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214 WETHODS OF COMMENICATION POR FOREST PROTECTION

Where maximum and minimum dimensions are shown  the dimensions shall be
withiu the limts speciied.  Where limits are not shown the dimensions shall e
approximate

The diameter of the thread shall be sueh that at least two revolutions of the
insulator will be requived to tighten it on the standard insulator gauge, and when in
this position the end of the insulator gauge shall 1ot be more than one-eighth of an
inch from the crown of the insulator,
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Allowable Variations
over under
o ‘.‘% )
x ' o
Y [ o [ e
d /8" Ve'
Specifications 6 Destgn «f Forestry Branch standard pony glass insulator

The thread of all insulators shall be smooth and of uniform piteh. The thread
shall be well centred in the insulator so that, when in place on the standard imulator
gauge, the gange will not touch the inner surface of the petticoat,

Insulators conforming in all other respeets to the requir

nents of these speeifi
eations, but having on the lower edge of their petticoats a series of projecting points,
may be aceepted under these specifications,

Finish.—The insulators shall have a finish ensuring, so far as is consistent with
the best commercial practice, smooth even surfaces and freedom from flaws, eracks,
blow-holes, sharp edges, and other defects

7—Specifications for Split Tree Insulators

Matovial—Split tree insulators ghall be made of the best grade of insulator
poreelain,

Finish.—The surface shall be brown-glazed except the faces which are to be
placed in contact in attaching the insulator around the line wire, Thes: may be left
white and unglazed. The glazed finish shall he smooth, without rough spots, eracks,
sharp edges, or other defects.
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PART 1
COMMUNICATION IN SPECIALIZED FOREST PROTECTION
CHAPTER 1

SPECIALIZED FOREST PROT ES(

Section 1 Specialization Defined




Section 2—Communication Defined

Section 3—Present Protection Methods




Section 4—Analogy to Military Operations

Section 5—Functions of a Forest Protection Force




Section 6—Prevention of Forest Fires
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ECIALIZED POREST PROTECTIO

Section 7—Detection of Forest Fires
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Section 9—Supervision of Protection Forces

Section 10—Duties of Supcrvis













Section 12—Duties of Suppression Line Officers




Section 13- Value of Communication System in Field Operation




CHAPTER 11
METHODS OF CONVEYING INFORMATION TO A DISTANC]

Section 14—Variety of Methods Available

Section 15—Types of Visual Signals
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Section 16—Ty]
ypes of Audible Signal
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CHAPTER 111

WIWPTING COMMUNIT(C ON Ml 1ODS TO I

ROT Y 10y

Section 17—Speed and Certainty in Communication Essential

Section 18—Method must be Adapted to Conditions of Use

Section 19—Control Units Requiring Intercommunication Facilities
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Section 20—Communication Requirements of Control Unit
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PART 11

FOREST PROTECTION TELEPHONE LINES

CHAPTER

Section 23

Section 24

Section 25—Primary Stations

Importance of Preliminary

Plans must be based on

I\

Requiring Service

headquarter.
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Section 26  External versus Internal Svstems
EXTERNAL SYSTEM
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INTERNAL SYSTEM




% WETHODS OF COUMUNICATION FOR POREST PROTECTION
\ headquarter however, 1s extremely important from every point of view, m
should not be decided upon except after very eareful deration of all factor
The san true the seleetion of the district | rler Distriet houndar
Il usua establisl topographie lines: in a mount r | country gener
e ridg I fl tr ) river 1 I'l ma
1 distriet boundari ind wdquarters must | n | v fundam r
! T I n ! rthe mnn I the s tem mimnu 18]
I'he main principle to | bserved in planni " ternal tem to have tl
radia rom the main headquarter tl nost direet t listr
cadquarter I'he distriet headguarters are then nsed as m whiel
lint t stations and other important point
I'his plan has two important advantages, In the first place eacl the sever
d lent eirenits from the n | lquarters t listr u rt
reuit 1 t eral distriet headquarters on one lin
I X PUrposs ! the n mur ren
pla rea of the i
r under tem throu I sty
Y t ted le br
Section 27—Connections to Lookout Stations
MDOT t kout stat hould have dire
tl Iy I th the distr 0 O | ma i
to introdu 1 ! t he n id u 1 !
I u ¢ mail e at a distriet d rter |
kout station be carefully guarded i tol ly ‘
f 1 tolerated such line
Other importan nt nsider in planning a telephon tem are the |
Section 28—Test Stations
[est s are points at whiel cans of ble s 1
roke y ns. Ordinarily the 1, 1sed for the purpose I determining tl
ti ue troul vitl lefinite limit it th n | ry ad ta I
od for e relayi f eal ra r poorl ulated line, For t purpose
de=iral hat tl I ted at station here sw HE Sery m be e 1
Section 29—Relay Stations
Relay stations are points on very long lines where it is necessary to repeat
distance eall With the equipment used on forest telephone nes it is near \
ossible to talk much farther than it is possible to signal with the eall bells, Cireuit
15t not be planned to operate regularly on this basis, however, but in very

ntignous areas conditions sometimes oceur which make it desirable to consi

ies for relaying ealls. Under such conditi

| 1
ms relay stations may be employes

nd they must be located at points where continuous switehing service is available

Section 30—Alternative Routes
Alternative routes are secured by building connecting lines across the relatively
short gaps that sometimes occur between the ends of s¢ parate branches. 'l make it
possible to reach each station on both lines from two different directions and, therefore,

greatly redues the chanee of any one station being eut off from communication. Sinee



Section 31—Sec

Section

Section 33

ondary Strategic Points

Pole-line Construction

Tree-line Construction
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Section 36—Sketch of the Development of Tree-line Methods
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Grounded versus Metallic
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CHAPTER VI

Section 39—Construction by the Forestry Branch

Section 40—Co-operative and Private Lines




34 VETHONS OF COUMINICATION FPOR POREST PROTECTION

The construction of privately owned lines within the reserves should be encouraged,
Permits for such lines, when they will be of material benefit to the forest reserve shonld
be recommended for issuance under Regulation 65 (% Regulations for Dominion Forest
Reserves,” 1916) and the conditions varied so as to afford the necessary enconragement
ulation 21 authorizes the granting of free construetion materials
for structures on roads and trails on condition that they beeome the property of the
Crown, and Regulations 18 and 19 provide for the furnishing of materials at speci

in each ease, R

1

rates when the removal of the material will benefit the reserve.  Supervisors, therefore,

should aceompany all recommendations for issnance of permits for the construetion
of private telephone lines within forest reserves by a report regarding the elass of

construction materials that it will be necessary to obtain from the forest reserve, if

any, and a recommendation regarding the price that should be charged in ease speeinl

fons

consideration is believed justifiable.  Free service for a specified number of conne

made by the Forestry Branch on all sueh lines will be made a part of all such permits

Section 41—Use of Forestry Branch Lines

The connection of privately owned instruments with Forestry Branch lines will

not be permitted. The conditions under which these lines ar wstructed and main

tained necessarily reduces to a minimum the number of telephones that may be operated

on them. FEach telephone adds to the electrieal load and lessens by this amount the
{ . Under
an such a number of instruments be regularly conneeted to o
gencies of forest

future growth and, more particularly, for emergencies

reserve capacity

no circumstances «

since the ex

Forestry Branch line that its entire eapacity is employe
administration may at any time require the establishment of one or more additional
ney lines,  The possibilities

temporary connections with portable instruments or eme
of extensions are also extremely important in this connection. .\ line 10 miles long
might easily carry ten to fifteen telephones, but if this line is extended to form part
ability is that all but one or two of these telephones
Now, it is found that

of a cireuit 100 miles long the p

to get any use of the line
dated region it is relinquished

would have to be removed in order

where telephone serviee has onee been granted in an i

only with the greatest reluctance and therefore forest officers should weigh all these

points very carefully when considering any conneetions other than those at ranger

stations
All instruments connected with a Forestry Braneh line wil

be provided, installed,

and maintained by the Forestry Branch. Instruments may be installed by super
A I

tablishments, but only where suel

mines, or other private «
ry for the proper administration and protection of the forest,

visors at loggi

£ cam

staliations are necesss

where suitable arrangements ean be made for the protection of the instrument and

the securing of ess to it by forest officers at all times, and only after approval of the
installations has been received from the district inspector. It will be the duty of

supervisors contemplating such installation to report fully to the distrigt inspector the
conditions which warrant the placing of an instrument at that point, the character of
ured, and

the building in which it will be placed, and the service that may be sec
report annually as to the advisability of maintaining or discontinuing the installation

Such stations will, as a rule, be located only in buildings of a public or semi-public

character such as stores, post offices, hotels, road-houses, I ng-camps, ete., and only
where the location is of material importar

the establishment is under agreement to perform some special serviee for the Forestry

to the reserve work and the §

SOn owning

Branch.

