubic centimeter of magnetic msﬁ;x:g:.'l l;l;rh:
gingle cyclic reversal of unit magnetic density.

HYSTERETIC CYCLE. A cycle of complete magnetization and
reversal. ’

HYSTERETIC LAG. The lag in the magnetization of a trans-
former due to hysteresis.

I

I. An abbreviation for the amount of current.
I H. P. An abbreviation for indicated horse-power.

I: RLOSS. The loss of power in any circuit equal to the
of the current in amperes by the resistance in ohms. fquare
IMPEDANCE COILS. A term sometimes applied to choking
coils, reactance coils, or economy coil.
IMPEDANCE. That quantity which when multiplied with the
total current in amperes will give the impressed e.m.f. in volts.
[82]
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IMPRESSED ELECTROMOTIVE FORCE. The electromotive
force brought to act in any circuit to produce a current therein.
In an alternating-current circuit, the electromotive force due to an
impressed source, in contradistinction to the effective electromotive
force, or that which is active in producing current, or the electro-
motive forces due to, or opposed to, self or mutual induction. An
applied e.m.f. as dmhng\ﬁgged from a resultant, or wattless e.m.f.

. INDIA RUBBER. A resinous substance obtained from the milky
juices of a tropical tree.

INDUCED CURRENT. When by any means whatever the total
number of lines of force passing through any circuit is changed, an
electric current is produced in that circuit. Such a current is called
an induced current.

INDUCED ELECTROMOTIVE FORCES. e.m..s set up by
electro-dynamic induction.

INDUCED M. M. F. Any magnetomotive force produced by
induction. The aligned or structural etomotive force as dis-
tinguished from the prime magnetomotive force.

INDUCTANCE. That property, in virtue of which a finite elec-
tromotive force impressed on a circuit does not immediately gen-
erate the full current due to the resistance of the circuit, and which,
when the electromotive force is withdrawn, requires a finite time for
the current strength to fall to its zero value. A property, by virtue
of which the passage of an electric current is necessarily accompanied
by the absorption of electric energy in producing a magnetic field.
A constant quantity in a circuit at rest, and devoid of iron, depend-
ing only upon its geometrical arrangement, and usually expressed
in henrys, or in centimeters.

INDUCTANCE COIL. An impedance, reactance, or choking coil.
A coil placed in a circuit, for the purpose of preventing an impulsive
current-rush in that circuit, by means of the counter-electromotive
force developed in the coil on being magnetized.

INDUCTION. _The property by which one body having electrical
or magnetic polarity causes or induces it, in another body or another
part of its own body without direct contact.

INDUCTION, MAGRETIC. The production of magnetism in a
magnetizable su‘;stmee by bringing it into a magnetic field.

. INDUCTION, MUTUAL. Induction produced by two neighbor-
}ﬁdfrcuits on each other by the mutual interaction of their magnetic
elds,

INDUCTION, SELF. (See Self Induction.)

INDUCTIVE CIRCUITS. Circuits containing certain types of
apparatus and known as inductive circuits have the .progerpy of
storing up a part of the energy supplied to the circuits during a
3 ' (s8]
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part of each cycle, and restoring this energy to the source during
the remainder of the cycle. This causes the reversal of current to
take place at an earlier or a later instant that the reversal of vol )
the current being known then as a lagging current. During the
time when energy is being delivered to the circuit, the product of
voltage and current is %ggﬁve; that is, the voltage and the current
have the same sign. en either voltage or current is reversed
with respect to the other so that this product is negative, power is
being returned, bg' the circuit to the source, and is then reckoned
as a negative. The net value of the energy delivered to the circuit
per cycle is equal to the difference between the positive and the n
tive values of energy in the two periods above referred to. The
average value of the power for a given value of voltage and current
is then less than the Eroduet of the voltage and the current (the volt-
amperes) and may have any value between the value of the volt-
amperes and zero.

INDUCTIVE CIRCUIT. Any circuit in which .induction oceurs.

- INDUCTIVE REACTANCE. Reactance due to self induction as
distinguished from reactance due to a condenser. )

IN-PUT. The power absorbed by any machine in causing it to
perform a certain amount of work.

INSTANTANEOUS PEAK. The highest value reached by the
quantity under consideration as measured by some device which
indicated high actual value of the quantity at every moment.

INSULATE. To so cover or protect a body as to prevent elec-
tricity from being conducted to or removed from it. .

INSULATED WIRES. Wires provided with insulating coverings
or coatings. ) P

INSULATING JOINT. A joint in an msu]atmg material or
covering in which the continuity of the insulating material is in-
8 .

INSULATING VARNISH. An electric varnish' formed of any
good insulating material.

INSULATION RESISTANCE. The resistance existing between
a conductor and the earth or between two conductors in a circuit
through insulating materials lying between them. A term applied
to the resistance of the insulating material of a covered wire or con-
ductor to an impressed voltage tending to produce a leakage of
current. :

INSULATOR, ELECTRIC. A body or substance which offers
such resistance to the passage of electric current that it is used to
prevent the ﬁassage of current. Any device employed for insulating
8 wire or other body. .
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INSULATOR PIN. Thedevice by which an insulator is attached
to a bracket, cross-arm, or support.

TRON-CORE-LOSS. The hysteretic and Foucault losses due
to the presence of an iron core.

J.

JOULE. A volt coulomb or unit of electric energy or work. The
amount of electric work required to raise the potential of one coul-
omb of electricity one volt. Ten million ergs.

The value of the joule as adopted by the International Electrical
Congress of 1893, at Chicago. A value equal to 107 units of work
of the C.G.S. system and represented with sufficient accuracy for
practical purposes by the energy expended in one second by one
ampere in one International ohm.

JOULE’S LAW OF HEATING. In any given conductor the
heat developed by an electric current in any given time varies di-
rectly as the square of the current,and as the resistance, that is, the
heat varies as I?R.  Also since the total heat varies as the time, the
total heat is

I'R T
or, if expressed in calories
. I'R T

42

JUMPER. A temporary shunt or short circuit put around a
source, lamgeor receptive device on a series-connected circuit, to
enable it to be readily removed or repaired.

K.

kg. An abbreviation for kilogramme, a practical unit of mass.

kgm. An abbreviation for kilogramme meter, a practical unit
of the moment of a couple or of work.

kv-a. An abbreviation for kilovolt-ampere.

KAOLIN. A variety of white clay sometimes employed for in-
sulating purposes.

KILO. A prefix for one thousand times.

KILOVOLT. One thousand volts.

KILOVOLT-AMPERE. A kilovolt-ampere is 1000 volt-amperes.

A volt-ampere is the product of an ampere times a volt. Its energy .

:S;ivalent may be one kilowatt or zero, depending upon the phase
tion between the current and voltage.

KILOWATT. One thousand watts.
[85]
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KILOWATT-HOUR. The amount of work equal to that per-
formed by one kilowatt maintained steadily for one hour. An
amount of work equal to 3,600,000 joules.

KNIFE-SWITCH. A switch which is opened or closed by the
motion of a knife contact between parallel contact plates. A knife-
edge switch or knife switch.

LO

LAGGING CURRENT. A periodic current lagging behind the
impressed electromotive force which produces it.

LAMINATED CORE. An iron core that has been sub-divided
in planes parallel to its magnetic ﬂux:ipaths, in order to avoid the
injurious production of Foucault or eddy currents.

LAMINATION. The sub-division of an iron core into laming.

LEAD. A very malleable and ductile metal of low tenacity and
high specific gravity. Tensile st h 1600 to 2400 pounds per
square inch. Elasticity very low, and the metal flows under a very
shght strain. Lead dissolves to some extent in pure water, but
water containing carbonates or sulphates forms over it a film of in-
soluble salt which prevents further action. Atomic weight 206.9.
Specific gravity 11.07 to 11.44. Melts at about 625° F.; -softens
and becomes pasty at 617° F.

LEAD-ENCASED CABLE. A cable provided with a sheathing
or coating of lead on its external surface.

LEADING CURRENT. An alternating current wave or com-
ponent, in advance of the electromotive force producing it.

LEAKAGE REACTANCE. That portion of the reactance of any
induction apparatus which is due to stray flux.

LEG OF CIRCUIT. A branch of a bifurcated or divided circuit.
A loop or offset in a series circuit.

LENZ'S LAW. In all cases of induction the direction of the in-
duced current is such as to oppose the motion which produces it.

LIGHTNING ARRESTER. A device by means of which the
apparatus placed in any electric circuit is protected from the de-
structive effects of a flash or discharge of lightning.

LIGHTNING ROD. A rod, strap, wire or stranded cable, of good
conducting material, placed on the outside of a house or other struc-

ture, in order to protect it from the effects of a lightning discharge.

LINES OF FORCE. Lines of magnetization.

LINES OF MAGNETIZATION. A term sometimes applied for
lines of magnetic induction. A term sometimes applied to those

[s6]



DICTIONARY Sec. 1

portions of the lines of magnetic force which lie within the mag-
netized substance.

LIVE WIRE. A wire through which current is passing. A wire
connected with an electric pressure or source.

LOAD. The work thrown on any machine.

LOAD-FACTOR. The fraction expressed in percent obtained
by dividing the average load over any given period of time by the
maximum load during the same period of time.

LOGARITHM. The exponent, or the power to which it is neces-
sary to raise a fixed number called the base, in order to produce a
given number.

LOOP TEST. A localization test for a fault in a loop of two
wires, or in a complete metallic circuit.

LOW-POTENTIAL SYSTEM. In the National Electric Code a
system having a pressure less than 550 and more than 10 volts.

m, A symbol for strength of magnetic pole.

m. An abbreviation for meter, a practical unit of length.
" M, m. An abbreviation for mass.

mm. An abbreviation for millimeter.

m.m.f. An abbreviation for magnetomotive force.

M.A)GNETIC FATIGUE. (See Fatigue of Iron and Steel, Mag-
netic.

MAGNETIC FIELD. (See Field Magnetic.)

MAGNETIC FLUX. The streamings that issue from and return
to the poles of & magnet. The total number of lines of magnetic
force in any magnetic field. The magnetic flow that passes through
any magnetic circuit. .

MAGNETIC FLUX-PATHS. Paths taken by magnetic flux in
any magnetic circuit.

MAGNETIC FORCE. The force which causes the attractions
and repulsions of magnetic poles.

MAGNETIC INTENSITY. Magnetic flux-density. The quan-
tity of magnetic flux per-unit-of-area of normal cross-section.

MAGNETIC SATURATION. The maximum magnetization
which can be imparted to a magnetic substance. The condition of
iron or other magnetic substance, when its intensity of magnetiza-
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tion is so great that it fails to be further magnetized by any mag-
netizing force, however great.

MAGNETIC UNITS. Units based on the force exerted between
magnet poles. Units employed in dealing with magnets and mag-
netic phenomena. The magnetic system of C.G.S. electromagnetic
units, as distinguished from the electrostatic system. :

MAGNETIZING FORCE. The force at any point with which a
unit magnetic pole would be acted on.

MAINS. In a parallel system of distribution the conductors
carr{.glg the main current, and to which translating devices are con-
nected.

MASS. Quantity of matter contained in a body.

"MAXIMUM DEMAND. The maximum demand is the maxi-
mum load specified, contracted for or used, expressed in terms of
power as kilowatts or horse-power.

MAXWELL. The unit of magnetic flux.

MEAN CURRENT. The time average of a current strength.
In an alternating-current circuit, the time average of a current
strength without regard to sign or direction.

MEAN  ELECTROMOTIVE FORCE. The average electro-
motive force. In an alternating-current circuit the time average
of the e.m.f. without regard to sign or direction.

MECHANICAL EQUIVALENT OF HEAT. The amount of
mechanical energy converted into heat that would be required to
raise the temperature of a unit mass of water one d e of the
thermometric scale. The quantity of energy mechanically equival-
ent to one heat unit. (See Heat Unit.)

MEGOHM. One million ohms.

MESSENGER ROPE. In cable-work a rope drive for operating
a drum or winch at a distance. A rope supporting guide sheaves.

MHO. The unit of conductance. Such a conductance as is
equal to the reciprocal of one ohm. A unit of electric conductance
of the value of 10° absolute units.

MICA. A refractory mineral substance employed as an insulator.
A double silicate of alumina or magnesia and potash or soda.

MICROFARAD. One-millionth of a farad.

MICROMETER WIRE-GAUGE. A sensitive form of wire gauge,
usually constructed with a fine thread screw, having a gradua
head for close measurements of wire diameters.

MICROHM. The millionth of an ohm.
[88]
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MIL. A unit of length used in measuring the diameter of wires
equal to the one-thousandth of an inch.

MIL-FOOT. A resistance standard consisting of a foot of wuz
or other conducting material, one mil in diameter. A standard
coruparison of resistivity or conductlwty of wires.

MILLI-AMPERE. The thousandth of an ampere.
MILLI-HENRY. A thousandth part of a henry.
MILLI-VOLT. The thousandth of a volt.

MODULUS OF ELASTICITY. The ratio of the simple stress

rodnee a small elongation or compression in a rod of

umt a.res. of normal cross-section, to the proportionate change of
length produced

MOISTURE-PROOF INSULATION. A type of insulation which
is not strictly water-proof, but which is capable of being immérsed
for a short time without suffering serious loss of insulation.

MULTIPLE CIRCUIT. (See Circuit Multiple.)

MULTIPLE-SERIES CIRCUIT. A circuit in which a number of
separate sources, or receptive devices, or both, are connected in a
number of separate groups in series, and these sepa.rate groups sub-
sequently connected in multiple.

MUTUAL INDUCTION. (See Induction, Mutual.)

N.

" Used to designate the number of turns of a conductor in
electro-magnetw equations or calculations. Also used to indicate
the number of revolutions per minute (R.P.M.).

n. An abbreviation for a number.

NEGATIVE - CONDUCTOR. The conductor connected to the
negative terminal of an electric source.

NEGATIVE FEEDERS. The feeders connecting the negative
mains with the negative poles of the generators.

NEUTRAL CONDUCTOR. The middle wire in a three wire
“Edison system.” The wire from the common point of connection
of the phases in four wire, three phase and five wire, two phase
systems. .

NEUTRAL FEEDER. In a three-wire system, a feeder connected
with the neutral bus-bar.

NON-CONDUCTOR. Any substance whose conductivity is low,
or whose electric resistance is great.
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NON-INDUCTIVE RESISTANCE. A resistance devoid of self-
induction.

NORMAL CURRENT. The current strength at which a system
or apparatus is designed to be operated.

0.

Q An abbreviation for ohm, the practical unit of resistance.
@ A symbol sometimes employed for angular velocity.

OERSTED. The name used for the C.G.S. unit of magnetic
reluctance. The reluctance offered to tﬂ:esasaage of magnetic lux
by a cubic centimetre of air when meas: between parallel faces.

OHM. The practical unit of electric resistance. Such a re-
sistance as would limit the flow of electricity under an electromotive
force of one volt, to a.current of one ampere, or one-coulomb-per-
second. The value of the ohm as adopted by the International
Electrical Congress of 1893, at Chicago, is & value of the ohm equal
to 10° units of resistance of the C.G.S. system of electro-magnetic
units, and represented by the resistance offered to an unvs.ryin%
electric current by a column of mercury at the temperature o
melting ice, 14.4521 es in mass, of a constant cross-sectional
area, and of the length of 106.3 centimeters.

OHMIC DROP. The drop in pressure due to the ohmic resist-
ance.

OHMIC RESISTANCE. The true resistance of a conductor due
to its dimensions and conductivity, as distinguished from the spuri-
ous resistance produced by counter-electromotive force. re-
gistance such as would be measurable in ohms by the usual methods
of continuous-current measurement.

_OHM’S LAW. The law of non-varying current strength in a
circuit not subject to variation. The strength of a continuous cur-
rent is directly proportional to the difference of potential or electro~
motive force in the circuit and inversely proportional to the resist-
ance of the circuit, i. e., is equal to the quotient arising from dividing
the electromotive force by the resistance.

Ohm’s law is exp: algebraically thus:

I=-%-; or E=IR; or R=-]]‘:i

If the electromotive force is given in volts, and the resistance in
ohms, the formula will give the current strength directly in amperes.
The current in amperes is equal to the electromotive force in volts
divided by the resistance in ohms.
The electromotive force in volts is e(Lu;.l&to the product of the cur-
rent in amperes and the resistance in ol
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The registance in ohms is equal to the electromotive force in volts
divided by the current in amperes.

OPEN CIRCUIT. A broken circuit, or a circuit whose conduct-
ing continuity is broken.

OSCILLATORY CURRENT. A current which oscillates or per-
forms periodic vibrations usually of diminishing amplitude.

OVERHEAD CONDUCTOR. An aerial conductor.

p’

PAGE EFFECT. Faint sounds produced when a piece of iron is
rapidly magnetized and demagnetized.

PAPER CABLE. A paper-insulated cable. A cable in which
paper is the solid insulator employed.

PARAFFINE. A solid hydro-carbon possessing high insulating
powers. -

PARALLEL CIRCUIT. A term sometimes used for multiple
circuit. '

Iffdfx-LOAD. The highest average load carried for any specified

Norte. The term may be preceded by the qualifying terms
l(homly,” ‘ldaily’,’ l‘monthly,” l‘Yearly,!I ew‘

PEAK. The highest load carried for any specified period.

PERCENTAGE CONDUCTIVITY OF WIRE. The conductiv-
ity of a wire in terms of the conductivity of pure copper. The con-
ductivity of a particular copper wire compared with the conductivity
of a standard wire of the same dimensions. The conductivity of a
wire referred to Matthiessen’s standard of conductivity for copper.

PERIODIC FUNCTION. A periodic function is one which re-
peats itself after a definite time or period. If any number of simple
gine functions of the same period be added, the resultant sum will
be a simple sine function of the same period. This is shown in Fig.
14 for the addition of two sim;l)lle sine functions or sine waves, and
it is evident that, if true for the addition of two, it is true for the
addition of any number of simple sine functions. An example of
the addition of two simple sine functions of the same period is shown
in Fig. 15. The resultant curve, represented by the heavy line, is
likewise a sine curve.

PERIODICITY. The number of periods executed per second by
a periodically alternating quantity. The number of cycles executed
in unit time by an alternating current. The frequency of an alter-
nating current.

PERMITTANCE. Electrostatic capacity. The capability of a
condenser or dielectric to hold a charge.
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PETTICOAT INSULATOR. An insulator provided with a deep
internal groove, around its lower extremlt.y or stalk. A line wire

/8 i bt /1

R70°
Fre. 14.—Summation of Two Simple Sine Waves to Form a Resultant Sine Wave.

vertical insulator provided with an insulating inverted cup having a
form resembling a petticoat.

esulfon” Wore

Sandamenrtis
Drsploced
éo°

F16. 15.—Diagram showing the Fc;rmation of a Resultant Sine Wave from
Two S8imple Sine Waves. ’

PHASE. The distance, usually in angular measure, of the base
of any ordinate of an alternating wave from any chosen point on
the time axis, is called the phase of this ordinate with respect to this
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point. In the case of a sinusoidal alternating quantity the phase at
any instant may be represented by the co: nding position of a
line or vector revolving about a point with such an angular velocity
(w=2xf) that its projection at each instant upon a convenient
reference line is proportional to the value of the quantity at that
instant. :

PHASE ANGLE. In alternating current systems two or more
currents or e.m.f.’s which do not come to their maximum values at
the same instant are said to be out of phase, or to have a phase dif-
ference, and the angle between the vectors which represent these
currents or e.m.f.’s 18 called a phase angle. If it is measured for-
ward, in the direction of rotation, the angle is called the angle of

Fi1a. 16.—Diagram showing the Phase Angles between Three Distinct e.m.f.’s.
and their Vector Representations.

lead, and if measured against the direction the angle is called the
angle of lag. (Fig. 16.)

PHASE DIFFERENCE: LEAD and LAG. When corresponding
cyeclic values of two sinusoidal alternating quantities of the same fre-
3uency ocecur at different instants, the two quantities are said to

iffer in phase by the angle between their nearest corresponding
values, e.g., their nearest ascending zeros or positive maxima. That

uantity whose maximum value occurs first in time is said to lead
the other, and the latter is said to lag behind the former.

PINS. Wooden or steel pegs for supporting pole line insulators.

PLANE VECTOR. .- A quantity which possesses not only magni-
tude but also direction in a single plane.
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PLATINUM. A heavy refractory and not readily oxydizable
metal of a tin-white color.

PLUMBAGO. An allotropic modification of carbon.
POLE GUYS. A guy employed for stiffening a pole.

POLE STEPS. Steps permanently fastened to a wood or iron
pole to facilitate climbing,.

POLYPHASE. Possessing more than a single phase.

POLYPHASE CIRCUITS. The circuits employed in polyphase-
current distribution.

POLYPHASE CURRENTS. Currents differing in phase from
one another by a definite amount, and suitable for the operation of
polyphase motors or similar apparatus.

POLYPHASE TRANSFORMER. A transformer suitable for
use in connection with polyphase circuits.

POLYPHASE TRANSMISSION. Transmission of power by
means of polyphase currents.

laPORCELAIN. A variety of insulating substance, made from
clay.

POSITIVE WIRE. The wire connected with the positive pole
of a source.

POTENTIAL, ELECTRIC. The power of doing electric work. -
Electric level.

POTENTIAL ENERGY. Stored energy. Capability of doing
work. Energy,rPossessing the power or potency of doing work but
not actually performing such work.

POWER. Rate-of-doing-work, expressible in watts, joules-per-
second, foot pounds-per-hour, etc.

POWER CIRCUITS. Circuits employed for the electric trans-
mission of power.

POWER-FACTOR. The ratio of the power (cyclic average) to
the volt-amperes. In the case of sinusoidal current and voltage
the power-factor is equal to the cosine of the difference in phase
between them.

PRIMARY. That winding of a transformer which directly re-
ceives power. The term is to be preceded, in the case of transform-
ers, by the words ‘““high voltage’’ or ‘“low voltage.”

PRIMARY COIL OF TRANSFORMER. That coil of an in-
duction coil or transformer on which the primary clectromotive
gorce is impressed. The coil which receives energy prior to trans-
ormation.
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PRIMARY CURRENTS. Currents flowing in a primary circuit,
as distinguished from currents flowing in & secondary circuit.

PRIMARY ELECTROMOTIVE FORCE. The electromotive
force applied to the primary coil of a transformer.

PULSATING CURRENT is a current which pulsates regularly
in magnitude. As ordinarily employed, the term refers to unidirec-
tional current.

0.

. QUADRATURE. A term applied to express the fact that one
simple-harmonic quantity lags 90° behind another.

QUANTITY, ELECTRIC. The amount of electricity present in
any current or charge.

QUARTER PHASE. A term implyi.ng the supplying of power
through two circuits. The vector angle of this voltage is 90 degrees.
This term is used at times instead of the term “‘two-phase.”

QUARTER-PHASE SYSTEM. A two-phase system of alter-
nating-current distribution employing two currents dephased by a
quarter period.

R.

rm.s. A term sometimes used for the square root of the mean
square of the current. The effective current or voltage.

RADIAN. A unit angle. An angle whose circular arc is equal in
length to its radius; or, approximately 57° 17’ 45",

. RADIAN-PER SECOND. A unit of angular velocity of a rotat-
ing body.

RATIO OF TRANSFORMATION. The ratio between the elec-
tromotive force produced at the secondary terminals of an induction
coil or transformer, and the electromotive force impressed on the
primary terminals.

REACTANCE, INDUCTIVE. The inductance of a coil or circuit
multiplied by the angular velocity of the sinusoidal current passing
through it, or expressed by the formula X =2x f L =L, where v=
2xf, f 18 the frequency in cycles per second, and L is the coefficient
of self-induction.

A quantity whose square added to the square of the resistance
gives the square of the impedance, in a simple harmonic current cir-
cuit. .

REACTANCE FACTOR. The ratio of the reactance of a coil,
or circuit, to its ohmic resistance.

REACTIVE DROP. The drop in a circuit or conductor due to
its reactance as distinguished from the drop due to its ohmic re-
sistance.
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REACTIVE ELECTROMOTIVE FORCE. In an alternating
current circuit, that component of the electromotive force that is in
quadrature with the current and is employed in balancing the
counter e.m.f. of inductance.

REACTIVE FACTOR. The ratio of the wattless volt-amperes
to the total volt-amperes.

REGULATION. The regulation of a machine or apparatus in
regard to some characteristic quantity, such as current or terminal
voltage, is the ratio of deviation of that quantity from its normal
value at rated-load to the normal rated-load value. Sometimes
called inherent regulation.

RELUCTANCE. A term aﬁplied to magnetic resistance. In a
magnetic circuit the ratio of the m.m.f. to the total magnetic flux.

RELUCTIVITY. The specific magnetic resistance of a medium.

RESIDUAL MAGNETISM. The magnetism remaining in a
core of an electromagnet on the opening of the magnetizing circuit.
The small amount of magnetism retained by soft iron when removed
from any magnetic field. -

RESIN. A general term applied to a variety of dried juices of
vegetable origin.

RESISTANCE. The quality of an electrical conductor by virtue
of which it opposes an electric current. The unit of resistance is
the ohm.

Resistance is that attribute of a conductor or of a circuit which
determines the strength of the electric current that can be sent
through the conductor or the circuit, on which a constant difference
of potential is maintained, as shown by Ohm’s law. The resistance
of a given conductor is always constant at the same temperature,
irrespective of the strength of current flowing through it or the elec-
tromotive force of the current, and the resistance of a given con-
ductor increases as the length of the conductor increases; that is,
the resistance of a conductor is directly proportional to its length.
Also the resistance of a conductor varies inversely as its sectional
area, or the resistance of a conductor of circular cross section is
inversely proportional to the square of its diameter.

The combined resistance of several resistances in parallel may be
found by taking the reciprocal of the sum of the reciprocals of the
individual resistances of the branch circuits. This law follows from
the law of conductance, which states that the combined conductance
of a parallel branch circuit is equal to the sum of the conductances
of the branches, and since the resistance is equal to the reciprocal
of the conductance, the reciprocal law holds true, as above stated.

RESISTIVITY. The specific resistance of a substance referred
to the resistance of a cube of unit volume. Specific resistance, or the
inverse of specific conductivity.
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RESONANCE. In a circuit containing both inductance and
capacity, the neutralization or annulment of inductance-reactance
by capacity-reactance, whereby the impedance of the circuit or
branch is reduced to the ohmic resistance. In an alternating-cur-
rent circuit, the attunement of a circuit, containing a condenser
to the same natural undamped frequency of oscillation as the fre-
quency of impressed e.m.f. whereby the circuit responds to this
frequency more than to any other. In an alternating current cir-
cuit, the annulment of inductance-reactance by capacity-reacgance,
whereby the impedance of the circuit is not only reduced to its ohmic
resistance, but 1ts current is in phase with its impressed e.m.f.

RESULTANT MAGNETIC FIELD. A single magnetic field
produced by two or more co-existing magnetic fields.

RIGHT-HANDED ROTATION. A direction of rotation which
is the same as that of the hands of a watch, when one looks directly
at the face of the watch. Negative rotation.

ROOT-MEAN-SQUARE or EFFECTIVE VALUE. The square
root of the mean of the squares of the instantaneous values for one
complete cyele. It is usually abbreviated r.m.s. Unless otherwise
specified the numerical value of an alternating current (or e.m.f.)
refers to its r.m.s. value. The r.m.s. value of a sinusoidal wave is
equal to its maximum value divided by /2.

S.
S.W.G. An abbreviation for Stubb’s wire gauge.

SADDLE BRACKET. A bracket holding an insulator and fast-
ened to the top of a pole.

SAFETY FUSE. A wire, bar, plate or strip of readily fusible
metal, capable of conducting, without fusing, the current ordinarily
employed on the circuit, but which fuses and thus automatically

breaks the circuit on the passage of an abnormally strong current.

SAG OF CONDUCTOR OR LINE WIRE. The dip of an aerial
wire or conductor, between two adjacent supports, due to its weight.

SECONDARY AMPERE-TURNS. Ampere-turns in the second-
ary of a transformer or induction coil.

SECONDARY. That portion of a transformer which receives
power by induction. The term is to be preceded by the same words
as in the case of “primary.”

SECONDARY COIL OF TRANSFORMER. The coil of a trans-
former into which energy is transferred from the primary line and
primary coil by induction.

SECONDARY CURRENTS. The currents produced in the
secondary of a transformer. The currents produced by secondary
batteries. Currents in any secondary circuit. :
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SECONDARY RESISTANCE. The resistance of a seedndary
coil or circuit.

SECONDARY WINDING is that winding of a transformer which
receives power from the primary by induction.

Nore: The terms ‘High-tension winding” and ‘‘Low-tension
winding” are suitable for distinguishing between the windings of a
transformer where the relations of the apparatus to the source of
power are not involved.

SELF-INDUCTION. (See Induction, Self.)
SERIES CIRCUIT. (See Circuit, Series.)

SERIES DISTRIBUTION. A distribution of electric energy in
which the receptive devices are placed one after another in succes-
sion upon a single conductor, extending throughout the entire cir-
cuit from pole to pole.

SERIES-MULTIPLE CIRCUIT. A compound circuit in which
a number of separate sources, or separate electro-receptive devices,
or both, are connected in a number of separate groups in multiple,
and these separate groups subsequently connected in series.

SERVICE WIRES. The wires which lead into a building and
which are connected to the supply mains or supply circuits. The
wires through which service is given to a consumer. Delivery
wires.

SHELLAC. A resinous substance obtained from the roots and
branches of certain tropical plants, which possesses high insulating
powers, and high specific inductive capacity.

SHORT CIRCUIT. A shunt or by-path of negligible or com-
paratively small resistance, placed around any part of an electric
circuit through which so much of the current passes as to virtually
cut out the parts of the circuit to which it acts as a shunt. An
accidental direct connection between the mains or main terminals of
a dynamo or system producing a heavy overload of current.

SIMPLE HARMONIC ELECTROMOTIVEFORCE. An electro-

motive force whose value varies directly as the sine or cosine of the
angle which its rotating vector makes with a fixed axis.

SINE. One of the trigonometrical functions. The ratio of the
vertical leg of a right-angle triangle to the hypotenuse, in which the
hypotenuse is the radius vector, and the angle between the base and
the hypotenuse the angle whose sine is considered.

SINE LAW. A law of magnitude defined by the sines of angles.
A magnitude which follows the sines of successive angles. :

SINGLE-PHASE. A term characterizing a circuit energized by a
single alternating e.m.f. Such a circuit is usually supplied through
two wires. The currents in these two wires counted positively out-
wards from the source, differ in phase by 180 degrees or half a cycle.
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SINGLE-POLE CUT-OUT. A cut-out by means of which the
circuit is broken or cut in one of the two 1 only.

SINUSOIDAL ALTERNATING ELECTROMOTIVE FORCES.
Alternating electromotive forces whose variations in strength are
correctly represented by a sinusoidal curve.

SINUSOIDAL CURVE. A curve of sines. A curve which to
rectangular co-ordinates has an ordinate at each point proportionate
to the sine of an angle proportionate to the abscissa.

SKIN EFFECT. The tendency of rapidly alternating currents
to avoid the central portions of solid conductors and flow, for the
greater part, through the superficial portions.

SLEEVE JOINT. A junction of the ends of conducting wires

obtained by passing them through tubes, and subsequently twisting
and soldering.

SOFT DRAWN COPPER WIRE. Copper wire that is softened
by annealing after being drawn.

SPECIFIC CONDUCTIVITY. The particular conductivity of a
substance for electricity. Conductivity with reference to Matth-
iessen’s standard conductivity.

SPECIFIC INDUCTIVE CAPACITY. The ability of a dielectric
to permit induction to take place through its mass as com with
the ability possessed by a vacuous space of the same dimensions,
under precisely the same conditions. The relative power of bodies
for transmitting electrostatic stresses and strains, analogous to
permeability in metals. The ratio of the capacity of a condenser
whose coatings are separated by a dielectric of a given substance, to
the capacity of a similar condenser, whose plates are separated by a
vacuum.

SPECIFIC RESISTANCE. The particular resistance a substance
offers to the passage of electricity through it, compared with the
resistance of some standard substance. In absolute measurements,
the resistance in absolute units between opposed faces of a centi-
metre cube of a given substance. In the practical system, the above
resistance in ohms,

ZmSP)ELTER. A name sometimes given to commercial zinc. (See
c.

SPLICING SLEEVE. A tube of conducting material employed
for covering a splice in a conducting wire.

SPLIT PHASE. A difference produced between the thaees of
two or more alternating currents into which a uniphase alternating
current has divided.

SQUARE MIL. A unit of area employed in measuring the areas
of cross-section of wires, equal to .000001 square inch. A unit of
area equal to 1.2732 circular mils. :
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STAR THREE-PHASE SYSTEM. A system in which all three
phase windings are connected together at a common point or neutral
point, and the three free ends connected to the circuit.

disSTATIC DISCHARGE. A name sometimes given to a disruptive
C .

STATIC ELECTRICITY. A term applied to electricity produced
by friction.

STEP-DOWN TRANSFORMER. A transformer in which a
small current of comparatively great difference of potential is con-
verted into a large current of comparatively small difference of
potential.

STEP-UP TRANSFORMER. A transformer in which a large
current of comparatively small difference of potential is converted
into a small current of comparatively great difference of potential.

STRAIN. Any change of size or shape, any deformation.

STRAIN INSULATOR. An insulator used for the double pur-
pose of taking the mechanical strain at a bend or at the end of a
conductor, and also insulating the same electrically.

STRANDED CONDUCTOR. A conductor formed of a number
of smaller interlaced or twisted conductors, either for the purpose
of reducing self-induction, or eddy currents, or for increasing its
flexibility.

STRAY CURRENTS. A term sometimes used for eddy currents.
Also currents that leave their normal or proper path such as earth
currents of ground return feeders.

STRAY FIELD. Leakage magnetic flux. That portion of a
magnetic field which does not pass through an armature or other
magneto-receptive device.

STRENGTH OF CURRENT. (See Current Strength.)

STRESS. Any action between two bodies that causes a strain,
or deformation. :

SUPPLY MAINS. A term sometimes a%plied to the mains in a
system of incandescent light or power distribution.

SURFACE DENSITY. The quantity of electricity-per-unit-of-
area at any point on a charged surface.

SURGING DISCHARGE. A discharge accompanied by electric
surgings. An oscillatory discharge.

SURGINGS, ELECTRIC. Electric oscillations set up in a con-
ductor that is undergoing rapid discharging, or in neighboring con-
ductors that are being rapidly charged and discharged. ectric
oscillations, direct or induced.

SYNCHRONISM. Unison of frequencies in alternating-current
systems or apparatus. Generally, the co-periodicity and co-phase

[50]



DICTIONARY Sec. 1

of two periodically recurring events. The coincidence in cyclic
recurrence of two or more periodic variables, without regard to
amplitude.

SYNCHRONOSCOPE. A synchronizing device which, in ad-
dition to indicating synchronism, shows whether the machine is
synchronized fast or slow.

T.

TANGENT. The tangent of any angle may be found by con-
structing a right triangle in which the angle or its supplement is one
of the acute angles of the triangle. By dividing the opposite side
of the triangle by the adjacent side, the tangent of the angle is
obtained. Also

Sine ¢
Tangent 0 = Cosine 6

TAP. A conductor attached as a shunt to a larger conductor.
A derived circuit for carrying off a share of the main current.

Fi1G. 17.—Relation of the Waves of Current, or e.m.f.’s., in a Three-phase
System.

TEMPERATURE. State of matter in respect to heat.

TEMPERATURE COEFFICIENT. A coefficient of variation in
a quantity, per degree of change in temperature. The coefficient
by which a change of temperature must be multiplied in order to
arrive at the change in a quantity due to the change of temperature.

TERMINAL VOLTAGE. The voltage between the poles at the
source of the e. m. f.

THREE-PHASE. A term characterizing the combination of
three circuits energized by alternating e.m.f.’s. which differ in phase
by one-third of a cycle; i. e., 120 degrees. (Fig. 17.)
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THREE-PHASE TRANSFORMER. A transformer constructed
for changing the ratios of voltages and currents of a three-phase
system.

THREE-PHASE TRANSMISSION. Transmission by means of
three-phase currents.

THREE-WIRE CIRCUIT. A circuit employed in a three-wire
system. A three-wire two phase system. A three-wire three phase
system.

THREE-WIRE MAINS. The mains employed in a three-wire
system of distribution.

THREE-WIRE SYSTEM. A system of electric distribution for
lamps or other multiple-connected translating devices, in which three
conductors are employed in connection with two dynamos, or parts
of transformers connected in series, the central or neutral conductor

. being connected to the junction of this apparatus, and the two othe.
conductors to the remaining free terminal of each.

TIE-WIRE. Binding wire of an insulator. Wire which binds an
overhead wire to the groove of its insulator.

TIME-CONSTANT OF CIRCUIT. The time in whick a current
will fall in a circuit when the e.m.f. is suddenly removed, in a ratio
whose Naperian logarithm is unity. The ratio of the inductance
of a circuit to its resistance. )

TIME SWITCH. A switch arranged to open or close a circuit
at a certain time or after the lapse of a certain time.

TRANSFORMER. A stationary piece of apparatus for trans-
forming, by electro-magnetic induction, power from one circuit to
another, or for changing. through such transformation, the values of
the electromotive force or current.

TRANSFORMER-BALANCER. An auto-transformer for divid
ing a voltage in constant proportions, and usually into two equal
portions. )

TRANSFORMER STAMPINGS. Sheet steel stampings of such
shape as is suitable for building up the laminated core of a trans-
former.

TRANSMISSION CIRCUIT, ELECTRIC. The circuit em-
ployed to receive the apparatus necessary in any transfer of electric
energy from the generators to the receptive devices. In alternating-
current constant-potential transmission circuits the following average
voltages are in general use: 6,600, 11,000, 22,000, 33,000, 44,000,
66,000, 88,000, 110,000.

TRANSMISSION, ELECTRIC. The transference of energy
from one point to another by means of electric currents.
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TRANSPOSING. A device for avoiding the bad effects of
mutual induction by alternately crossing equal lengths of consecutive
sections of the line.

TRIPLE PETTICOAT INSULATOR. An aerial line insulator
having three discs or petticoats.

TWO-PHASE. A term characterizing the combination of two
circuits energizing by alternating e.m.f.’s. which differ in phase by a
quarter of a cycle; i. e., 90 degrees. (Fig. 18.)

TWO-WIRE MAINS. A name for the mains employed in the
ordinary system of multiple distribution, as distinguished from a
three-wire main, or that used in a three-wire system.

V.

VECTOR DIAGRAM. A diagram representing the relations of
vector quantities.

VECTOR QUANTITY. A quantity possessing both direction
and magnitude.

VECTOR SUM. The geometrical sum of two or more vector
quantities. Thus, in Fig. 16 by completing the parallelogram formed

Vs

Fia. 18.—Relation of the Waves of Current, or e.m.f’s.. in a Two-phase System.

by the vectors «LI and RI, and drawing the diaﬁnal the vector
E is obtained, which is the vector sum of wLI and In ractice,
these vectors are drawn free-hand and the resultants calculated by
means of the geometrical laws. (Fig. 19.)

Example. It is intended to find the value of e.m.f, between two
wires, across each of which to the neutral is maintained an e.m f. 32
It is known that these two e.m.f.’s. differ 90 degrees. In Fig. 19,
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which is a right angle triangle, OB =V OA?+4AB? or

)T (2 -yh (5

R e

VOLT. The practical unit of electromotive force. Such an
electromotive force as is induced in a conductor which cuts lines of
magnetic flux at the rate of 100,000,000 per second. Such an
electromotive force as would cause a current of one ampere to flow
against a resistance of one ohm. Such an electromotive force as

B

£
(74 £ A
Fia. 19.—Vector Diagram for Calculating the Vector Sum of Two e.m.f.’s.
in Ninety-degree Phase Relation.

would charge a condenser of the capacity of one farad with a quantity
of electricity equal to one coulomb. 108 absolute electro-magnetic

units of electromotive force.
The value of the volt as adopted by the International Electrical
Congress of 1893, at Chicago, is an electromotive force which is

1
represented with sufficient accuracy for practical use by 1434 of the

electromotive force between the poles or electrodes of the voltaic
cell known as Clark’s cell, at a temperature of 15~ Cent. when pre-
pared in accordance with certain specifications.
VOLT AMPERE. The product of one volt times one ampere.
[64] .
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Ww.

w-hr. An abbreviation for watt-hour, a practical unit of electric
energy.

WATT. A unit of electric power. A volt ampere at unity power-
factor. The power develo when 44.25 foot-pounds of work are
done in a minute, or 0.7375 foot-pound of worl 1s done in a second.

The value of the watt as adopted by the International Electrical
Congress of 1893, at Chicago, is a value equal tp 107 units of activity
in the C.G.S. system, and equal to the work done at the rate of one
joule-per-second. :

. WATT-HOUR. A unit of electric work. A term employed to
indicate the expenditure of an electric power of one watt for an hour.

WATTLESS COMPONENT OF CURRENT. In an alternating-
current circuit, that component. of the current which is in quadrature
with the impressed e.m.f. and which, therefore, takes from or gives
no energy to the circuit. In an alternating-current circuit the
product of the e.m.f. and the effective susceptance.

WATTLESS COMPONENT OF ELECTROMOTIVE FORCE.
In an alternating-current circuit, that component of the e.m.f. which
is in quadrature with the current strength, and, therefore does not
work on the current. In an alternating-current circuit the product
of the current and the effective reactance.

WAVE, ELECTRIC. An electric periodic disturbance.

WEATHER-PROOF INSULATION. A trade-name for a charac-
ter of insulation consisting of one or more layers of braided material
soaked in an insulating compound.

WEATHER-PROOF WIRE, A wire provided with weather-
proof insulation.

WIRE. A slender rod or filament of drawn metal.

WORK. When a force acts on a body the product of the force
by the distance through which it acts in the direction of the force is
called the work performed by the force. Thus, when a force applied
to a heavy body raises it a certain vertical distance, work is per-
formed by the force, the amount of the work being the product of
the force and the distance of ascent; and when a horizontal force
draws a body horizontally the work 1s the product of the force and
the horizontal distance. The unit of work is the work done by the
unit foree in acting through unit distance. When the dyne is taken
as unit of force and the cm. as unit of length, the unit of work is that
performed by a dyne acting through a cm. and is called an erg.  Since
this is a very small unit, a multiple of it, namely 10,000,000 ergs, is
frequently used and is called a joule.

In practical mechanical work the unit of time is always one
minute, and the unit which measures the work performed in a given
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time is the foot-pound per minute. This unit is called the unit of
mechanical power.

Power is, therefore, rate of doing work, and hence the power
exerted can always be determined by dividing the work done in
foot-pounds by the time in minutes required to do it. In practical
electrical work the unit of time is the second, and the unit which
measures the work performed in a given time is the joule per second.
'Il‘lhis unit is called the unit of electrical power, and has been named
the watt.

The equation or formula expressing the power exerted in any
electrical circuit is determined as follows: The electrical power 1s
expressed by watts =joules per second, hut joules = volt-coulombs,
and hence joules per second =volt-coulombs per second. There-
fore also, watts =volt-coulombs per second. Now, coulombs per
second =amperes. Inserting this value above, watts =volts Xam-
peres, or W=EI.

When the power is to be exereesed by the current and resistance,
the formula 18 obtained as follows: According to formula W =EI.
According to Ohm’s law, E=IR. Substituting this value of E=IR
in the formula W =EI, we have

W=IXIXR=IR.

When the power is to be expressed by the electromotive force and
resistance, the formula is obtained as follows: According to formula

E
W=EIL According to Ohm’s law, I = X Substituting this value
ES
of I =_§_in W =EI wehave W =%E=——R

For alternating current

E?
W*mz—
R

Y.

Y-CONNECTOR. A connector resembling the letter Y in shape
for joining a conductor to two branch wires.

Y-CURRENT. The current between any wire of a three-phase
system and the neutral point.

Z.

ZINC, Zn. Atomic weight 65. Specific gravity 7.14. Melts at
780° F. Volatilizes and burns in the air when melted, with bluish-
white fumes of zinc oxide. It ig ductile and malleable but to a
much less extent than copper, and its tenacity, about 5000 to 6000
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Ibs. per square inch, is about one-tenth that of wrought iron.
It is practically non-corrosive in the atmosphere, a thin film of car-
bonate of zinc forming upon it. Cubical expansion between 32° and
212° F., 0.0088. ESl[x:clﬁc heat .096. Electric conductivity 29, heat
conductivity 36, silver being 100. Its principal uses are for coat-
h:,ﬁ iron surfaces, called “galvanizing,” and for making brass and
other alloys.

ZINC PLATING. Electro-plating with zine. Galvanizing.

THE GREEK ALPHABET.

Name | Large | Small Commonly used to designate
alpha..| A a angles, coefficients.
beta...| B 8 angles, coefficients.

a r Y ‘s’peciﬁc gravity.

delta ..| A & ensity, variation. .
epsilon.| E € base of hyperbolic logarithms.
zeta ...| Z ¢ co-ordinates, coefficients. .
eta....| H P hysteresis (Steinmetz) coefficient, efficiency
theta ..| © 0 angular phase displacement.
iota . I ¢
kap K x dielectric constant.
lambda | A A conductivity.
mu.. M M permeability.
nu N v reluctivity.
xi..... = ¢ output coeflicient.
omicron| O 0
pi..... b1 T circaumference <+ diameter.
tho....| P p resistivity.
sigma..| 2 7 (cap.), summation; leakage coefficient.
tau....| T T time-phase displacement.
upsilon | T v
phi....| & ¢ flux.
chi....|] X x .
psi....| ¥ v angular velocity in time.
omega .| @ @ (small), angular velocity in space.
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COMMON LOGARITHMS OF NUMBERS.
160-189

N’ o 1 2 3 4 S 6 7 8 9 D
160 20412 | 439 | 466 | 498 | 520 548 | 575 | 602 | 629 | 656 § 27
161 683 ) 710 T37| 763 ) TO§ 817 | 844 | 871 926 | 27
162 978 | *005 | *032 | *059 [ *085 | *112 | *139 | *165 | *192 || 27
163 21219 | 245 | 272 | 299 | 325 352 | 378 | 405 | 431 | 458 || 27
164 511 | 537 | 664 | 590 | 617 | 643 | €89 | 696 | 722 26
165 T48 | TIS | 801 | 827 | 854 f 830 | 906 | 932 | 958 | 985 [ 26
166 22011 037 | 063 | 089 | 1154 141} 167 | 194 | 220 | 246 || 26
167 272 298| 324 | 350 | 376§ 401 | 427 | 453 | 479 505 26
168 531 | 657 583 | 608 | 634 686 | 712 | T37| 768 | 26
169 T89 | 814 840 | 866 | 891 917 943 | 968 | 994 | *019f 26
170 J 23045 | 070 | 096 | 121 | 147 172 | 198 | 223 | 249 | 2T | 25
171 800 | 325 | 350 | 376 | 401 426 | 452 | 477 | 502 | 528 § 25
172 553 | 678 | 603 | 629 | G54 || 679 | TO4 | T29 | 54| T 25
173 805 | 830 | 855 | 830 | 905 930 | 955 | 980 | *005 | *030 | 25
174 |24 056 105 ) 130) 155 180 | 204 | 229 | 254 | 279 { 25
175 S04 | 329 | 353 | 8T8 | 408 | 428 | 452 | 477 | 502 | 527l “25
176 851 | 576 | 601 ) 625 | 650 | 674 | 699 | T24 [ 48| TIS| 25
177 T97 | 822 | 846 | 871 895 920 | 944 | 969 | 993 | *018 || 25
178 |1 25042 | 066 | 091 | 115| 139} 164 | 188 | 212 | 237| 261 24
179 285 | 310 | 334 | 358 | 332§ 406 | 431 | 455 ) 479 | 508 | 24
180 627 ) 551 | 675 600 | 624 ) €48 | 672 | €96 | T26 | TaL | 24
181 768 | 792 | 816 | 840 | G4 838 | 912 | 935 ) 959 | 983 | 24
182 326007 | 081 055 102 126 | 150 | 174 | 198 | 221 24
183 245 269 | 293 816 | 340 364 | 387 | 411 | 435| 458 | 24
184 482 | 506 ( 529 | 653 | G576 600 | 623 670 | 694 ) 24
185 TiT| 41| T84 | T88 | 811 834 | 858 928 ) 28
188 951 | 9756 | 998 | *021 | *045 | *068 | *091 | *114 | *138 | *161 || 28
187 184 | 207 | 281 ) 254 | 2774 800 | 323 370 | 393 28
188 416 | 439 | 462 | 485 | 508 | 531 | G554 | 577 628§ 23
189 669 | 692 | T15| T38| 761 | 784 | 807 | 830 | 852 23
PP 27 26 25 24 23 22

1 2.1 2.6 25 24 23 3.2

2 5.4 5.2 50 48 4.6 (¥}

3 8.1 18 7.8 1.2 6.9 6.6
4 108 10.4 10.0 9.6 9.2 8.3

5 135 1.0 12.5 120 115 1.0

6 16.2 15.6 15.0 144 133 13.2

7 18.9 18.2 17.5 168 18.1 154

8 21.6 208 20.0 19.2 18.4 176

9 .3 284 s 21.6 20.7 198
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Sec. 1 COMMON LOGARITHMS
COMMON LOGARITHMS OF NUMBERS.
390-429

N o 1 2 3 4 5 6 7 8 9 D
390 59106 | 118 | 129 | 140 | 151 162 | 173 | 164 | 195 1
301 218 | 229 | 240 251 262 273 | 284 | 295 | 308 s18 % 11
392 329 | 340 | 361 | 362 373 384 | 395 406 | 417 | 428 | 11
393 439 | 450 | 461 | 472 | 483 494 | 506 | 517 | 628| 680 11
394 550 | 561 | 572 | 688 | 594 || 605 | 616 | 627 | €38 | 649§ 11
395 660 | 671 | 682 | €93 | 704 | TI6| T20| TV | 48| 9} 11
396 770 | 780 | 791 | 802 | 813 | 834 | 835 840 857 860 ) 11
397 879 | 890 | 901°| 912 | 923 f 934 | 945 | 966 | 960 | 97T} 11
398 988 | 999 | *010 | *021 | *032 || *043 | *054 | *065 | *076 | *086 | 11
399 [|60097 | 108 | 119 | 130 | 141 162 | 1263 | 178 | 184] 195 ) 11
400 206 | 217 | 228 | 239 | 249 260 | 27 298| o4 11
401 314 | 825 | 336 | 347 368 369 | 379 | 390 | 401 | 412} 11
402 428 | 433 | 444 | 455 | 468 | 47T | 487 | 498 | 509 | 520} 11
403 631 | 541 | 562 | 563 | 574 )| 584 | 595 | 606 | 617 | 627} 11
404 638 | 649 | 660 | 670 | 681 ) 692 ( 703 | 713 | T24 | TS5 | 11
405 746 | 756 | 767 | T8 99| 810 | 821 ] 831 sa2} 11
406 853 | 863 | 874 | 865 | 895 906 [ 917 | 927 | 938 | 49} 11
407 959 | 970 | 981 | 991 *018 | *023 | %084 | *045 | *055 | 11
408 [/ 61066 | 077 | 087 | 098 | 109 | 119 | 130 | 140 | 161/ 162] 11
409 172 | 188 | 194 | 204 | 215 | 225 | 236 | 247 | 257 | 268 ] 11
410 278 | 289 | 300 | 310 | 321 | 331 | 342 | 352 | 368 | 374} 11
411 384 | 395 ( 405 | 416 | 426 || 437 | 448 | 458 | 469 | 479 | 11
412 490 | 500 | 511 | 521 | 532 542 | 553 | 563 | 574 | 584 11
413 595 | 606 | 616 | 627 | 637 648 | €58 | €89 | 679 | 690 11
414 700 | 711 | 722 | 731 | 742 752 | 763 7TIS | T4 | T4 | 10
415 805 | 815 | 826 | 836 | 847 857 | 868 | 878 | 883 | 889 | 10
416 909 | 920 | 930 | 941 | 951 982 | 972 | 982 | 993 | *003 || 10
417 | 62014 | 024 | 034 | 045 | 055 066 | 076 | 086 | 097 | 107 || 10
418 118 | 128 | 138 | 149 | 159 170 | 180 | 190 | 201 211 10
419 221 | 232 242 | 252 | 268 278 | 284 | 294 | 304 | 316 | 10
420 325 | 335 346 | 356 | 366 || 377 | 387 | 397 408 | 418 10°
421 428 | 439 | 449 | 459 | 469 || 480 | 490 | 500 | 511 | a1 10
422 533 | 642 | 562 562 | 572} 588 | 593 | 608 | 613 | 624 | 10
423 634 | 644 | 665 | 685 | 675 685 | 696 | 706 | Ti6| T26 | 10
424 737 | 747 | 757 76T | T8 ) T88 | 798| 808 | 818 | 820 j 10
425 839 | 849 | 859 | 870 | 380 8950 | 900 | 910 | 921 ss1f 10

- 426 941 | 951 | 961 | 972 | 982 |l 992 | *002 | *012 | *022 | %033 {| 10
427 63048 | 058 | 068 | 078 | 083 | 094 | 104 | 114 | 124 | 134 )| 10
428 144 | 156| 165 | 175 | 185} 195| 205 | 215 | 225| 2836 || 10
429 246 | 256 | 266 | 276 | 286 296 | 306 | 817 | 327 | 33T 10
N [0} 1 2 3 4 5 6 7 8 9 D
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COMMON LOGARITHMS OF NUMBERS.
470-509
N o 1|23 |lels]e]|7]|8]o]D
mn 210 | 219 208 | 237 247 ) 256 | 25| 2 23] o
an so2 | s11| 321 380 s3] sas| 57| se7| s76| se5 9
472 | 3o | w3 | w13 a22| as1] w0 | w9 | 459 | w68 | amv | o
473 436 | 495) 504 | 514 | sas | s32] 541 550 | 60| 59 9
474 578 | 587| 696 | 05| 614 624 | €33 | e42| 651 | es0fl o
475 669 | 679 | 680 67| me ] 75| 7| ms| 2| W2 o
478 1] 0| o | 88| el soe | s15| s25) s2| msf o
477 852 | 861 ) 870 879 | sss | 297 | 996 | 916 | 25| emafl o
478 o43 | 952] 981 | 970 | o9 || 988 | 997 | 006 | se15 |02 [ 9
479 [lesosa | o43| 052 | o0z ] o070 o9 oes | 097 | 106 15|
40 124 | 188 | 12| 151 60| 169 | 18| 187 | 196 | 205f o
481 215 200 | 288 242 | 251 260 ] 269 | 278 | 287 206f o
482 306 | 814 323 | 332 341 30| 359 | ses| s77| ss0f o
483 s95 | 404 | 13| 422 | as1 ] es0 )| w9 | ass| 467| a6} o
484 as5 | asa| so2| 511 | 520 529 | 588 | 47| 556 | 565 ) 9
485 574 | 683 | 592 | 601 | 610} 19| €28 | 57| 646 | 655§ 9
486 o6t | o13| 631 | 690 | oo 98| 77| T2e| TS| L] 9
487 53| 2| 1| 80| Te9f 79r| see | s15| s24| sssf o
488 842 | as51| 860 | 869 | a7 fl sse | 295 | soa | 913| 922 f 9
489 o31| 940 | o949 | 958 | 966 | o715 | 984 | 993 |*002 |*011] o
490 69020 | o028 | os7| o6 | 055 osa | o073 | o0s2| 00| ees | o
491 108 17| 126] 135 14| 152| 61| 170| 179 waf o
492 197 205| 214 | 223 | 22| 241 | 249 | 258 ] 267) 2m0f o
493 285 | 204 | 302 | 311 320l 320 3s8| 3a6| s85| ss4f o
494 a7s| 381 | 290 | 399 | wee | 417 25| 434 aas| 452 o
495 d61| 469 | 418 | 97| o6 | soa| s13| s23| B2 BSOf o
496 sas | 57| 566 | s74 | 583 | se2 | 01| c09| e18| 27 9
497 636 | 644 | 658 | 662 | 671 [ o9 | oes | 697| 75| Tef o
498 728 | 752 | Te0 | 49| 78| 7| TI5| T | 8| w01 o
499 810 819 #27 | 836 | sas| 854 862 | 871 ss0| ss3f o
508 897 | 906 | 914 | 928 o932l oo | oas | 956 | 96| o5f o
501 o84 | 992 | 001 *010 | %013 [ *027 | =036 | *o44 | *053 [ *0e2 || o
502 70070 ] 019 oes | 0s6 | 105 114 | 122 151] 40| mafl o
503 167 | 165 | 174 | 188 | 191(| 200 209 | 217| 236 | 24| 9
504 243 | 252 260 269 278 || 286 | 205 | s03 | 312| s f 9
505 329 | 338 346 | 355 372 | 381) 389| soa| ass|| o
506 a5 | aae] a2 aa1| woll as8| 67| 475 asa| 402 9
507 501 | 509 | 518 | 526 | 535 544 | 852 61| 5e9| s™E] 9
508 586 | 595) 608 | 612 | 621§ 629 ] 38| o486 | 655|.663] 9
509 e12| o020 | 629 | €97 | 6| 74| T8 | TS| MO| 9| 9
N o |1]2]3{4ls]|e|7|8]|o]D
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COMMON LOGARITHMS OF NUMBERS.
550-589
N o 1 2 3 4 s 6 7 g8 |9 ]|D
550 [ 7403 | out | o052 068 fl 018 | o34 | 002 ce9| 107] 8
551 115 128 | 11| 1391 147 185| 162 | 170 | 178 186 8
552 194 | 202 210 218 | 225 228 | 241 | 249 | 267| 265 8
553 278 | 280 | 288 | 296 | 304 312 ( 330 | 327 335 M3 8
554 $51 | 359 | 367 | 374 390 | 398 | 406 | 414 w21 8
555 429 | 437 | 445 | 453 | 461l 438 | 476 | 434 | 492) 500 8
556 " | 515 581 | 5394 547 554 | 562 | 570 58} 8
557 5% | 593 | 601 | 609 | 617 624 | 632 | 640 | 46| 656 ] 8
558 ers | 671 | 679 | 687 | 695 702 | TIO| T8 | T26| TS| 8
559 1| 49 | 57| 784 780 | 768 | 790 | ses| 811§ 8
560 819 | 827 | 834 | o4 | 850 859 | 865 | 13| 881 ss9| 8
561 296 | 904 | 912 | 920 927f 935 943 )| 950 | 958 os6 | 8
562 974 | 981 | 989 *012 [ %020 [ %928 | %035 [*043 | 8
563 f 75061 066 | o714 | es2| os9 | 097 | 105( 113| 120] 8
564 136 | 148 150 | 159 166 | 174 | 182 | 180 | 197] 8
565 205 | 218 | 220 | 228 | 236 | 243 | 251 | 259 | 208 ) 274 | 8
566 282 | 2s9| 297 305) 31211 330 | 828 | 335) 48| 351 8
567 358 34| 381 397 | 454 | 312 a20| 27 8
568 4365 | 442 | 450 | 458 | 465 473 | 481 | 488 | 4% | 504 8
569 511 | 519 | 526 | 5634 | 542 ) 549 | 557 | 65| 572 | ss0 8
57 587 | 595 | 608 | 610 | 618 626 | €33 | 641 | o48) 656 | 8
571 e64 | 611 | 61 64 | 702 nm1| 24| 12] 8
572 70 | 747 55| 72| T0] T8 | 785 | 798| 800 | s8] 8
573 815 sas | 331 838 | 846 ) 853 | 861 | 863 | 876 | 884 8
574 891 | 890 | 906 | 914 | 921 | 929 | 937 | 944 | 952 959 8
575 967 | 974 | 982 #005 | %012 | *020 | =027 %035 | &
576 16042 | 050 | 057 | 065 o072 | 060 | 087 | 095 | 108| 110] 8
577 18| 125) 138 40| 148 155 163 | 170 | 178 | 185] 8
578 198 | 206 | 208 | 215| 223§ 230 | 238 | 245| 258 | 280 8
579 268 | 275| 238 200 | 208§ 305 | 313 | 330 | 328| 335] &
580 343 | 350 | 358 | 365| 373 320 sss| 395 ( 03| é10] 8
581 418 | 425] 433 | 440| aas ) 455 462 | 470 | a77| 45| 7
582 492 | 500 | 6507 | 516 | 522 | 530 | 537 | 545 | 652 | 559 ) 7
583 567 | 674 | 582 | 589 | 597l eoa | €12 | 619 | 626 | €34 f 7
5%4 641 | 649 | 656 | 664 | 671 ) 678 | 686 | 698| T01| TO8| 7
585 716 | 728 ) 730 | 78| 745 758 | 70| 768 | T6| ”™2| 7
586 790 | 797 | 805 | s12| s19f sa7| 834 | saz| se9| 8561 7
587 864 | 871 | 879 | 86| 8931 901 | 908 | 916 | 928 | 9s0) 7
588 938 | 945 | 953 | 960 | 967 975 | 982 | 989 | 997 %004 | 7
589 f77012| 019 | 026 | 034 | o041 048 | 056 | o06S| o070 | OB} 7
N o 1 2 3 4 H 6 7 s |9 ]Dp
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COMMON LOGARITHMS OF NUMBERS.

590-629

N (o] 1 2 3 4 5 6 7 8 9 D
5% 086 | 093 | 100 | 107 115 122 | 129 | 137 | 144 | 151 1
501 150 | 166 | 178 | 181 | 188 ) 195 | 208 | 210 | 217| 225 1
592 232 | 240 | 247 | 254 | 262 269 | 276 | 283 | 291 | 298] 7
583 396 | 813 | 329 | 327 | 335 343 | 340 | 357 | 364 | 371 1
594 379 | 380 | 393 | 401 | 408 | 415 | 422 | 430 | 437 4d4 1
595 462 | 459 | 466 | 474 | 481 ) 438 | 495 )| 593 | 510 6517 7
596 625 | 532 539 | 546 | G554 ]| 561 | 568 576 | 603 | 500 1
597 50T | 605| 612 | €19 | 627 ] 634 | 641 ) 648 | €56 | €43 1
598 670 | CTT| 685 | 602 | GO R 786 | 714 | 721 | T8 | T35 1
599 T4 | 750 | 5T | 64| T2 T T8 | 801 %08 1
600 815 | 822 | 830 | 837 844 | 851 | 859 | 860 | 873 | 830 1
601 87| 895 | 902 900 | 916§ 924 | 931 | 938 8| 952 1
602 960 | 967 | 974 | 981 | 988 | 996 | *003 | *010 | *017 | *025 1
603 JT8032| 039 | 046 | €63 | 01 ] 068 | 0751 082 9| 097 1
604 104 | 111| 118 | 126 | 132 ) 140 | 347| 154 | 161 ] 168 1
605 17 | 188 ] 190 | 197 | 204} 211 | 219 | 228 | 233 | 240 1
606 47| 254 | 262 | 269 | 276§ 263 | 290 | 297 | 305| 312 1
607 319 | 326 | 833 | 340 | 347§ 856 | 362 | 369 | 376 | 333 1
608 890 | 398 | 406 | 412 | 419 426 | 438 | 440 | 447 | 455 1
609 402 | 469 476 | 433 490 497 | 504 | 512 | 519 | 526 1
610 638 | 540 | 547 | 554 G661 | 569 | 576 | 583 | 500 | 597 7
611 694 | 611 | 618 626 633 ] 640 | 647 | 6564 | 661 | 663 7
612 675 | 882 | 639 | 696 | To4 | 711 | 78| 725 | 732 | 789 7
613 8| 58| 760 | 67| TIA| T81| 739 | 96 810 1
614 817 | 824 | 831 | 838 | 845 852 | 859 | 866 | 873 | 830 1
615 068 | 895 | 902| 908 | 916 928 | 930 | 937 951 1
616 958 | 965 | 972 | 979 | 986 | 993 | *000 | *007 | *C14 | *021 1
617 1 T0089 | 036 ]| 043 ) 050 | 057 o064 | 071 | 078 085 | 092 7
618 099 | 106 | 113 120 | 127 134 | 141 | 148 | 155| 162 1
619 169 | 176 | 183 | 190 | 19T 204 | 211 | 218 225 232 1
239 | 246 | 253 | 260 | 267 274 | 281 | 288 | 295 302 1
621 369 | 316 | 323 | 380 | 837 344 | 351 | 358 | 365| 372 1
622 379 | 336 | 393 | 400 | 407 414 | 421 | 428 | 435| 442 1
623 449 | 456 | 463 | 4T0 [ ATT| 484 | 491 | 498 5| 611 1
64 518 | 525 | 532 | 589 553 | 560 | 567 | 574 | 581 7
625 588 | 596 | €02 | 689 | 616 ] €23 | 830 | 637 7
626 657 | 664 | 671 678 | €35 69 699 | 706 | T18 T
627 T27| 74| T41| V48| T64 | 761 | 768 | TIE| 782 | TBY 1
628 796 | 808 | 810 | 817 837 | 844 | 851 858 1
629 865 | 8T2| 879 | 886 | 893 | 900 | %06 | 913 | 920 927 7

N o 1 2 3 4 5 6 7 8 9 D
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COMMON LOGARITHMS

Sec. 1

COMMON LOGARITHMS OF NUMBERS.

1
1
7
T
1
7
7
1
1
1
7

§ 83883 $53% € =337 #9588 2 3935F 358 7 GRS $saEs
§ 35483 $33% € 33833 EISR I ILISE 883 § £ARRS g4z
§ 383R8 2338 3 233§ ERAE 7 $53IC ERIZ § A5 2333
£ 333337 2383 3 BPE8E ¥58R% © 3338F 2R3N ¥ 3aa%d aund
§ 88533 8333 3 PE3NE F3ARR 8 23325 PE3F § 33327 8%
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8 33832 3382 3 33333 33IT ¥ 53338 3532 8 39833
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Sec. 1

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.
670-709

1

wov

§ BPRIR PHSI ¥ D383 8R3EC 2 FEINZ SEIT ¥ 8gEaC IEES
§ PR328 JaSR % 23338 238C 2 BEaRT S83% 8 §3IaT 3853
3 DRSS 3334 X 23533 £33 8 §3%533 3%98 3 2CR3Y Ipis
3 FR3IR% g8E3 R 3333 BSER ¥ #3I38R R=33 T §cAsY HeIs
3 BPa38% 53R R 3338F IERZ I £IRE] AITC I 33INB3 zgEs
9 32583 §833 K 33353 OFET 2 DEESA RISE 2 BIRRI 2kl
§ 82583 FEIX R 3Me83 SPRS § ROER RITY 3 BI°RE 8388
§ 82383 JC3RR X Has3H IBEE B §883° RERY O IIPEE B3SC
3 E3%ER §I%2 § HRIIL 3288 & 25X RA3Y 3 B3R BIAE
§ CERg2 mmmm d 2R3%% 3388 8 mmmmm §2%3 3 D3gER ummm
§ SEEIE SBEC 8 22932 2393 § 3L 2933 » EEEES ENR
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COMMON LOGARITHMS

Sec. 1

COMMON LOGARITHMS OF NUMBERS.