The telephone lines of the Forestry Branch are not to be considered commereial
in character It is not the intention to enter into competition with any private or
provineial telephone service. Hence no action such as the granting of telephone ser

or the privilege, will he

vices to settlers along these lines, with an annual charge
permitted. It is obvious that any such permits will inevitably rg

+ the question of
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CHAPTER VII
OPERATIONS PRELIMINARY TO CONSTRUCTION
Section 45 Factors Influencing Location
The relation of the proposed line to the telephone system, present and proposed,
should be kept constantly in mind. This will influence the type and character of

construetion.  If the proposed line is a trunk line the possibility of conueeting to it
<hort branch lines from lookout points and ranger and five stations should be con-

~idered.

The following additional points should be observed when locating  telephone
lines:

(1) The location of the most logical switehing centres for conneetion with other
lines.

(2) Topographical location. By avoiding steep slopes, eliffs, high divides, rviver-
leds, coulees, and streams, and canyons more than 300 ft, in width, the danger from
snowslides, landslides, floods, and high winds will be lessened. By following roads
and main trails frequent inspection will be facilitated and maintenanee simplified.

(3) Loecation of other electrical cirenits,  Eleetric-light, power, and high-tension
transmission lines should be avoided whenever possible. A high-tension transmission
line earrying over 5000 volts should not be paralleled at a distance of less than one-half
mile, and all erossings and approaches between telephone and power transmission lines
<hould be at right angles,

(4) The probabilities of future growth and extensions,

(5) The length of the Tine.  Other eosts being equal, the cost of construcetion
and maintenanee varies as the length of the line,

Section 46 - Survey of Route

A preliminary survey or reconnaissanee is necessory in order that the length of
the line may be aseertained and its cost estimated.  The thoroughness of the survey
will depend upon loeal conditions. A transit line with chained distances may e
necessary in some cases, while in others a walking or riding reconnaissance will he
<ufficient.  The location determined by the survev, however, need not be taken as
tfinal; deviations from it should be made if it ‘s found during the conrse of eonstrue-
tion that greater reliability can thus be secured.

Whenever a pole line is to he construeted, either in whole or in part, marking
stakes should be set in line at the proposed loeations of the holes,  Each stake should
be marked to indieate the height of the pole for that particular position, the depth
of the hole, the kind of hole to be dug (whether an anchor-hole or a stub-hole),
whether the pole is to be guyed or braced, and the amount of the rake (Fig. 11) at
< and corners,

Sach tree that is to be used as a tie tree should be prominently blazed fore and
aft, and on the side to which the split insulator is to be attached. A eross made with
blue erayon should be placed on the latter blaze,

cury:

Section 47 Securing Right of Way

Tf it is proposed to build any part of the line off the reserve, or over alienated
land within the reserve boundary, right of way should first be obtained. The proper
form, whieh will be furnished by the distriet inspector, should be used. Verbal per-
mission is not sufficient.

42







44 VETHODS OF COMMIENICATION POR FOREST PROTECTION

In nearly all the western provinees the use of the public road the right of

way for telephone lines is controlled by the provineial government.  Before any lines

are placed on such roads permission must be secured from the proper government
department.  This must in all eases be taken up throogh the distriet inspeetor.
If it is desired to string wire on poles belonging

to a private company written
permission should be secured from the inspector before any construetion is begun

Section 48—Clearing Right of Way

When a pole line is to be constructed, a right of way sutliciently wide to afford
reasonable protection against damage to the line from falling trees must be cleared
It is especially necessary that dead or defective trees that lean toward the right of
way and threaten to fall across it be removed. The effeet of snow on adjacent trees
and branches must always be eonsidered, and all that might be borne down across the
line should be cut. As a rule pole lines will not be built in the for i
right of way of greater than 2
scattered.

if a cleared

ft. width is needed, unless the trees are exceptionally

[ 1

| |

| | |

|

)\ l }
SR (

(

{ ; 1 0

—

Mobley wire-cradle

When pole lines are carried through small timber or reproduction a right of way
at least wide enough for a saddle trail should be eleared through any dense under
brush. Small trees direetly under the wire, which by their future growth might touch
the wir

, shonld be cut down at the outset. Everything, in fact, that might at pre
sent or in the near future cause trouble on the line should be cleared before or at the
time the wire is strung.

If the line is to be attached to trees it is not advisable or necessary to top the
trees to which the split insulators are fastened, except where the line has to eross over
a windy ecanyon or in other places exposed to a strong wind. Under such conditions
the trees should either be topped or else poles used, preferably the latter. 1t is usunally
only necessary to trim the branches on the insulator side of the tree to a sufficient
height for attaching the split insulator. Undergrowth and trees hetween spans should
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trimmed su ntly | it | tl \y b
1 r rotten tres I 1 A\ {
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wrd
ed
¥ K 1 '
ter felled i ‘ ' I'l 1 esulting fy wh clear lds
e fire-danger | d, if practical e | right of wa re tl
5 e i trung If not pract ihle, the brush should 1 T tl Y t of v and
ft for bun \ he ndit re

Section 49—Transportation and Distribution of Materials

I'h

e wire, brackets, insulators, and other equipment should b nveyed from the
v point or the place of purchase to the proposed line witomobiles, teams, or

Orse Time and money will aved if construction work is not started until all
necessary line equipment has heen distributed to ils proy ) or to some con
nieni point. Wire and other metal should be kept off the ground. All line
iterials should be distributed along the right of way well in advanee of wire-string




46 VETHODS OF COMMUNICATION FOR FOREST PROTECTION

ing crews,  Much time will be saved if the d-mile points (or f-mile points) at which
eoils of wire are to be left are marked in advance of the teams or pack-horses. Use a
blaze with a red eross or some other distinetive mark,

It will often be necessary to pack the wire on horses,  The maximum load for
one horse under best conditions is two 4-mile coils of No. 9 wire (weight 104 pounds
each) and under poor conditions, one §-mile coil (weight 157 pounds). Single eoils
may be packed on a horse in several ways, but the following method is suguested:
Run a cross-stick lengthwise between the eross-trees on the pack-saddle, tving h
end securely.  Then split the eoil of wire in half and place it over the top of the stick
conneoting the eross-trees, so that oue-half of the eoil is on each side of the saddle.
Finally, throw a diamond hiteh over the whole.

1—Montey  WiIRE-CRADLE.

A still better method adapted to packing either one or two coils is to use a pack
ing-cradle such as the one designed by Ranger Mobley of the Forestry Branch. Thi-
eradle (Fig. 7) consists of a rectangular wooden frame built to fit snugly over the
forks of the pack-saddle. The front and rear picces project a few inches beyond the
sides and two pieces of strap-iron with upturned ends are o placed as to hold the <ide
coils in place. In packing two coils, one is hung on each side of the horse on the pro
joeting ends of the eradle and then lashed on with a diamond hiteh.  When packiue
one coil it is laid flat on the top of the eradle and lashed in place.  This eradle is par-
ticularly handy when distributing coils along the line, since it is equally convenient
for packing either one or two coils (Figs, 5 and 6). w packing heavy
on men's backs the Klondike pack-frame shown in Fig. 8 is an unusually effective
|Il'\'il'l'.

| Section 50—Organization and Equipment of Construction Crews.

Ihe foreman will be responsible for the work on the line in accordance with the
instructions he receiv: Whenever possible he should be a forest officer, carefully
selected for his experience in telephone construction and in handling men.  The <ize
of the crew will depend upon the extent of the work, the qualificat’ons of the indi

| vidual members, and the time available for completion.

A erew may consist of a foreman, one ground assistant, two linemen, one utility

‘ man (swamper and lineman), and, if necessary, a cook. If more speed is desired, on
or two additional linemen may be empl . provided arrangement is made to
“swamp ™ the line and distribute materials with sufficient rapidity, to do which man
require one or two additional groundmen.  Which members of the erew will dig the
‘ holes, which distribute the material, and which erect the poles will be determined In

ils of wire

local conditions.
Each man employed in digging holes for poles should be provided with:

One 7-ft. shovel, Western Unlon pattern
One medium welght, stralght-handied. fattoed, spoon, Western Unlon pattern
handle.