710-749

§ FIF33 ITF B IFJPE SREQ ¥ 3338 =¥3c € geaEnR a3
£ RR33C 3PSF £ INEPE =RRW 8§ 58§3Ek 8835 £ PEIAR 8858
§ RA33C 3332 P SPIPE 8833 £ 3332 RBIE ¥ PEIRY R3S
2 JA2%5 8838 2 3533C 2338 % 55157 PESE 3 Fe3ud BuEsy
% GR3%T 9832 2 I33FF JAR ¥ 55383 Spad 2 FERAX 3836
8 HRa%3 28538 E 2C233 3ERR ¥ 35333 SR8 7 gENSR REs|
3 RRGAI B8 © 26283 J=8R § 33323 2288 I #23NR A8
% RA5RI 3338 3 BINWI 2388 I 33WET BREL 2 #358F R3se
q 83385 P232C B 33883 833K 3 B53Eg 323C 8 33399 RAA
% RIRBT 333C B #ISRT 233K 8 83083 3E%3 @ §3BER Rasy

kL)

[76]



COMMON LOGARITHMS Sec. 1
COMMON LOGARITHMS OF NUMBERS.
750-789
N o 1 2 3 4 5 6 7 8 9 D
750 506 | 512 | 518 | 528 | 529 | 636 | 541 | 547 558 ¢
751 564 | 570 | 576 | 581 | G587 F 593 | 599 | 604 | 610 616 [3
752 622 | 628 | 633 639 | 645 | 651 | 656 | 662 | 668 | 6T4 [3
763 679 | 685 691 697 T08 1 T08 | T4 | 720 31 [
754 7| US| 49| T54 60| MTM2| TIT| 83| T89 [ N
755 795 | 806 | 806 | 812 | 8181 823 | 829 | 835 | 841 | 846 ¢
756 852 | 858 | 864 | 869 | 875 831 837 | 892 | 898 ) 904 [3
757 910 | 915 | 921 | 927 933§ 938 | 944 | 950 | 955 961 [
758 967 | 978 | 978 | 984 | 980 | 996 | *60L | *007 | *013 | *018 || €
750 | 886024 | 030 | 036 | 041 ]| 04T 053 | 058 064 | O70| O | 6
760 081 | 087 098 | @98 | 104] 110 116| 121 133 [}
761 138 | 144 150 156 | 161 167 ] 173 | 178 | 134 190} €
762 195 | 201 | 207 213 | 218 224 | 230 285 | 241| 247} €
763 252 | 258 | 264 | 270 | 276§ 281 | 287| 292 | 298 304 €
764 309 | 315 321 | 326 | 332 343 | 49| 365 360 6
765 366 | 372| 3TT| 383 | 339 ) 395| 400 | 466 | 412| 417 6
766 423 | 429 | 434 | 440 | 446§ 451 | 457 468 | 474 [3
767 480 | 485 | 491 | 497 | 502§ 508 | 513 | 519 | 526 %0 €
768 536 | 542 | 547 | 558 | 559 ] 564 | 570 | 576 | 581 687 €
769 593 | 508 | Go4! 610 615) 621 | 627 | 632 | 638 | 643 [
™ 649 | 655 | 660 | 666 | 672 ] 677 | 688 | 689 | 094 | 700 €
771 705 | 7Ti1| TIT| 722 | T28 ) T4 | V9| S| 750 | 756 [3
772 762 | 67| TI3| T T84 ) 790 | Te5| 801 812 []
773 818 | 824 | 829 | 835 | 840 846 | 852 | 8567 868 []
774 874 | 880 | 885 | 891 | 897 F 92| 908 | 913 | 919 | 925 []
775 930 | 936 | 041 | 947 ) 958 ] 958 | 964 | 969 | 975 | 981 ]
776 906 | 992 | 997 | *003 | *009 | *014 | *020 *031 | *037 []
777 89042 ] 048 | 053 059 | 064 ) 070 | 076 | o081 | 087 092 [3
778 098 | 104 | 109 ] 116 120§ 126 | 131 | 187 | 143| 148 []
779 164 | 159 | 165| 170 | 176 § 182 | 187 204 ¢
0 209 | 215| 221 | 226 | 232 237 | 248 | 248 | 254 260 [
781 265 | 271 | 276 | 282 | 287 | 298| 298| 304 | 310| 315 [4
782 321 | 326 | 832| 337 343§ 348 354 | 350 | 365 371 [4
783 376 | 382 | 387 398 | 398} 404 | 409 16 | 421 | 426 [
784 432 | 43T 4AB| 448 | 454 ) 459 | 465 | 4T0| 476 | 431 [4
785 487 | 492| 498 ) 504 | 609 F 515 520 | 526 ) 531 5637 6
786 642 | 548 | 553 | 659 | be4 § 570 | 576 | 581 | 536 | 592 []
787 597 | 608 609 614 | 620 625 | 631 | 636 | 642| 64T} 6
788 658 | 658 | 664 | 669 | 676 686 | 691 702 [
789 78| 718 | 719 724 | T30 T35 741 | 746 | 762 | 67 [}
N o 1 2 3 4 5 [ 7 8 9 D




COMMON LOGARITHMS

Sec. 1

790-829

COMMON LOGARITHMS OF NUMBERS.

woBn Voo

3 BSGEE 3233 3 J¥3:0 ISR B 3FEST SREE § JEE3IE IEAR
B S38F% 3338 3 59280 b33 @ 28333 3838 I £aH3% SPsk
§ 333FC R3AR ¥ §333c coeg ¥ 2333 2338 I £5E39 AE3E
£ 38378 383K 3 83332 $ARE § 33333 AR I $303C 2Eak
£ 3237 2BRR 2 23%3F 35R4 £ 8E3EY 238F § $3%3C fksd
B 33338 22AR 5 83338 8883 £ 3F33% B3R § 3383% frak
E 38382 8SxK 3 83338 325 § 20863 AR 7 3333§F 3%
£ 83383 5858 § 3338 3838 3 233E8% 3888 8 33333 pecs
B 88283 BERR I 33542 3353 3 BESES SNR3 R 3va%s 2ius
2 mmmmm g383 8 3TL83 352 2 mmmmm 8HR8 & 35383 g=33
B 23322 8522 § 50955 5588 @ IIn3s 2590 8 SOSIS SNER
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Sec. 1

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.

%8 | 913

RIEI ¢ HESER 238z ® gE~EY A3AI 8
323 § HESCE E8s% % getda /883 8
R&S3 3 ZR3CH FIEE € §Easy /343 8
8%3% § SROSR P3BE £ pERER RARS §
SR33 3§ 25837 2ES § PBASH RASY §
SR3E 3 3T33@ 2835 8 FEA%T A% &
AR32 3 S¥B3# B233F & §3I2= RAET 3
ARSR § 33338 SR3F 2 g3k AMAE §
AR3% 3 38888 J83% 7 83838 4333 3

%

AR3E § 3§5338 ER3z 2 mmmmm IR3%

2839 2888 3 53333 3333 3 37933 5533 @
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Sec. 1

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.
870-909

N o 1 2 3 4 ] 6 7 8 9 D
870 962 | 957 | 962 | 967 | 972 ] 97T | 982 | 967 | 992| 997 5
871 [.94002 | 007 | 012 | 017 022 § 027 032 | 037 | 042 | 047 5
872 052 | 067 | 062 | 087 | 0721 077 | 082 ] 096 | 091 | 096 1]
873 101 ) 106 | 111 | 116 | 121§ 126 | 181} 136 | 141 | 146 1]
874 151 | 166 | 161 | 166 | 171§ 176 | 181 | 186 | 191 196 1]
875 201 | 208 | 211 | 216 226 | 231 | 286 240 | 245)
876 250 | 255 | 260 | 265| 270 4 275 | 280 | 285 | 290 295 1]
877 300 | 306| 810 | 815| 320 325 | 330 | 335 | 340 | 345 1]
878 849 | 854 | 359 | 364 | 369 ) 374 | 379 | 384 | 389 | 394 ]
879 399 | 404 | 409 | 414 | 419 ] 424 | 420 | 433 | 433 M3 5
800 448 | 453 463 | 468 ) 4TS | 4TS | 488 | 488 493
881 498 | 508 | 507 | 512 | 61T | 522 | 527 )| 532 537| 542 [
882 b4T | 552 | 55T | 662 | 66T | 571 | 576 | 581 | 686 | 591 ]
883 59 | 601 | 606 | 611 | 616 | 621 | 626 | 630 | 635 | 640 5
884 645 | 650 | 655 | 660 | 665§ 670 | 675 | 630 | 685 | 689 ]
885 094 | 699 | 704 | TO9 | TIA| TI9| T24| T29 | TS4| TI8 5
886 748 | 748 | 7658 | 68| 763 ) 68| TIS | T8 | 788 | T8T 5
887 92 | 797 | 802 | 807 | 812§ 817| 822 | 827 | 832 | 836} §
888 841 | 846 | 851 | 856 ( 861 | 866 | 371 | 876 | 880 835 5
889 890 | 895 | 900 | 905 | 910 ] 915 | 919 | 924 | 929 | 934 5
890 939 | 944 | 949 | 954 | 959§ 963 | 968 | 973 | 978 | 983 5
891 988 | 993 | 998 | %002 | *007 | *012 | *017 | *022 | *027 | *032 ]
892 [ 95086 | 041 | 046 | 051 | 056 § 061 | 066 | 071 | 075 | 080 (]
893 085 | 090 | 095 )| 100 | 106 109 | 114 | 119 | 124| 129 [}
894 134 | 139 | 143 | 148 | 153 § 1658 | 163 | 168 | 178 { 177 13
8956 182 | 187 | 192 | 197 | 202 ) 207 | 211 | 216 | 221 | 226 5
896 281 | 2361 240 | 245 | 250 @ 256 | 260 | 265 | 270 | 274 ]
897 279 | 284| 289 | 294 | 299 )| 303 | 308 | 313 | 318 3818 [}
898 328 | 832 | 837 | 342 347 352 | 357 | 361 | 868 | 371 ]
899 376 | 381 | 386 | 390 | 395 400 | 405 | 410 ; 415 | 419 5
900 424 | 429 | 434 ) 439 | 444 | 448 | 453 | 458 | 463 | 463 5
901 AT2 | ATT| 482 | 487 | 492} 497 | 501 | 6506 | 5i1| 516 5
902 521 )| 525 | 630 | b5635| 540 | 545 | 550 | 664 | 569 | 564 5
903 569 | 574 | 578 ) 583 | 588 1 593 | 598 | 602 )| 607 | 612 5
904 617 | 622 626 631 | 636 § 641 | 646 | 650 | 655 | 660 ]
905 665 | 670 | 674 ) 679 | 684 f§ 6839 | 694 | 698 | TO3 | 708 1]
906 718 | TI8 | T22 | T27| T2 | 7| T42| 746 | 51| 756 ]
907 1| 766 | TIO| TIE| T8O T86| T8O | T4 | T99 | 804 5
908 809 | 813 | 818 | 823 | 828 837 | 842 | 847 | 852 L]
909 856 | 861 | 866 | 8T1L| 875 885 | 890 | 895 | 899 5
N o 1 2 3 4 5 6 7 8 9 D
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Sec. 1

910-949

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.

§ #3853 RAGS § 32583 B2FI ¥ 53PN 23RN I $333% LN
§ $p83% hREE § ¥5339 8§33 ¥ 36PLn 23R 3 #3YaA; BEE

# 2gEA= ARE® 3 33333 I9ET § AS§ES 3NAR I 259338 gEAR
2 ggeas 3Rk § IFIEY §s23 £ 8BpEs 384 I RICAE DI
8 £Pen% AWN3 § 35383 $EFS £ SF3T SRAR 8 4938 23
8 Sp8#3d RRNZ 2 39883 85T3 ¥ 33§38 INRR 8§ £Ie3d 5382
2 §3Es% 4R3 3 35353 CFeS § 83§38 33a] § £3348 338
3 #§E33 8243 2 3935 EEET 3 FSEIE NAAR § 23343 p3E
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2
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Sec. 1

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.

950-989

82333

-t
88322

i B
38388

3288
2288

49| 154 | 158] 162

Fgass

70| T04| 709 | TS| TI7

U5 269 ] 254 | 269 | 263 | 268

4o 145

gEaas

-
ggzss

M| TN T83| WE| M1

s3838
2

227 | 232 | 236 | 241

677 | 682 | 688 | 691

128 | 127] 131

228

.951
952
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Sec. 1

COMMON LOGARITHMS

COMMON LOGARITHMS OF NUMBERS.

990-999

PR PEE

ISEEY 333%

k= 4 i
F8BFS B3l

ggsea 3338

3EEes gzaw

8g=@% 3238

33228 a8

672 | ST7| 581 ] 685 | 599 | 594 | 599 | 666
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TABLE 2

NATURAL TRIGONOMETRIC FUNCTIONS



- =

FUNCTIONS.

NATURAL TRIGONOMETRIC FUNCTIONS
FOUR-PLACE VALUES OF TRIGONOMETRIC

Sec. 1

88S8RK=

88S8RKR=

88S8RKR=

8BIBRKRS

N. Cos.

31111
1iii

N. Sl.n

N. Cot.

ZEaERE

EEELEE

§3:28€

AN88%a4

N. Tan.

[86]

Tan.

geead

m.m .m-m' .

N. Cot.

N. 8in.

HLEEEE

jeie

3
g

T

ke ie

N. Cos.

82R\SR

82R8SR

-l

82R\SR




NATURAL TRIGONOMETRIC FUNCTIONS  Sec. 1

FOUR-PLACE VALUES OF TRIGONOMETRIC

FUNCTIONS.

s
88IBRS

-
L ]

83I8K=2

* " [ 3 [ g

L _J [ b~
SRIIRT BIIRR2 BBIVR2 83IIK2

*

88BS8RKR=2

w
-

8338K=2

N. Cos.

1T
1iitl

bt

gaadaR anante

EERRER detaee

LR

N. 8in.

N. Cot.

98883
T "

L LR LD

2E3N8E

e men

N. Tan.

N. Tan.

EEEEE)

LR e A R i}

ARRARE 230496 ARREAA

LEELED

RERRAR

N. Cot.

N. 8in.

REEENY §335%5 ARRARN

L

LEE L

N. Cos.

’,

82K

82]8918
«*

S2R\IZ B2RBIT 82RII

4 - - -

82RRSI

-t

828R\

]
-
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Sec. 1

NATURAL TRIGONOMETRIC FUNCTIONS

FOUR-PLACE VALUES OF TRIGONOMETRIC

FUNCTIONS.

° N. 8in. N. Tan. N. Cot. N. Cos.

16 00 2786 2867 3.4874 9613 00 74
10 2784 289 3.4495 9605 50
20 2812 2981 3.4124 9508 40
30 2840 2982 3.3759 9588 30
40 2868 2954 3.3402 9580 20
50 289 3026 8.3052 572 10

17 00 2924 3057 3.2709 9568 00 138
10 .2062 3008 8.2371 9666 50
20 297 3121 8.2041 9546 40
30 3007 3158 8.1716 9537 30
40 3086 3186 3.1897 9528 20
50 3062 $217 3.1064 9620 10

18 00 3090 S 3.1 511 00 72
10 S118 3281 3.0475 9502 50
20 3145 8314 3.0178 g 40
30 1T 3348 2.9887 s 30
40 3201 3878 2.9600 . 20
50 5228 S411 2.9319 65 10

19 00 3266 S443 2.9042 M55 00 71
10 3283 S4T6 2870 k] 50
20 3311 2.8602 R 40
30 3338 8541 2.8289 g ] 30
40 .3365 3574 2.7980 9417 20
50 3398 3607 2.7126 MO 10

20 00 3420 3640 2.1475 9397 00 76
10 3448 3678 2.7228 9397 50
20 SATS 5708 2.6985 Bl 40
30 .3502 3789 2.6746 9367 30
40 35629 3712 2.6511 9356 20
50 3887 3806 2.6279 0846 10

21 00 3584 3889 2.6851 9536 00 €9
10 3611 3872 2.5826 9326 50
20 3638 3906 2.5605 9315 40
30 3665 3989 2.5388 9304 30
40 3692 3978 2.5172 298 20
50 3719 4008 2.4960 9288 10

22 00 3746 4040 2.4751 272 00 €8
10 3778 4074 2.4645 9261 50
20 5800 4108 2.4342 9260 40
30 3827 4142 2.4142 9260 30
40 3854 o 2.3945 9228 20
50 3881 o 2.3750 216 10

28 00 3907 A245 2.3559 9206 00 67
10 3984 2.3369 9104 50
20 3961 4814 2.3188 9182 40
30 3967 o 2 7 30
40 4914 o 2.2817 9159 20
50 . 4417 2.2637 9147 10

N. Cos. N. Cot. N. Tan. N. 8in. r°
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NATURAL TRIGONOMETRIC FUNCTIONS Sec. 1

FOUR-PLACE VALUES OF TRIGONOMETRIC

FUNCTIONS.

8RI8R=2

3
8BIIR=2

] - ped
o o L]

B8RIBR2 BIIRRS 8IIRR=

8RIIRS

88S8RK=

N. Cos.

aHERE3 RadEER 236ENS

533348

N. Sin.

N. Cot.

33333:

v vl v vt

N. Tan.

N. Tan.

33683

it

CELLEL

mwwﬁmm

N. Cot.

N. Sin.

CELLEL]

il

§33333

e

o e e " e o s e e e e

o e e

L

N. Cos.

82R8I

82888

82R3IT S2RRIB 82R\SR

[.] [ ]
. L] ]

82]\SR

82R\SS

-
"
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Sec. 1

NATURAL TRIGONOMETRIC FUNCTIONS

FOUR-PLACE VALUES OF TRIGONOMETRIC

FUNCTIONS.

Mwmmmw wwwmmw Mwwmmm Mwmwmm Mwwmmm Mmmwmm.“wmmmm Mwmmmm o
983338 GH90N BG95AN 55755 AGHRNH MRAEID RNRENE ERRR: S
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‘|aes3% HMETEE Z6AEER HARZEE MEARR MEGRE aMNRNR 13330
1438549 159344 §9390E NEENEY GEANER SERNE neE eamEms)
M mwmmmw mwmwmm mmmwww mmmmmw mwmwww mmmmmw SSR\SR 82K
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NATURAL TRIGONOMETRIC FUNCTIONS  Sec. 1

FOUR-PLACE VALUES OF TRIGONOMETRIC

FUNCTIONS.

8RIBR2

N. Cos.

N. 8in.

N. Cot.

1.0000

N. Tan.

N. Tan.

ELEL FH

that Bt g4

1.0000

N. Cot.

N. 8in.

Carir A 3

e

e e e e

e~
s5ianl

i

N. Cos.

’

8ER8S8

°
-

8SR\BIB
<

82R8ER
9

82883

-
-

82R]\IB

-
-

00

45
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TABLE No. 3

DECIMAL EQUIVALENTS AND CIRCUMFERENCES
AND AREAS OF CIRCLES



N DECIMAL EQUIVALENTS OF 64ths

The decimal fractions printed in large type give the exact value
of the corresponding fraction to the fourth decimal place. A given
decimal fraction is rarely exactly equal to any of these values, and
the numbers in small type show which common fraction is nearest
to the given decimal. Thus, lay off the fraction 0.1330 in 64ths.
The nearest decimal fractions are 0.1250 and 0.1406. The value of
any fraction in small type is the mean of the two adjacent fractions.
In this instance the mean fraction is 0.1328, and as 0.1330 is greater
than this, 0.1406 or # will be chosen. In the same manner the
nearest 64ths corresponding to the decimal fractions 0.3670 and 0.8979
are found to be 3} and §}, respectively.

Frac pecimal. |57 Decimal. |¥™°| Decimal. |EM® Decimal.

0078 L2578 .5078 7578

«| Sk |u éﬁg i .% # :1:&:

K . 2773

s | @i | H 3;1: w| A

& ‘s & 3 3 ] 1 8125

} ) 820:

o | omi | 3 u | im W 8281

.0860 .3360 gg‘o 8360

h ot 4 prr u ‘6016 H 8516

& 1084 ) 304 ) 6094 1) st

X172 .3672 6172 8672

1 1250 1 3750 8 16250 8750

28 .38:8 6328 8828

& | s |au 3 w| s |y wﬁs

# 11:“83 H Mﬁ u| dd |a el

w| s | 1307 w| o |u 3:‘13

3 187 s 375 1 6496 by k5

w| @ o) W@ | l?rgfi 5 ;61

- N 10

& 2188 | e # s # 9688

.2266 .4766 .7:66 9766

# -2::: 3t ::: # 2 -”::

1 2500 Y 5000 i 'zr%oo 1 10000
.2578 .5078 7578

[94]




CIRCUMFERENCES AND AREAS

Sec. 1

CIRCUMFERENCES AND AREAS

OF CIRCLES.
Diam. Circum. Area. Diam. Ciroum. Area.
P 0401 0002 43 13.7445
982 0000 4 141572 15.9048
1963 0881 43 14.5299 16.5002
2921 0123 4 14.9228 17.7208
5890 027% 43 15.3158 18.6585
7854 0491 5 15.7%00 19,0850
0817 0767 5§ 16.1w7 20.629
1.1781 1104 5} 16.4934 21,6476
Ya 1374 1508 54 16.8961 22.6967
) 1.51%8 1963 54 17.2788 23.7688
? 1.7671 2485 5 17.6715
1.9635 3088 5 18.0642 25.9673
}}3 2.15% 3712 5} 18.4569 21.1086
2.3562 M1 6 18.8496
? 2.5525 5185 6} 19.2428 29.4848
2.7489 613 6% 19.0850 30.6797
13 2.9452 6903 [} 20.0277 31.9191
1 3.1418 7854 [ 20.4304 1881
1} 3.5343 9940 8 20.8181 344717
11 3.9270 12272 [} 1.2068 36.7848
1} 4.3197 1.4849 [} 21.5088 37.1324
1 4.7124 1.76T1 7 21.9912 38.4849
1t 5.1061 2.0139 7£ 23.3839 8718
1} 5.4978 2.4083 7 22.7766 41.2826
1} 5.6905 2.7612 71 28.1608 42.7184
2 6.2532 3.1416 7 28.5620 4.1787
22 6.6759 8.5468 7 23.9547 6638
2 7.0686 3.9%1 71 24.3474 47.1781
2 74818 4.4801 7% 24.7401 48.7871
2 7.8540 4.9087 8 25.1328 50.2656
2 8.2467 5.4119 8} 5266 51.8487
21 8.6394 5.939¢ 8} 25.9152 53.4563
21 9.0821 6.4918 8} 26.3100 6884
3 9.4248 7.0688 8} 26.7006 56.7451
3t 9.8175 7.6699 8} 21.0963 4264
3% 3102 8.2958 8} 4890 60.1822
3t 10.6029 8.9452 8} 27.8817 61.9635
3 10.9956 9.6211 9 28.2744 €3.6174
3 11.3888 10.3208 9% 28.6671 65.3968
3 11.7810 11.0447 9% 20.0598 67.2008
33 12.1787 11.7988 94 29.4525 69.0203
4 12.5664 12.5684 94 3452 8828
4} 12.9591 13.5641 94 30.2579 7509
4% 18.3518 141063 9} 30.6306 74.6821

[e5]



Sec. 1 CIRCUMFERENCES AND AREAS

CIRCUMFERENCES AND AREAS
OF CIRCLES. ’
Diam Circum. Area. Diam. Circum.
93 81.0288 76.589 15 48.3021
10 31.4160 78.540 15 6948
104 1.8087 80.516 15 49.0875
104 32.2014 82.516 15 49.4802
10 32.5941 84.541 15§ 49.8729
10 32.9868 86.590 16 50.
10 33.3795 83.664 16} 50.6583
10 33.7722 90.763 164 51.0510
10 34.1649 92.886 161 51.4487
11 34.5576 95.033 16 51.8364
11% 34.9508 97.205 lgt 2291
11} 35.3430 99.402 1 52.6218
ll; 35.7357 101.623 16} 63.0145
11 36.1284 103.869 17 53.4072
111 36.5211 106.139 17 53.7999
11 36.9138 108.434 17 54.1928
11} 37.3065 110.754 17 54.5853 .
12 37.6992 118.098 17 54.9780 240.529
124 38.0919 115.466 17 55.3707 248.9T7
12} 38.4846 117.859 17 55.7634 247.450
12 38.8773 120.277 173 56.1561 250.948
12 39.2700 122.719 18 56.5488 254.470
l2g 39.6627 125.185 18¢ 56.9415 258.016
12 40.0554 127.6T1 184 57.3342 261.587
123 40.4481 130.192 18 57.7269 265.183
13 40.8408 132.738 18 58.1196 268.803
134 41.2335 135.297 18 58.5128 272.448
13} 41.6262 137.887 18 58.9050 276.117
13 42,0189 140.501 18§ 59.2977 279.811
13 42.4116 143.189 19 59.6904 283.529
13 42,8043 145.802 193 60.0831 287.272
13 43.1970 148.490 19 60.4758 291.040
13} 43.5897 151.202 19 60.8685
14 43.9824 158.938 19 61.2612
l4x 44.3751 156.700 19 61.6539
14 44.76T8 159.485 19 62.0468
144 45.1606 162.29¢ 193 62.4828
144 45.6582 165.130 20 62.8320
14 45 9459 167.990 20, 63.2247
14 46.3386 170.874 20 63.6174
141 46.7318 173.782 20| 64.0101
15 47.1240 176.716 20 64.4028
15% 47.5167 179.673 20/ 64.7965
15% 47.9094 182. 20 65.1882
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CIRCUMFERENCES AND AREAS Sec. 1
CIRCUMFERENCES AND AREAS
OF CIRCLES.

Diam. Circum, Area. Diam. Circum, Area.
203 65.5009 342.250 26 82.8697 546356
21 659736 346.361 26 83.2524 561547
21} 66.3068 350.497 83.6451 556.763
214 66.7500 354.687 263 8408718 562.008
21: 67.1517 358.842 26} 84.4306 567267
21 67.5444 368.051 27 84.5282
21 67.9871 286 274 85.2169 5T1.870
21 68.3298 $T1.548 27% 85.6988 583.209
213 68 7225 375 828 274 86.0018 588.571
22 69.1153 380.184 274 86.3940 593.980

.50m 384.468 27; 86 7067 599371

22 69.9008 383512 27 37114 604.007

70.2938 393.268 27% 87.5721 610.268
22 79.0850 397.689 28 37.9648 615.754

T71.0787 402.088 ‘ggg

neau 406404 $8.7502 626.798
22f 410.973 $9.1429 032367
23 T72.2568 415471 5858 637.941
23t T2.6495 420.004 28! 89.9283 643.549
23 T8.0422 424.558 28: 8210 649.152

73.4349 429.185 28§ 99,7187

T73.827¢ 433.737 29 1004 660.531
23 74.2203 29} 91.4801 680.228
23 46190 “us.0ns 291 91.8918 671.959
231 75.0087 U769 20! 92.2845 6T1.714
24 3984 452 29 2.6112 683.
24z 75.7911 457.115 %g! 93.0000 669.299
24 .. “% 93.4628 695.128
24 6.505 446.088 29% 93.8558 700.032
24 76.9602 471.430 30 94.2480 706.960
24 T1.3619 476.269 ggg 94.6407 712.763
24 T1.7548 481.107 95.0334 .90
241 .U 435.97 ggz T24.642
25 .5400 490 95.8188 730.618
%x 78.9327 495.79% ggl 96.2115 730.619
25 79.5254 500.742 96.6042 T742.645

7.7181 505.712 30¢ 96.9989 748.695
28 30.1108 510. 31 97.3896 754.769
25 5085 515.728 31 97.7628 760.969

89,8002 520. 31 99.1750 708.992
25§ 812889 525.838 31 98.5677 T18.149
26 81.6918 530.930 814 - 96.9004 ™,
26 0748 536.048 31 8581 785.510
26 541.190 31 99.7458 91.732
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ec. 1

CIRCUMFERENCES AND AREAS

CIRCUMFERENCES AND AREAS

OF CIRCLES.

Diam. Circum Area. Diam. Circum. Area.
313 100.1385 .m 37 17417 1,007.118
32 100.5812 804.350 37 117810 104,
32; 100.9239 $10.545 37 1208 111184
32 1013166 318,365 37 118595 2119
32 101.7093 823.210 374 118.968 1,126.669
32 102.1020 829579 38 119.381 1,134,

32 102.4967 835.972 384 119,778 1,141,691
3 1028874 842.391 384 120,166 1149,
32% 108.280 s43.838 38t 120.569 1,156.613
33 108673 855.301 384 120,952 1164,
332 104065 861.792 38 11ATLT
33 104.458 808.309 38 121717 117
33 104.851 874.850 38§ 122, 1,186.948
33 e 831.415 39 122512 194,
33 105.636 808.005 392 122915 1,202.268
33 106.029 834620 39 128.308 1
333 106.422 901.269 39 128.708 1,217,677
34 106 814 922 39 1,225.
34 107.207 914.611 39 124.486 1,238
34 107,600 921228 39 124879 1,240.981
34 107.992 928,661 39§ 125371 1,248.798
34 108.385 934822 125.684 1,256.
34 108778 941.609 4‘8§ 126.057 1,264.510
34 109171 420 126.49 1272400
34} . 955.265 126.842 1,209.510
o 1104 siaen | 4 e | Theame
X 0 627
35% 110741 975.960 wf 128020 1,304.210
35 111134 982.842 40 128.418 1,313.220
35 1,527 989.800 iy 128.586 iy
35 111919 996.783 413} 129.193 1,328:520
35 12312 1,008.790 413 129501 1,3%.410
35¢ 112.705 1,010,322 41 129.984 520
36 113,008 1,017.878 41 130.376 %m
36 113,490 1,024.960 41 769 1,360.820
36. 113883 1,02.065 4 181162 1,369.000
36 114276 1,089.195 41 .
36 114668 1,046.349 y 181947 §ﬁ3
36 115.061 1,053,528 42 13230 1,393.700
36 115.454 82 422 132738 1,401.990
363 115.846 1,067.960 4 138125
i 116.239 Lots 28 42 138518 }’,:11:.&
37§ lse ¥ 42 133911 1,426.990
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CIRCUMFERENCES AND AREAS

CIRCUMFERENCES AND AREAS

OF CIRCLES.
Diam. Circum, Area. Diam. Circum. Area.
421 134.690 1,437 46 148.064 1,698.28
43 135.689 1,452.200 46 18.477 1,707.57
43 135.481 1,466.660 46 146.870 1,716.54
43, 135.874 1,469.149 46 147.262 1,725.18
43 136.287 1,477.640 47 147.655 1,784.95
43 136.660 1,486.170 47 148.048 1,744.19
43: 137.062 1,494.730 47 X 1,753.45
43 137.45 1,508. 47 143.833 1,762.74
43} 137.838 1,611.910 47 1,772.08
44 136.239 1,520.530 47 149.619 1,781.40
44 138.623 1,520.199 47 .01 1,79%0.7
44 189.016 1,687.860 47 150.494 1,800.15
44 139.408 1,546.56 48 150.797 1,800.56
44; 1,5566.29 48 .189 1,819.00
44 140.194 1,504.04 48 151.582 1,828.46
44 140.587 1,672.81 48, 151.975 1,837.95
4} 140.979 1,581.61 48 153.368 1,847.46
45 141.372 1,590. 48 152.760 1,850.99
453 141.765 1,599, 48 .158 1,866.55
45 142.157 1,608.16 48 .546 1,876.14
45, 142.550 1,617.05 49 153.938 1,885.76
45 142.943 49 154.381 1.895.38
45 143.385 1,634.92 49 3 1,905.04
45 148, 1, 48, 1,94.12
45} 144.121 1 49 155.509 1,924.48
46 144.514 1,661.91 49 155.902 1,934.16
46 44,908 1,670.95 49 156.295 - 1,943.91
462 145.299 .02 49 156.687 1,958.69
46} 145.692 1,689.11 50 167.080 1,968.50
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FUNDAMENTAL UNITS
ts'e electrical units are derived from the following mechanical

units:
The centimeter, the unit of length.

The gramme, the unit of mass.

The second, the unit of time.

The centimeter equals 0.3937 of an inch, or one thousand-millionth
part of a quadrant of the earth.

The gramme is egual to 15.432 grains, the mass of a cubic centi-
mgrtir of watgr at ‘11] C. ; ; pend

e second is the time of one swing of the ulum, making

86,464.09 swings per day, or the 1-86400 part of a mean solar day.

MENSURATION
Circumference of circle whose diameter is 1 =» =3.14159265.

Circumference of any circle =diameter X .
Area of any circle = (radius)? X, or (diameter)? X 0.7854.

Surface of sphere = (diameter)? X, or = circumference X diameter.
Volume of sphere = (diameter)? X0.5236, or =surface X } diameter.

Area of an ellipse =long diameter Xshort diameter X 0.7854.
»=0.8096; i =1.772454; T=0.7854.

1/x»=0.31831; lo§ x =0.4971499.
Basis of natural log £ =2.7183. log ¢=0.43429.

Modulus of natural logarithm M = l—l—f =2.3026.

144 1b. per sq. foot.
51.7116 mm. of mercury.
1 1b. per 8q. inch= 2.306865 feet of water.
0.072 ton (short) Eer 8q. foot.
0.0680415 atmosphere.
* One mile =320 rod = 1760 yards = 5280 feet = 63,360 inches.
One fathom =6 feet; 1 knot =6080 feet.
1728 cubic inches=1 cubic foot.
231 cubic inches =1 liquid gallon =0.134 cubic foot.
1 gound avoirdupois = 7000 grains = 453.6 es. .
57’29g8%ngle of which the arc is equal to radius, a Radian=

PHYSICAL DATA

The equivalent of one B.t.u. of heat=778 foot-pounds.
The equivalent of one calorie of heat =426 kg-m. =3.968 B. t.u.
One cubic foot of water weighs 62.355 pounds at 62° F.
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CONVERSION FACTORS Sec. 1
One cubic foot of air weighs 0.0807 pound at 32° F. and one

atmosphere.
One cubic foot of hydrogen weighs 0.00557 pound.
One foot-pound = 1.3562 X 107 ergs.
One horse-power hour =33,000 X 60 foot-pounds.
One horse-power = 33,000 foot-pounds per min. =550 foot-pounds
per second =746 watts =2545 B.t.u. per hour.
Acceleration of gravity (g) =32.2 feet per second.
=980 mm. per second.
One atmosphere=14.7 pounds per square inch.
=2116 pounds per square foot.
=760 mm. of me .
Velocity of sound at 0° cent. in dry air =332.4 meters per sec.
=1091 feet per sec.
Velocity of light in vacuum = 299,853 km. per sec.
= 186,325 miles % sec.
Specific heat of air at constant pressure=0.237.
A column of water 2.3 feet high corresponds to a pressure of 1

pound square inch.

Coeﬂ‘;gi‘ent of expansion of gases = z}y=0.00367.

Latent heat of water="79.24.

Latent heat of steam =535.9.

CENTIGRADE DEGREES. To convert into the corresponding
one in Fahrenheit degrees, multiply by */; and add 32. To convert
it into the one in Réaumur degrees multiply by ¢/s. To convert it
into the one on the Absolute scale, add 273.

FanreNvEIT DEGREES. To convert into the one in Centigrade
degrees, subtract 32 and then multiply by %/s, being careful about
the signs when the reading is below the melting point of ice. To
convert it into the one in Réaumur degrees, subtract 32 and multiply
by ¢/s. To convert it into the one on the Absolute scale, subtract
32, then multiply by &/, and add 273; or multiply by 5, add 2297,

and divide by 9.
ELECTRICAL DATA

=unit of electric power=h. p. X746.
Watts { =current Xvolts X power factor.
=foot pounds per sec. +1.355.
Joules, W =work done = watts Xseconds.
3412 B.t.u.
2,654,536 foot-pounds. o
1 kw. hour= { 3.53 pounds water evaporated at 212" F. o
22.8 pounds water raised from 62° to 212° F.
0.235 pounds carbon oxidized at 100 per cent. eff.

METRIC WEIGHTS AND MEASURES
’ Linear
1 meter =39.3704 inches = 3.281 feet = 1.094 yards.
Centimeter (1-100 meter) =0.3937 inch.
[108]
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Sec. 1 METRIC UNITS

1 millimeter (mm.) =0.03937 inch = 39.37 mils.
1 inch =25.3997 millimeters =0.083 foot =2.54 centimeters.
1 kilometer = 1,000 meters or 3,281 feet =0.6213 mile.
3 }gor tﬂ.\e purpose of memory, a ‘meter may be considered as 3 feet
inches.

Surface Measures
Centare (1 square meter)=1,550 square inches=10.764 square

Are (100 square meters) = 119.6 square yards.

1 square centimeter =(.155 square inch = 197,300 circular mils.
1 square millimeter =0.00155 square inch= 1973 circular mils.

1 square inch =6.451 square centimeters = (0.0069 square foot.

1 square foot =929.03 square centimeters =0.0929 square meter.

Weights

Milligram (1-1000 gram) =0.0154 grain.
Centigram (1-100 gram) =0.1543 grain.
Decigram (1-10 gram) =1.5432 grains.
Gram = 15.432 grains,
Dt (1 fama 0257

ectogram grams) = ounces.
Kﬂogram Q1 OOOgrams)=22046 pounds. -

(10 000 grams) = 22.046 pounds.
Quintal (100,000 grams) = 220 46 pounds.

Millier or tonne—ton (1,000,000 grams) = 2,204.6 pounds.

Volumes

Milliliter (1-1000 liter) =0.061 cubic inch.
Centiliter (1-100 liter) =0.6102 cubic inch.
Deciliter (1-10 liter) =6.1023 cubic inches,
Liter=1,000 cu. cm.=61.023 cubic inches.
Hectoliter (100 liters) = 2.838 bushels.
Kiloliter (1,000 liters) =1,308 cubic yards.

Liquid Measures

Milliliter (1-1000) =0.0338 fluid ounce.
Centiliter (1-100 liter) =0.338 fluid ounce.
Deciliter (1-10 liter) =0.845 glll

Liter =0.908 (Lua.rt=0 .2642 gall

Decaliter (10 liters) =2.6418 gallo
Hectoliter (100 liters) =26.418 gsllons
Kiloliter (1,000 liters) =264.18 gallons.
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‘WOOD POLES

1. General. Wood poles comprise a Im}e majority of the poles
in use upon which are strung aerial conductors. Approximately
82 percent of the wood poles in use in this country are either cedar
or chestnut. Cedar represents about 62 percent and chestnut about
20 percent of the total. The remaining 18 percent include poles
manufactured from every specie of timber.*

It is custo to purchase poles under specifications which
usually provide for their dimensions, etc.; but, in general, the
logging of the poles is entirely neglected. Inasmuch as it is the
practice of a number of companies to purchase poles on the stump
the following data on logging have been compiled, covering a few
of the more important species, also the more important defects
usually found in timber are described.

LOGGING

2. White Cedar or Arbor Vitae. Northern white cedar or arbor
vitae is a common swamp tree in the northeastern and lake states
and in Canada. It is extensively used for poles as it grows to the
required form and size, and also combines the desired strength,
lgxtness and durability. Since the growth of this species is so
slow, careful logging methods will not bring about reproduction that
will benefit the present logger, the method of getting out white
cedar poles is determined only by the mechanical and topographical
problems involved.

The summer and winter are undoubtedly the best seasons in which
to work in swamps and as woods labor is most available in winter
this would seem to be the better of the two. Further because of the
advantages of hauling on sleds, the late fall and winter offer the
best conditions for cutting, skid,ding and hauling, and these opera-
tions are therefore usually carried on at that time. Stumps should
not be cut low; and at least above the characteristic crook near the
ground. Poles cut and peeled during the late fall and winter and
skidded in a single layer well off the ground should be held until
the first of May before shipping, thus insuring a decrease in freight
weight more than equal to the u:;zgenae of holding. Poles so held
will also gain in strength and d ility.

Green arbor vitae %f: lose the larger portion of their moisture
from the sapwood. sapwood is very thin, consequently, the
loss begins immediately after exposure to favorable seasoning in-
fluence, and a large percent of the moisture is lost during sixty days
of fair weather.“gSpring and early summer offer the best conditions
for maximum seasoning in the shortest time,

Checking during seasoning, if not serious, &as no particular effect
on the strength of the pole and is of little assistance in the absorption

# 7., 8. Government Statistics.
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Sec. 2 WOOD POLES

of preservatives. The greatest checking occurs in the sp and
summer cut poles. If arbor vitae poles are ﬂroper]y seasorligg, the
sapwood can be thoroughly impregnated with creosote in the open
tank. Fall and winter cut poles, if properly skidded, should be in
satisfactory condition for impregnation by the foilowing June.
If skidded several layers deep, as is the usual custom, they will
probably have to be seasoned for a longer period.

3. Chestnut. The chestnut-bearing states are as follows: New
Hampshire, Vermont, Massachusetts, Connecticut, New York, New
%grsey, Pennsylvania, Ohio, Maryland, Delaware, Virginia, West

irginia, Kentucky, Tennessee and North Carolina.

The best chestnut poles are cut from trees grown in coves, on
lower slopes, and in level country on deep, well-drained, loamy soil.
It has been found that trees grown on higfl elevations have a larger

Fi1a. 20.—Butt Rot in Eastern White Cedar Pole. Right, hand section was
cut 5 feet from Butt. Middle section was cut 10 feet from Butt. Left hand
tion shows inder of the pole.

taper than trees grown on lower levels. A considerable difference
has been found where the elevation varies as little as 150 feet.

The exact relation between the inherent specific ﬁvity of the
wood and the strength of the pole is not definitely known. It is
estimated, however, that the strength varies directly with the
specific gravity.

Chestnut timber can be divided into two general classes—seed-
grown and sprout-grown. The method of production of seed-grown
trees is self-evident. Sprout-grown trees are trees that grow from
the stumps of live timber which has been cut down. Such poles
have a much more rapid growth; it is estimated that a tree of suffi-
cient size from which to cut a 30 foot pole will mature when grown
from a stump ten years sooner than a tree grown from seed. The
average age of a sprout-grown tree from which a 30-ft. pole can be
cut is forty years, and of those grown from seed to a similar size,
fifty years.
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WOOD POLES Sec. 2

In cutting chestnut-trees it is most important to consider the time
at which the timber should be cut and the method of cutting. Un-
doubtedly the best season is the late fall and winter. This is due to
the fact that most vigorous sprouts originate from winter-cut
stumps. The cost of logging is least. The season is not conducive
to the danger of an attack of fungi. The poles season persistently
and have the advantage of a gradual rise in temperature as their
moisture contents gradually decrease. The slow drying rate does
not result in serious checking; hence the poles are stronger.

The spring and summer months are the most unfavorable months

Fia. 21.—Frequency of Butt Rot in Eastern White Cedar Poles.

in which to cut timber, as it dries very rapidly, causinilarge season
checks, which may seriously decrease the strength of the pole.

If trees are cut in summer, the stumps are practically killed, and
few, if any, sprouts will originate from them. Summer cutting
should, therefore, be discouraged. Moreover, trees cut at this
season are subjected to decay and their strengtfx may be materially
affected thereby. .

. In cutting chestnut-trees, consideration should be given to cutti
in such a manner that the stumps will sprout. This is accomplish
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Sec. 2 WOOD POLES

by cutting the tree as near the ground as possible and giving the cut
a decided pitch, in order to avoid butt rot in the sprout-grown poles.

The height at which the pole is cut materially affects its taper.
If the tree is cut low the basal swelling of the tree will be included in
the pole, which, where the tree has been cut one (1) foot above the
ground, increases the taper in circumference as much as five inches
over its circumference if cut four (4) feet above the ground.

The practice of ing poles over the ground for long distances
should be discouraged because the outer layers of wood are sheared
off and the strength of the poles is lessened. Further, a pole in this

F1a. 22.—Butt Rot in Eastern White Cedar Poles.

condition is more suscegtible to decay because of the crevices caused
thereby which will hold water and spores.

The tops of trees remaining after poles are cut should be utilized
for cordwood, as this increases the gross value of the timber.

4. Western Red Cedar. The regions from which the largest pro-
duction of western red cedar poles are secured are situated in the
ganhandle of the State of Idaho, or Puget Sound, in the vicinity of

ellingham and Everett, Washington and along the lower Columbia
River. Some poles are logged in the Grays Harbor region of the
State of Washington.

The northern portion of the State of Idaho produces more poles
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WOOD POLES Sec. 2

than any similar region in the United States. West Coast poles are
logged and marketed on Puget Sound. Poles obtained from the
lower Columbia River are heavier butted and weigh more than

those from either of the above mentioned regions. e taper and
other properties of Columbia River poles comgare favorably with
secured from other regions, but Columbia River poles are

generally free from butt rot, which is not so true of Idaho cedar poles.

The log%i.ng and piling of cedar poles is generally carried on in
advance of the logging of saw timber, the pole company taking the
small timber before the fellers of saw timber advance in the woods.

Fia. 23.—Hollow Knot indicating Heart Rot in Eastern White Cedar Pole.

This is an important item of conservation, since in ordinary logging
operations where pole timber is not removed it is destroyed by
breakage in felling the larger trees. Poles are generally removed
from the woods by horse team, usually to storage yards or to the
logging railroad of the logging company, over which they are trans-
ported to storage yards or connecting railroad transportation.
In Idaho and on Puget Sound mani poles are cut by ranchers in
the clearing of land and are finally marketed through pole companies.
Poles are always peeled on the ground immediately after felling
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Sec. 2 WOOD POLES |

or in the pole yard close by. As a rule the J)ole cutter works alone,
felling the timber, slashing the branches and peeling.

Pole dealers contend that winter cut poles are more durable and
are stronger than summer cut poles because the sap is down in the
winter, the moisture content is less and the poles check less in drying.
However, when the sap is down, poles are harder to peel. Users pre-
fer winter cut poles and generally order such. e pole cutting
season in Idaho extends from Magolst to December 1st and often
throughout the year. On Puget Sound poles are cut at any time
during the year, preferably, however, during the winter season in

F1a. 24.—Butt Rot in Chestnut Pole.

order to meet the demands of the trade for winter cut poles. The
season of cutting affects the rate of dryin %land the resulting checking,
but otherwise offers no convenience to the cutter or dealer. -

On Puget Sound it is customary to store poles for water shipments
in fresh water booms-in the rivers a short distance from the Sound.
This fresh water storage insures against the attack of teredo and
other salt water borers. In the Inland Empire the poles, after being
peeled, are yarded and stored on the ground for seasoning or they
are boomed in the Inland lakes or rivers. Ground storage is often
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WOOD POLES Sec. 2

practiced in the Puget Sound region, if, as is the exception, the poles
are for rail distribution.

Poles for cargo shipments on Puget Sound are gathered from the
fresh water booms and are built into cribs in the salt water. Cribs
are built in tiers and contain from 200 to 300 poles sorted for length
and top diameter. Each tier is laid at right angles to the one below
and the crib generally contains five or six tiers of poles. In loadin
for water shipments, these cribs are towed to the side of the vesse
and the poles are loaded direct.

Poles cannot be stored in the salt water on Puget Sound for a
long period because of the attack of the teredo. During the months
of August and September thirty days’ storage will show the beginning
of teredo attack, while during the winter and spring seasons they
will not be .active for from four to six months. It is also claimed
that the teredo is much more active on mud flats than on gravel
bottoms. Therefore, when storage grounds’are in salt water, the

Fia. 25.—Heart Rot in Chestnut Pole.

grounds should be carefully selected and the poles loaded as soon
as f)osmble after storage.
t is noticeable that specifications for cedar poles generally
rovide that the poles be cut from live, growing cedar timber.
is excludes the use of insect or fire-killed Eole timber. If fire-
killed poles are cut before decay or insect attack begins, they are not
necessarily inferior unless the killing fire injured the wood of the
tree in a visible manner. Fire-killed poles may generally be con-
sidered more durable and more economical to handle as they season
before cutting. Furthermore, in cases where the bark has fallen,
some of the food substances in the sapwood which nourish destruc-
tive fungous agencies are leached out by rains, and decay is retarded.
Unless large cracks or checks develop, it is doubtful if the fire-killed
timber is materially weaker than green cut timber. Many fire-
killed or dead cedar poles are accepted under specifications requiring
gleen cut poles, the inspectors being unable to distinguish them.
ch poles have been used in the same line with green cut poles and
have given equal satisfaction. There is no well defined reason for
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excluding dead poles from specifications, provided they are sound

and show no detrimental defects, such as insect workings, decay of

serious checking. Checking, in }act, is liable to be more severe in

green logged, air seasoned poles than in fire-killed poles, provided

g_l& barécreof the fire-killed poles was not directly destroyed by the
ng fire,

5. Loblolly Pine Poles. Loblolly pine is a probable important
future source of poles because of the depletion of -the northern white
cedar stand and because of the destruction of chestnut forests by
the bark disease. Generally speaking loblolly pine is not as good a
pole timber as northern white cedar or chestnut, as it is likely to be

Fra. 26.—Checks and Butt Rot in Eastern White Cedar Pole.

very knotty and trees of pole form are not so common in pine stands
as they are in chestnut and cedar stands.

Trees suitable for poles will be found more often in medium open
old field stands. e more open stands will have trees that are
very knotty while dense stands are likely to produce trees compara-
tively small at the butt and of little taper. It is advisable to cut
lob]o{ly pine poles in the later fall or winter in order to allow as much
seasoning as possible before spring, for the reason that spring cut
poles are very liable to decay during seasoning owing to the un-
evaporated water they contain. Loblolly pine poles should be given
a preservative treatment before using and before such treatment
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they should be placed on high skids with s between all poles
a.ndy seasoned for several months or else nrtl%y seasoned.po ’

6. Western Yellow Pine. In certain parts of the states of Cali-
fornia, Neva Utah, Wyoming, Colorado, Arizona and New
Mexico, it may be advisable for pole using companies to use a local
.timber rather than bring in western red cedar polesbyrail. Through-
out this r(ifion there is a great deal of western yellow pine. Such
timber will furnish poles which will give good service if treated.
The following statements are conclusions from an investigation in
California. Poles of western yellow pine should be cut from hill-
grown timber rather than from valley-grown timber.

F1a. 27.—Ring Shakes in Chestnut Pole.

Hill-grown timber grows under dryer conditions and on poorer
soil; hence it grows much more slowly. It grows remarkably
straight and free from limbs. It has a uniform taper, which is less

ronounced and better adapted to poles than valley grown timber.

is particular kind of timber is finer grained, stronger and contains
much more heartwood. .

Valley Grown Timber is morg liable to knottiness, it is badly
shaped, rarely shows any heartwood and usually grows so rapidly
that the annular rings do not hang together. Valley grown timber
also has a very coarse grain and if grown in the open, has a large
taper and many small limbs. The bole in such timber forms a
spool-like shape between each tree’s growth or whorl or limbs,
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making a knotty and badly appearing pole. The butt is apt to be
oversize and of irregular shape. Where guch timber grows closely
together it often has many limbs well toward the grouad but these
limbs are smaller and there are no spool-like depressions between the
whorls. Such timber makes good poles.

Fig. 28.—Butt Rot and Ring Shakes in Eastern White Cedar Pole.

Fra. 20.—Ring Rot in Chestnut Pole,
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Western yellow %ne has a short life below ground. As a pole
timber it will serve but two or three years untreated and if set green
will show decided decay in one year. Otherwise, it is satisfactory.
The decay-resisting power can be controlled bxnthe use of preserv-
atives which the timber takes successfully. yellow pine poles
should be treated with a preservative before use.

Fia. 30B.—Cat Face in Chestnut Pole.

F1a. 30A.—Cat Face in Chestnut Tree.

The poles should be well seasoned before treatment and are best
treated during the second summer after cutting.

The poles should not be lumbered during the summer for the
reason that case hardening, due to rapid drying, causes summercut

les to resist the entrance of preservatives to a marked degree.

oles may be cut at any other season but preferable during the

[121]



Sec. 2 WOOD POLES'

autumn, after September, as the fall-cut poles absorb the preserv-
ative far more readily than poles cut during any other season.

7. Lodgepole Pine Poles. In the Rocky Mountain and Coast
Ranges there are a;,fresent abundant stands of lodgepole pine which
after treatment make very satisfactory poles. It is not naturally
durable in contact with the ground, but it takes treatment readily
and even with the additional cost of treatment the pine pole 18
comparatively cheap. In many regions outside the region where
cgg:r grows, the pine may be made to last longer than untreated

cedar.
Poles should be cut from fairly dense stands in order to avoid
the knottiness in open grown trees and the small slender podles

F1a. 31.—Ant Eaten Butt in Eastern White Cedar Pole.

grown in very thick stands. As in the case of other species, lodge-

le pine poles should be thoroughly seasoned before treatment.

orest fires have killed many stands of lodgegole pine and on many
such areas the timber remains entirely sound for many years after
the fire. Such timber is thoroughly seasoned and therefore ready
for treatment as soon as cut. When both sound dead timber and
live timber are available for poles which are to be treated, the sound
dead timber is usually preferable as it is already seasoned. The
prejudice in many regions against the use of dead timber is based
on the mistaken assumption that there is some inherent difference
in wood that has been seasoned on the stump and wood that has

- been cut when green.
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8. Pole Defects. The natural defects, some of which, are found
in all kinds of timber make theoretical calculations of strength very
uncertain. It is of utmost importance that all poles be subjected to
a most careful inspection, in order that a reasonably uniform product

will be secured. e defects which may occur in all kinds of timber
are more or less similar. The principal ones are as follows:

(a) Butt Rot (Art. 9)

(b) Heart Rot (Art. 10)

(c) Season Checks (Art. 11)

(d) Wind shakes, Ring shakes, ete. (Art. 12)

(e) Ring Rot (Art. 13)

(f) Cat Faces (Art. 14)

9. Butt Rot (Figs. 20, 21, 22 and 24) is more prevalent in some
species of timber than in others. When appearing in chestnut
poles it is usually found in sprout grown trees and is generally the

Fie. 32.—Ant Eaten Butt in Eastern White Cedar Pole.

result of careless cutting of the original tree. The rot should he
confined to a small proportional part of the cross-section of the butt.
1t should not exteng into the pole a very great distance and never to
above what will be the ground line.

10. Heart Rot (Figs. 23 and 25) is usually evidenced by small
defective knots which show rot. It is extremely important that
such knots be carefully examined. Fig. 25 shows an apparently
perfectly sound chestnut pole. A few small knots about 0.5 inches
in diameter indicated evidence of heart rot. The pole was cut into
and decided heart rot was found existing for about 15 feet of the
pole’s length.

11. Season Checks (Fig. 26) are due mostly to the rate at which
the pole is seasoned. e more rapid the seasoning, the more
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extensive the checks. In general, they may be said to decrease the
strength of the pole. The greater their number, or the larger their
size, the weaker the pole.

12. Wind Shakes and Ring Shakes. (Figs. 27 and 28.) Wind
shakes and l'lnf shakes are caused by wind strains in the standing
tree or by careless felling. Such defects may seriously damage the
pole. Defects which are incipient in green poles sometimes extend
until they form a split anywhere from 1 to 9 feet long. The extent
of such defects should be carefully examined, in order that the
strength of accepted poles will not be materially reduced.

13. Ring Rot. (Fig. 29.) takes the form of a ring and is usually
in evidence at the butt of the pole. When such rot exists, it should

Fia. 33.—Ant Eaten Butt in Chestnut Pole.

not be extensive in character and should not extend into the pole for
too great a distance.

14. CatFaces (Figs. 30A and B) are the result of aninjury to a tree
over which the bark never heals. The wood at this point dries out
and is not covered, except at the edges of a wound, by new wood or
bark and therefore becomes dead wood. Sometimes there is also
a swelling at this point. It is exposed to fungus, insect attack, and
weathering, and therefore, after a pole has been cut and peelecf, the
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cat face shows as a weathered place, which it may not be ible
to eliminate by shaving. However, if no decay has started in the
cat face, the pole should not be rejected. If any decay, which has
started, can shaved off and down into sound wood without
materially decreasing the pole diameter at this point, the pole should
not be rejected. A pole that shows bright sap just after shaving
with one or more cat faces, will, after it has seasoned a year or more,
present practically the same appearance all over.

POLE SPECIFICATIONS:

15. General. The preparation of specifications eovering all kinds
of timber would be extremely lengthy. Therefore, detail specifica-
tions are given for the more ienera]ly used timbers only.

The selection of the proper kind of timber, from which poles should
be manufactured, is governed entirely by the locality in which they
are to be used. Any available timber m'ia{ be used provided 1t
develops sufficient mechanical strength. e theoretical strength
of a pole is dependent on the diameter of the butt, the modulus of
rupture of the timber, and the taper. The natural defects found in
all kinds of timber makes it necessary that they be subjected to very
careful i ion, in order that incipient rot, bad knots, etc. do not
decrease their strength to a dangerous degree.

The theoretical calculation of the strength of a wood pole (Sec.
8, Art. 18) develops the following important facts.

A Eole will break where its diameter is 1.5 times the diameter at
which the load is applied. (The critical diameter.)

When the taper of a pole, with a given top diameter, is uniform
and of such a value that the ground line diameter is greater than the
critical diameter, the strength of the pole is constant and independent
of its height; when the height of such a pole is reduced until its
diameter at the ground line is less than the critical diameter, the
streng;h h;vill vary, depending upon its height and its diameter at the
groun e,

When the diameter at the ground line is greater than the critical
diameter, a certain decrease in ground line diameter, due to rot,
may occur without decreasing the strength of the pole; this amount
of decrease is dependent only on the taper of the pole.

From the above, it follows that pole specifications should be such
that the greatest possible taper will be secured, and if the kind of
timber is such that small tapers are natural the butt diameter should
be the controlling factor. ere l:reger tapers are natural the butt
and top diameters must be considered.

16. SPECIFICATIONS FOR CHESTNUT POLES.*

To determine the character of poles to be used, pole lines may be
divided into the three following classes:
. Class “A”: for heavy transmission lines or heavy distribution
ines.

* National Eleotrio Light Association Specificati
[125]

~



Sex. 2 WOOD POLES

_ Class “B”: for light transmission lines or ordinary distribution

es.
linCla,ss “C”: for very light distribution lines or light secondary
es.

The purchasing company is to have the right to make such in-
spections of the poles as it may desire. The inspector of the pur-
cming company shall have the power to reject any pole which is
defective in any respect. Inspection, however, shall not relieve the
manufacturer from furnishing perfect poles.

Any imperfect poles which may be discovered before their final
acceptance shall be replaced immediately upon the requirement of
the purchasing company, notwithstanding that the defects may have
been overlooked by the inspector. If the requirements of these
specifications are not fulfilled when the poles are offered for final
acceptance, not only shall the purchasing company have the right
to reject the poles, but the expense of inspection of such defective
poles shall be horne by the manufacturer.

All poles shall be subject to inspection by thg(l)Urchasing company
either in the woods, where the trees are felled, or at any point f
shipment or destination. Any pole failing to meet all the require-
ments of these specifications may be rejected.

All poles shall be of the best quality live white chestnut, squared
at both ends, reasonably straight, well proportioned from butt to
top, peeled and with knots trimmed close.

e dimensions of poles shall be according to the following table,

DIMENSIONS OF POLES IN INCHES.
CLMSSES.
Length
of A B C
Poles.
6’ from 8’ from 6’ from
Top Butt Top. Butt Top Butt.

25 20 30
30 24 40 22 36 20 3
35 24 43 22 40 20 36
40 24 45 22 43 20 40
45 24 43 22 47 20 4
50 24 51 22 50 20 4%
55 22 54 22 58 20 49
60 22 57 22 56

65 2 60 22 59

70 22 63 22 62

75 2 66 22 65

80 22 70 22 69

85 22 3 22 T2

90 22 % 22 s
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the ‘“Top” measurements being the circumference at the top of the
pole, and the “Butt’”’ measurement being the circumference six feet
(6’ 0”) from the butt.

17. SPECIFICATIONS FOR EASTERN WHITE
CEDAR POLES.*

The material desired under these specifications consists of poles
of the hest quality of either seasoned or live green cedar of the di-
mensions hereinafter specified. Seasoned poles shall have preference
over green poles provided they have not been held for seasoning long
enough to have developed any of the timber defects hereinafter
referred to.  All poles shall be reasonably straight, well proportioned
from hutt to top, shall have both ends squared, the bark peeled and
all knots and limhs closely trimmed.

Dimensions
The dimensions of the poles shall be in accordance with the fol-
lowing table, the ‘“top”’ measurement being the circumference at the
top of the pole and the “butt’”’ measurement the circumference six
(6) feet from the butt. :

MINIMUM DIMENSIONS OF POLES IN INCHES (CIR-
CUMFERENCE)
CLASSES.
Les
o A B c
Poles.
(Feet.)
Too. | “gun | Top | ‘B | Tee | Tmuns
25 22 32 13 30
30 4 22 36 13 33
35 24 a3 2 38 18 36
40 bl 47 2 43 13 40
45 24 50 22 47 18 43
50 24 58 22 50 13 46
55 24 56 22 3] 18 49
60 24 59 22 56

When the dimension at the butt is not given the poles shall be
reasonably well proportioned throughout their entire lenﬁth. .
The dimension requirement at the six (6) foot mark shall be rigidly
followed in all cases. Class, A, B, and C Poles may have top cir-

* National Electric Light Association Specificati
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cumference not more than one half (14) inch less than those shown
in the preceding table. No pole shall be over six (6) inches longer or
three (3) inches shorter than the length for which it is accepted; if
any g)olﬁ be more than six inches longer than is required it shall be
cut back.

Quality of Timber

Dead Poles. The wood of a dead oFole is grayish in color. The
gresence of a black line on the edge of the sapwood (a8 seen on the
utt) also shows that a pole is dead. No dead poles, and no poles
havinigead streaks covering more than one quarter of their surface
shall accepted under these specifications. Poles having dead
streaks covering less than one quarter of their surface shall have a
circumference greater than otherwise required. The increase in
the circumference shall be sufficient to afford a cross-sectional area
of sound wood equivalent to that of sound poles of the same class.

Fire Killed or River Poles. No dark red or copper colored poles,
which when scraped do not show good live timber shall be accepted
under these specifications.

Twisted, Checked or Cracked Poles. No poles having more than
one complete twist for every twenty (20) feet in length, no cracked
poles containing large season checks shall be accepted under these
specifications.
¢‘Cat Faces.” No poles having ‘“‘cat Faces,”” unless they are small
and Perfectly sound and the poles have an increased diameter at
the “cat face,”” and no poles having “cat faces’’ near the six (6) foot
mark or within ten (10) feet of their tops, shall be accepted under
these specifications.

Shaved Poles. No shaved poles shall be accepted under these
specifications.

Miscellaneous Defects. No poles containing sap rot, evidence
of internal rot as disclosed by a careful examination of all black
knots, hollow knots, woodpecker holes, or plu holes; and no
poles showing evidences of having been eaten by ants, worms or
grubs shall be accepted under these specifications, except that poles
containing worm or grub marks below the six (6) foot mark will be
accepted.

Crooked Poles. No poles having a short crook or bend, a crook
or bend in two planes or a reverse curve shall be accepted under
these specifications. The amount of sweep, measured between the
six foot mark and the top of the pole, that may be present in poles
ﬁfptable under these specifications, is shown in the following

e:

35 foot poles shall not have a sweep over 1014 inches.
_ 40 foot poles shall not have a sweep over 12 inches.
45 foot poles shall not have a sweep over 9 inches.
50 foot poles shall not have a sweep over 10  inches.
55 foot poles shall not have a sweep over 11  inches.
60 foot poles shall not have a sweep over 12 inches.
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Defective Tops. Poles having tops of the required dimensions
must have sound tops. Poles having tops one (1) inch or more
above the requirements in circumference may have one (1) pipe
rot not more t| one-half (14) inch in diameter. Poles with double
tops or double hearts shall be free from rot where the two parts or
hearts join.

Defective Butts. No poles containing ring rot (rot in the form of a
complete or partial nni) shall be accepted under these specifications.

Poles having hollow hearts may be accepted under the conditions
shown in the following table: .

Add to Butt Requirements
Average Diameter of of of
of Rot. 25 and 30 35, 40 and 45 50, 85, 60 and 65
foot Poles. foot Poles. foot Poles.
2 inches Nothing Nothing Nothing
I I
inc] o ot}
5 inches 3 1inch Nothi
6 inches 4ir 2 1inch
7 inches Reject 4 2 inch
8 inches Reject 6 in 3 inches
9 Reject Reject 4
10 Reject Reject 5
1 Reject Reject 7
12 Reject Reject 9 inches
13 Reject Reject Reject

Scattered rot, unless it is near the outside of the pole may be
estimated as being the same as heart rot of equal area.
. “Wind Shakes.” Poles with cup shakes (Checks in the form of
rings) which also have heart or star checks may be considered as
equal to poles having hollow hearts of the average diameter of the

cup shakes.

fnspecﬁon. * All poles shall be subject to inspection by the
?urchaser’a representative, either in the woods where the trees are
felled, or at any point of shipment, or destination. Each pole thus
inspected shall be marked according to its length and class with a
marking hammer, by the purchaser’s representative. All poles fail-
ing to meet these specifications shall be rejected.

18. SPECIFICATIONS FOR WESTERN WHITE CEDAR, RED
CEDAR, WESTERN CEDAR, IDAHO CEDAR.*

General.

The material desired under these specifications consists of poles
and guy stubs of the best quality of either seasoned or live green
* American Telephone & Telegraph Co. Specification.
5 [129]
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cedar of the dimensions hereinafter ified. The poles covered
by these ifications are of Western White Cedar, otherwise known
as red , western cedar, or Idaho cedar. Seasoned poles shall
have preference over green poles provided they have not been held
for seasoning long enough to have developed. any of the timber
defects hereinafter referred to.  All poles shall be reasonably straight,
well proportioned from butt to top, shall have both ends squared,
sound tops, the bark peeled, and all knots and limbs closely trimmed.

Dimensions.

The dimensions of the poles shall be in accordance with the fol-
lowing table, the “top’’ measurement being the circumference at
the top of the pole and the ‘“butt’”’ measurement, the circumference
six (6) feet from the butt. The dimensions given are the minimum
allowable circumferences at the point specified for measurement and
are not intended to preclude the acceptance of poles of larger di-
mensions.

When the dimension at the butt is not given, the poles shall be
reasonably well proportioned throughout their entire length.
No pole shall be over six (6) inches longer or three (3) inches
shorter than the length for which it is accepted. If an le is

is required it shail

more than six (6) inches longer than is cut
back.
MINIMUM DIMENSIONS OF POLES IN INCHES.
CLASSES.
Length of A B c

D, of °

(Feet)
eet. Minimum T Minimum T\ Mini T

cSrcumferenee gg) él; f gg éi- umferen ;g
Circumference Circumference Circumference
6 feet from 6 feet from 6 feet from
Butt Butt Butt

20 30 28 26
22 82 30 27
25 u 31 8
30 37 U 30
35 40 36 2
40 43 38 M
45 45 40 36
50 47 42 38
55 9 “ 40
60 52 46 )}
65 54 4“4 43
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Quality of Timber

Dead Poles. No dead poles and no poles having dead streaks
covering more than one quarter of their surface shall be accepted
under these specifications. Poles having dead streaks covering
less than one-quarter of their surface shall have a circumference
greater that otherwise required. The increase in the circumference
shall be sufficient to afford a cross sectional area of sound wood
equivalent to that of sound poles of the same class.

Twisted, Checked or Cracked Poles. No poles having more than
one complete twist for every twenty (20) feet in length, no cracked
poles, and no poles containing large season checks, shall be accepted
under these specifications.

Crooked Poles. No poles having a short crook or bend, a crook
or bend in two planes, or a reverse crook or bend shall be accepted
under these specifications. The amount of sweep measured between
the six (6) foot mark and the top of the pole, shall not exceed one
(1) inch to every six (6) feet in length.

¢Cat Faces.” No poles having ‘“‘cat faces” unless they are small
and Perfectly sound, and the poles have an increased diameter at
the “cat face,” and no poles having “cat faces’’ near the six (6) foot
mark, or wit,ilig ten (10) feet of their tops shall be accepted under
these specifications.

Shaved Poles. No shaved poles shall be accepted under these
specifications.

Wind Shakes. No poles shall have cup shakes (checks in the
form of rings) containing heart or star shakes which enclose more
than ten (10) percent of the area of the butt.

* Butt Rot. No g)oles shall have buft rot covering in excess of
ten (10) percent of the total area of the butt. The butt rot, if pres-
ent, must be located close to the center in order that the pole may
be accepted.

Knots. Large knots, if sound and trimmed close shall not be
considered a defect. No poles shall contain hollow or rotten knots.

Miscellaneous Defects. No poles containing sap rot, wood-
ﬁcker holes or plugged holes, and no poles showing evidences of

ving been eaten by worms, ants, or grubs shall be accepted under
these specifications.

19. SPECIFICATIONS FOR SAWED REDWOOD POLES*

General. The material desired under these specifications consists
of poles of redwood (Sequois Sempervirens) sawed to shape as here-
inafter set forth.