One 1<in. by S-ft, octagon steel digging bar
In sand or other easy digging a post-hole anger can often be used to advantage,
Each lineman on tree lines should be provided with the following equipment :

One combination wire-and-sleeve splicing-clamp.  This i of the reversib’e type, one sid
# and the other for Western Union connection

One
One

linemen's y
alr of Eastern climbers, with straps. These run from 14 to 18-in. in length by
A-in. intervals
One belt and safety strap.
One hand-axe,
3 One bag insulators and tie wires

A construction erew on pole-line work should also be provided with:—

Two Buffalo grips,

o Haven's steel clamp.

in. double-pulley block (with one hook).
in. double-pulley block (with hook and e
Thirty-five ft. g-in. sash cord

.



. CHAPTER VIII

r POLE-LINE CONSTRUCTION

Section 51—Selection of Poles

durabl n
| ™ \
\ . lead stand trees and should be free fr
et r defect which might weaken them As a mea
redu | e ‘ 1 be desirable t
purehase Hipanie
| W I b hould be cut vinter to secure better sen
tl I 1 all k I trimmed
{ / " / { ' mstan Pole hould be r
| ght and of the dimensi shown in the table below
"" FABLE A~ LENGTH AND TOP DIAMETER OF STANDARD POLES
kiu
par L
Whe 1 Il be subjected to severe stresse rom | winds or unu
these dinmeters should be inereased by fron neh to 1 inel High pole
. ild be very fine quality, I tts of e cut off ‘
v | 1 ) I forn I led I I 10
| Section 52 ~Skidding and Seasoning
i sible to collect a number of poles or braces at one point as the
ut, a to distribute them along the line without undue expense nos
I mpletely barked and piled tiers, with pace of at
H . 1 in the same tier and between tier I'he bott
- e of sufficient height from the ground to a v of the free cireulat
1 poles, which should be seasoned for at least two or three months,  Seasoned pole e
hter and therefore easier to handle.  Poles should not be held storage too |
they are lable to sta
When it is not feas ty r brace ne point. the individual
| be peeled and ra ff the ground or leaned a nst tree r roch na
] to season. S lead timber need not be seasoned
| particularly i whe « T treated t I
tive, that they be well seasoned and, so far as possible, be acenmulated d
" places along the line. In most cases it Il be found desirable to prepar
( eason before line constructio contemplated
Section 53—Preservative Treatment
If durable woods cannot be obtained at reasonable cost it may be necessary
Zive the v le preservative treatm ) " fore d wth | wever, the distry
hould be emsulted I'he poles of br h lines less than 3 mile t
treated in any case, unless the brar 15 constructed at the same tine lir

f treated poles
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The experience of the Forestry Branch with untreated spruce and poplar poles in
the Prairie Provinees has shown that they have a length of life of only 3 to 5 years.
Fastern tamarack poles are somewhat better, lasting from 6 to 9 years. Experiments
have just been begun with lodgepole pine on Dominion reserves, but experience with this
species in the United States has shown that its dependable length of life, untreated,
is not over 7 years. Jack pine will, probably, be about the same. It is considered
that permanent trunk lines on the forest reserves should be built to last without pole
renewals on a large seale for at least 15 years, This may be accomplished by using
cither well-seasoned, untreated cedar poles or well-treated native poles.

Special instructions with regard to the use of untreated and treated poles on
Forestry Braneh lines will be issued by the Director of Forestry. There are only two
methods of pole preservation that may be applied with a reasonable degree of suceess
under the conditions usually encountered on forest protection lines. These are the
“open-tank ™ method and the “ brush method.”  The latter gives only a very slight
e in durability and is only desirable under certain very special circumstances,
mer is the most suceessful method yet devised for the type of line employed
by the Forestry Branch. Treatment is applied only to the portion of the pole placed
in the ground.  In some eases it may be preferable to treat 8 ft. or 9 ft. stubs and set
poles as explained in Seetion 91, Before any treatment is applied all adhering bark,
including the inner fibrous bark, should be removed with a draw-knife from the por-
tion of the pole to be treated.

As the details of the treating apparatus and the methods of treatment have not
vet been standardized for Forestry Brapeh lines, only a brief reference to these methods
at present and complete instruetions will later be issued in the form of

can be made
a supplement to this manual. Tn the meantime, pole treatment will only be under-
taken in accordance with specific instructions issued by the district inspectors,

1—Ovex-Taxk MeTion
Wherever practicable, this method of treatment is the best that can be employed.
Creosote, heated to a temperature not to exceed 200° F., is the preservative used.
(See “ Preservative Treatment of Poles,” United States Forest Service Bulletin No.
a4, and “ Preservative Treatment of Fence-posts,” Forestry Braneh Cirenlar No. 6,)

2Brosu Trearyvesy

This process requires less equipment than any other, but the results are not
nearly so good as the open-tank method. Brush treatment even when well done can-
not be depended on to add more than 2 or 3 years to the life of a pole. A brief deserip-
tion follows: Hot ereosote or hot earbolinenm is applied to the poles with iron-bound
brushes for a space of about 1 ft. above the ground line and 2 ft. below it, thus form-
ing a band 3 ft. w All seasoning checks and knot holes should be carefully filled
and the preservative applied as freely as possible without waste, putting on all that
the poles will absorb. After an interval of at least 24 hours the poles should be
treated with a second coat applied in the same manner.

In hot, dry weather the ercosote should be heated to a temperature of from 120°
to 150° F. and in colo weather to 180° F, These temperatures, however, should not
be exceeded.  In heating the ereosote the utmost precaution should be taken to pre-
vent accidents.  If the heating vesse! is allowed to boil over or if ereosote is spilled
and allowed to burn on the cutside of the vessel, the contents are pretty sure to ignite
and burn fiercely. 1f ereosote becomes mixed with water the mixture boils violently
several degrees below the boiling point of the latter,

The preservative should never be applied to green timber nor when the surface
of the pole is wet from rain, snow or frost, or is frozen.
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2—SPACING

On straight sections poles should be set 176 ft. apart, which is equivalent to 30
poles per mile. For a grounded line, carried on poles, the distance apast, ander
favourable conditions, may be 200 ft., or about 26 poles to the mile. Changes in
the direction of a line should be made gradually by spreading the curve over as
many poles as possible, raking each pole outward to offset the strain. On curves and
corners where the pull is from 10 to 30 ft., the pole spacing should be reduced to
100 ft. Where the pull is more than 30 ft, the turn will be made on two poles,
approximately 100 ft. apart, with equal spacings in the adjacent spans on either side.
At right-angled corners the length of the section on either side next to the corner
pole should not exceed 100 ft,

Where it is necessary to make a span of from 200 to 300 ft., the adjacent sections
ghould be 100 ft. in length. Spans of from 300 to 500 ft. should }
of 100 ft. on each end. For spans of more than 500 ft. spe
required.

two zections

1l eonstruction is

Where the line crosses solid ‘rock, the length of spans may be increased wup to
300 ft. to avoid the expense of blasting holes. When it is necessary to blast many
holes, special construction may be desirable, and the matter should be taken up with
the district inspector,

Abrupt changes in the level of the wire should be avoided. Poles shoald be
set on either side of a high or low point, using long poles, if necessary, to obtein
the desired clearance in the span. In crossing a ridge or ravine, for example, it is
better to space the poles so that one = set on each side of the ridge or ravine rather
than to set a pole on the crest or in the bottom,

3—Dicaixe Hoves

On straight sections holes should be vertieal, uniform in size from top to bottom,
and at least € inches larger in diameter than the butt of the pole. This will permit
the earth to be evenly tamped around the pole for the total depth of the hole. In
general, the depth of holes for various sizes of poles should be that shown in the
following table. On curves or in soft soils, however, holes should be at least 6 inches
deeper than the figures given.

TABLE B-SIZ

'F HOLE FOR DIFFERENT LENGTHS OF POLE

Depth of hole Depth of hole
Over-all length of pole Over-all length of pole
In earth | Inrock In earth | In rock
ft f1 ft ft ft
18 ' } 15 ) 1)
22} i 1 10 6l 5
T 1) 1) 5 ol 5
30 5 1

On a hillside the depth of a hole should be measured from the lowest side of
the opening.  Where the hillside is so soft that the pole may possibly “kick out,”
the depth of the hole should be determined by the foreman.

Where it is not possible to dig the required depth, the hole should be blasted
If this is not feasible, the pole should be securely braced or guyed.

t—Arracumests 10 Pors

Standard brackets with insulators and all other equipment which is to be
attached to the pole should be put in place before the pole is erected.