Quality of Timber and Workmanship. All poles shall be of sound
Number One Common Redwood; they should be reasonably straight
and well sawn.

* American Telegraph & Teleph Co. Specificati
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Dimensions. The dimensions of the poles shall be in accordance
with the following table:

A B
Length in
Feet. Top. Butt. Top. Butt.
24 6" x 61’ 6" x 61[ ‘II x 6/' 4" x 6”
25 T x7 10 x 10 6’ x 6’ 9 x9”
30 7x7 11" x 11”7 6"’ x 6” 10" x 10”
35 T 127 x 12" 6’ x 6’ 11" x 11”
40 7 13" x 13" 6" x 6"’ 127 x 12”
45 vxT 147 x 14" 6 x 6" 13" x 13"
50 7'x7 154" x 154" 6’ x 6" 14/ x 14”7

The sectional dimensions of the sawn poles shall not be more than
one-quarter (1) of an inch under or three quarters (34) of an inch
over the dimensions specified in the above table. No pole shall be
more than three inches longer or shorter than the lengths required
in the above table.

Sapwood. No pole shall have sapwood covering more than four
(4) percent of the area of all the surfaces. No pole shall have
sapwood for a distance of more than eight (8) feet from the top.
No sapwood shall be deeper than one (1) inch at ani\l' {:)sint.

Plugged Holes. No poles shall contain plu%g:d oles.

Cracked Poles. No pole shall contain cracks trensverse to the
length of the pole.

Checked Poles. No pole shall contain large season checks. .

Wind Shakes. No pole shall contain wind shakes including in
excess of ten (10) t of the area of the butt.

Knots. No pole shall contain loose, hollow, or rotten knots,
black or red knots shall be carefully examined for internal rot.

In 4” x 6" poles sound knots with a diameter smaller than one
(1) inch may be present in any number. No 4"’ x 6" pole ghall be
accepted which contains more than one sound knot in each five
superficial feet having a diameter of one (1) inch or more, or which
t(y?x;;a)nns lt:.ny knots with a diameter greater than one and one half

inch.

In all other sizes of poles covered by these specifications sound
knots with a diameter smaller than one and one half (134) inches
may be present in any number. No pole shall be accepted which
contains more than one sound knot in each five superficial feet
having a diameter of one and one half (114) inches or more, or which
ponl:,ains any knots of a diameter greater than two and one-half (214)
inches.

NOTE: Where diameters are specified in connection with knots
the knot shall be rated on the basis of its average diam-
eter.

[132]




WOOD POLES Sec. 2

20. SPECIFICATION FOR YELLOW PINE POLES*

ity of Timber. All poles shall be cut from the best quality
of live, straight grained, unbled, long leaf yellow pine. The butt
end shall be squared and the top end pointed to an angle of 45
degrees. The poles shall be sawed octagonal in shape and shall be
dressed, with the heart running parallel to the line of the pole.
Th:ll ti:ﬂber shall be free of decayed or loose knots or clusters of
Sm ots. o

Classification and Dimensions. Poles shall be classified accord-
ing to their butt dimensions into two classes, to be known as Class
“A” poles and Class ‘B’ poles, with dimensions for the respective
classes as specified in the fol]owing:;ble. Where ‘““‘top”’ measure-
ment is specified it shall be the diameter at the top of the pole
and where “butt’’ measurement is specified it shall be at the dia~
meter of the butt end of the pole.

Inspection and Rejection. All poles shall be subject to inspection
by the purchaser’s representative, either in the woods where the
trees are felled, or at any point of shipment, or destination. Each
pole thus inspected shall be marked according to its length and class
with a marking hammer, by the purchaser’s representative. All
poles failing to meet these specifications shall be rejected.

DIMENSIONS OF POLES IN INCHES (DIAMETER)
CLASSES.
Length of
Poles. A B
(Feet.)
Top. Butt End. Top. Butt End.
30 8 1 1 10
35 8 12 1 11
40 ] 13 7 12
45 8 14 1 12
50 8 15 1 13
55 8 16 1 14
60 8 17
65 ] 13
* National Eleotric Light A iation Specificati
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21. SPECIFICATIONS FOR CREOSOTED YELLOW
PINE POLES.*

__'These specifications are for Class A, B and C poles of Southern
Yellow Pine treated with Dead Oil of Coal Tar.

Quality of Poles. All poles shall be sound southern yellow pine
(longleaf, shortleaf, or loblolly yellow tpine,) squared at the butt,
reasonably straight, well proportioned from butt to top, peeled an
with knots trimmed close. All pgles shall be free from large or
decayed knots. -All poles shall be cut from live timber.

1t is desired that all poles be well air seasoned before treatment
and such poles shall be treated in accordance with the requirements
for treating seasoned timber contained in the ‘‘Specifications for
Creosoting Timber” referred to in Section 9. The poles shall not
be held for seasoning, however, up to the point where local experi-
ence shows that sap-wood decay would begin. Unseasoned poles
shall be treated in accordance with the requirements for treating
unseasoned timber contained in the above mentioned -specifications.

All poles shall be sufficiently free from adhering “inner bark”
before treatment to permit the penetration of the oil. If the “inner
bark” is not satisfactorily removed when the pole is peeled, the

le shall either be shaved, or be allowed to season until the “inner

ark’’ cracks and tends to peel off of the surface of the pole.

Dimensions. The dimensions of the poles shall not be less than
those given in the following table:

DIMENSIONS OF POLES IN INCHES (CIRCUMFERENCE).
Class A Class B Class C
Length of Poles
(Feet.)
6’ from Butt. 6’ from Butt. 6’ from Butt.
25 33 30 2814
30 35 2 30)4
35 38 u 82
40 40 36 u
45 4214 38 36
50 441 40 38
55 417 [+ 124 40
60 49 “uls [ ]
65 51 41 “
70 53 49 [4
75 55 51
80 57

No class A poles having a top circumference of less than 22 inches
will be accepted.

* American Telephone & Telegraph Co. Specification.
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No class B poles having a top circumference of less than 20 inches
will be aceegted.

_No class C poles having a top circumference of less than 18 inches
will be accepted.

Framing of Poles. Before the poles are subjected to the creosoting
rrocws they shall be framed, unless otherwise ordered, in the fol-
owing manner and as shown in drawing No. —,

The tops of all poles shall be roofed at an angle of ninety (90)

d X
ﬁ class A poles shall have ei%xt (8) gaine, all class B poles shall
have four (4) gains and all class C poles shall have two (2) gains.

The gains shall be located on the side of the pole with the greatest
curvature, and on the convex side of the curve. The faces of all
gains shall be llel. Each gain shall be four and one-half
(434) inches wide and one-half (1%) inch deep, spaced twenty-four
(24) inches on centers. The center of the top gain shall be twelve
(12) inches from the apex of the gable. A twenty-one thirty-second
(#}) inch hole shall be bored through the pole at the center of each
gain perpendicular to the plane of the gain.

Inspection. The quantity of dead oil of coal tar forced into the
poles shall be determined by tank measurements, and by observing
the depth of penetration of the oil into the pole. In the case of
poles having a {owth of sapwood not less than one and one-half
(134) inches in thickness, the depth of penetration shall be not less
than one and one-half (114) inches. In the case of poles having a
growth of sapwood less than one and one-half (114) inches in thick-
ness, the dead oil or coal tar shall penctrate through the sapwood
and into the heartwood.

Depth of fenetration shall be determined by boring the pole
with a one (1) inch auger. The right is reserved to bore, for this
gurpose, two holes at random about the circumference, one hole (5)

ve feet from the butt and one hole ten (10) feet from the top.
After inspection each bore hole shall be first filled with hot dead oil
of coal tar, and then with a close fitting creosoted wooden plug.

The rejection of any g!e on the score of insufficient penetration
shall not preclude its being retreated and again offered for in-

spection.
REINFORCED CONCRETE POLES.

22. General. Reinforced Concrete poles are divided into two
general classes, the solid and the hollow type; the latter type serves
a two fold purpose of decreasing the weight of the pole and providing
a means for making connections through the pole from aerial lines
to und und cable.

The solid type has been used to the test extent in the United
States, the p le reason being that this type is more easily made.

In the casting of ccncretem;;oles horizontal forms are generally
employed, altho in several instances poles have been cast in
position in vertical forms.

The forms for casting poles (the types of which, are illustrated in
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Figs. 34 and 35), generally consist of tapered troughs of wood or
steel of the desired Foer.;n, so constructed that the sides can be removed
after the concrete has set.

The general requirements, of a form for concrete poles, are the
same as for any other kind of concrete work where the forms are to
be used repeatedly.

The material should be such that there will be no wa.rping and the
construction should be such that there will be no leakage when usin,
sloppy concrete, no bulging of the sides when filled, and that it wi
be sufficiently rigid to retain its shape with ordinary handling.

In general, a square, octagonal, circular or other cross-section
may be used, but it is desirable as a matter of appearance, since
sharp corners are difficult to make and subject to accident that all
such corners be chamfered or rounded. The minimum ciiameter,
or width, at the top may be made 5 or 6 inches for small poles, and
increased as required for the strength and appearance of long poles,
or poles carrying a heavy line. In any case, care should be exercised,
in determining the taper and reinforcement, that no weak section
occurs at some distance above the ground-level.

23. Steel Reinforcing (Fig. 36.) When steel is embedded in well-
made concrete its preservation is perfect, and the life of a reinforced
monolith is practically indefinite. If designed and built with the
same attention now given other materials, reinforced concrete poles
should attain the nec strength and give satisfactory service.

The present practice differsrather widely as to the most economical
or most desirable distribution of reinforcement. It is now generally
conceded, in reinforced concrete work, that the finer the distribu-
tion of metal, the greater the homogenity and strenith of the con-
struction. I:fowever, in the case of poles where the concrete is
deposited within narrow forms, other conditions partly modify or
control the distribution.

In construction, such as concrete poles or other work, in which
there is a relatively large and important amount of reinforcing,
great care must be exercised to thoroughly tamp or puddle the con-
crete as it is deposited, in order to g[;vent pockets, and to insure
every lineal inch of metal having a adherence to the concrete.
In such structures, the increase in stress in the reinforcement must
be very rapid, and the additions of stress are dependent upon the
efficiency of the connection between the steel and the concrete.
Mechanical bond or deformed bars, i. e. twisted squares or bars with
various projections in their surfaces are superior to smooth bars for
work in which high stresses must be developed in short lengths.
Rods may often be bent into hooks or clamped together to advantage.

Reinforcing metal may be either medium grade steel with an
ultimate strength of 60,000 to 70,000 J;ou.nds per square inch and
an elastic limit of 30,000 to 40,000 pounds per square inch and capable
of being bent cold about its own iameter, or it may be high carbon
steel with an ultimate strength of 80,000 to 100,000 pounds per
square inch, and an elastic limit of 40,000 to 60,000 pounds per
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square inch, and capable of being bent cold about a radius equal to
four times the diameter of the rod. Since the elastic limits of these
two grades of material are quite different, they will have a very

LB

¥i1g. 34.—Forms for concrete poles and method of loading for transportation.

marked effect upon the design and there will be no similarity
between two poles of the same dimensions and reinforcement in
which different grade rods are used. Owing to the fact that in a
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pole the stresses in the reinforcement must change rapidly in amount
with every lineal foot of the pole, it is most essential, at least for
high strength poles, to use mechanical bond or twisted bars. It is
also necessary to provide diagonal or sginl reinforcing when poles
are to be subjected to torsion, although the close spacing of horizontal
ties will be of assistance. The horizontal ties are needed primaril

to restrain the rods from local buckling with consequent spalling off’
of concrete. The rods should be tied to the horizontal straps or
other secondary system at each intersection, in order to assist in
developing bond stress. In view of the character of service to

Fia. 36.—St4eel reinforcement for solid concrete pole and cross-arm.

which horizontal bands or spacers are subjected, the use of cast
rings or bands is inadvisable.

24. Concrete Mixture. The most commonly used mixture is
1:2 :4 Portland Cement, sand, and broken stone or gravel. It
should be mixed wet, using carefully selected materials and tamped
or churned to eliminate air-bubbles, obtain a good surface, and
thorough contact with the reinforcement. Such a mixture when
well made has an average compressive strength of about 900 pounds
per square inch in seven days, 2400 pounds per square inch in one
month, 3100 pounds pe1 square inch in three months and 4400 pounds
per square inch in six months. If conditions make it desirable to
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use high working stresses, a month or more should elapse before
new poles undergo severe tests.

25, Molding Pole. The bolt holes and step bolt sockets mnust be
cast in place during the concreting. Hardwood blocks may be used
for step bolts, althou%x & cast or spiral socket is preferable.

No attex:(i)t should be made to remove the forms until the concrete
has obtained a good set, and care must be exercised to prevent injury

Fra. 37.—Illustrating flexibility of concrete poles.

to the surfaces during such removal. The forms should be kept
covered during setting, particularly when e ed to direct ight
in hot weather, and the concrete pole should be well sprinkled and
ke;;t under canvass for some days after the forms have been removed.
A freshly made concrete pole cannot be handled or rolled with im-
punity until it has become,well set. Further, the subsequent han-
dling, particularly of long poles, must be done with care, and is pref-

[140]




CONCRETE POLES Sec. 2

erably done by slings attached at two separate points. Plastering
the surface of poles to remove pockets or to produce a finished surface
is particularly objectionable. The former should be avoided by
proper workmanship, and the latter is unnecessary since a very fine
surface can readily be produced by rubbing.

If we may judge by the kind of handling which concrete poles
successfully withstand, it would seem entirely probable that con-
crete poles, if proper‘}ghreinforced, will survive any shocks incident to
ordinary service. en _subjected to any overload or accidental
shock, a timber pole will bend and in some cases survive; but
failure, when it does occur, is usually complete, and the pole falls.

Fia. 38.—Hollow co poles factured by the Centrifugal Process.

Concrete a{;oles on the contrary, while without the elasticity of timber,
do not fall by breaking off, but are held by the reinforcement from
falling to the ground. Tests also show that a reasonable amount
of bending (sufficient for the balancing of stresses in the wires)
can occur without apparent injury to the pole. (Fig. 37.)

26. Hollow Concrete Poles have been used quite extensively in
Their manufacture is usually a machine process, there
being two general methods employed. ) .

The first method is the centrifugal. (Fig. 38.) This process
consists in manufacturing Poles in revolving forms by centnfl‘xlﬁ
force. A wet mixture of rich concrete is placed m a tub
form, inside which the reinforcement metal has been fastened
and revolved at high speed. It is claimed that the centrifugal
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action forces the concrete to an even thickness against the reinforce-
ment, the operation taking E]ace in a warm room and oecu%ying
but a few minutes. These hollow poles when set have the butts
filled with stones to the ground line.

In the second method an interior form or mandrel is used instead
of an exterior shell as in the centrifugal process, and after fitting
. the steel reinforcement on this, a fairly dry mixture of concrete is

mechanically g)lastered, on the revolving mandrel in a narrow con-
tinuous belt, by means of a combination of conveyor and wrapping
of canvas under tension, wound spirally the length of the pole.
It is claimed that both this and the centrifugal process have given
very satisfactory results in Europe.

Fia. 39.—Hand-made hollow concrete pole (t;.)llapsible core.)

Hollow concrete poles have been made by hand in this country,
in which the core 18 made collapsible and is removed as soon as
the concrete has set sufficiently to bear its own weight. (Fig. 39.)

Another method_consists in_molding poles in forms stm&a.r' ilar to
those used for solid poles. When the mold is about omfe-third
poured, a hollow, conical galvanized iron core is inserted in the
mold and the remainder of the concrete and reinforcement is put
in place. The core is wrapped loosely with a spiral of building

aper, which facilitates the removal of the core after the concrete
set. The poles are constructed in a horizontal position and
reinforced with four, six and eight bars, as desired. The top of
the mold is left op=n for pouring the concrete and when it is filled
the concrete is tamped down and troweled off smooth.
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When the form is filled, the concrete is allowed to set for several
hours; the core is then partially removed and the pole is allowed to
set from twenty-four to forty-eight hours longer. The pole is
cured by wetting it thoroughly each day for twenty-five to thirty

days.
i’t is an established fact that satisfactory concrete poles can be
made and are now in service. The only consideration would seem
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Fia. 43.—Steel pole 30 feet high.

to be that of mechanical efficiency and actual cost. The question
of mechanical efficiency is in reality combined with that of cost.
Concrete poles have been built at a low original cost, but with an
equally low mechanical efficiency, while others have ‘been built at
excessive cost and excessive strength. Neither extreme is good
engineering or good economics. The successful concrete pole must
be one that has a strength at least comparable with a Class “A”
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wood pole, the cost of which, including maintenance, replacement,

etc. when considered for a term of years, will be not more than that
of an equally satisfactory wood pole.

Fia. 44:—Double circuit three-phase 66,000 volt steel pole. B

27. STEEL POLES AND TOWERS
Steel poles and towers may be divided into five general classes:

(a) Patented Poles. (Art. 28.)
(b) Tubular Steel Poles. (Art. 29.)
¢) Latticed Structural Steel Poles. EArt 30.)
d) Structural Steel Towers. Art. 31.)
(e) Flexible Frames. (Art. 32.)
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28, Patented Steel Poles are manufactured by a number of
companies and can be secured in various heights. The design
varies considerably sut the manufacturers of such poles furnish
data on their strength, from which data calculations can bé made,
enabling the computation of safe working loads.

29, Tubular Steel Poles are standardized by steel tube manu-
facturers. Thejr use is confined chiefly to trolley construction and

¢ S s

Fro. 45.—Single cirouit three-phase  Fra. 46.—Guyed stoel pole, 13,200
30,000 volt steel pole. volts. pole

to supports for street l.?htmg units. Such poles are made of two
three, four or more different lengths of standard or special steel
tubing of various sizes and it is ad visable, when ordering such poles
to confine the selection to standard sections, for in such standa
poles the length of the various sections have been selected so that
their manufacture results in a minimum waste of material.
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Table No. 5, on page 143, has been compiled from data pub-
lished by a manufacturer and gives the extreme weights (light and
heavy) and the respective strength of standard tubular steel poles
of zgef two, three and four section type in lengths of from 22 feet

to eet.

30. Structural Steel Poles and Towers are in general specially
designed for the particular conditions of the line in question.
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F1a. 47.—Double ciroufs three-phase Fia. 48.—Single circuit three-phase
steel pole. steel pole.

Their design is so diversified and is dependent on such a variet;
of conditions that the subject cannot be covered in detail, also suc!
})oles are usually purchased through designing engineers, and, there-
ore, only the important features of design will be discussed.

If a given line is to be designed in a logical manner and with a
minimum of cut and try met , an assumption of the various
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loads and the desired factors of safety must be made. Such assump-
tions will enable the designer to mentally predetermine, to some
extent, the general nature of the supports, or at least to narrow the
field of choice. .

These assumptions are based primarily on’the weight of the con-
ductor plus the assumed ice and wind load, in addition to which it
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Fia. 49.—Double circuit narrow base Fia. 50.—Double circuit narrow
flexible steel frame three-phase base flexible steel frame
60,000 volts. three-phase 44,000 volts.

is sometimes specified that the structure must care for one or more
broken wires under the assumed loaded conditions.

In some instances the test loads-which sample towers or poles
must withstand are specified. Unfortunately for the entire success
of this procedure the test load is very rarely an accurate representa-
tion of the possible maximum, nor is the condition of the test struc-
ture similar to that of many of the structures as installed. Test

[149 ]



Sec. 2 STEEL POLES

loads are almost always applied regularly and slowly; and in many
cases uneccentrically. The test structure will have at least a fairly
foundation and be com of members free from incipient

ds or other effects of mi dling. It would also be very well
bolted together and plumbed with ter accuracy than the average
line structure. In general, it may be said that an expert structural
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hase Fia. 52.—Single circuit three-ph;
G 2 g rcuit three-phase

Fi1a. 51.—Single circuit three-
2. 515 Sing “A” frame 60,000" volts.

rame 60,000 volts. *
assembler should be able to obtain test loads quite noticeably in
excess of the presumptive average strength of the finally erected
structures.

It would seem, moreover, that the period of usefulness of this
practice is past, and that competent designers should be able to

produce structures having an actual strength much nearer their
E:getermined strength, than the actual loads will be to the assumed
5.
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The failure of a steel pole or tower will almost invariably be due
to the buckling of a main compression member and this may or ma
not be superinduced by inefficient bracing. Owing to the possib
application of the from the opposite side of the structure, line
supports must have the same main comﬂression section at each
corner, regardless of the tension stress. The compression stress per

e
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Fi1a. 53.—Double circuit three-phase
steel “A” f

“A" frame 35,000 volts.

square inch in the main legs is, therefore, the first and most im-
portant determination. A secondary condition to be borne in mind
during the Torpgoing calculations is that the selected section must
be of a size suitable for the connection of the desired bracing. .

A long slender member is not well adapted to take compression
and it has been customary in other work to limit the relation of
the length to the radius of gyration. In transmission line construc-
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tion very much higher values of this ratio have been used than are
generally permitted in other work. It is probably not necessary to
adhere to the low limits of building construction, but it is e?)ua.lly prob-
able that in some cases heretofore, too much latitude has been taken.

Inasmuch as the strength of the main leg members of the pole
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Fia. 54.—Double circuit three-phase steel
“A” frames.

or tower, as well as most of the bracing, is predicated upon their
strength as compression members, the most important requirement
of a specification next to the broken wire condition, is the formula
for compression members known as the column formula.

. Unfortunately, the many column formuls in existence are stated
in terms of safe working unit stresses, which renders them, unless
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their factor of safety is known, almost valueless to the inexpert
transmission line designer. This is due to the fact that in general,
in transmission line construction, it is the ultimate or breaki
strength that is to be determined in order that a specified factor of
safety may be applied thereto. . .
In pole and tower design, the compression members are simple in

Fra. 56. —Single circuit  three-phase Fia. 57.—Double circuit three-phase
steel tower 50 feet high for steel tower, 50 feet high, for
66,000 volts. 66,000 volts.

type, usually single angles with relatively large ratios of the un-
supported length to the radius of gyration i.e. ). Failure occurs
when such members buckle, as the structure becomes distorted and
useless, though it may not fall to the ground. It is readily apparent
that any incipient bends in such columns will very markedly affect
the theoretical compressive strength. In addition, it is quite pos-
sible to select sections such as 4" x 4"/ x }{” angles, or example,
whose theoretical strength exceeds their actual strength. This s
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due to the fact that in such thin sections, failure may start by
the local buckling of the legs of the angle.

The function of lacing 18 to stiffen the connected members by
reducmg the unsupported length of the compression section a.nd
also to transmit shearing stresses. If the shear is relatively

the limiting condition may be the number of rivets connecting the

|

e
F1a. 58.—Double circuit steel corner
tower, 40 feet high.

lattice to the main section, otherwise it will be the stiffness of the
lattice bar itself; that is, the lattice is a oompress:on member whose
atrength depends upon its ratio of stiffness or .. Since the minimum
us of tion, of a flat section or bar is much smaller than that
of an mﬁ? the unsupported length of the former must be less.
Again flat lacing is more subject to accidental inj than angle-
lacing because a slight bend in the direction of the thickness may
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lea,sg occur and make the theoretical compressive strength neg-
igible.

When double lacing is used, some reduction in effective length
may be assumed as provided by the connection at the intersection.
In the case of flat lacing, however, it is not proper to assume the

;‘m. 59.—Double circuit st;aeI_;owet,
40 feet high.

effective length as the distance from the end hole to the intersection.
Owing to the larger value of the radius of gyration of an angle sec-
tion, as comp: with a flat section, the former allows a consider-
able increase in the width of the main members with less material
in the lacing. Apart from the avoidance of excessive inclinations,
the available angle section may deﬁnd upon the size of the bolt
.needed to transmit stress, or if the lacing 1s turned in, on the per-
missible end and edge distances.
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The bracing of secondary members, if they are not liable to
accidental injury or torsion, may properly be allowed larger ratios
than that of main compression members which, from their position,
may be subject to both.

e horizontal flanges of horizontal or inclined angles should

Fira. 60.—Double circuit steel corner towers.

always be turned up, as this position drains and drys quickly and
does not collect dirt or hold water. Similar reasoning will prohibit
the use of any closed pockets or semi-closed pockets anywhere in
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the structure, as they are certain to become clogged with refuse and
filled with water. Since moisture is a necessary condition of all
decay and corrosion, rapid and thorough drainage are prime req-
uisites of & good design whether the material be timber or steel.
One bolt connections should be prohibited in the main bracing
system of wide base towers, except possibly for the connection of

Fia. 61.—Single circuit steel anchor tower at corner, 150,000 volts.

such secondary members as sub-panel struts, whose sole function
is to reduce the unsupported length of another member.

Square latticed structural steel poles may be of any width from
the true narrow base poles used o'nﬁ]curb lines to the wide base
poles which are in reality towers. ere is no fixed dividing line
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between a pole and a tower, unless it be that of strength and rigidity,
or possibly the use of widths which preclude shop riveting and shi
ment assembled. The greater number of the structual steel poles
used are square in cross-section, one angle at each corner, and are
assembled and riveted before shipment. In the case of long poles,
it will frequently be found advan us to ship in two sections and
bolt them together in the field. ere is no reasonable objection
to the use of such field bolts, provided a splice is used of sufficient
length and strength. e splice angle can be made an interior
splice, with the root of the angle ground to fit the fillet of the main
legs and thus be comparatively unobstrusive in the final appearance
of the pole.

Several types of poles are in use, the most common being those
with a regular taper or those with parallel le?. Parabolic slopes
have been used and they present a very graceful appearance under
favorable conditions, although the rapid increase in width for longer
poles may result in an inconvenient spread at the ground line.

The design of square latticed poles resolves itself into a determina-
tion of the stresses at the ground line or rather in the first panel
above ground. This statement is based upon the assumption that
owing to the adoption of ter top widths than in woord;dpoles,
the upper portion of the pole has an excess width as compared with
the lowest panel. It is further predicated upon there being no
attempt made to seriously reduce the sections of the material in
the upper half. In the case of parabolic slopes, stress determinations
must made at various heights since the widths presumably
follow, more or less closely, the changes in bending moment and the
weakest section may be anywhere.

Owing to the more rigid form of the frame, the breaking strength
per unit of area in a pole will exceed that in a wide base tower.
Again, since the main legs have little inclination, the web system is
compelled to carry the shearing stresses, which in a tower are partl
carried by the main legs. For these reasons, the web or lattice 18
more often limited by the strength requireti than in the bracin,
of a wide tower. 'The shearing stress must, therefore, be comput
and the lattice and its connection to the main legs be designed
accordingly. Single flat lacing should not be-used except for small
stresses and in narrow widths, since, as previously stated, its strength
is low and it is s:!giect to injury. Double flat lacing is appliable to

ter stresses and widths, but is often not as economical as angle
ing. In any case the strength of the pole depends upon the unit
strength of the weakest unsupported length, which is usually the
lowest panel, but may be the entire pole if the width is small and
the height great. That is, the } of the entire cross-section of the
pole may be greater than that of an individual panel. The char-
acter and spacing of the lattice will determine to a 1 extent
the amount of support afforded by it to the main leg angles at the
panel joints.
‘When the lacing connects to both faces of the pole at the same
[159 ]
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elevation, the unsuiported lenith of main leg is the distance between
panel joints. If, however, the lacing is staggered, so that the
support is in one direction only at each panel point, the unsuPported
{engtll: of main leg is somewhere between a half and a whole panel
ength.

31. Flexible Towers. Assuming that a reasonable amount of
skill has been employed in the selection of spans, heights and main

-

Fia. 62.—Steel tower at river crossing.

section, the most important provisions for an adequate A frame
line are the installation of an overhead ground wire and substantial
foundations. The ground wire, which should be of considerable
strength, may properly be given 3 little less sag that the conductors,
thus acting as a continuous head guy, the usefulness of which can
hardly be overestimated. In fact, it is extremely difficult to string
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;che power cables unless there is a ground wire in place to steady the
rame.

The conditions which promote buckling are not very clearly
understood, or rather their limits are not definitely known. If the
main channels are assumed to be of absglutely identical material
and the base of the foundation is firm and unyielding, some degree

Fia. 63.—Double circuit three-ph::s;
steel corner tower, 50 feet high, for
66,000 volts.

of difference in the latteral support at the ground line, or of the
rigidity of the bracing connections, may allow sufficient deflection
to start the buckling. As the failure is a compressive failure in a
relatively long column, any measures which restrain such a column
from moving sideways at any point will be of effective service.
Thus a comparatively long stiff connection of the bracing to the
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main legs is useful as it stiffens this column locally. Such connec-
tions, therefore, should never be of less than two rivets and pref-
erably of not less than 6” in length. Further, the diagonal braces
should not have any slack and, if made of rods or adjustable members,
should be tightened as near equally as possible.

Fia. 64.—River crosmniswel tower,
169 feet hig]

The present tendency is toward the use of galvanized ground stub
angles, whether the superstructure is painted or galvanized and
with either concrete or earth back filling. Galvanizing such mem-
bers is a relatively inexpensive operation and they can be painted
over the galvanizing at the ground line. No reduction of section
otn t;a:count of the protective coating should be made in the ground
stubs.
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. Typical structural steel poles, towers and flexible frames are
illustrated in Figs. 43 to 65.

32. Qutdoor Substations. Outdoor transformer and switchin,
substations vary in design from the simple transformer support

Fia. 65.—Double circuit river crossing, three-phase, 66,000 volts, 2,000 feet span

on_wood poles to the more complex steel structures sup?orting
switches and transformers of large capacity. A number of types
are illustrated in Figs. 66 to 76.
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Fia. 66.—Outdoor sub-station, three-phase 3-2000 kv-a transformers, 101,100
volts to 13,200 volts, 60 cycles.

Fia

.. 67.—Outdoor sub-station, three-phase, 33,000 vol

break switches and lightning protection devices.
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F1a. 68.—Outdoor sub-station, three-phase, 150,000 volts to 33,000 volts,
60 cycles. . :

2T 1

! - B s
Fra. 69.—Outdoor sectionalising and branch tower, three-phase, 66,000 volts.
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Fia. 76.—Swel outdoor sub-station for 33,000 volts. 1, 2 and 3 are jib cranes
for handling transformers A, B, and C, respecuvely
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In the section following, data are compiled on conductors and
conductor material, in which some general information is given on
the production and refining of the conductor material and also a
brief description of wire drawing and insulating.

These data have been collected with the cooperation of various
wire manufacturers. A comparison of the diameters, weights,
strengths, etc., of the various sizes of wire, as produced by different
manufacturers, indicated certain discrepancies and therefore, it was
I to confine the data on any particular wire material to
that furnished by one manufacturer. These discrepancies were
slight, however, and the tables given herein will be found sufficientl
accurate to apply to any standard product which may be purchase(i.
The tables have been compiled in a form thought to be most con-
ducive to rapid calculation and contain only such wire sizes as are
considered standard.

PRODUCTION AND REFINING OF CONDUCTOR MATERIALS

1. Copper. (3.3: r ores occur in many and various forms in
widely gwtribu ocalities. In the United States there are three
localities in which the ¢opper mineralization is of considerable magni-
tude. Approximately 95 percent of the total copper ore of the
country is mined in the Lake Superior, Rocky and Sierra Nevada

Mountain regions.
The copper bearing rocks in the Lake district are very distinctly
stratified of trap, sandstone and conglomerates which rise at

an angle of about 45 degrees from the horizontal sandstone which
forms the basin of Lake Superior. One peninsula extending into
yg:nLake has developed copper in profitable amounts, almost chem-
i pure.

The amount of copper in the ore as mined averages about 3 per-
cent, the balance being rock, which is intimately mixed with the
metal. The ore is first subjected to a mechanical process whereb;
the metal is concentrated into a small bulk and the rock rejecceti
“Lake” copper is so pure that final melting without refining is
practicable. - .

The deposits in the Rocky Mountains and in the Sierra Nevadas
show all phases of formation from the original unaltered sulphide
deposits to the most highly altered oxides and carbonates.

A Sulphide ore is an ore’in which copper appears in chemical
combination with sulphur and in some cases is first roasted or
heated so that the sulphur is burned off, leaving the copper and iron,
which is usually present, in an oxidized or burned form. In another
process the raw unroasted ore is thrown into a furnace, the sulphur
itself burned and made to smelt the mass, producing, on account of
its chemical nature, a highly impure, yet very valuable, compound
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with iron and sulphur, called matte. This matte, which is about
half copper, is poured from the furnace into a converter and the iron
and su ghur are burned out, by blowing through great volumes of
air. The result of this operation is blister copper, so called, on ac-
count of the blistered ap| ce of the surface caused by the
quantities of gases absorbed by the metal.

If copper ore occurs in an oxidized or carbonate form, or roasted
ore is used, a blast furnace is also utilized for the reduction. Oxi-
dized or suiphide ores are also often mixed and the matte is blown.

Blister copper contains about 99 percent of copper, which is not,
however, pure enough for use as a conductor material. If a suffi-
cient amount of precious metal is contained in it, the electrolytic
refining process is used, by which method the blister copper is dis-
solved and the chemicafly pure copper separated from the impurities
and other metals.

The blister copper or electrolytic copper is then charged into a
refining furnace and melted by means of a very pure fuel. The
furnace is a simple bowl shaped hearth, covered and provided with
doors for skimming and stirring. After the metal is quickly melted
and the last traces of sulphur have been removed by combination
with the oxygen from the flame, the process known as rabbling or
flapping is begun. This is a violent agitation of the metal through
one of the side doors, by means of small rabbles or pokers. Dur‘i:ﬁ
the flapping, samples are frequently taken in a hemispherical mo
about an inch in diameter. When the set or appearance of the
solidified metal in this mould indicates that sufficient work has been
done upon it, the surplus oxygen is removed in order to prevent
extreme brittleness and the lack of conductivity incident to an over-
oxidized metal. This is done by poling the bath. A large stick of
green hardwood is introduced into the bath, which burns and the
metal is violently agitated by the gas driven off. The surface of
the bath is covered with charcoal to prevent further oxidation, and
samples are very frequently taken. This is continued until the test
piece shows tough pitch or the removal of the excess of oxygen, and
that the metal 18 in its toughest condition. This tough pitch con-
dition is essential for the requirements of rolling and wire drawing,
as copper in this state possesses the highest degree of conductivity
and is of an extremely tough and ductile nature. The metal is then
poured into ingot-moulds or wire bars, in which form it goes to the
wire manufacturer.