T T A S T P S T R O R  WCE H|

POLE-LINE CONSTRUCTION

o 30
mder
ges in L
ver as
es and |
-
ced to
poles, (8
¢ side ”
rnet (
|
l
ti \—v
ot - ]
I’
(O
L |
many
p Vit
id !
btean A
Tt 18
permit
1 £
in the
che
of hol
I
{
side
k out
lasted
Fig t I [
is to |




N

52 METHODS OF COMMUNICATION FOR FOREST PROTECTION

(a) Pole-steps—Steps should be used on all poles over 35 ft. high or to which
telephone apparatus, such as switeh-boxes and test-stations, are attached. The step«
are of galvanized iron, % in. by 9 in. They should be driven alternately into the
opposite sides of the pole, parallel to the direction of the line, and spaced 18 in, on
centres,  The line of the steps should be parallel to the centre of ‘ne poles,

(b) Glass insulators.—Glass insulators of the kind k.own as * regular pony
long-distance type”, weighing approximately 14 ounces cach and conforming to the
specifications given in Appendix E, should be used on all lines built of No. 9 wire
when strung on poles. No. 9 pony glass insulators may be used for all lines built of
No. 12 wire strung on poles.

(¢) Brackets.—On a one-wire line the brackets should be placed on the same side
of all poles, except that at corners or curves they should be on the side of the poles
away from the centre of the eurve, so that the line wire will pull them against the
poles. Brackets should be nailed to the poles with one 6-in. and one 4-in. galvanized-
iron wire nail.  For one-wire lines the top bracket position will be used. Tt is not
necessary to shave the pole at the place where the bracket is attached.

On straight sections of a two-wire line the brackets should be on opposite sides
of the poles, but on curves both brackets should be on the side of the pole away from
the centre of the eurve (Fig. 10),

A< an additional safeguard whenever a line crosses the tracks of a railway, two
brackets with insulators placed side by side should be used on the first pole h
side of the track. Where a line is attached to a large pole at a sharp corner two
brackets slightly separated will be used, in order to keep the line wire clear from the

pole.

(d) Liahtning-rods.—Lightning-rods <hould be pli
set. In ordinary situations a rod should be placed on every tenth pole,

In exposed, mountainous regions, or where the line crosses mountain ranges or
divides, a rod should be placed on every fifth pole. It should be the same kind of
wire as the line and long enough to reach from 6 in. above the top of the pole to
about 3 ft. below the bottom. The upper end of the wire should be bent back about 3
in. from the end and given several turns about itself; the lower end should be made
into a small eoil of three or four turns, , at the bottom of (not round)
the pole.  The rod should then be attached to the pole with 2 in. staples at intervals
of 8 ft. at a point one-fourth the distance around the pole from the bracket, running
in a straight line to the ground, the upper end projecting about 3 in. above the ridee
of the pile. The wire coiled at the bottom should be bent into place or stapled at the
Yottom of the pole so that the latter, when set, will rest on the coils.

After the pole is set and the line wire attached, an inspection should be made to
make sure that there is no eontact hetween the lightning-rod wire and the line wire,

Lizhtning-rods are not necessary in tree-line construetion,

1 on poles before they are

vor Goan, ace

Ae-Serrivg Poves

On straight seetions poles should be set vertieally.

On ecurves or at corners the poles should be placed so that they will ineline
outward from the centre of the curve,  (Fig. 11),

When the pull is less than 5 ft., the rake should be about 10 in. (Fig. 11); with
a pull of from 5 to 10 ft. 15 in.; and with more than 10 ft,, about 25 in. These figures
apply to the top of the pole after it has been set and before the line wire is attached.
Warped or erooked poles should be set so that the erookedness will offset the pull of
the line wire at the ends of long spans or on curves or corners. No attenticn need
be paid to the possibility of the line wire changing the amount of rake. Thes» speci-
fications are approximate and may be exceeded without harm. Rake is sorietimes
necessary even though the pole is braced or guyed.
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G—Frrixe axp Tampis

In setting a pole it should be “ trued ™ and held in position with pike-pok
firm, the dirt being filled in evenly around it and thoroughly tamped as the fill
progresses (Fig. 13 I'he coarse gravel should be put in last. The fillix i
be done by one man, and the tampi two men r the s set and tl 1
filled, about 6 1 f earth should be elosely packed around the pole above the gr |
Poles set in solid rock should have rock fragments firmly wedged in around tl

13 Setting a pole
Section 56—Bracing and Guying

The use of braces and guys is obviated in many cases by a proper amount of rake,

but either bracing or guying will be necessary in the following cases
0 it

(1) On any pole on a curve or at a corner where the pull exceed
(2) On poles at each side « rossing over roads and railway r
(3) On the two end poles of spans between 300 and 500 ft.
(4) On the poles at either end of spans above 500 ft
(5) On very steep slopes.  Anch
or a head guy from the top of one po

guys may preferably be used in these cases,
(below the lowest bracket) to the base of the

pole next above it.
(6) On alternate poles in exposed positions.
(7) On poles in swarups or on loose ground (where necessary.)
(8) On poles on both ends of high-tension transmission line erossings
(9 On the first and last poles of a line.

1—Bracks

Braces (Fig. 14) should be at least 8 in. in diameter at the butt end, cut slanting
at the top to fit close to the pole but the pole itself should not be eut. They should
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ild be made of two pieces of line

(a) Anchor Guys.—Anchor guys (Fig
wire (No, § BW.G.) twisted together, and, if possible, of sufficient length to reach from
the bottom of the lowest bracket to a point on the ground at a distance from the

slanting
f the bracket above the ground, but under no

should bottom of the pole equal to the height
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eondition less than 8 ft., with enough additional length to allow one end to be passed
through the eye of a standard half-inch, galvanized-iron guy rod, the other to be
wrapped twice around the pole, and both secured.

When a guy has been prepared, one end should be wrapped around the pole twice
and stapled, the loose end being secured by wrapping not less than six times around
the wire, using a pair of connectors or pliers,  Au anchor log should then be placed
in the ground with a guy rod passing through it, the eye of the rod projecting above
the ground. One of a pair of pulley blocks should then be hooked into the eye and
the other fastened to a Buffulo grip or a medium-sized Haven elamp attached to the
guy wire.  The latter should then be pulled to the required tension and the end looped
through the eye and secured by not less than six wraps (Fig. 15), after which the
pulley bloeks and Buffalo grip ean be removed.

The size of the anchor log will usually be determined by the depth below ground.
If the depth of the excavation be 43 ft. the anchor log should be 4 ft. long by 5 in. in
diameter; if the ¢ ation be 31 ft. deep the anchor log should be 5 or 7 ft. long by
8 or 6 in. in diameter,

Two wraps
oroundhe
No? less han 6 wrops e

METHOD OF GUYING

Two stonds of 89 BWG

olenized iran wire

Pwisted togemer or

Astrondse/2 BwEH

|

Mot less whan Ewrops No? lass whan 8 feet

MeWhen X eguals 4.4 feet use anchor log 4Retlong by Sin dhameter |
el it v sy e wnle w

7 vielo o
./4~. hor 109 =

Galvanized 17on nur ond squore
washer on end of guy rod
Fig. 15 Method of guying

If guy rods are not available, the guy wire should be wrapped around the anchor
log. This is temporary construction, as the guy wire will rust and break.

When a guy is used on a public highway or street in a city or town, a guard should
be used to make it readily visible. For this purpose it may be boxed up to a height
of 6 ft. above the ground, or a sapling about 3 in. in diameter may be wired to it.
This protection is also desirable where guy wires are necessary on open meadows, ete.,
frequented by men or stock.

(b) Tree guys.—1f there is a live tree of large diameter nearby, the guy wire may
be fastened to it instead of to a buried log. Hardwood glats should be used between
the guy wire and the tree to prevent injury to the latter, as in Fig 33,
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(¢) Rock guys.—A home-made iron eye-bolt 1 ineh in dinmeter and not less than
18 in. long may be used for anchoring a guy wire in rock.  The angle formed by the
guy wire and the shank of the bolt should not be more than o right angle (Fig. 16)
I'he bolt should not be near the edge of the rock or ledge.

(d) Guying across roads—1f a guy wire

. as ordinarily
with traflic on a road, a stub should be used (Fig. 17) to provide pr
stub should be stayed with the standard guy rod and anchor I
possible, braced with anchor

I, would interfere

v elearance,  The
3 oor if this is not
underground, as shown for the pole in Fig. 18

2 strands #9 BWG. galvanized iro

vire Twisted fogerher.or four strana.