2. Aluminum. Although aluminum is a_component part of a
very large portion of the earth’s crust, forming an essential part of
all granites, gneisses, clays and other very numerous and complex
silicates, there are very few natural compounds of aluminum which
are suitable for use as ores for the production of the pure metal.

The only compound at present used, from which aluminum is
duced, is bauxite, which is hydrated aluminum oxide with oxides of
iron, silicon and titanium as impurities. Ordma?' clays are so high
in silicon that the separation of the aluminum from the silicon is
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extremely difficult. More or less extensive deposits of bauxite are
found in Arkansas, Georgia, France, Ireland and in a few other

p X
. Before bauxite can be subjected to the smelting process, it must
be refined and guriﬁed to remove from it the last possible trace of
silicon, iron and titanium, water and other impurities, which may
be present in it as mined. Since there is no method available for
the further purification of aluminum when once it has been obtained
in the metallic state, its guritK&depends almost entirely upon the
purity of the ore used. The bauxite is therefore put through an
elaborate chemical process, as a result of which it is delivered to the
ore reduction plants in the form of practically chemically pure
aluminum oxide, or alumina. .
| This pure alumina is then subjected to the smelting or reduction
i process, which is purely electrochemical in its nature. This is
carried on in large rectangular iron tanks or pots, which are thickly
lined with carbon which also serves as one electrode for the very
heavy electric current required. The other electrode consists of a
group of cylindrical carbons suspended above and serving to lead
the current into the tank or pot.

The details of the reduction process vary s].iﬁhtly at different
plants, but fundamentally the processes are all the same and con-
sist of the electrolytic decomposition of alumina. The alumina so
electrolysed is first dissolved in a flux or fused bath of a suitable
aluminum salt, which is maintained in a molten condition by the
joulean heat of the current passing through the pot. The alumina
(aluminum oxide) thus carried in solution is broken up into metallic
aluminum and oxygen. The metallic aluminum, which collects at
the bottom of the pots, is tapped off at stated intervals and the
oxygen combines with the carbon electrode forming carbon dioxide.

order to produce aluminum of a purity sufficient for electrical
conductor purposes, only the purest ore can be used and at all stages
of the process great care must be exercised to avoid the introduction
of impurities into the metal.

The extra pure metal so obtained, after being analyzed and
classified according to purity, is sent to the smelting furnaces, where
it is carefully melted in large open hearth furnaces and cast into wire
bars, in which form it goes to the wire manufacturer.

3. Iron and Steel. The distribution of iron ores follows in a gen-
eral way those of copper statistics showing that the states of Michi-
gan, Wisconsin and Minnesota produce about 80 percent of the total
ore mined in the United States.

The southern states, Alabama, the Virginias, Tennessee, Ken-
tucky, Georgia, Maryland and North Carol contribute about 12
percent of the country’s supply. The balance is distributed quite
widely along the Atlantic t range, the Mississippi Valley and

Mountains,

Practically all of the ores commercially utilized are in an oxide or

carbonate combination so that a simple heating to the reducing
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"point of the ore in contact with a proper reducing material is sufficient
to bring about the first step in the process.

The ore, as mined, consists of two main constituents, the valuable
material which contains the iron and quantities of rock and other
materials from which the metallic part must be separated. The
ore is charged, as a whole, into the furnace and the proper mixing
with non-metallic substances relied upon to form the final products
which are easily fusible, and from which the liquid iron will separate
itself by reason of its greater aﬁ;t;iﬁc gravity. The flux as these
additions are called, is usually limestone, as the gangue is usually
of a silicious nature.

The ore, fuel, and fluxes are charged into a blast furnace, which
is a cylindrical stack 80 to 100 feet high and about 20 feet in diameter
at its largest point, having suitable arrangements near its base for
blowing in great volumes of air. The fuel used is coke, which heats
the charge to its melting point and at the same time frees the iron
from its chemical bonds in the ore. The ear:gg portions of the ore
unite with the limestone, forming a waste product known as slag.
The carbon in the coke combines with the oxygen in the oxide of
iron, thus separating the metallic iron from the ore.

The metal from these furnaces is called Pig Iron and is employed
mainly in this shape as a stepping stone toward other products.

Pig Iron is eoa.rse-Tgrained, brittle and full of impurities, which
must be removed. This is done by several processes 1n one of which
the pig is mixed with steel scrap of a highly selected grade and the
molten mass subjected for several hours to the purifying action of
an intensely hot flame, by which the various impurities are elimi-
nated. The metal is then poured into iron moulds, which shape it
into ingots. The i.nf‘ots are taken out of the moulds as soon as the
outgide has firmly solidified and are plunged in a deep, white hot pit,
where they are kept until their temperature is uniform throughout.
After this they are sent to the wire manufacturer.

4. Copper Clad. Copper clad wire is composed of a steel core
around which is formed a copper sheath, v‘a.slgmg in thickness in
accordance with the grade of wire, which sheath is practically
welded to the steel core. . .

In one process of the manufacture of such wire, a steel billet, of a
suitable composition for wire making, is carefully pickled and washed,
then heated to a given temperature and lowered into a furnace con-
taining molten copper, at a very high temperature, where it is
allowed to remain until an alloy forms on the billet’s surface. The
billet is then inserted in a mould of such a diameter that a space
remains around the billet into which space chemically pure molten
copper is poured. This is allowed to set; the billet is then rolled
to wire mgo which is put through the ordinary process of wire draw-

m%n another process there is first formed a two-metal or comgosit.e
ingot by inserting a bar of high grade steel of suitable length and
uniform cross section into and In close contact with a seamless
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copper tube of high conductivity and physical qualities, and of equal
longth and exactly finished thickness, —the diameter of the core and
thickness of the copper being accurately ain‘edet;ermined in order to
give the proper proportion of each metal in the finished product.
The two-metal ingot thus formed is then placed in a heating furnace
and there brought to a temperature suitable for welding. While
still hot, and with both copper and steel in a plastic c;‘l;lx;uty condi-
tion, l1;11ey are taken to the rolls and there the two metals are welded
together. 4

MANUFACTURE OF WIRE

5. Working Ingots. The treatment of copper, aluminum, co
clad or l;:l:fia practically the same. The material is received in
ags)ro:dmatel the same size and length, is heated and then passed
through a rolling mill, reducing the size and finally producing a rod
which may be a quarter of an inch in diameter and nearly a quarter
of a mile 1n length.

Up to this point the metal has been handled hot, but during the
processes of wire drawing it is worked in the cold state.

6. Wire Drawing consists briefly in pulling the wire through
tapering holes in iron or steel (E_l:!bes, reducing its diameter and in-
creasing its length with each t until the wire has undergone a
sufficient number of drafts and consequent reductions to bring it
to the proper diameter.

When the finer sizes of wire are to be produced, the total reduction
cannot be made in one series of drafts, as the wire must be treated
at intervals to relieve the strains produced by the cold working.
This treatment, called annealing, consists in heating the metal
uniformly to a sufficiently high temperature to remove the internal
molecular strains and to make the metal once more soft and ductile.
This may be repeated many times before the necessary amount of
reduction has been attained. The finest sizes of magnet wire are
produced by drawing through holes drilled in diamonds.

7. Weatherproof Insulation. In the manufacture of triple
braided weatherproof wire, the wires are covered ;)ty three closely
and evenly woven braids of strong fibrous material atter which they
are placed in a hot bath of weatherproof insulating compound. They
remain in this bath until the fibrous insulation is completely and
thoroughly saturated. After thonl):gbly ing, the wire receives
a fressir gcf‘ mineral wax and the surface is then thoroughly finished
and po) .

8. Rubber Insulation. There are various grades of crude rubber
usually known under the name of the country or seaport from which
they come, such as ¢‘Para,” “Ceylon,” etc. .

ubber for insulation p must be free from impurities, such
a8 bark and sand: This cleansing is done by passing the crude
rubber several times between corrugated steel rolls, revolving at
different speeds and under a constant stream of water. Thus the
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rubber is washed and cleansed from such impurities and is delivered
in a sheet ready to be dried. Crude rubber is affected by changes
in temperature, hardening with cold and softening and losing its
shape with heat. In such an uncured state it ly oxidizes and
is particularly susceptible to the action of certain solvents. To
obtain the properties needed in the insulation of a wire, the rubber
must be compounded with other materials and then vulcanized.

Compounding consists of mixing the rubber with other substances,
chiefly powdered minerals, inclu a small percentage of sulphur.
After the rubber has been warmed to a plastic condition in the
heated mixing rolls, which are smooth and run at different speeds,
the compounding i ients are added to the rubber and the whole
is thoroughly kneaded together by the action of the mixing rolls,
until the resulting compound is homogeneous in nature and of suit-
able physical condition.

9. Application of the Rubber Compeund. Two different methods
are commonly in use for applying rubber insulation to wires. In
one, a machine similar in action to a lead press is used. The rubber
is forced by a revolving worm into a el chamber at high pressure,
at the same time being heated to a soft and plastic state by a steam
jacket. The wire enters this same chamber through a nozzle of its
own diameter, and leaves it from a nozzle having the diameter of
the intended insulation. The wire thus comes out with a seamless
coatiniof rubber insulation. .

In the other method of apghcatlon, the rubber is sheeted on a
calender having heavy smooth rolls and the sheets thus made are
cut into narrow strips, the width and thickness of which depends
upon the size of the wire to be insulated and the number of covers
to be used. In this method the wire is passed between one or more
pairs of grooved rolls running tangent to each other. As the wire
enters each pair of rolls, one or more strips of rubber enter at the
same time and the grooves fold a uniform thickness of rubber about
the wire, the edges meeting in a continuous seam. All surplus
rubber is cut off by the rolls at the seams. These seams being made
between two pieces of the same unvulcanized cohesive stock under
very great pressure, become invisible in the finished wire and can
be determined only by a ridge along the insulation.

In the process of vulcanizing, the rubber at the seams is kneaded
together 8o that the insulation at this point is as dense and homo-
geneous as at any other part of the insulation.

10. Vulcanizing. To vulcanize rubber compounds they are
subjected to temperatures somewhat above the melting point of
sulghur, which temperatures are usually obtained by use of steam
under pressure. 'This operation causes t. esulghm: in the compound
to unite chemically with the rubber and other ingredients of the
compound, with the results that the rubber is no longer plastic,
but becomes firm, elastic, strong, less susceptible to heat and cold,
to the action of the air and less readily affected at ordinary tempera-
tures, by the usual solvents of unvulcanized rubber. Its chemical
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and mechanical properties depend considerably on the time and the
temperature of vulcanization and on the amount of sulphur used.

11. Protection of Rubber Insulation. Rubber insulation for
aerial work should be protected by a winding of tape, or by a braid
or a tape and one or more braids. The tape used consists of a goozi
ﬁmde of cloth filled with a high class rubber compound. The

ra.idinﬁ consists of a strong cotton yarn, knitted tightly and evenly
about the insulation by a machine resemi)ling a stocking machine.

The braid is then saturated with a black weatherproof compound,
which is waxed and polished.

12, PHYSICAL CHARACTERISTICS. The average physical
characteristics of copper, aluminum, copper clad, steel and iron wire
are given in Tables 6 to 10 inclusive. hile copper clad is a com-
pound wire consisting of copper and steel, it will be noted that its
characteristics differ from both those of copper and steel.

The physical characteristics of compound stranded cables, such
as copper steel core and aluminum steel core cables have not been
included, since the relative proportions of the compounding vary to
such an extent with the mechanical and electrical conditions to be
obtained by such compounding, that such cables are practically a
special product.
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TABLE 6
, COPPER WIRE
Physical constants of commercial wire. Average values
Annealed Hard
Percent Conductivity (Matthi 's Standard 100)| 99-102 96-99
Specific Gravity. ...cceevivesrvenreecennns cee.] 889 8.94
Pounds in 1 cubicinch............. seassaensens 520 522
Pounds per 1000 ft. per circular mil. . . ..| .008027 003049
Elastic Limitinlbs..........cciiviinnecaea..| 28,000 30-35,000
UlﬁmateStmngths%................. ....... 32-34,000 | 50-67,000
Modulus of elasticity i oo - -+ e-- «+.] 12,000,000 | 16,000,000
Coefficient of Linear Expansionper®C............ 0000171 0000171
Coefficient of Linear Expansionper® F............ .0000095 | .0000095
Melting Point in ®C.......covviiiennnnnnn veens|  1100° 1100°
Melting Pointin ® F.......coooiiiiinieninnnn, 2012° 2012°
Specific Heat (watt-seconds to heat 11b. 1°C.) ..... 176 176
Thermal Conductivity (watts through cu. in.,
temperature gradient 1°C.)......... [ 8.7 8.1
Resistance:
Michroms per centimeter cube 0°C............ 1.594 1.626
Microhms per inch cube 0°C.......covvuvenn.. 6276 6401
Ohms per mil-foot 0° C........ . 9.59 .78
Ohms per mil-f00t 20° C.. o« evuueennneinnennn. 10.56 10.57
Resistance per mile 0°C....... Cereerreieeen. 50,600 51,600
Cir. Mils | Cir. Mils
Resistance per mile 20° C....... Ceeeeceeieanan 54600 | 56,700
Cir. Mils | Cir. Mils
Pounds per mile ohm 0°C.......c.0000nn ceeenn 810 330
Pounds permileohm 20°C.......co00vvennnn. 875 896
Temperature Coefficient per °C........c0c0..... 0042 0042
Temperature Coefficient per ®F................. 00238 00233
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TABLE 7
ALUMINUM WIRE

Physical constants of commercial wire. Average values

Aluminum
Wire
P t Conductivity (Matthi 's Standard 100)...... 61
Bpecific Gravity.......ociiiieiieneeienininennenraeanns 2.68
Pounds in 1 cubicinch...........coooviiiiiiiiiiian., 0967
Pounds per 1000 ft. per circular mil.. ............... 000920
Elastic Limit. ... ....coivieiiiiiiiiniiienenreeenenens. 14000-16000
Ultimate Strength u:‘?—; ............................... 23000-27000
Modulus of elasticity i% ........................ 9,000,000
Coefficient of Linear Expansion per °C........c0000eeenn. 0000281
Coefficient of Linear Expansion per ° F 0000128
Melting Point in ® C....vvvivninniernnronoceesencone. 657°
Melting Point in ® F.. .. oieiiniiniiniiniinenneenannnns 1215°
Specific Heat (watt-seconds to heat 11b.1°C.). . ........... 412
Thermal Conductivity (watts through cu. in., temperature
gradient 1°C.at 100°C.). . .ooviivnnrennnnenennnannns 3.85
Resistance:
Microhms per centimeter cube 0°C...........ccc00uu.n. 2.612
Microhms perinch cube 0°C...........ccoviveennne.. 1.028
Ohms per mil-foot 0°C........ovviinnviiennennnnnnnns 15.12
Ohms per mil-foot 20° C 16.97
Resistance per mile 0° C.....oovvviinnnnnnnnnnanonanns 83050
Cir. Mils
Resistance per mile 20°C................ aeanse ————m
Cir. Mils
Pounds per mileohm 0°C..............cu... cereeses.| 4085
Pounds per mile ohm 20°C...........ccivnievnnennns 435.¢
Temperature Coefficient per °C.........ccovevinennnnn. 0089
Temperature Coefficient per ° F...........c0i0eeeeennn. .0022
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TABLE 8

COPPER CLAD WIRE

Physical constants of commercial wire.

Average values

309 409,
Percent Conductivity (Matthiessen’s Standard 100) | 29% % 39%
Specific Gravity . . . .o.euverenrrnrennaneananns.. 8.5 825
Pounds in 1 cubicinch.........coovvviuiiann.n. 298 298
Pounds per 1000 feet per circular mil. .. ... e 0.00281 | 0.00281
Ultimate Strength 30 .. ....eveeeeeenn . 60,000 [ 100,000
Modulus of elasticity — 22— ... 19,000,600 | 21,000,000
in.X8q. in.
Coefficient of Linear Expansion per °C........... .600012 .000012
Coefficient of Linear Expansion per °F........... 0000067 0000067
Melting Point in ®C...........c.euee. e .
Melting Point in ® F.. .. ......cooovevnnnnnnnnn..
Specific Heat (watt-seconds to heat 11b.1°C.) . .... . .
Thermal Conductivity (watts through cu. in.,
temperature gradient 1°C.).................. . .e
Resistance:
Microhms per centimeter cube 0°C............ .
Microhms per inch cube 0°C.................. .
Ohms per mil-fo0t 0° C.. . ..ovveenennnnsn... . .
Ohms per mil-foot 20°C................c...... 35.5 26.6
Resistance per mile 0°C...........cooivnnnn.. o ..
Resistance per mile 20°C...........c0veennn.. 18700 | 10,00
Cir. Mils | Cir. Mils
Pounds per mileohm 0°C.................... .. ..
Pounds per mile ohm 20°C................... 2,715 2,075
Temperature Coefficient per ° C, from 0°C.. . ...... 0044 .
Temperature Coefficient per ° F, from 32°F........ .0024
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TABLE 9
STEEL WIRE
Physical constants of commercial wire. Average values
Siemens's High Extra Hi
Martin Strength Strengt!
Percent Conduectivity (Matthi 's
Standard 100)...........000uenn.. 8.7 .. ..
Specific Gravity. . .....ocovvineinn.. 7.85 .85 785
Pounds in 1 cubicinch.............. 288 288 288
Pounds per 1000 ft. per circular mil...| .002671
ElasticLimit................c0.... 38000 69000 112000
Ultimate strength ilil-)_:'E ............ 75,000 | 125,000 | 187,000
Modulus of elasticity m%(g% ..... 29,000,000 | 29,000,000 | 29,000,000
Coefficient of Linear Expansion per °C. | .0000118 .. ..
Coefficient of Linear Expansion per °F. | .00000662 .. .o
Melting Point in°®C................ 1360 .. .
Melting Pointin°F................ 2480 . .
Specific Heat (watt-seconds to heat 1
Ib.1°C) .ot . ..
Thermal Conductivity (watts through
cu. in., temperature gradient 1°C.) . L e .e .
Resistance:
Microhms per centimeter cube 0°C. . 18.10 18.47 18.88
Microhms perinch cube 0°C.. ...... 718 7.27 748
Ohms per mil-foot 0°C............. 108.8 111.8 118.7
Ohms per mil-foot 20°C............ 119.7 122.5 125.0
Resistance per mile 0°C.. .......... 5i.00 5as.000 00,000
Cir. Mils | Cir. Mils | Cir. Mils
Resistance per mile 20°C...... e 632,600 647,000 960,000
Cir. Mils | Cir. Mils | Cir. Mils
Pounds per mile ohm 0°C.......... 3090 8270 8450
Pounds per mile ohm 20°C......... 8000 9100 9300
Temperature Coefficient per°C. ...... .00501 .00501 .00501
Temperature Coefficient per °F. . ..... 00278 .00278 00278
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TABLE 10
IRON WIRE
Physical constants of commercial wire. Average values
B. B E. B. B.
Percent Conductivity (Matthiessen’s Standard 100) 19.99 16.8
Specific Gravity. . ......cooviiiiiiiiiiieina... .m 1.7
Poundsin 1 cubicineh.............cc0iuuennn.. 282 282
Pounds per 1000 ft. per circularmil. .............. 00265 002652
Elastic Limit............coiiiiiiiiiiennennns 30,000
Ultimate strength s(':—?m ....................... 61,000 56,000
Modulus of elasticity inl'l; :’_"i‘n. ....... e .. | 26,000,000
Coefficient of Linear Expansionper°C............ .000012 000012
Coefficient of Linear Expansionper°F............ ' 0000067 | .000006T3
Melting Point in ®C..........cvciiiiiiininennns 1635
Melting Point in ® F...........coiiiiiiiinnnnnn . 2975
Specific Heat (watt-seconds to heat 11b.1°C.) ..... . 209
Thermal Conductivity (watts through cu. in.,
temperature gradient 1°C.).......ocvevnennnn .e 1.39
Resistance:
Microhms per centimeter cube 0°C.. ... PP 1.3 9.5
Microhms perinch cube 0°C...........cc0uue.. 4.45 3.74
Ohms per mil-foot 0°C.........covvuvinennn... 68.0 572
Ohms per mil-foot 20°C............co00vennnn. 74.80 62.92
Resistance permile 0°C...........cv0vennenen. 353,600 302,000
Cir. Mils | Cir. Mils
Resistance permile 20°C..........co0vneeennn. 395,000 ﬁﬂ
Cir. Mils | Cir. Mils
Pounds per mileohm 0°C......... ceetenasnenn 5,000 4,270
Pounds per mileohm 20°C.............c00uee. 5,500 4,7%
Temperature Coefficient per°C.......... veseens.| <005 006
Temperature Coefficient per°F.................. 00278 20278
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13. UNITS OF RESISTANCE. The unit of resistance now
universally used is the International Ohm. .

The following table gives the value and relation of the principal
practical units of resistance which existed prior to the establishment
of the International Units. (Table 11.)

TABLE 11
Interna-
s H Legal Siemens’s

Unit tcl)?::l B.A. Ohm Ohm 1884 Obe
International Ohm ......... 1.0136 1.0028 1.0630
B.A.Ohm................ 0.9866 1. 0.9854 1.0428
Legal Ohm ..... .. 0.9972 1.0107 1 1.0600
Bicmens's Ohm ...... e 0.9407 0.9535 0.9434 1

To reduce British Association ohms to international ohms divide
by 1.0136, or multi&;ily. by 0.9866; and to reduce legal ohms to
international ohms, divide by 1.0028, or multiply by 0.9972, etc.

14. SPECIFIC RESISTANCE:
Let L=Ilength of conductor.
A =cross section of the conductor.
R =resistance of the conductor.
p=specific resistance of the conductor.

L
Then R=pT
or p=R%

If “L” is measured in centimeters and ‘A’ in square centimeters,
p is the resistance of a centimeter cube of the conductor. If “L’ is
measured in inches and “A” in square inches, p is the resistance of
an inch cube of the conductor.

In telegraph and telephone practice, specific resistance is sometimes
expi a8 the “weight per mile-ohm,” which is the weight in
pgunds of a conductor one mile long having a resistance of one
ohm.

Another common way of ex%reesing specific resistance is in terms
of ‘‘ohms per mil-foot,” i. e., the resistance of a round wire one foot
long and 0.001 inch in diameter; L is then measured in feet and A
in circular mils.

Microhms per inch cube =0.3937 X microhms per centimeter cube.

Pounds per mile-ohm

times specific gravity =57.07 X microhms per centimeter cube.
Ohms per mil-foot =6.015 X microhms per centimeter cube.
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15. SPECIFIC CONDUCTIVITY is the reciprocal of specific
resistance. If ¢ =specific conductivity

L
R=a
C =£

RA

1
¢ =—

P

16. By RELATIVE OR PERCENTAGE CONDUCTIVITY of a
sample is meant 100 times the ratio of the conductivity of the sample
at standard temperature, to the conductivity of a conductor of the
same dimensions made of the standard material and at standard
temperature. If po is the specific resistance of the sample at stand-
ard temperature, and ps is the specific resistance of the standard
at standard temperature, then

Percentage conductivity =100 %

In comparing different materials, the specific resistance should
always be determined at the standard temperature, which is usually
taken as 0° Centigrade. If it is inconvenient to measure the resist-
ance of the sample at the standard temperature, this may be cal-
culated provided the temperature coefficient a of the sample is
known, i. e.

ot
Po=T1+at
where pt is the specific resistance at temperature t.

17. MATTHIESSEN’S STANDARD CONDUCTIVITY is the
commercial standard of conductivity and is the conductivity of a
copper wire having the following properties at a temperature of 0°C:

Specific gravity....... 8.89.
Length

.............. 1 meter.
Weight........ ..1 gram.
Resistance........... 141729 ohms.

Specific resistance. . . . . 1.594 microhms per cubic centimeter.
Relative conductivity 100%,.

TABLE 12
MATTHIESSEN’S STANDARD
i B. A. Interna-
Eqm\;zls::el;l‘:glt.h ofa units. Legal ohms. tional ohms.
mercury column. 104.8 cms. 106.0 cms. 106.3 cms.
Resistance at 0° C. of Mat-
thiessen's Standard—
Meter-gram soft copper ..... 143 65 142 08 4T
Meter-millimeter soft copper .] .020 57 .020 35 0203
Cubic centimeter soft copper .} .000 001 616 .000 001 598 000 001 594
Mil-foot soft copper......... 9.712 9.612 9.59
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18. SPECIFIC RESISTANCE, RELATIVE RESISTANCE, AND
RELATIVE CONDUCTIVITY OF CONDUCTORS.

TABLE 13
Referred to Matthiessen’s Standard
Resistance in Microhms
at 0° C Relative Ookshct%ivot
Metals: Resist nductivity
Centimeter Inch Percent Percent
Cube Cube
Silver annealed . .. ... 1.47 579 2.5 108.2
Copper, annealed . . . . 1.56 610 91.5 162.6
Copper (Matthiessen's| 1.694 .67 100 100.0
Standard) . .. .. .. ..
Gold (99.9% pure). . .. 2.20 865 138 7.5
Al um (99% pure 2.68 1.01 161 6.1
inc. . ....iiiiall.ns 5.75 2.2¢ 362 216
Platinum, annealed. .. 8.98 3.58 565 17.7
Iron.... ceeeees 9.07 3.57 57 11.6
i 12.3 4.85 ™ 12.9
Tin... 13.1 5.16 828 12.1
204 8.04 1280 7.82
Antimony........... 35.2 13.9 2210 4.58
€rCury. .....ooo... 94.3 371 5930 1.69
Bismuth............ 130, 51.2 8220 1.22
Carbon ixmphite) ....| 2400-42,000 | 950-16,700 .. ..
Carbon (arc light) . about 4000 | about 1690
Selenium. ........... 6 x 1010 2.38 x 1010
GENERAL
Liquids at18°C. | Ohmeper Centimeter | Gpmg per Inch Cube
Pure Water. .......... 2650 1050
Sea Water. ........... 30 11.8
Sulphuric acid, §%. . . . 4.56 1.93
Sulphuric acid, 30%, ... 1.37 544
Sulphuric acid, 80% . .. 9.18 3.64
Nitric acid, 30%. . .... 1.29 512
Zino sulphate, 24%. . .. 21.4 8.54

19. TEMPERATURE COEFFICIENT. The resistance of a
conductor varies with the temperature of the conductor.
Let Ro =Resistance at 0°
- R =Resistance at t°
Then R =Ro (1+at).
a is called the temperature coefficient of the conductor. 100 a
is the percentage change in resistance per degree change in tem-

perature.

The following values of the temperature coefficient have been
found for temperatures measured in degrees Centifa.de and in
degrees Fahrenheit. The coefficients vary considerably with the
purity of the conductor. (Table 15.) .
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‘TABLE 14

TEMPERATURE COEFFICIENTS

Table of temperature variations in the resistance of pure soft

copper according to Matthiessen’s standard and formule.
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TABLE 15
TEMPERATURE COEFFICIENTS
Pure Metals Centigrade Fahrenheit
a a

Silver, annealed . .. .................... 0.00400 0.00222
Co) (fel'. annealed....................... 0.00428 0.00242
Gold (99.9%) ... ...l 0.00377 0.00210
Aluminum ‘(99%) .. 00 0.00423 0.00235
ZiNC. ...ttt 0.00406 0.0022¢
Platinum, annealed. . ................... 0.00247 0.00137
Iron. s e 0.00625 0.00347
Nickel 0.0062 0.00345
Tin..... 0.00440 0.00245
Lead 0.00411 0.00228
Antimony 0.00389 0.00216
Mercury........cooiiiiiiiiiennennann 0.00072 0.00044
Bismuth.................. ..., 0.00354 0.00197

Matthiessen’s formula for soft copper wire
R =R, (1+4.00387t+.00000597t2).

The wire used by Matthiessen was as pure as could be obtained
at the time (1860), but in reality contained considerable impurities;
the above formula, therefore, is not generally applicable. Later
experiments have shown that for all practical work the above
equation for copper wire may be written

R =R, (14.0042t) for t in °C.

TEMPERATURE COEFFICIENT OF COPPER
A.LE.E.

The fundamental relation between the rise of temperature and the
increase of resistance of copper may be expressed thus:

Re=Ry, (1+at, [t —ti])

where Ry is the resistance at any temperature t deg. Cent.; Ry, is the
resistance at any “initial temperature” (or ‘“temperature of ref-
erence”’) t; deg. cent.; and at, is the temperature coefficient from
and at the initial temperature t; deg. cent. Obviously the tem-
perature coefficient is different for different initial temperatures, and
this variation isshown in the horizontal rows of Table 16. Further-
more, it has been shown that the temperature coefficient is different
for different conductivities, and that the temperature coefficient is
substantially proportional to the conductivity. The results of this
simple law are shown by the vertical columns of Table 16.
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TABLE 16

TEMPERATURE COEFFICIENTS OF COPPER FOR
DIFFERENT INITIAL TEMPERATURES AND
DIFFERENT CONDUCTIVITIES

Ohms per Per
meter- cent -T
gram con- ap | a15 | @20 | @25 | @30 | A50 | ‘‘Inferred
at 20 duc- abeolute
deg. Cent. | tivity sero”’

0.15151 101 K . . i X -281.

The quantity (—T) given in the last column of Table 16 is the
calculated temperature on the Centigrade scale at which copper of
the particular conductivity concerned would have zero electrical re-
gistance provided the temperature coefficient between 0 deg. Cent. and
100 deg. Cent. applied continuously down to the absolute zero. The
usefulness of this ‘““inferred absolute zero temperature of resistance’’
in calculating temperature rise is evident from the following formula:

t—ti= (T+ty)

1

The presentation of the above table is intended to emphasize the
desirability of determining the temperature coefficient rather than
assuming it. Actual experimental determination is facilitated by
the proportional relation between the temperature coefficient and
the conductivity; a measurement of either quantity gives both.
However, if a temperature coefficient must be assumed, the best
value to take for average commercial annealed copper wire is that
given in Table 16 for 100 percent conductivity, viz.,

a0 =0.00428, ax =0.00394, as; =0.00386

This is the value recommended for wire wound on instruments and
machines, since they are generally wound with annealed wire, and
experiments have shown that the distortions due to the winding of
the wire do not spgreciably affect the temperature coefficient.

If a value must be assumed for hard-drawn copper wire, the value
recommended is that given in Table 16 for 97.3 percent conductivity

Viz.
’ a0 =0.00415, az =0.00383, azs =0.00376

_The temperature coefficients in Fahrenheit degrees are given by
dividing any aabove by 1.8. Thus, the 20 deg. Cent. or 68 deg. Fahr.
temperature coefficient for copper of 100 percent conductivity is
0.00394 per deg. Cent., or 0.00219 per deg. I‘Pfhr

[194]
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WIRE GAUGES

20. AMERICAN STEEL AND WIRE GAUGE is generally used
in America for iron and steel wire.

21, BROWN AND SHARPE GAUGE is the standard gauge used
for wires for electrical purposes, (iron and steel wire excepted).

. 22, BIRMINGHAM GAUGE is used largely in England and also
in this country for wires (excepting iron wire) other than those made
especially for electrical purposes.

23. COMPARISON OF WIRE GAUGES. The sizes of wires are
ordinarily expressed by an arbitrary series of numbers. Unfortu-
nately there are several independent numbering methods, so that it
is always necessary to ify the method or wire gauge used.
Table 17 gives the num and diameters in decimal parts of
ahnn ci‘nch for the various wire gauges used in this country and Eng-

TABLE 17
COMPARATIVE SIZES WIRE GAUGE IN DECIMALS
OF AN INCH
No. of | American | American | Birming- British  |Old English
Wire Steel & | Standard | ham or Imperial or French.
Gauge. ‘Wire (B. & 8.) | Stubs’. | Standard.| London
0000000 4900 .. .. .500 .
000000 48156 58000 .. 464 .
00000 A305 51650 500 432 ..
000 3626 40964 426 ] 4250
00 3310 36480 380 348 .3800 .
0 3065 32486 340 24 3400 ..
1 2830 28930 300 .300 3000 0825
2 2625 25763 28 27 2840 040
3 2487 22942 259 2562 2590 050
4 2268 20431 238 282 .2380 .0625
5 2070 18194 220 212 2200 088
6 1920 16202 203 192 2030 083
7 1770 14428 180 176 1800 097
8 .1620 12849 166 160 1650 110
9 1488 11448 148 14 1480 120
10 1350 10189 134 128 1340 135
11 1206 K 120 118 1200 149
12 1065 08081 109 04 1090 162
13 0915 07196 096 092 0950 A2
14 0800 06408 088 080 0830 186 -
15 0720 06708 om K] 0720 197
16 0825 - 06682 085 064 0650 212
17 0540 04525 058 056 0580 226
18 0475 04030 049 048 0490 238
19 0410 03589 042 040 .0400
0848 03196 085 038 0350 263
[195] .
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24. LAW OF THE BROWN AND SHARPE GAUGE. The
diameters of wires of the B. a.nd S. gauge are obtained from the
geometric series in which No. 0000 =0.4600 inch and No. 36 =.005

TABLE 18
DIAMETER AND CROSS-SECTION AREA
SOLID WIRE
Diameter of Wire Cross-sectional Area
kboros Qo Circular Mils
arpe auge In cu/ar uare Inch uare
[n Inobes | willimeters | 4 (9 . |'(drx.7854) | Millimeter
0000 4000 | 11688 211600. 1166190 107219
000 4096 10.404 1672, 13170 85.011
00 3848 9.266 133079, 1104520 61482
0 3250 8.255 105625, ‘es2958 53.621
1 28938 7.348 085738 2.408
2 257 6.548 66358 052117 33.624
3 2294 5.827 62624 041331 26,665
4 2048 5.189 ams. -os2781 2149
5 1819 4.620 33088. 026087 16.766
6 1620 4115 26244, 020612 13298
7 s 3.665 20822. 1016354 10,550
8 11285 3264 16512 1012969 8.3666
9 1144 2.908 13087. 010279 6.6313
10 1019 2.588 10384, 10081553 st |
11 10907 2.304 82265 | .0064611 41684
12 ~0808 2.052 €528.6 | .0051276 3.3081
13 0720 1.829 5184.0 | .0M0T15 2.6267
14 0641 1.628 41088 | .oeszamt 2.0819
15 0571 1450 32606 | .0625607 1.6520
16 10508 129 2580.6 | 0020268 1.307%
17 0458 1.151 2052.1 | 0016117 1.03%8
18 ~0408 024 16201 | 0912756 82304
19 0359 9119 12888 | .oo10122 65304
20 .0320 8128 10240 | 00080425 51887

inch, the nearest fourth significant figure being retained in the areas
and diameters so deduced. Brown and Sharpe tables are derived
frolrz the following formulae:

t

=gauge number (0000 = —3;000=—2;00=—1).
d diameter of wire in inches.
Cir. mils =area in circular mils.
r =resistance in ohms per 1000 ft. at 20° C.
w =weight in pounds per 1000 ft.
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Then

403249

=1.123a

... 105,500

('.hr.ml]xs=—-1‘26lrl
r=0.098111.2612

319.5

W=1.261n

A useful approximate formula for resistance per 1000 feet at about
20° C. is as follows;

r=0.1X(2)3 (2% = 1.26; (2)!=.=1.59.)

From this it is seen that an increase of 3 in the wire number
corresponds to doubling the resistance and halving the cross section
and weight. Also, that an increase of 10 in the wire number in-
creases the resistance 10 times and dummahes the cross section and
weight to !/y their original value. i

25. WIRE STRANDS. . Wires er than No. 0000 B. and 8. are
seldom made solid, but are built up of a number of small wn'es mto a
strand. The group of wires is ed a “strand”; the term “wire”
being reserved for the individual wires of the strand. Strands are
usually built up of wires of such a size that the cross section of the
metal in the strand is the same as the cross section of a solid wire
having the same gauge number.

If n=number of concentric layers around one central strand,

3 (n*+n)+1 _ metal area
(2n+1)2 =ratio of available area

The number of wires that will strand will be 3 n (n+1) +1.

then

TABLE 19
‘WIRE STRANDS
Metal area
Number of Strands available area

1 1.000

7 778
19 .760
37 156 R
61 758
91 52
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26. ILLUSTRATIONS OF BARE WIRE, STRAND AND CABLE

BARE WIRE STRAND CABLE

B.&S. Conocentric 7 Strands,

Full Sizes of Wire Gauge

10

11
12
13
14

15
16

c000200000000000
(-}
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TABLE 20

CURRENTS

FUSING EFFECTS OF CURRENTS

Table giving the diameters of wires of various materials which

will be fused by a current of given strength
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27. HEATING EFFECTS OF CURRENT.

If a continuous current of electricity flows through any conductor,
a certain definite portion of the electrical energy supplied to the
conductor will be required to overcome its resistance and transmit
the current between any two points in the conductor. This energy
of transmission, as it is called, is never lost, but is transformed into
heat energy. Heat will be developed whenever any electric current
flows through any conductor, or part of conductor, the amount of
heat being directly proportional to the resistance of the conductor
and to the square of the current flowing. The amount of heat
measured in calories will equal

H=024IR t

Where H represents calories of heat produced
I “ current in amperes
R “ resistance of conductor in ohms,
t “ time in seconds that the current flows.

If heat be developed in the conductor faster than it can be dissi-
pated from the surface by radiation and convection the temperature
will rise. The allowable safe temperature rise is one of the limiting
features of the current carrying capacity of any conductor. Since
the rate at which heat will be dissipated from any conductor will
depend upon many conditions, such as its size and structure, the
kind and amount of insulation, if any, and its location with respect
to other bodies, it is not possible to give any general definite rule
for carrying capacity that will be true for all conditions. The fol-
lowinf empirical formula will give approximate values for the cur-
rent I flowing through a solid conductor, or through each conductor
of a multiple conductor cable which will cause a rise in temperature

of t degrees C.
I =c\/ &
‘R

In this, d represents the diameter of the bare wire or strand in
inches, K is the resistance per mil-foot of the wire at allowable
elevated temperature t taken from the curves given in Fig. 77
and C is a constant having the following values for different con-

ditions.
TABLE 21

Values of Con- t«l‘

Location and Kind of Conductor stant C in Expression of C K

Solid Conductor [Stranded Conductor]
Bare overhead wires out of doors. ... . 1260 1100
Bare wires in doors, exposed.......... 660 610

Single conductor rubber covered cablein

stillair. ... iiiiiiiiiea., 530 490
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The heat radiating surface of any conductor varies as the diameter
of the conductor, while the current carrying capacity, depending
on the number of circular mils, will vary as the square of the diameter.
In consequence, the current density in large conductors will be less

-
Fd

-
P

RESISTANCE PER MIL.FOOT

F1a. 77.—Resistance per Mil-Foot of Pure Copper at Various Temperatures and
Conductivities. Values of K in expression C 4/t »dK!

than in small conductors for an equal temperature rise. It has been
found impracticable on this account to use insulated conductors
larger than 2,000,000 c. m., except in special cases.

[201]
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TABLE 22
HEATING EFFECTS OF CURRENTS
Bare copper in still air
Rise in temperature, degrees Centigrade.
10° 20° 40° 80°
§ + H + + =
g b4 A o o b1 A4
L S I I T O R O I
[-+] ] m m M =] - ]
Diameters of wires in mils.

1 000 . 968 11 50
950 . 930 878 Ta8
900 .o 393 844 695
850 .. 858 809 666
800 . . 1000 823 ™m 638
750 . .. .. 950 786 T84 610
700 B .. 960 900 s 696 580
650 .. 919 708 660 550
600 .. 8568 668 621 518
675 .o 833 Tis 648 608 508
550 95 980 808 150 628 583 483
525 78 948 780 T26 607 563 461
500 960 918 51 700 584 543 455
475 926 880 728 676 563 528 439
450 . 896 843 6% 048 541 501 421
425 .o 860 808 669 620 520 47 408
400 000 820 T70 641 592 498 457 387
375 950 788 131 612 564 476 435 369
350 900 7456 690 581 536 452 413 350
325 850 654 550 508 428 390 31
300 800 668 6156 519 475 408 366 312
275 150 628 576 a4 377 341 292
250 696 586 534 453 412 351 317 272
225 642 545 494 419 379 | 328 291 252
200 586 500 453 384 345 296 266 229
175 530 454 406 349 310 266 239 208
150 470 404 360 311 274 226 210 194
125 408 362 308 270 286 296 182 161
100 U3 300 258 226 195 170 150 135

90 316 272 237 208 178 158 137

80 286 246 214 196 161 148 112
70 259 220 190 170 143 127 110 100
60 226 194 167 150 125 112 97 87
50 191 167 142 130 106 95 2 7%
40 156 140 117 108 86 (] [} 61
30 120 111 85 66 60 48
20 63 60 45 44 40 36
10 40 38 37 35 30 28 26 24
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TABLE 23
HEATING EFFECTS OF CURRENTS
Bare copper suspended outdoors
Rise in temperature, degrees Centigrade.
! 5° 10° 20°
g ] - 3 ™ P I < g
g CIN T I I T
R M -] M m M /M 9] /M
Diameters of wires in mils.

1 000 . %2 932 ™m k{3 [ ]
950 . 928 897 144 720 595 n
900 . [ 865 18 692 574 562
850 . 668 843 089 665 550 530
800 . 839 310 [ 11] 649 537 512
750 . 915 [ 5 643 €20 615 495
700 %3 33 77 39 613 51 491 472
650 916 089 T29 768 582 561 467 449
600 869 | 887 0 ¢S5 564 42 426
575 us 813 (1) AT 538 517 429 414
550 820 (L) €50 627 2 501 4117 402
525 796 4 630 609 508 487 404 389
500 ™0 46 610 539 489 476 390 378
475 s ne 589 569 473 456 377 363
450 19 €3 s ] 453 438 063 350
425 690 67 548 526 438 422 349 336
400 661 638 524 504 “us 406 384 322
375 2 610 582 484 9 377 319 389
350 601 581 478 462 380 360 84 295
325 M 582 453 439 362 M2 289 27
300 540 522 428 415 u2 326 an 264
275 509 492 484 392 321 309 257 249
250 4T 40 by 367 300 290 240 22
225 445 430 351 343 280 270 223 216
200 410 99 324 316 269 250 205 198
175 373 365 2% 285 227 186 180
150 384 329 267 2568 211 202 160 161
125 295 260 35 226 186 1 145 144
100 254 248 202 193 157 162 123 120

90 238 280 186 178 145 140 114 m
80 216 212 m 164 132 104 102
70 198 192 166 160 120 116 " 1
60 n 170 137 152 107 104 88 80
50 186 | . 147 119 115 2 87 T2 ki
40 130 124 100 * m " @ 5
30 104 100 (] 7% 61 58 50 45
20 kil 54 3 43 40 4 80
10 40 38 27 26 20 18 16 u

[208]
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TABLE 24

1913 National Electrical Code

CURRENT CARRYING CAPACITY OF COPPER WIRE

Amperes
B. & 8. Gauge Circular Mils.
Table A Table B
Rubber Insulation | Other Insulations

18 3 5 1,624
16 (] 10 2,583
14 15 20 4,107
12 20 25 6,530

10 25 30 10,
8 36 50 16,510
6 50 (] 26,250
5 56 80 33,100
4 ki 90 41,740
1 100 150 33,690
0 125 200 105,500
00 150 228 133,109
000 1756 275 67,800
0000 225 325 211,600
. 200 300 200,000
o~ 276 400 300,000

. 325 500 400,

400 600 500,
450 680 600,000

500 760 700,
550 840 800,600
600 920 900,009
650 1000 1,000,000
690 1080 1,100,000

730 1150 1,200,
™0 1220 1,300,000
810 1290 1,400,600
850 1360 1,500,000

890 1430 1,600,
930 1490 1,700,000
970 1550 1,800,009
1010 1610 1,900,600
1050 1670 2,900,600

[ 204]
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The current carrying capacity for other materials may be found
by multiplying the current for the same gauge or cire mil size
copper by the square root of the ratio of the conductivity of the
material to the conductivity of copper or by the square root of the
ratio of the specific resistance of copper to the specific resistance of

the material:

Symbols:

O ottty o mabbesy th ¢

=Conductivity of material, the current carrying capacity of
which is desired '

p =Specific resistance of copper

p’ =Specific resistance of other material

I =Current carrying capacity of copper

I’ =Current carrying capacity of other material.

Then
=< = \/L
I'=1I G I G
Problem:

Find the current carrying capacity of a No. 0, 409, copper clad
solid wire and that of a No. 0, 619, aluminum solid wire, assuming
th%o current carrying cspacity of No. 0 copper to be 200 amperes.

04 |
Then I =200~ =200X0.632=126.4 araperes.

For aluminum:
Resistance of copper from Table 35=0.09811
Resistance of aluminum from Table 35 =0.1608

0.09811
0.1608

Note: The above formulae apply to direct current problems.
When alternating current is used, it is necessary to correct the re-
sistances of all cables for skin effect.

28. EFFECTIVE RESISTANCE—SKIN EFFECT. The effective
resistance of a circuit to an alternating current depends on the shape
of the circuit; the specific resistance, permeability, cross section
and shape of the conductor, and the frequency of the current. The
current density over the cross section of the conductor is a minimum
at the center, Increasing to a maximum at the periphery; in a solid
conductor of large cross section the current is confined almost
entirely to an outer shell or “skin.” “The Skin Effect Factor” is
the number by which the resistance of the circuit to a continuous
current must be multiplied to give the effective resistance to an alter-

[ 206] .

I’ =200 =200X0.78 =156 amperes.
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nating current. The following formulae and table give the “Skin

Effect Factor” for a straight wire of circular cross section, the re-

turn wire of the circuit assumed sufficiently remote to be

without effect, which is practically the case in an aerial transmission
e.

=resistance of wire in ohms to a continuous current
! =effective resistance of wire in ohms to an alternating current
=cycles per second
=cross section of wire in circular mils
=permeability ¢ ofwu'e in C. G. 8. units
=temperature in °
=temperature ooeﬁiclent per °C.
=percentage conductivity of wire referred to Matthiessen’s
copper standard at 0° C.

Oﬂ % P*wwg

Th R/ (f CA)
m
f—functlon of (tat)

This function is a complex one; however, for

fuCA
I+at >3X10v

R =10~ [fuCA
the approximate formula— itat +0.28

is sufficiently accurate for all practicable purposes.

Problem:

Find the approximate resistance of 500,000 cir. mils stranded
gpet cable carrying a 60 cycle current.
A =500,000 <60 = 30,000,000
Factor from Table 25 =1.025
Resistance from Table 36 =0.02116
Effective resistance =0.02116 X1.025 =0.02169

Problem:
40Fmd the a pro:nmahd te effective remsta.nﬁo oeleof No. ()000f % B. & 8.
o) solid wire carrying a 60 cycle current of 80 amperes.
lZgndleerpercent increase in resistance from Fig. 79 =22.89,
Find the resistance of No. 0000 copper clad from Table 35 =0.125
Effective resistance =0.125 X 1.228 =0.1535

[ 206}
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TABLE 25
SKIN EFFECT FACTORS AT 20° C. FOR STRAIGHT
WIRES HAVING CIRCULAR CROSS
SECTION
Prod Factor for
uct of :
+ Factor* for | Product of Circu-
relar Mils | Tron Wire. | lar Mils by Cycles
Second. C=17 per Second. | Copper Wire.| AlYminum
o n=150 XA B 100 Fe.
u=1 a=1
560, 1.000 5,800,006 1.000 1.009
1,009,000 1.015 10,009,009 1. 1.000
2,009, 1.008 20,006, 1. 1.6%
3,000,009 114 $9,080,006 1.025 1.088
4,600,000 1234 40,000,000 1.045 1.015
5,000,000 1.382 50,000,006 1 1.02¢
,000,000 1435 1000 1. 1.040
7,000, 1,585 70,006,000 1. 1.088
8,000,000 1.628 0,000,600 1.168 1.969
000, 1714 90,000, : 1.085
10,690,000 1.785 100,000,000 1.230 1.104
X 197 126,000,000 . 1382 1151
15,000,000 2.4 150,000,006 1.438 1.206
17,600,000 175,000,600 1.530 1366
000, 2.2 260,600, 1. 1380
26,009,500 2.6 260,000,600 1.71% 1.455
30,000,009 2.9 300,000,009 1.987 1.575
35,000,006 31 60,000,006 2.07 1.686
40,000,066 331 400,600, 220 1.787
45,000,080 349 450,000,000 131 187
50,000,008 3.67 500,600,000 2.2 1.965
55,000,009 3.8 550,006,000 2.58 2.05
60,000,009 39 600,006,006 2.8 2.8

* This corresponds to E. B. B. tel h wire for teleph currents. The
permeability u is not constant, but varies with the current density, therefore the
table for iron wire should be used with very great care and only as an approxima-
tion. . .

There also is a difference of opinion concerning the factors controlling skin
effect in copper and aluminum wires. Theso tables alsoshould be used with great
care, especially for cables larger than 1,000,000 cir. mils,
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29. STEFL STRAND FOR GUYING POLES AND FOR SPAN
WIRE. Galvanized or Extra Galvanized.

" Fia. 82. Seven steel wires twisted into a single strand,

TABLE 26

STANDARD STEEL STRAND
Galvanized or Extra Galvanized

i i i Approximate Approximate
A!ie:c;lnesSq. Dlmit;r n We&%ﬁ r 1000 S‘:rength in
Feet Pounds Pounds
1443 510 8500.
1209 s 415 6500.
0798 295 5000.
0639 s 210 3800.
o 1 125 2300.
0218 1 5 1400. -
-} 500,

This strand is used chiefly for guying poles and for supporting
trolley wire.

For overhead catenary construction suspending trolley wire, the
special grades of strand are considered preferable because they possess
greater strength and toughness.

30. EXTRA GALVANIZED SPECIAL STRANDS.

F1a. 83. Seven steel wires twisted into a single strand.

. 'Ied'hree special grades of Extra Galvanized Strand are manufac-
ured.

Extra Galvanized Siemens-Martin Strand.'

Extra Galvanized High Strength (crucible steel) Strand.

Extra Galvanized Extra High Strength (plow steel) Strand.

Strands of all three grades are composed of seven wires each, and
are galvanized.

[212]
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TABLE 37
SELF INDUCTION
Millibenries per 1000 Feet of Conductor (For One Wire)
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TABLE 39

CAPACITY SOLID CONDUCTORS

Microfarads per 1000 Feet of Circuit-Formed by Two Aerial Wires
(2000 Feet of Wire)

Inter- B1zE or Wire—B. & 8. Gavce
Di Btllﬁl
istance,
Inches ' | 0000 | 000 | 00 0 1 2 3 4 5 6
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CONDUCTORS AND WIRE TABLES Sec. 3
TABLE 39—Continued
CAPACITY SOLID CONDUCTORS
chrofmdp per 1000 Feet of Circuit Formed by Two Aerial Wires
(2000 Feet of Wire)
Inter-
axial Size or Wire—B. & 8. Gaven
Toohes' | 7 8 9 10 |11 [ 12 | 13| 14| 15
22 .00688 1.00589 1.00526 |.00493 |.00458 |.00427 |.00401 |.00377 |.00857
.00476 |.00444 1.00408 |.00389 |.00367 |.00348 |.00331 |.00315 |.00302
% .00378 |.00357 |.00335 |.00328 |.00309 |.00295 |.00288 |. 00262
1 .00331 [.00316 1.00299 |.00289 |.00278 |.00267 |.00257 |.00248 |.
2 .00258 1.00248 |.00238 |.00282 |.00225 |.00218 |.00212 |.00205 |.00200
3 .00229 |.00222 |.00218 |.00208 |.00202 |.00197 |.00192 |.00187 |.00182
4 .00212 |.00206 {.00199 |.00194 |.00190 |.00185 |.00180 |.00176 |.00171
5 m 00195 1.00189 (.00185 |.00180 |.00176 |.00172 |.00168 |.00164
6 K .00187 1.00181 [.00178 |.001%73 |.00169 |.00166 |.00162 |.00158
7 .00185 1.00181 |.00175 |.00172 |.00168 |.00164 |.00161 |.00157 |.00154
8 00180 [.00176 [.00170 |.00168 |.00164 |.00160 |.00157 158 |.00150
9 00176 |.00172 1.00167 |.00164 |.00160 |.00157 |.00158 |.00150 |.00147
10 00172 |.00168 |.00168 |.00160 |.00157 154 |.00150 |.00147 |.00144
11 (J.“ICS .00165 |.00160 |.00157 |.00154 |.00151 |.00148 |.00145 |.00142
1200 “l)“ 00162 |.00158 [.00155 |.00152 |.00149 |.00146 |.00143 |.00140
15 .00159 {00156 |.00151 |.00149 |.00146 |.00143 |.00140 {.00138 |.00186
18 00163 1.00150 1.00147 |.00144 |.00142 |.00139 |.00136 |.00134 |.001S1
21 .00149 |.00146 |.00143 |.00141 |.00138 |.00185 133 |.00130 |.00128
24 00146 (.00143 |.00140 (.00138 |.00135 |.00132 |.00130 |.00128 |.00126
30 00140 |.00133 |.00135 1.00133 |.00130 |.00128 |.00126 |.00124 |.00122
36 00136 |.00134 |.00131 |.00129 127 |.00125 |.00122 |.00120 |.%0118
42 00133 |.00181 [.00128 |.00126 |.00124 |.00122 |.00120 |.00118 |.00116
48 00130 [.00128 [.00126 |.00123 |.00122 |.00120 |.00118 |.00116 |.00114
54 00128 |.00126 .00121 120 |.00118 |.00116 |.00114 |.00112
60 00126 [.00124 [.00121 |.00120 (.00118 |.00116 |.00114 112 |.00111
66 K .00122 1.00120 |.00118 (.00116 |{.00114 |.001. .001110.001098
72 001226 |. 001182 |.001167 |.001150 | .001180 | .001114 | .001097 | 001
78 001212 1.001191 |.001168 |.001155 |.001136 | .001119 | .001108 | .001086 | .001070
84 001178 |.001157 |.001142 |.001125 | .001108 { .001092 | .001075 | .001060
90 001187 |.001168 |.001145 |.001132/.001115 | 001038 | .001083 | .001 001050
96 001177 .001158 }.001136 |.001122 |.001105 | 001688 | .001078 | .001057 | .001042
102 001167 (.001148 |.001126 |.001113 |.001097 | .001080 | .001064 | .001050 | .001035
108 001158 |.001139 |.001117 |.001105 |.001089 | .001078 | .001057 | .001042 | .001028
114 001150 {.001131 |.001110 |.001098 |.001081 | .001065 | .001050 | .001035 | .001020
120 001141 | 001102 [.001090 |.001074 | .001058 | .001 .001028 | .001015
126 .00 001115 |.001095 |.001083 |.00: 001052 | .001037 | 001028 | .001009
132 001126 1.001110 {.001090 |.001077 |.001062 | .001046 | .001081 | .001016 | .001008
138 001120 {.001104 |.001083 |.001071 |.001055 | .001040 | .001025 | .001011 | .000998
144 001118 |.001097 |.001077 |.001065 |.001050 | .. 001020 | .001006 | .000993
150 001108 {.001092 {.001072 [.001060 {.001045 | .001080 | .001015 | .001002 | .000388
156 001103 |.001086 |.001066 |.001055 {.001040 | .001025 | 001011 | .000997 | .000983
162 001097 |.001080 |.001061 |.001050 |.001035 | 001020 | .001006 { 000993 | 000980
168 001092 |.001075 {.001056 |.001045 |.001030 0"10‘17 .0n1002 | .000988 | .000976
174 001087 |.001071 |.001052 |.001040 |.001026 | .001012 | .0n098 | 000984 | .000972
180 001083 |.001067 |.001048 |.001036 |.001022 | .001007 | .000294 | .000980 | .000963
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TABLE 53

STRANDED ALUMINUM WIRE EQUAL IN CONDUC-
TIVITY TO STRANDED COPPER WIRE

B.&8.G )
Ciroular Mia A Weight per 1000 ft. _
S | B Strands
o 8
035’&:' Alymisum D.B.W.|T.B.W
1,000,000 | 1,500,000 1 1,462 1,958.4 | 2,07, o
950,000 | 1,515,000 1 1,388 1900 | 197, T
BE |BE N |E |EE G
000000 | 1272000 1% | tam 1581 | 168, o
750,000 | 1,192,500 11 1,08 1,489, | 1,586 1
000 | 1,113,000 1 1,035 1396, | 1,48 3
650,000 | 1,033,500 1:; 950 1302, | 1,390, 3
000,000 1% m 1210, | 1,393, 3
74,000 1% 5 11e. | 1197, 3
500 795, 1 i 1,007, 100, 31
m,o’.: mﬁ g 8 - ey 31
400,000 £36,000 585 8. 8. 31
350,000 500 512 ™. m. 1
00,000 471000 o o4, 5. 19
250,000 397,600 4“5 508. | sM. S ]
0000 336,420 3102 4302 | 460 1
000 266,300 g 45,7 5T | 00 1
0 211,950 195 2. 300, 1
N 167,000 158 227, 5. 1
1 133,220 1.8 1666 | 1m. 7
H 105,530 % 1852 . 1
3 Ty n 109, 17, 1
4 6,370 s12 2 .. ]
5 52,638 s 5.5 825 1
s T 05 o5 . 7

31. THE CORRECTION FOR THE INTERNAL INDUCTANCE
OF COPPER CLAD WIRE may be made by the aid of curves given
in Figs. 84 to 87. It is seldom necéssary to make this correction
since the maximum error which may occur is not greater than five
percent, but if it is desired, the percentage from the curves may be
ggﬁed to the constant factor in the formula for inductance, art. 29,

o fo

[247]



Sec. 3 CONDUCTORS AND WIRE TABLES

00 120

80

10°}
#
/)

]
v
40

N/
\k\
€ ¥ & 8| S~ ® 5 &~ 0o

FIdd0) 0L OVTD IIILOD
SIONVLINGN] TYNIILIN| 40 0ILVY

20

8
- S

: |
T 1
( / )
k 8
Q N3 N ) [ 9 ‘SN QQ

dIIS0D) OL OVT) ¥IIS0D
SIINVLINGN) TYNIILN/ 40 0/4VY

[ 248 ]

25Crecies
60
ArmpeeRES
CoPPeR CLAD

Arperes
COPPER CLAD

SoLip Wiee
Fia. 85

Sotio Wiee

Fia. 84



RATIO OF INTERPNAL INDUCTANCES
CoPPER CLAD To CorPER

CONDUCTORS AND WIRE TABLES Sec. 3

25Creces

8

///uaooarz M Wiee

. il i 220000 C.M. 19 Wree

I N X &

[

4

| 84300 G THIE 101700t Mot -Siaoren]
—

—~ wrwa%mn'fm/z«ma

= 186000 G.M, 7Wiee -/ Gorren—

\\ ARG, mx/%,___

2

4

O 20 40 6 N M0 120 KO kO B0 200 Z20 240

AMPERES

CorPER CLAD
Sreavoco Wire

Fia. 86

[ 249 ]



CONDUCTORS AND WIRE TABLES

Sec. 3

8-04%
JIMY.0IONVILS OVTD ¥2dd0D
saaII0Y

002 o8/ oW oW o o o8 09 oy &

ST AT T s

20D ) - IGML W20

Z

R T BT ER

- VML W 00648 ——

TIIM b/

W2 000022 e
/

FIM 1 W2 00096/ =t ]

S3TV2AD 09

FIIOD 0L OV F7dd0D
STINVLINGN] TYNIILN/ 40 OILVY

[ 260 ]



CONDUCTORS AND WIRE TABLES Sec. 3

TABLE 54
AVERAGE TRACK RESISTANCE
Per 1000 Ft.
(2 Rails with 20" Bonds)
30 ft. rails 60 ft. rails
Rail Weights )
Ibs. per yd. .
1-0000 bond: 2-0000 bond. 1-0000 bond 2-0000 bonds

45 01392 01314 01314 01274
50 .01263 01190 01190 01150
56 01151 01072 01072 0

60 01085 01008 01006 000668
(13 o1z 00934 008940
L 000562 00877 08T 008383
% 009002 00822 00822 007823
80 K 007746 007746 0073568
85 008122 007336 007336 006943
0 - 006976 006976 008583
9% 007427 00841 006248
100 006346 008346 005058

32. SPECIFICATION FOR GALVANIZED STEEL STRAND*
14-Inch, 2300-pound Strand
This strand shall be composed of seven No. 14 B. W. G. galvanized
steel wires and shall be capable of withstanding an ultimate breaking
strain of not less than 2300 pounds.
34-inch, 5000-pound Strand
This strand shall be composed of seven No. 12 B. W. G. galvanized
steel wires and shall be capable of withstanding an ultimate break-
ing strain of not less than 5000 pounds.
Galvanizing. The wires composing a strand shall be galvanized
in accordance with the N ationaf%sll;tﬁc Light Association standard
specification for galvanizing.

33. SPECIFICATION FOR COPPER WIRES AND CABLES
WITH WEATHERPROOF INSULATION*

Conductor. The copper used in all conductors shall have a con-
ducti\;l;‘g' of ninety-eight percent of pure ‘opper, Matthiessen’s
standard. Wire to be soft drawn,~having a tensile strength of not
less than 34,000 pounds per square ‘nch; shall be uniform in quality,
smooth, free from flaws and splinters, and drawn true to gauge.

*N. E. L. A. specifications.
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All solid conductors shall be free from joints. All solid conductors
shall be B. & 8. gauge. Stranded conductors shall be composed of
the number and size of wires called for in this specification.

Insulation. Over the copper conductors shall be laid a triple-
braided cotton covering; this braiding shall be closely woven and
thoroughly saturated with an insulating compound, which shall
render it non-absorﬁtive of moisture, and which shall not drip at a
temperature lower than 160 degrees F‘a.hrenheit, nor lose its elasticity
at o d Fahrenheit.

The finish of the wires and cables shall present a smooth, hard and
even surface.

The finish weirf%t of the various sizes shall be a‘plgj?ximately as

named below. e permissible variation in the finished weights
not to exceed three percent under or over. :
SOLID
. Approx. Finished
Weight of | weight of In- | Approx. Lbs. Weight
Size B. & 8. | Copper, Lbs. | o P&RS 07 1o | ZBRISS Feet
N . | per 1000 Feet | Pounds per
per 1000 Feet per 1000 Feet Mile
0000 640.5 126 %7 "4060
000 508.0 121 629 3820
00 402.8 9 502 2650
0 319.5 87 407 2150
1 253.3 €3 316 1670
2 200.9 59 260 1370
3 159.3 40 199 1050
4 126.4 38 164 866
6 7.5 32 112 500
STRANDED
Weight of | Weight inist
' No. of Bize of g‘m of In- Lbs. %we‘d
Size Strands | Esch Wire| Cond. | sulation | 1505 feet| Pounds
in Mils. | Lbs. per | Lbs. per r Mile
1000 Feet [1000 Feet pel
0000 19 105.5 653 147 800 4226
000 19 9.1 517 136 653 3450
00 19 83.7 410 112 522 2760
0 19 4.6 323 101 24 2240
1 1 109.3 255 k2] 328 1735

34. SPECIFICATION FOR BARE HARD-DRAWN COPPER
WIRE*

Miﬁteria.l. The material shall be of copper of such quality and
purity that when hard drawn it shall have the properties and char-
actenstics herein required.

*N. E. L. A. specifications.
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Shapes. These specifications cover hard-drawn round wire, hard-
drawn cable or strand, as hereinafter described.

Finish., The wire, in all shapes, must be free from all surface
imperfections not consistent with the best commercial practice.

Packages. Pacl sizes for round wire and for cable shall be
agreed upon in the placing of individual orders. The wire shall be
protected against damage in ordinary handling and shipping. .

Specific Gravity. For the purpose of calculating weights, cross
sect?:;s, etc., the specific gra.we,y of copper shall be taken as 8.90.

Inspection. All testing and inspection shall be made at the place
of manufacture. The manufacturer shall afford the inspector rep-
resenting the purchaser all reasonable facilities to enable him to
satisfy himself that the material conforms to the requirements of
these specifications.

Dimensions and Permissible Variations. (a) Size shall be ex-
pressed as a diameter of the wire in decimal fractions of an inch,
using not more than three places of decimals; i. e., in mils.

(b) The wire is e to be accurate in diameter; permissible
variations from nominal diameter shall be:

For wire 0.100 inch in diameter and larger, one percent over or
under. For wire less than 0.100 inch in diameter, one mil over or

under.

(c) Each coil is to be gauged at three places, one near each end
and one approximately at the middle; the coil mam rejected if,
two points being within the accepted limits, the third point is off
gauge more than two percent in the case of wire 0.064 inch in diameter
and larger, or more t three percent in the case of wire less than
0.064 inch in diameter.

Physical Tests. The wire shall be so drawn that its tensile
strength and the elongation shall be at least equal to the values
stated in the following table. Tensile tests shall be made upon fair
samples and the elongation shall be determined as the permanent
increase in length, due to the breaking of the wire in_tension,
measured between bench marks placed upon the wire originally 10
inches apart. The fracture be between the bench marks and
not closer than ene inch to either mark. If by testing a sample
from any coil of wire the results are found to be below the values
stated in the table, tests ug;n two additional samples shall be made,
and the average of the three tests shall determine acceptance or
rejection of the coil. For wire whose nominal diameter is between
listed sizes, the re(Huirements should be those of the next larger size
included in the table.

Electrical conductivity shall be determined upon fair samples by
resistance measurements. at a temperature of 20 degreés Centigrade
(68° F.). The wire shall not exceed the following limits: .

For diameters 0.460 inch to 0.325 inch, 900.77 pounds per mile-
ohm at 20° C.

For diameters 0.324 inch to 0.040 inch, 910.15 pounds per mile-
ohm at 20° C.
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Sec. 3 CONDUCTORS AND WIRE TABLES
. Tensile Elongation in
Gay Diameter
Number Inches Cir. Mills | Sirength he. | 10 fns., Por
0000 0.460 211,600 49,000 2.7
000 0.410 166,100 51,006 2.6
00 0.365 133,200 )y 2.4
0 0.325 105,000 54,500 23
1 0.289 88,520 56,008 2.1
2 0.258 68,560 57,600 2.0
3 0.229 52,440 58,500 1.9
4 0.204 8, 1.8
5 0.182 33,120 60, 1.7
6 0.162 26,240 61,500 1.6
7 0.144 20,740 62,500 1.5
8 0.128 390 63,400 1.4
9 0.114 12,996 64,200 13
10 0.102 10,404 64,800 1.2
11 0.091 8,281 65,400 1.1
12 0.001 6,661 65,700 1.0
13 0.072 66,000 0.9
14 0.064 68,200 0.9
15 0.057 3,249 68,400 0.8
16 0.051 2,601 66,600 0.8
17 0.045 2,025 66,800 0.7
18 0.040 1, 67,000 0.7

Hard-drawn Copper wire, Cable or Strand

Construction. For the purposes of these specifications, standard
cable shall be that made of hard-drawn wire laid concentrically
about a hard-drawn wire center. Cable laid up about a hemp center
or about a soft wire core is to be subject to special specifications to
be agreed upon in individual cases.

Wire. e wire entering into the construction of stranded cable
shall, before stranding, meet all the requirements of round wire,
hereinbefore stated.

Physical Tests. The tensile strength of stranded eable shall be
at least 90 percent of the total strength required of the wires form-
in%the cable. . .

razes. Brazes made in accordance with the best commercial
gractiee will be permitted in wire entering into cable; but no two
razes in wire in the cable may be closer together than fifty feet.

Lay. The pitch of a standard cable shall be not less than 12 nor
more than 16 diameters of the cable. The cable shall be laid left
handed or right handed, as shall be agreed upon in the placing of
the individual orders.

35. SPECIFICATION' FOR HARD-DRAWN COPPER-CLAD
STEEL *

WIRE

Material. 1. The material shall be composed of a steel core with
a copper coat permanently welded thereto through intervening

*N. E. L. A. specifications.
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lal)]rers of copper-iron alloys, and of such quality and purity that
when drawn it ave the properties and characteristics
herein required. :

Shapes. 2. These specifications cover hard-drawn copper-clad
wire, as hereinafter described.