S P*2BWGC (shown as single wire
N Yo simplify illustration)

Not Jess than € wraps

| inch diameter iron rod not /ess
than /8 inches in length, depending
on nature of rock ——

Do not locate near
the edge of the rock

Rock

Fig. 16 Roek guy bolt

3—Sevr-surrorting Pores
Where conditions prevent the use of any other method of guying, and especially
in swampy soil, the poles should be braced with anchor logs, as illustrated in Fig, 18
The problem of supporting poles in muskegs is often a difficult one. Where
ordinary methods of single bracing or guying will not suffice two or even four braces
may sometimes be necessary in addition to anchor logs placed as shown in Fig, 18

f—Trirons

The difficulties encountered in supporting poles in muskegs are often iner
by unusual soil conditions which make the digging of holes very costly. Some suce
has been met in the employment of tripods instes
I'hese tripods are const

1 of poles in eroseing such muskegs
ieted of peeled poles having a butt diameter of 5 in., top
diameter of not less than 3 in., and a length of 22 to 24 ft.  Lodgepole pine is the most
suitable material, but spruce, tamarack, or jack pine may be used

ch tripod con-
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sists of two 22-ft. and one 24-ft. pole and these poles are wired together through
holes bored ft. from the butt end so that they may be raised or lowered at
will.  The longer pole thus projects 2 ft. beyond the other two and from it the line
wire spended in a split tree insulator.  The butts of the poles are not set in holes

Line

2| ﬁ TMESYATE

& 4 About “, ¢ ST
RS g ey (=27 Y (G-
—;u”;/m ‘:J__ u\\’-ﬂk\f } .
N i ‘'L ogs 4 Teet fo 6 feer

/ong-diometer 8

ﬁnches Yo /0 /nches
N YANNERN

7his method of ground bracing may be
used for poles in swampy Sor/. Also
Jor poles orguy stubs whern nofpossible
Yo anchor them.

Fig. 18  Method of ground bracing
but are set directly on the ground surface, and to prevent them sinking into soft soil
a b-ft. eross-log about 4 in. in diameter may be spiked or wired to the lower end of

each leg.
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Al iron wire should be well galvanized to proteet it from the corvosive action
of the weather,  (For specifications see Appendix E. o Its life is 15 to 30 yes
it has little or no wreeking value when removed,

Hard-drawn copper wire possesses great conduetivity and high tensile strength
and does not deteriorate when exposed to the weather. 1t s therefore well adapted
for telephone lines.  More difficulty is encountered, however, in obtaining gowl elee
trical joints when splicing copper wire than when splicing iron wire,  Copper wire is
of particular value where unusual construction is required, such as on very important
trunk lines over 125 miles in length, on metalliec eivenits, ete. Tt lasts almost
finitely and has o wreeking value equal to 80 per eont of its first o

and

2 STannarn Cosstre oo

A one-wire line (grounded cireuit) of No. 9 B.W.GL, Best Best galvanized-iron
wire will be the standard construction on the forest reserves, o other method
whould be used unless the permission of the distriet inspector is fiest obtained.  If
the line is loeated outside of the reserve where there are no trees, No. 12 BAV.G,
galvanized wire may be used, provided the lemgth is short.  Metallie civenit lines
are used only where there is outside interference, such as cross-talk, induction, or
trouble from power-transmission lines. It is not possible to talk any farther over a
metallie eirenit line than over a grounded cirenit line provided the grounds of the
latter are made properly. Where the length of a line execeds 125 miles it will prob-
ably be necessary to us

copper wire,  This cannot be used with swinging insulators
and will not b ployed except on o strietly pole line,  Where necessary, o two-wire
line (metallie eircuit) of eopper wirg may be used,

For spaus up to 500 ft. the No. 9 galvanized-iron wire should be used, exeept
when the

ircuit is of hard-drawn copper wire.  For longer spans steel wire or other
forms of special congtruction will he necessary, 12 New British Standard gauge
(N.BS.GO hard-drawn copper wire should not be used on spans longer than 300 ft,,
nor No. 14 N.BS.G. hard-drawn copper wire on spans longer than 200 £t 1 the
cirenit is of No. 12 N.B hard-drawn copper wire and it is necessary to make
spans longer than 300 ft,, S N.BS.GL hard-drawn copper wire should he nsed
for the spans from 301 to 500 ft.  If the eivenit is of No. 14 N.BS.G. hard-drawn
copper wire and it is necessary to make spans longer than 200 ft, No. 12 N.BS.G
Lard-drawn copper wire should be used on spans from 201 ta 300 fr,

BCarmons

Great eantion must be used during lightning storms,  While lighining is being
discharged in the vicinity of the work, and as long as there is any danger from this
trically connveted should be handled or touehed.

source, no line wire or any wire ¢

f Sriiveive Wi

dory methods of removing the wire from the recl, and
h tieular

There are several satisf
which one to use will be def urmmul Iy\ the cnmllllun- in

whulu of the Ilnrwv]mg nf the wire. ln paying out '||~ wire eare <hould l.. 1 lwn
to place it on the proper side of poles or trees, fnoorder to avoid cutting it i
should be as few in number as possible,

When the conditions permit the vse of a wagon, the reel way be placed in the
baek and the wire laid upon the brackets as fast as the wagon proceeds,

Another method is to have the wire pulled out by o horse, cither with o rope
that can be released instantly, between the ends of the wire and the traces of the
horse, or by tying the end of the wire to the horn of the saddle, with a man watehing
the reel. Where the line is very erooked the reel should be placed at less than one
half mile fom the starting point.
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et upright and held in place by two nuts N, one on each side of the arm. Care must be
taken to see that these standards do not project below the arms more than the thick
ness of the lower nut. The portion threaded should equal the thickness of the arm
plus the thickness of the two nuts. The e of the whole apparatus is so small that

after the iron fittings are removed the rest may be disearded, if neeessary, when the
ork is completed '

No more wire should be strung out t} et o sretad T o day
Special eare should be taken not to allow the wire t ¢ neross trails or roads wher
it might be run over by vehicles or trampled by animals. Kinks or nicks made in
this way may weaken the wire sufficiently to eause it to break as soon as a little
strain put upon it, or when it contracts in cold weathe All kin should be
straightened before the wire is stretehed.  1f the kinks or nicks are bad they should
be eut out and a splice made
Iraxsrosivg Lives
By transposition meant changing the locatio n wire from one side

pole to the other (Fig. 21). This is done t ercome the effects of tsid
ference existing in lines which are close to or parallel with high-t« 1 !
nes, and wires which are on poles carrying other wires
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When building a metallie cir t, the wires should be transposed onece every mile
Where the line is exposed to induction, eross-talk, power wires or electrie-light wire

the line wires should be transposed at least every

th pole. In transposing telephone

lines, the wire on the left should always eross over, r, the wire on the right,
and without touching it. On a bracket line the transposition can be made very easily
by changing the loeation of the brackets ou the pole, as shown by the upper diagram in
Fig. 21. When a eross-arm is used, transpositions can best be made by using a standard

sition insulator I'ranspositions should be arranged for at the time

two-piece transj

the wire is unreeled, the left-hand wire erossing over on top of the right at the point

where the line is to be trausposed

G--8AG ALLOWANCE .

one wire undergo changes with variations in temperature,

angth in each

The stresses in the tele

thus making it necessary to provide for the extreme variations in wire
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m a pole line is stopped for a short time, or at
The line wire will then be

ind brought down and
falo grip and either

When the work of stringing wire
| a figure X tie

the end of the day, the last tie put on will
racket of the next pole without being ti

continued over the |
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Method of making * figure tie for irm

by first bending the tie wire into a horseshoe shape just

putting it over the line wire (first position, F
imd then bringing the two .m|~

S tie is made

I'he figure
large enough to fit the insulator,
which has been placed in the groove of the insulator
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sleeve for hard-drawn copper wire (Fig. 29); galvanized-iron sleeves should not be
used. Copper eleeves should not be used for splicing galvanized-iron wire, because
the resulting corrosion of the latter results ultimately in a high-resistance joint which
may become the equivalent, from an electrical standpoint, of several miles of extra
line.

Soft copper 1re wire
Sasmre size as /e wire

Hard drawrr
copper /irme wire
\

Not /ess rhar & furns

Fig. 26 Method of making regular tie for hard-drawn copper wire

When copper sleeves are used for joining hard-drawn copper wire, they should be
twisted not less than three nor more than four turns with a pair of reversible con-
nectore of the No. 309 type. The ends of the wire should project approximately 1 in.
from the end of the sleeve before twisting. After the sleeve is twisted the protruding
ends of the wire should be eut off not closer than } in. and bent back slightly on the
sleeve.

In ordering sleeves it is necessary to specify the size of the wire for which the
sleeve is required. In making jointe every precaution should be taken not to nick the
wire, whether galvanized iron or copper.
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/rard drawrr 137 Position of tie wire
copper line wrre

Soft copper tie wire
same size as /ine wire Nor /ess thar 5 turns

O B

Method of making figure § tie for hard-druwn copper wire

Not /ess tharr S close wraps

Fig. 28 Method of splicing iron wire (Western Union Joint)

T —
-1

Sleeve affer using
Twistea 3 1o 4 full turns depending on ifs /engtss

Fig. 29 Method of splicing hard-drawn copper wire
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CHAPTER IX
TREE-LINE CONSTRUCTION
Section 58—General Principles

With a telephone line passing through a heavy stand of timber, the possibility of
trees falling acrose the line makes it essential that the line wire should be able to
way without breaking. The rigidity so necessary for standard pole-line construetion
is therefore undesirable and even inimieal to proper tree-line construction.

The tree-line method is generally used when poles are searee or inaccessible, when
ground conditions are unsuitable to the setting and maintenance of poles, or where
there is not enough money available for the construetion and maintenance of a
standard pole-line.

The essential features of the tree-line method are the use of the split insulator
and a suspending wire support.  The former allows the line wire to draw through it
when there is a pull from one side; the latter permits the wire to be attached to the
tree itself,

Metallic-eircuit tree lines are seldom used,  Short cireuits, resulting from broken
wire ties and from trees falling across the lines, make this method of construction im-
practicable under ordinary conditions.  Where the danger from high-voltage trans-
mission lines makes necessary the use of a metallie cireunit, but other econditions make
the use of a tree line desirable, the wires should be strung on separate trees and the
standard methods of transposition followed. Under no cireumstances may a metallie
tree line be undertaken without authorization by the inspector,

Section 59—Selecting Trees and Route

Judgment and eare should be used in selecting the trees to support the line, and
also in determining the tying place on each tree and the method of tying.  Only sound
trees shonld be seleeted, of sufficient diameter to minimize the swaying, but large and
smooth trevs that are difficult to elimb should be avoided.  The course of the line
should be varied to take advantage of trees that will lessen the cost of construetion ;
but if suitable trees are not available, poles should be used.

In tree lines the spans should not exceed 175 feet,  If possible the average span
should approximate 100 feet, and may be shorter if necessary. The span should be
equalized, that is adjacent spans should be as nearly of equal length as possible and
no abrupt changes in length of spans should be made The erooks and turns of the
trail should not be followed unless to do g0 would mean more economical and better
constrnction,  The line wire should never touch the trunk of a tree, and ecare should
be taken when attaching the insulators to see that the pull of the wire is away from
the tree and not against it.  On side-hill slopes the line will be strung, if practicable,
below the trail, so that in ease the wire comes down it will not fall on the trail.
Wherever possible avoid crossing the trail.

In selecting trees for ties two systems of alignment are followed Iu»th of which
give good results, Tn the first system (Fig. 30) the effort is made to seleet the trees so
that they follow a regular zigzag course, each tree being on the opposite side of the
right of way from the two adjacent ones. The amount of pull between adjacent trees
on the same side of the right of way should be 6 to 8 feet. The wire then forms a
zigzag over the cleared right of way and pulls away evenly from each tie tree. The
insulator, of course, is attached on the inner, or concave, side of each erook in the line.

6]

S

he
ta
lig
en
th
wi

he




——

TREE-LINE CONSTRUCTION

IS

69

In the second system (Fig. 31) the line is built in the form of a series of long

reversed curves.  On curves, while all insulators are on the same side of adjacent

trees the wire nevertheless pulls away from all trees on the curye By laying out the

iy of
) give
wtion
when
whenre Fig. 30 Zigzag system of alignment
of a
ulator
eh it .
to the
roken
n im-
trans- Fig. 31 Reverse curve system of alignment
make . . . §
d the entire line in a series of reverse curves, each of six or cight spans in length, the desired
T pull away from the tie trees is seeured without the frequent crooks in the line
encountered in the first method.
Section 60—Line Construction
1—Tue “Six Reces™ ror Tree-tine Work

. I||||‘
sound For successful tree-line construction, the following six rules should be kept con-
e and stantly in mind

) vh‘“‘ 1 Slack wire. ¢ Standard installations

s 2 Equalized spans. 5 No sharp turns in line.

| 3 Weak ties. 6 Avoid attaching wire too high on trees.
©span
ild be
e and 2~ Laxe Mareriaes
of the
better For tree-line work, only No. 9 B.W.G., B.B., galvanized-iron wire, or heavier, can
hould be successfully employed.  This is true, regardless of the length of line. The strains
from to which tree lines are exposed are much greater than with pole lines and no wire of
cable, 8 lighter weight than No. 9 will resist them successfully. Copper wire cannot be
trail. employed at all with this method of construction. Although tree-line methods involve
the building of a very crooked line with a great deal of slack, the actual length of

which wire is not thereby seriously increased. Only about 100 feet per mile of line wire need
8es 80 w allowed for the normal erooks and slack of a standard tree line,

of the For tie wire No. 12 B.W.G.. galvanized-iron wire is employed. A mile of No. 12
trees ire will make about 2,700 tie wires or enough for approximately 60 miles of line,
rms a llowing 45 ties to the mile.

T‘"' Split tree insulators and 4-in. staples, sufficient for 45 to 50 ties per mile of line,
: line. ire the only other line materials required.  The latest form of split tree insulator (See
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Appendix E) which is elliptical in eross-section not only avoids several of the more
serious defects of the original circular and hexagonal types but is much heavier and
of hetter material, and therefore stronger. Tt will be standard on all Forestry Branch
lines,

3—Smrinaine Wire

The methods given in Section 57 are also applicable to tree-line construetion, al-
though the latter offers less opportunity for the use of a wagon. The same precaution
should be taken not to injure the wire. In most cases the only practicable way to pull
out the wire is by hand from a stationary reel. Where very thick brush is encountered
along the right of way it will sometimes require three or four men to pull a half-mile
length of No. 9 wire, with an additional man to tend the reel. Two men should take
the end of the wire to which a eross-bar is attached for a handle, while the others
distribute themselves along the right of way as the strain becomes heavy. Tt is import-
, and to straighton

ant to remember to remove the cross-bar from the end of the
out the latter after baving pulled out the coil.

A large amount of slack should be provided. The exact amount will be determined
by the conditions, top shy, ete, but, in general, each span should be given about
4 ft. The aim is to provide enough <lack s that several trees may fall across the line
within a few spans without hreaking the main line.

This should always be tested after the wire is up by catching hold of the line wire
botween supports and pulling to the ground. Tt should have sufficient slack to permit

this to be done in every span, and, where slack-holding ties are used, at least four times
simultaneously between each pair.

Under ordinary conditions the use of brackets in tree-line eonstruetion should he
avoided,

+Hewur or Wi
The wire should not be hung at a greater height than on a pole line and in general

should be hung about 18 £t above the ground at the point of attachment, giving 14 ft

at centre of span.

SSpeerr Trer Instiaror ATracHMENT

The method of making the split tree insulator attachment is shown in Fig. 32,
C and D are the insu'ator attachments that have given the best resnlts, The former
falls across the line.
In such eases neither the tie wire itself nor the split insulator breaks, To make repairs
it is merely necessary to replace the attachment on the staple as illustrated in the
figure,

The attachment D involves the same prineiple, but uses No. 9 wire. When this is
employed it is necessary to keep only one kind of wire in stock, though the tie C is the
loast expensive and the casiest to make. I shows a little stronger attachment made of
No. 12 wire which should be used in conjunction with the crosstie shown at A, All ties
should be attached to the tree by means of a 3-in. or 4-in. staple, according to the thick
ness of the bark, about 1 in. of the staple being left protruding from the tree. A 23
post staple may be used in hardwood timber.  When there is a possibility that the tree
to which the insulator is attached may be eut into sawlogs, a wire wrapped around the
tree with a loop twisted in the middle should be used instead of the staple.

The staple should be set with its two points in a vertical plane. The split insulator
is attached to the line wire by the lineman before elimbing the tree. Particular care
must be taken in forming the loop of the tie wire around the staple to see that it is
snug and that the reversed ends are left about 2 in. long and closely parallel to the
shank of the tie. A very great variation in the amount of pull required to detach this
tie ean be necured by altering the shape of the loop around the staple, and if not pro-

uses No, 12 wire and comes loose from the staple whenever a treg
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TREE-LINE CONSTRUCTION 7

perly made it may be found that the ties pull loose under the weight of the line wire
alone. This must, of and the ties so made that they will not only
support the wire but also withstand the shock of falling trees up to the point where it
threatens to break the line,
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H CROSSTIE
32 A illustrates a complete erosstie with a No. 9 wire runing through the in
1 Such a tie should be used wherever it is desired to prevent the wire from run
1 after br ge of the main line, It should be made of No. 12 wire and I
rom 20 to 25 in. k I'his tie is usually preferable to the insulator and bracket dead-

d, in that it lessens the ch of the main line d by heavy winds

I'he line should be stayed at the top of hill nt of steep s It is
t necessary to stay it on comparatively level gr spans are properly equalized
I'he use of erossties should Ix muel wsible,  Perfect eq wtion
spans will enable t be accomp n any but mountainon untry
T—DEAD
So far as is practicable lines should be dead-ended and poles set and bra r
it purpose.  One or, if necessary, two brackets set close together may be used, the
wihod of fastening wire being illustrated in | 4 and 25, When dead-ending on

d the No. 500 white

f standard galvanized strand

rees the bracket-and-insulator method is not le, but inste

rain insulator attached to the tree by four to six wraps

hould be used. The tree should be protected by four shims or cleats of wood. This

method is illustrated in Fig !