Finish. 3. The wire in all shapes shall be free from all surface
imperfections not consistent with the best commercial practice.

Packages. 4. (a) Package forms for round wire shall be agreed
upon in the placing of individual orders.

(b) Each coil of wire shall be burlapped for protection against
damage in’ ordinary handling and shipping, and shall have the gauge
of the wire, weight, etc., approximate I of wire in coil, marked
on two , one of which shall be attached to the coil inside and the
other on the wrapping.

Ins; on. 5. (a) All testing and inspection shall be made at
the place of manufacture. The manufacturer shall afford the in-
spector representing the purchaser all reasonable facilities to enable
him to satisfy himself that the material conforms to the require-
ments of these specifications.

(b) On orders where no i tion is to be made, the manufacturer
shall test ten percent (10%) of all coils for breaking weight and
conductivity, and in the event of their conforming with the values
stated in the fono:ll:fl tables, the material shall be accepted. A
copy of these tests be furnished when requested.

(c) All orders shall state whether or not inspection is to be made.

Test of Weld. 6. The wire when broken by torsion shall show no
separation of the copper from the steel.

he wire when broken by repeated bending shall show no separa-
tion of the copper from the steel.

The wire when heated to a dull red and quenched in iced water
shall show no separation of the copper from the steel.

Alloy Film. 7. When groperl polished and etched the alloy
film shall be distinctly visible under the microscope.

Dimensions and Permissible Variations. 8. (a) Size shall be
expressed as the diameter of the wire in decimal fractions of an inch,

not more than thre&f)laces of decimals, i. e.,in mils.

(b) The wire is expected to be accurate in diameter; permissible
variations from nominal diameter shall be:

For wire 0.200 inches and larger in diameter, one percent (1%)
over or under.

For wire 0.200 to 0.100 inches in diameter, one and one-half per-
cent (114%) over or under.

(c) Each coil is to be gauged at three places, one near each end
and one approximately at the middle; the coil may be rejected if,
two points within the accepted limits, the third point is off

more than two percent (2%) in the case of wire 0.064 inches
n oter and larger; or more than three percent (3%) in the
case of wire less than 0.064 inches in diameter.
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Sec. 3 CONDUCTORS AND WIRE TABLES

Physical Tests—Breaking Weight. 9. The wire shall be so drawn
that the breaking weight of ninety percent (90%) of the coils tested
shall be at least equal to the values stated in the following table,
and the rem»ining ten percent (10%) of the coils shall not be more
than five percent (5%) below these values.

Tensile tests shall be made upon fair samples. -

If upon testing a sample from any coil of wire the results are
found to be below the values stated, tests upon two additional
samples shall be made and the average of the three tests shall de-
termine the acceptance or rejection of the coil.

B. & 8. Gauge Diameter in Inches Breaking Weight
® e 4
00 0.365 6,350
0 0.326 5,700
1 0.289 4
2 0.258 (:‘Og
3 0.229 . 3,200
4 0.204 2,600
5 0.182 2
6 0.162 1:&0
7 0.144 1,450
8 0.128 1
9 0.114 976
10 0.102 800

TINNED WIRE. The breaking weight of tinned wire shall be
taken at ninety percent (90%) of the values given above.

Electrical Conductivity. Electrical conductivity should be de-
termined upon fair samples by resistance measurements at a tem-
perature of 60 degrees Fahrenheit.

The wire shall not exceed the following limits:

() Forty percent (40%) of the conductivity of the same size
copper wire. A variation of five percent below this is allowable,
i. e., the conductivity of any coil may be as low as thirty-five percent
of that of the same size copper wire.

(b) If upon testing a sample from any coil of wire the results are
found to be below the values stated, the manufacturer reserves the
right to cut back into the coil; the result of this test shall determine
the acceptance or rejection of the coil.

INSULATED WIRE. All wire to be insulated must be inspected
at the place of manufacture for mechanical and electrical tests
before insulation, the inspector sealing all coils accepted. This
inspection of the conductor to be ﬁ.naf; further inspection to be
made on the insulation only.
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36. SPECIFICATION FOR ALUMINUM WIRES AND CABLES,
WEATHERPROOF INSULATION®*.

Conductor. Aluminum used in all conductors shall have a con-
ductivity of sixty-two percent of pure copper, Matthiessen’s stand-
ard; shall have tensile strength of not less than 20,000 pounds per
square inch; shall be uniform in quality, smooth, free from flaws
and splinters, and drawn true to gauge.

Conductors shall be composed of the number of strands of wire
called for in this specification.

Each length of stranded conductor shall be composed of wires
without joint.

Insulation. Over the aluminum conductors shall be laid a triple-
braided jute or cotton covering. This braiding shall be cloeelK
woven and thoroughly saturated with an insulating compound whic!
will render it non-absorptive of moisture, and which should not drip
at a temperature lower than 160 degrees Fahrenheit, nor lose its
elasticity at 0 di Fahrenheit.

The finish of the covering shall present a smooth, hard and even

ace.
The finished weight of the various sizes shall be approximately as
named below. The permissible variation in the Emsh ed weights
not to exceed three percent under or over.

A X.

Wt. of &Y' of | Approx. | Standard
Aluminum | Copper | No. of |Aluminum | pZEPP | Eipsted

Cir. mils. | Equiv. Wires P‘;“l“o% sulation | Lbs. per | Cable
”Feet 10001;:‘. 1000 ft. Feet

336,420 0000 7 310.2 150 460 5060
266,800 000 7 245.7 124 3% 31%
211,950 00 1 ' 195.0 15 3% 4020
167,800 (] 7 185.0 ] %5 5080
1 1 7 122.¢ 85 1 3200
105,530 2 1 T 9.2 2 4 400
83,642 2 7 7.0 “» 1uy 2636
4 1 6.2 37 % 3185

37. SPECIFICATION FOR BARE ALUMINUM WIRE*

Material and Construction. All material used in these cables
shall be of the best grade of commercially pure aluminum. It shall
consist of strands laid up to form a concentric cabse, the lay of the
strands being as long as 1|{;\osible consistent with making mechanicall

cable, in order to keep the increase of resistance due to strand-
ing as low as possible,

*N. E. L. A. specifications.
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Strands. Each strand used in the cable shall be approximately
round and true to the calculated diameter within one percent.

Conductivity. The average conductivity of the finished strands
of the cable shall be not less than sixty-one percent in the Matthies-
sen’s standard scale, as determined by test of the individual strands
upon a standard conductivity bridge.

Tensile Strength. “The tensile strength of the aluminum shall
not be less than 23,000 pounds per square inch nor more than 30,000
pounds per square incg,) as determined by tests upon individual
strands in a standard tensile testing machine.” b

Weight and Stranding. The weight and area per mile of bare
3&1: shall not vary more than two percent from the following

“The following table shows the usual method of stranding

uminum conductors. Variations from this standard stranding
a:bei germisible where the conditions make such variation gdvis-
able.

Aluminum Conductor Cir. Lbe. per M. Feet No. of Strands
66,370 612 7
83,642 . 1

105,530 n2 !
133,220 e 1
167,800 156, 1
211,950 195. 7
266,800 245.7 1
336,420 310.2 1
397,500 365. u
477,000 429 »
556,500 1. H
636,000 55, 1
715,500 ss8. 3
730,000 e .
954,000 m n

Inspection and Tests. The purchaser shall have the privdeﬁe’ of
inspecting the wire called for on orders, and notification shall be
given at least five days &;or to the time that the material will be
rea'f‘ig' for inspection, so that his representative may be present.

e manufacturers are to supply the apparatus necessary to
carry out all tests, free of cost to the purchaser. The tests are to
be made at one place, and are to be to the satisfaction of the pur-
chaser’s representative.

Connectors. The manufacturer shall furnish the necessary con-
nectors of a type to be approved by the purchaser.
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38. SPECIFICATION FOR RUBBER INSULATED TREE WIRE
BRAIDED*

Conductor. The conductors used shall consist of soft-drawn
copper wire, with a conductivity not less than ninety-eight percent
of pure copper, Matthlessens standard, and a tensile strength of
not less than 34,000 pounds per square inch.

Conductors o" sizes up to and including 0 B. & 8. may consist of
solid or stranded wire. Conductors of sizes over 0 B. & S. shall
consist of stranded cable.

All wires shall be thoroughly t;

Insulation and Covering. he w1re ‘or cable shall be covered with

wall of insulation containing not less than thirt percent best
Pa.ra rubber, free from substitutes and reclaimed rub

The thickness of the rubber insulating wall shall not be less than

the following:

No. 6 so‘l‘ld ............................... 1 m‘?h
§g.§ @ T ::: .
o2 e ¥
No.0 « ... 0000 0TI e
No.O0stranded. . ................ccovvnn.. ! ‘“
No. TR “
No.0000 « ... . . . il i«

The rubber insulating wall shall be covered with a drill tape, well
filled with rubber, and with a double braided cotton covering. This

braided covering shall be closel woven and thoroughly saturated
with an insulating compound which shall render it non-absorptive
of moisture, and which shall not dnp at a lower temperature than
160 d Fahrenheit, nor lose its e]a.snclt,y at 0 de E-ees 'ahren-
heit. The braided covering shall be thoroughly slicked down, so

that the complete wire or cable shall present a smooth, hard and even

39. SPECII"ICATION FOR CIRCULAR LOOM-COVERED
TREE WIRE NO. 6—NO. 4—No. 2*
General Description. The insulation shall adhere strongly to
and have the same thickness of wall at all points from the conductor.
The covering shall consist of a double wrap of tape, over which
shall be placed a tightly woven ootbon yarn thoroughly treated with a
preservative compound containi; wdered mica.

Conductor The oonductor be of soft-drawn Lake Superior
gg having a oonductlvnty of not less than ninety-eight percent
( V Matthlessen s standard, and shall be thoro y tinned.
The conductors No. 6, No. 4 and No. 2 shall be solid American wire

l’f‘ﬁxﬁn& All conductors shall be thoroughly and evenly coated
with pure tin.

#*#N. E. L. A. specifications.
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Ingulation. The insulating wall shall consist of a wvulcanized
rubber compound of not less than thirty percent b{, weight of dry,
“fine, up-river” Para gum, free from reclaimed rubber, shoddy or
rubber substitutes, compounded with from two to three percent by
weight of sulghur, not more than three percent of solid waxy hydro-
carbons, such as ozokerite or paraffine, and with dry, inorganic
mineral matter only as & matrix. The amount of extractive matter
contained in the vulcanized compound, as shown by chemical
analysis, shall not exceed five percent, of which not more than two
percent shall be resinous matter and not more than three percent
shall be waxy hydrocarbons.

Mechanical. Test pieces cut from the insulating wall must stand
stretching not less than ten (10) successive times to two and one-
half times their original len.ﬁll:1 before breaking. The portion
stretched shall then return within one minute to a length not ex-
ceeding 125 per cent of its on;iginal length, and a similar sample
shall be stretched to three and one-half times its original length
without sign of flaw or fracture.

Electrical. Each and every length of conductor shall comply
with the following table:

. Wall of In- Outside Vol
Mewhnaper Mile sulation (with- |  Diameter Test (at
at F. out covering) OverAll Factory)
No. 6....2500 23/32 .500 5000
No. 4....2100 24/32 .530 4500
No. 2....1700 24/32 594 4500

Tests. The tests shall be made at the works of the manufacturer,

befgre the application of tape, braid or other covering.
ts be made after at least 36 hours’ submersion in water

and while still immersed. The insulation test shall follow the
voltage test, and be made with a battery of suitable electromotive
force, and the reading shall be taken after one minute’s electrification.

Tape. The plain insulation shall be served ‘with a double wrap
or rubber-filled cloth tape. .

Woven Covering. Over the tape shall be placed a covering of
tightly woven cotton yarn, thoroughly impregnated with a pre-
servative compound containing powdered mica. This shall be
worked into the interstices of the weave and compound, so as to
prevent the ‘““flaking off”’ of the mica surface.

Tests. The pure shall be allowed the privilege of sending
a representative to the works of the manufacturer, who _be
afforded all necessary facilities to make the electrical and mechanical
tests, and also assure himself that the specifications are being properly
complied with. :
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1. CROSS-ARMS are generally of wood or steel, although some
attempt has been made to manufacture concrete arms, but their
use has been so0 limited and the available data so meager that no
information on concrete cross-arms can be given.

2. WOOD CROSS-ARMS are usually of long leaf yellow pine,
gggﬂu fir, short leaf yellow pine or Norway ﬁ;ine, although other -

such as oak, spruce, cedar, white pine, loblolly pine and cypress
have been used to some extent.

Standard specifications for wood cross-arms have been approved
by the National Electric Light Association covering two (2), four (4),
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six (6) and eight (8) pin arms, (Fig. 88) made from Norway pine
yellow pine, cypress or Dougla’s fir, and are as follows: ’

3. SPECIFICATION FOR UNTREATED CROSS-ARMS.*

These specifications cover two, four, six, and eight pin painted
cross-arms made of Norway pine, yellow pine, cypress or Douglas fir,

.Norway pine is understood to cover what is also known as red
pine.

* Standard National Electric Light Association Specificati
[267]




Sec. 4 - CROSS-ARMS, PINS, ETC.

Yellow pine is understood to cover what is commonly known as
Longleaf pine. It is understood that the term is descriptive of
quality rather than of botanical species.

l]l)ou%? ﬁr:d is ﬁlll.nderstood ti'g oowyer the timb‘frr known likewli)sue as

ellow fir, western fir, i n fir, Oregon or Puget
und fir or pine, Northwest and W%t fir.

Cypress is understood to cover the timber known as red cypress.

GENERAL

The specifications and drawing Fig. 88 are intended to include
all instructions necessary for the manufacturer to guide him in his
work. They are intended to co-operate with and supplement each
other, so that any details indicated in one and not in the other shall
be executed the same as if indicated in both.

‘WORKMANSHIP

All material and workmanship, unless otherwise specified, shall
be of the best commercial grade.

MATERIAL

Norway Pine Cross-arms. All Norway pine cross-arms shall be
made of thoroughly air-dried or kiln-dried, straight-grained Norway

pine. .

Yellow Pine Cross-arms. All yellow pine cross-arms shall be made
of thoroughly air-dried, or kiln-dried, straight-grained long-leaf
yellow pine.

Cypress Cross-arms. All cypress cross-arms shall be made of
thoroughly air-dried or kiln-dried, straight-grained cypress.

ir Cross-arms. All fir cross-arms s be made of thoroughly

air-dried or kiln-dried, straight-grained Douglas fir.

DIMENSIONS

Cross-arms shall be of the style and dimensions shown in Fig. 88.
Figures upon the drawing be followed in preference to scale
measurements.

QUALITY
Pith Heart. Cypress cross-arms shall be free from pith heart.
Sapwood. ress cross-arms shall be free from sapwood.

Norway pine, yellow pine, and Douglas fir cross-arms may contain
sapwood, provided it is clear and does not form over fifteen (15)
percent of the cross-section of the cross-arm. Cross-arms
shaped so that the sapwood shall be on the top or the sides of the
Cross-arms.
Grain. All cross-arms shall be reasonably straight grained. The

gmm shall not depart from parallelism to any edge of the cross-arm

Yy an amount greater than one (1) inch to three (3) feet length of
cross-arm. All cross-arms shall be out of wind.
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Pitch Pockets. All cross-arms shall be free from pitch pockets
exceeding five }5) inches in length and one-quarter (¥{) of an inch
in width, and from all pitch pockets which enter the pin or bolt
holes on the top or sides of the cross-arm.

Knots. All cross-arms shall be free from loose or unsound knots.

Eigxt 8) pin cross-arms shall be free from knots at the third,
fourth, fiftth and sixth pin holes, and the bolt holes; six (6) pin
cross-arms shall be free from knots at the two middle pin holes and
the bolt holes.

Eight (8) pin cross-arms may have sound knots not over three-

uarter inch in diameter between the third and fourth pin holes,
the fourth pin hole and the middle bolt hole, the middle bolt hole
and the fifth pin hole, and the fifth and sixth pin holes; six (6) pin
cross-arms may have sound knots not over t uarter inch in
diameter between the middle bolt hole and the middle pin holes.

Eight (8) dpin cross-arms may contain sound knots, as specified
below, outside the third and sixth pin holes; and six pin arms out-
side of the middle pin holes. Such knots may gradually increase in
size from three-quarter inch near the above-mentioned pin holes to
one-half the cross-section of the arm at the ends.

Wane. All cross-arms shall be free from wane.

Shakes. All cross-arms shall be free from through shakes, and
from other shakes or checks exceeding three (3) inches in length.

Warp. A straight edge laid lengthwise on the concave side of
an eight (8) pin or a six (6) pin cross-arm shall not show an offset
greater than one (1) inch on the eight (8) pin cross-arm and greater
than three-quarters (3{) of an iInch on the six-pin cross-arm.
No cross-arm shall be twisted or bent in more than one direction or
bent in one direction on edge.

Loose Heart. All cross-arms shall be free from loose hearts.

Rot. All cross-arms shall be free from rot, dote or red heart.

‘Worm Holes. All cross-arms shall be free from worm holes.

INSPECTION

All cross-arms shall be inspected for dimensions and defects
outlined under “Quality” before painting.

The spacing of the pin and bolt holes shall be within the limits
shown in Fig. 88.

Pin and bolt holes shall be tested with steel gauges and shall take
gauges as follows:

Pin holes 134-inch ga without forcing but not a
13}#-inch gauge.

Middle bolt hole inch gauge, without forcing

Brace bolt holes 3%-inch gauge, without forcing

All cross-arms not conforming to these requirements shall be
rejected.
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The pin and bolt holes shall be smooth and the arms shall not be
badly splintered where the bits have broken through.
The brace bolt holes shall not be drilled through the pin holes.

STORAGE

After the cross-arms are shaped they shall be stacked in cross-
piles on skids in such a manner as to insure good ventilation. The
stacks shall be roofed to prevent the penetration of rain, or the
direct action of the sun,

4. SPECIFICATION FOR CREOSOTED PINE CROSS-ARMS.*

Material. All cross-arms shall be made from sound, straight-
grained, short leaf or loblolly pine.

Quality. All cross-arms shall be free from loose or unsound knots
over three-(rlmrbers (34) of an inch in diameter. They shall be free
from loose hearts, rot, dote, red heart, worm holes, shakes or ex-
cessive wane or pitch pockets.

Worhnmshls. All material and workmanship shall be of the
best commercial grade.

Storing. If the cross-arms are to be stored by the manufacturer
they be so stacked in cross piles on skids as to insure
ventilation and shall be roofed to exclude sun and rain.

Dimensions. All cross-arms shall be of the style and of the
dimensions shown in drawing (Fig. 88), which drawing forms a part
of this specification.

Creosoting shall comply with the specification for creosoting in
Section 9, article 14.

5. STEEL CROSS-ARMS are usually of angle or channel section.
Such arms have not been standardized. Their length, the location
of the pin holes and bolt holes are dependent upon the conductor
spacing, the conductor arrangement which it is proposed to use,
and upon the method by which the arm is to be attached to the pole.

6. SPECIAL CROSS-ARMS constructed of malleable iron, pipe
fittings and various steel sections are available, two of which are
illustrated in Figs. 89 and 90. Such cross-arms are manufactured
" for different conductor separations.

7. PINS ggﬁy be divided into three general classes:

(a) All wood pins;

(b) Combinations of steel, wood and porcelain pins;

(c) All metal pins.

‘Wood, as a structural material for use in ':gxglgorting line insulators,
has for many ‘f'ears been regarded as desi . 1t 18 cheap, easily
fabricated and in some slight degree adds to the insulator strength.

* From 1911 Report of the Committee for the Preservative Treatmen
‘Wood Poles and Cross-arms. o 6 of
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A properly impregnated pin of generous demgn is generally satis-
factory, except when use(f on higher potential systems. The fault
with wood ms lies in the d of burning or digesting of that
portion of the pin adjacent to the msulator At the threaded por-

N,

Fra. 90.—8pecial cross-arm.

A N

Fic. 89.—Special cross-arm.

tion, the wood pin is of smallest cross-section, and being thorou y
dry at this point, the resistance to leakage or capacity current
is greatest. Also the electrostatic flux density is greatest at the
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point of least cross-section, so that burning or digesting of the pin
may occur. Metal pins entirely relieve the burning and digestglg
dxﬂg' culty and also provide greater mechanical strength.

In general, wood pins used in connection with insulators of very
high factors of safety, in climates not affected by salt fogs or chemical
fumes are reasonably satisfactory. .

Solid steel or iron pins are not as desirable as those pins which
include some form of separable thimble, that can be economically
and properly cemented into the insulator at the factory and in turn
screwed on to the pin body erected on the poles or towers. Probabl
the test benefit of this (orm of construction is the ease wi
which broken insulators can be replaced.

8. STANDARD PIN THREADING. The standard pitch for
pin and pinhole threadin‘fa;lg 4 threads per inch and the standard
diameters are 1”7 (stan pinhole) and 134" (large tpinhole).
These diameters are the extreme diameters at thre top of the pin
and at the bottom of the pinhole as illustrated (Fig. 91). ’Fhe

—rolf—4

i
|

Fia. 91.—Standard pin thread

- standard taper for the diameters of pins and pinholes is ¢ ' in-
crease in diameter per 1’ in length. .

The National Electric Light Association standard wood pin is
illustrated in Fig. 92, specifications for which follow:

9. SPECIFICATION FOR WOOD INSULATOR PINS.*

The quality of the materials used and the methods of manufacture
handling and shipment shall be such as to insure for the finished
pins the properties and finish called for in these specifications. The
manufacturer must make sure that all materials and work are in
accordance with the specifications before the pins are delivered..
The purchasing company isto have theright to e such inspections
and tests as it may desire, of the materials and of the pins at any
stage of the manufacture, such inspections not to include the in~
spection of the processes of manufacture. The inspector of the

* Standard National £lectric Light Association Specificati -
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})\grchaaing company shall have the power to reject any pin which
ails to satisfy the requirements of these specifications. tion
shall not, however, relieve the manufacturer from the obligation of
furnishing satisfactor{ material and sound, reliable work.

Any unfaithful work or failure to satisfy the requirements of these
specifications that may be discovered by the purchasing company
on or before the receipt of the finished pins shall be corrected

Fra. 92.—Standard N. E. L. A. wood pin.

immediately upon the requirement of the purchasing company, not-

withstanding that it may have been overlooked by the inspector.
General. These specifications cover the manufacture of standard

locust pins as ordered. .
The drawings and specifications are intended to include all in-
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structions necessary for the manufacturer to guide him in his work.
They are intended to co-operate with and supplement each other,
8o that any details indicated in one and not in the other shall be
executed the same as if indicated in both.

Figures upon the drawing shall be followed in preference to scale
measurements. ’

All material and workmanship, unless otherwise specified herein,
shall be of the best grade.

Material. All pins shall be made of sound, straight grained

ellow or black locust, free from knots, checks, sapwood, worm
oletai,ﬁ el()irash wood, cracks or other -defects, except as hereinafter

Knots. The pins shall be free from large, loose or unsound
knots. Small knots not over one-eighth (14) of an inch in diameter
al:e allowable on the shoulder and on the lower half of the shank of
the pin.

Checks. Small season checks are allowable on the shoulder and
on the lower half of the shank of the pin. The number of such
pins shall not exceed five (5) percent of the number furnished.

Sapwood. Sapwood is allowable on the shoulder of the pin pro-
vided it does not extend to the shank

Worm Holes. If the wood is otherwise sound, worm holes are
allowable on the lower third of the shank. The number of such
pins shall not exceed five (5) percent of the number furnished.

Finish. The grain of the wood on all pins shall be reasonably
E?)ralle] to the axis of the pin. The grain through the center of the

ttom of the pin shall not run out below the bottom thread.

Seasoned Pins. All seasoned pins shall have four (4) threads to
the inch, and the dimensions shown on drawing, Fig. 92.

The threads shall be smooth and of uniform pitch, and such that
a standard insulator can be readily screwed on to a standard pin,
until the end of the pin touches the top of the insulator and, when in
this position, there shall be no perceptible rocking or play of the
insulator on the pin.

The pins shall be as nearly as ible of a circular cross-section.

Flat surfaces not over one-eighth (3§) of an inch in depth are
allowable on the shoulders of the pins; the number of such pins
shall not exceed five (5})&ercent of the number furnished.

Unseasoned Pins. s manufactured from green or partially
seasoned wood shall, when seasoned, conform to the requirements
above specified for seasoned pins.

10. COMBINATION WOOD, PORCELAIN AND METAL PINS,
are usually made by using a wood top, a wood and porecelain top, or
%\ix:set;l‘i_ggd porcelain top and a steel through bolt as illustrated in

11, METAL PINS. The construction of metal pins varies in
the manner in which the insulator is attached to the pin and the
manner in which the pin is attached to the crossarm. Insulators
may be attached to the pin by either of two methods:

[274]



CROSS-ARMS, PINS, ETC. Sec. 4

F10.93.—Wood or solid  Fra. 94.—Wood, steel, F1a. 95.—Porcelain base
metal pin. through bolt pin. wood top pin.

®

Fia. 96—Clamp pin, solid metal split

head, with felt insertion.

12751

Fia. 97~ere screw thread,
lamp pin.
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(a) The screw type in which the insulator is screwed on to the
pin. (Art. 12))
.(b) The cemented type in which the insulator is cemented to the
pin or a detachable portion of the pin. (Art. 13.)

12. SCREW TYPE. The designs of screw threads vary. A
number of types are as follows:

1st. Thesolid metal pin (Fig. 93) because of the unequal expansion
and contraction of the pin and the insulator, may cause failure of
the insulator. When such pins are used it is customary to wrap
the pin with a few layers of tape thus providing a cushion to relieve
the stresses. :

2nd. The solid metal pin in which the head is split (Fig. 96) and
a piece of felt inserted, in order to relieve the unequal expansion and
contraction stresses.

3rd. The spiral spring (Fig. 97) in which the stresses, due to the
une;Lual expansion and contraction, are relieved by the len‘fthening
or shortening of the spring, which slowly twists around in the
insulator.

- 4th, The flexible stamped thread (Fig. 98) consisting of a solid
pin on which is riveted a steel saw tooth shaped flexible stamping,
which allows for the unequal expansion and contraction of the
insulator and pin. A flat spring over the top of the solid part of
the pin prevents breakage of the insulator when installing.

13. CEMENTED TYPE. Pins to which insulators are cemented
are of two general classes: .

((ia{olgi;m to which the insulator is directly cemented (Figs. 101
an .

(b) Pins with separable thimbles, the thimble only being cemented
into the insulator. (Figs. 99, 100, 102, 103, 104.)

The latter are the types genemily used, as the former necessitate
the removal of the pin when changing the insulator.

14. ATTACHING PINS TO CROSS-ARMS. Pins may be
attached to the cross-arms by three methods:

(a) A driving fit, (Fig. 93) in which the tapered pin shank is
driven into a hole in the cross-arm. This type is generally used in
connection with wood cross-arms and is usually confined to all wood
pins. Where so used, a nail is driven through the cross-arm and
the pin in order to secure the pin in position.

(b) Bolted type (Figs. 94, 95, 99, 100, 102, 103, 104, 105) in which
the pin is fastened to the cross-arm by means of a through bolt.

(¢c) The clamp gin (Figs. 96, 97, 98, 101) in which the pin is so
constructed that the cross-arm is girdled and the pin-clamped into
position.

15. LINE HARDWARE

(a) Cross-arm Braces may be either of flat bar or angle section.
For ordinary distribution work flat bar braces are generally used.
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The standard section of steel bar braces is 114" x 1{”’; the length
from 20" to 32"”. Angle iron braces in one piece, as illustrated in
Fig. 106 have been used to some extent in wood pole work. The
standard National Electric Light Association 28" brace is illustrated
in Fig. 107, specification for which follow:

Fia. 106. Angle iron cross-arm brace.

SPECIFICATIONS FOR CROSS-ARM BRACES.*

‘Workmanship. All material and workmanship shall be of the
best grade.

Material. All braces shall be made of iron or mild steel, ‘“Manu-
facturers’ Standard,” galvanized or sherardized, as provided in
The National Electric Light Association standard specification for
galvanizing or sherardizing.

. The holes in the braces shall be clear and free from superfluous
zine.

Dimensions. All braces shall be made in accordance with the
dimensions shown in drawing, Fig. 107.

28"

M

-/'a‘
| G ) Fncery-

Fiq. 107, Standard N, E. L. A. Cross-arm brace.

(b) Cross-arm Bolts, Carriage Bolts, Lag Screws and Washers.
The National Electric Light Association standard cross-arm bolts,
carriage bolts, screws and washers are illustrated in Fig. 96,
specification for which follows: )

SPECIFICATION FOR CROSS-ARM BOLTS, CARRIAGE BOLTS,
LAG SCREWS AND WASHERS.*

This specification covers bolts with cut thread only, which must
be furnished unless specific instructions are given otherwise. Lag

* Standard National Electric Light A iation Specificati
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screws can be furnished with either fetter or twist threads, unless
either one is particularly sFeclﬁed

The materials and styles called for are intended to be stock
materials and sizes. Should the detail dimensions conflict with
standard sizes, the manufacturer should state wherein the differ-
ences exist, but in all cases the mechanical requirements must

conform.

W All material and workmanship specified herein
shall be of the grade.

Material. Cross-arm bolts, e bolts, lag screws and washers
shall be made of iron or mild stee “Ma.nufacturers Standard,”
and shall be galvanized or sh ized in accordance with the

National Electric Light Association standard specification for
galvanizing or sherardizing.

Dimensions. The dimensions of this material shall be in accord-
ance with drawing, Fig. 108.

Finish. All bolts must be free from badly formed or otherwise
defective heads. The heads of the bolts must be rounded or

chamfered. The threads must be full and clean and concentric with
the axis of the bolts.

All nuts must be etrically formed and must have the hole
centrally located. e axis of threads must be perpendicular
to the face of the nut. All nuts must be an easy fit for the bolt,
so that the nut can be run the entire length of the thread without
undue forcing with the fingers.

washers must be symmetrically formed and have the holes
eelll;orf.n é:s:,ted shall be of suffi h to develo

t nuts, etc., e of sufficient strength to develop
the ultimate streﬂh of the bolt shank.

Galvanizing. galvanizing or sherardizing shall be in accord-
ance with the National Electric t Association standard specifica-
tion for galvanizing or sherardizing

A coating of zinc shall be left on the threads of the bolts conform-
m all respects with the said specifications for galvanizing or

The threads of the nuts need not be galvanized.

The holes in the washers shall be clean and free from superfluous
zinc.

The galvanizing shall not be chipped off when washers have stuck
together.

(c) Pole Steps. The standard National Electric Light Associa-
:mnl:) wood pole step is illustrated in Fig. 109, specifications for which
ollow:

SPECIFICATION FOR POLE STEPS*
‘Workmanship. All material and workmanship shall be of the
best grade.
‘Shndud National Electric Light A iation Specificati
[281]




Sec. 4 CROSS-ARMS, PINS, ETC.

Material. Allgo du&)sshn.llbemade of iron or mild steel,
“Manufacturers’ Stan " galvanized or sherardized in accord-
ance with the National Electnc nght Association standard specifica-

tion for gal

Dimensions. ﬁl pole steps shall be made in accordance with the
dimensions shown in drawing, Fig. 109

Mechanical Requirements. dly held by the head,
the pole be capable of belng nt thro an angle of

90 degrees, about a diameter equal to the diameter of the pole step,
without breaking.

Fia. 109.—Standard pole step.

(d) Guy Rods. The standard National ElectricLight Association
guy rods are illustrated in Fig. 110, specification for which follows:

SPECIFICATION FOR GUY RODS*

This specification covers the construction of a standard guy rod.

besWorhnmsh.lp All material and workmanship shall be of the
t grade.

Material. All guys rods shall be made of iron or mild steel,
“Manufacturers’ a.ndard ”” galvanized or she ed.

Dimensions. All guy rods shall be made in accordance with the
drawing shown in Fig. 110.

Finish. The welded joints shall be of the best workmanship,
tboroughly welded without being overheated.

The threads on the bolts be full and clean and concentric
with the axis of therod. The thread end of the rod shall be rounded
or chamfered.

All nuts shall be symmetrically formed and shall have holes
centrally located.

The axis of the threads shall be reasonabl rpendicular to the
face of the nut. All nuts must be an t for the bolt, so that
the nut can be run the entire length of the thread without undue
forcing with the fingers.

* Standard National Electrio Light A iation Specificati
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All washers must be symmetrically formed and have the holes
centrally located.

Mechanical Requirements. The strength of the eye, nut and
thread shall be sufficient to develop the ultimate strength of the rod.

Galvanizing. All %}lvanizin%lor sherardizing s be done in
accordance with the National Electric Light Association standard
sm«l:lnﬁcatlon for galvanizing or sherardizing. A coating of zinc
8 be left on the threads of the rods. The threads of the nuts
need not be galvanized. ’ .

(e) Patent Guy Anchors. There are a number of different desi;
on the market. Among them are the screw type, the scoop or flat
expanding plate type, the straight malleable-iron plate deadman and
various kinds of harpoon-like designs.

The screw type is set in the ground by means of a special wrench
a.n}}‘h requires noddi ing in its insta.lhti?n. o he d

e scoop and the expanding types of anchors require the digging
of holes of small diameter with an earth auger.

The expanding types are placed in straigit auger holes and then
by hammering a shoulder or lug with a tamping bar, multiple discs
or arms are projected into the walls of the hole.

The value of a patent guy anchor in any particular soil is dependent
upon the effective bearing area that it possesses. Where guys
supporting excessive strains are used, the deadman or anchor log
type will usually prove the more satisfactory.

(f) Pole Brackets. The number of designs of pole brackets are so
numerous and their selection is so dependent upon the type of con-
struction adopted, that illustrations or descriptions to of any
value require considerable space. In general, such brackets should
be carefully selected with respect to strength and stability of con-
struction, and should be galvanized or sherardized in accordance
with the National Electric Light Association specification for
galvanizing or sherardizing. -
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INSULATOR