Dead-ends should be used

(1) At terminals of lines

(2) At the ends of all extra long spans

(3) At the tops of all long stretches of line, or steep slopes where the standard
rosstie is not adequate to stand the strain
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S—Spercian Tyres oF ConsTrUCTION

In regions where there is little timber and practically no danger from windfall
a No. 3} poreelain knob fastened to the tree with a 6-in, spike may be found satis-
factory. It should not be used, however, without the permission of the distriet

. /e white Nosoo
4-Complete turns of / s’ran insuielfor

NalBseszing .clyﬂ"\

6 ot leas? on trees

|

N 6-Short turns

Pieces 6 wide 12 long 2 thick, either
split hewn or sawed, on four s/des of
tree. Faslen folree with 2+5m. noils
Deaa-enging on poles-Omit profecting
preces ond reduce fore space fo 3inches
Se/zing stuft moy be fastened fo poles
with nails,or common fence sfoples

Never ceaa.end o/ine of greater weight
rhan 50 1t of No@wire %o buriding and
then aead-end on rrackets ana gloss
msulators

Fig. 33 Meihod of dead-ending on tree lines

inspector. In this type of construction the spans should average about 100 ft., with
from 10 to 15 ft. of sag, according to the length of the span. A No, 12 wire should
be used to tie the main line to the insulator, using the tie indicated in Fig. 26.
This method will be found satisfactory only in large, open western yellow pine and
similar types where there is little windfall and almost no sway of the trees at the point
of attachment of the insulator. Tt should not he used for any but short branch lines
or on short, alternative routes,

The spike should be driven into the tree for almost its entire length, leaving
only about 1} in. exposed. Sinee the weight of the wire falls on the top of the
insulator, the strain on the tie wire is small. The lower branches of the tree should
not be trimmed, since they tend to prevent the line from grounding when a tree falls
on it.

In some regions of excessive winds where deciduous species, such as poplar, are
used for tie trees, it has been found that the constant sway of the ties cavses them
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IREE-LINE CONSTRUCTION 73

rapidly to wear thin at the staple. In these situations windfall is often not very
great, and good results can be secured by tying the insulator down to a nail or
staple set below it or by abandoning the use of the staple entirely and wiring the
split insulator tight against the tree with i loop around the tree itself.  Still another
method that has proved satisfactory is to employ the tie shown in Fig. 32K, but
instead of making a plain loop of wire around the staple, to use galvanized-iron
wire-rope-thimbles around which to make this loop.  Get the size used with in
wire rope.

A similar method can often be used to advantage in constructing pole lines
through dense stands of small, dead spruce, so co

mon in the northern forest.  In
this region it is sometimes impracticable to cat an adequate

ght of way at once,
for lack of funds, but a pole line is necessary for lack of suitable tree supports
Under these cireumstances poles should be set in steaight lines as for a pole line but
split wsulators tied down to a spike below the wire should be employed. Al large,
dead snags should be eut, and when later a full right-of-way clearing is made the
regular bracket and pony glass insulator may be substituted,

O—Crossing Meapows axp Parks

It may sometimes be preferable to cross small me
making the detour nec

dows and parks instead of
of trees,  Poles should ordinarily

ssary to the eontinued

be used to make erossings of this kind.

When not more than six or eight poles are necessary, they should be considered
as trees, and the line wire attached to each by a split insulator, allowing as much
slack as elsewhere in the line. In this way no injury to the portion of the line in
the park or meadow will be caused by a tree falling on an adjoining span.  If a
large number of poles is required, the first «
should be equipped with split insulators,  For the remaining distance the standard
pole-line construetion with the sag in the spans as indieated in Table D should b

tht poles on each side of the meadow

used. Do not “stagger ™ any of the poles unless they are properly raked and guyed
to withstand the strain,

10—Crossing Rivers axn Caxyoss

Where it is necessary to cross a river or eanyon

0 A in width, a
pole should be set (do not use a topped tree) on each side of the canyon or river
and securely anchored. Each pole should be equipped with double brackets and the
vire tied to the insulators with the figure 8 tie

Where the span exceeds 500 ft., specific instruetions should be obtained from

the distriet inspector before construction is begun,

11—Crossivg Divines axp Bripise 1o Loogkovr Poists

Two methods may be followed in construeting lines across divides and watersheds
and to lookout points.

The usual tree-line construetion should be used when the timber is heavy and
such construction practicable. The line should follow a trail or road. Frequent
switch-backs may be necessary in order to get over the divide,

The line should be hung in split tree insulators, using the regular attachment
(', Fig. 32, except on trees at very abrupt changes in line dircetion. At such points
a tie w're similar to B or E, Fig. 32, should be used, the tie being made of single
No. 12 B.W.G., B.B,, galvanized wire. This tie is lighter than the main line and
1 trifle stronger than the ordinary ties (C and D, Fi
as more than one tree falls across the line, thereby providing all of the slack between
the tree at the turn and the adjacent trees,

12), and will break as soon




74 METHODS OF COMMUNICATION FOR FOREST PROTECTION

The second method will be followed when the trees are scarce or when the other
method of construction is not practicable. The line should be run straight up the
side of the mountain. Brackets and glass insulators should be used, and the wire
tied to the outside of the insulator with No. 14 B.W.G., B.B., galvanized-iron wire,
which is very light and will break easily. About 4 ft. of slack should usually be
allowed for a 100-ft, span.

CHAPTER X
EMERGENCY LINES, CONSTRUCTION AND USE
Section 61—Use in Forest Protection

For the purpose of quickly establishing telephone communication at points not
on a permanent line, the military system of laying light insulated wires on the ground
has been adopted. The more thoroughly organized the protection staff becomes, the

greater is the need for maintaining direct communication between all its parts
i

mergency lines serve two main purpoees in forest protection, but they are also

extremely useful in general administration work on forest
work they have the following application:

(1) To connect the ends of a permanent line across a break caused by

eserves.  In protection

tire, landslide, or other serious damage to the line. This is required where it is
important that the use of the permanent line eontinue without interruption and where
the repairs will require some time

(2) To conneet fire-camps, commissary camps, and other important points on the
fire-line or line of communiecation with headquarters in the rear. This is usually

-omplished by conneeting the temporary camps with the nearest permanent tele-

a
phone line.  IHeliograph stations may similarly be connected with the fire-camp nearby.

\rious

In general administration on forest reserves wls of temporary camps
are established, all of which may require telephone connection to attain the greatest
efficiency. Emergency lines will serve to provide such connection if a comprehensive

svstem of permanent lines has been installed.
Section 62—Line Construction

1—Lixe MATERIALS

st protection is approximately

1 No.

The wire adopted for emergeney lines in for
vo. 30 B. & 8. gauge hard-drawn copper

20 B. & S, gauge consisting of 10 strands N
wire twisted together and insulated with a double-reverse, close serving of cotton,

waterpro

«l with asphaltum compound. (For specifications see Appendix E.) Tt

has a resistance of about 53 ohms per mile or approximately the same as No, 14

B.W.G., BB,

strength 48 pounds. This wire is purchased in half-mile lengths wound on wooden

alvanized-iron wire. Its weight is 20 pounds per mile, and its breaking

spools conforming to the standard specifications.  (See Appendix E.)

I'he only other line-construction materials required are some rolls of cotton tape
(stationers’ red tape is good) or some balls of cotton package twine, and some 3-in.
wire nails,

2—Laxne Toors

The erew employed in laying an emergeney line requires the following tools and

material :

1 2}-in. serew-driver 1 roll friction tape

1 pair 6-in. side-cutting pliers 1 forked pole or erook-stick
1 emergency wire reel 1 ball cotton twine
1 pocket-knife for each man Supply of 2-in, wire nails.

1 hand-axe for each man
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Fo tie up the wire to supports, use tape or cotton twine, making a barrel

w in Fig, 34, Do nol let the wire come in contact with nails. Hang it from the
nails by means of the twin Make no spans greater than 75 6 in length and

not allow the wire to be deawn tight, especially where fastened to the limbs of tre
as the swaying is likely to break it

Leave the empty spools along the line at the end of each coil. Always run the

vire through the hole in the spool and place the latter well up in o tree where it

will be out of sight of passers-by.
G—SErring Pores

Although for the most part emergeney wire will be laid direetly on the geound

among 1he er tree branches and over underbrush, yet cases sometimes

ocenr where a more careful placing is desivable, This can be very easily accomplished

by using light poles for supports.  These poles should be straight, trimmed el
about 10 to 14 ft. long and 2 10 3 ine in diameter at the butt.  Any s
o need not be peeled and ean generally be eut immedintely adjacent

branches
vill do

to the line. Send the pole erew well ahead of the wire erew to eut, trim, and dis

tribute poles at T5-ft. intervals along the route

The pole-setting erew of three men follow the reel. This erew is provided with

the following tools in addition to those furnished for wire stringing
1 pole-axe or sledge-hammer

1 4-ft. steel bar, or pointed pipe with drive cap

With the hammer and bar two men make the holes into which the poles cm
be thrust. The third man makes a deep, downward hack in the pole at the proper

inserts the wire, ties it if desirable, and sers the pole in place in the hole

prepared for it, tamping it with his heel,  Several erews may work simultancounsly
and with enough men cutting poles keep well in advanee of the reel the line ean

be erceted at a fast walk
Section 63—Maintenance

Maintenance is extremely important As often as possible o man should I
kept well elevated abov

sent along the wire with the forked stick to see that it i
the g
time may be very much improved in this way-  1f the line is broken, the break may

sund among the trees or bushes, A line that is left out for some length of

be very difficult to find. The only safe way to loeate a fault is to run the wire
through the hand until the fault is reached.

Temporary joints are best made by tying a knot in the two wires as shown
Fig. 35. Peel off the insulation for about 2 in. on each wire and twist tightly o

gether. Raise all joints above the ground ayd fasten to a pole or branch with tap

\fter each s

won the emergeney wire should be thoroughly overhauled Al

temporary joints should be veplaced by permanent joints, soldered, taped, and painted
with insulating compound.  Bare places in the wire should be similarly repaired, and
pieces in which the eopper conductor has been injured should be cut out. Reel the
wire back on the spool evenly and tightly and store in a dry place

Section 64—Taking Up Wire -

The same r is used as for paying out wire but is rever and hung on th

breast instead of the back. Insert an empty spool and tighten so that it will not

lip on the erank, One or two men should go ahead of the reel and remove the wire
from the limbs and bushes and place it in the road or trail so as to expedite reeling
d of the reel, and at each half-mile joint
fast to a stake, tree, or some other solid
support. The men taking down wire must run the entire line through their hands
so that there will be no ties left for the man with the reel to yelease,

in. They should start some minutes ahes

the wire should be cut and the ends mad

LeRAn et A sian B







CHAPTER XI
FOREIGN LINES, CROSSINGS, AND CONNECTIONS

Section 65—Location on Poles of Foreign Lines

When a Forestry Branch line is attached to a pole carrying a telegraph cireuit,
the former should be located at least 2 ft. from the nearest telegraph wire.  This
same clearance should be maintained between a Forestry Branch wire and any other
wire on the same pole that does not belong to the same system. Forestry Branch
lines should not be attached to poles carrying electric light, power, or high-tension
transmission lines. A grounded line should never be strung on poles carrying tele-
graph eircuits or other telephone cireuits either grounded or metallic.  Use a metallic
line.

Section 66—Crossings
1—Ramway Ricirs or Way

Railway rights of way should be erossed at right angles. All such crossings
must be made in accordance with Order No. 231 of the Board of Railway Commis-
sioners for Canada.  (See Appendix 1.)

2—Foreioy LiNes

Whether to cross over or under foreign lines will be determined by the character
of their construction. If the foreign lines are well constructed and well maintained,
they should be erossed underneath at a distance of not less than 4 ft. below their
lowest wire, unless this would bring the Forestry Branch line too close to the ground.
In that case a crossing should be made over the foreign line, with a distance of not
less than 4 ft. between the lowest part of the telephone line and the highest wire of
the foreign line. If the comstruction or maintenance of the foreign line is poor,
the Forestry Branch line should in every case pass overhead.

3—Roans

If the line following a road, crosses from one side to the other, the crossing poles
should be braced, or guyed, and a figure 8 tie used. The wire should be strung at
least 16 ft. above the road, or even higher if required by provineial law

4—Crossixes Over 500 Fr. v Lexeri

Crossings more than 500 ft. in length may involve the use of steel-wire, special-
strain insulators, towers, or bridge work, and special “A” or “H” construction. Before
any construction is undertaken, the district inspector should be asked to prepare
proper specifications.

5—Hicu-texsiox Traxsyission LiNes

Contact at any point between a telephone line and a high-tension transmission
line endangers both the entire telephone system and the lives of those who use it.  In
all cases when a high-tension transmission line is to be erossed by a Forestry Branch
telephone line, instructions should be obtained from the distriet inspector. Trans-
mission lines should be given as wide a berth as possible. If it is ry to run
close to one, pole-line construetion should be used.
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Transmission lines should always be crossed at a right angle.  Unless the dis

triet inspector speeifies otherwise, or unless the transmission company has provided

special and safe protection, the erossing will be made as follows: Dead-end the tele-
phone line on each side of the transmi n li at least 1530 ft. from the erossinge,
and brace or guy the last poles.  The actual erossing should be made undergronnd
by means of an extea heavily insulated, rubber-covered, braided, and weather-proofed
No.o 14 B.oand S, copper wire run throngh a 1-in. iron pipe, starting at a point on
the pole about 8 ft. above the ground.  The joints in the pipe should be made water
tight by the use of ved lead, and an inverted attached to the top of each pipe,
<o that min-water eannot follow the wire. The rubber-covered wire should extend
up the pole and be conneeted to the line wire,  In erossing with a metallie eirenit hoth
wires may be run in the same pipe.  This method is illustrated in Fi .

If eonsiderable blasting would be required to put the iron pipe underground
below the frost line, it may be laid aeross the surface of the rock, providing it i«
covered with an earth embankment to a depth of 2 or 3 ft.

If permission is requested for a high-tension transmission line to eross an existing
furest reserve telephone line, the Director will require that the transmission line he so
constructed as to provide safe and approved proteetion for the Forestry Branch line
posed to voltage in excess of 5,000 volts Order 231 of the
1 for overhead crossings of electrie-light
(S

Where the telephone line is
board of Railway Commissioners for Can
and power lines will be used as a basis for determining suitable protection.

Appendix D)
G —SUBMARINE

In many regions, particularly in the eastern forests of Canada, the necessity
for erossing wide bodies of water with telephone lines arvises with great frequeney.
Often many miles of aerial construction can be saved by a comparatively short sub-
marine span.  If properly laid with suitable material, submarine lines involve almost
no maintenance charges, Cost of installation is usually very low, Against these
advantages, however, there are certain serious objeetions to submarine lines which
must be fully considered.

A suitable conductor that may be depended upon to give uninterrupted service
is likely to be very costly, particularly where there is any eurrent in the body of
water to be erossed,

A break or léak in a submarine cable canses a complete interruption of the
reney repairs as with land lines,

service and it is impossible to make temporary eme
but the ca'le must be raised, often at eonsiderable expense, and permanent repairs
made bef e service ean be resumed.

A 51 marine eable has a very great eleetro-statie eapacity, many times greater
than the same length of overhead wire, and the practieal result is that a mile of such
cable - equivalent to approximately 23 miles of well-built, standard land line. The
use of even short submarine spans, therefore, in long land lines must be carefully
consideved, not only from the standpoint of first eost and maintenance but also from
the standpoint of their effect on the operating efficiency of the line.

No submarine cables shall be purchased unless authorized by the Director, and
on specifieations furnished by him, and no such eable shall be installed until the
proposed site has been inspeeted and approved by the distriet inspeetor. As sub-
marine cables for still-water spans over one-half mile in length, or for spans of any
length in water having a pereeptible current, may have to be manufactured to special
specifications, field officers will be expected to report all such cases to the distriet
inspector at least one year before construction is contemplated. In reporting, state
length of water-span, character of eurrent, if any, nature of bottom at each shore
and in the middle of the span, depth of water at intervals from shore to shore, annual
variation in water level, if any; and state whether or not the water is contaminated
with industrial acids or other corrosive substances or is salt or brackish. A map of
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82 METHODS OF COMMUNICATION FOR FOREST PROTECTION

available, on a barge or raft.  This is done by inserting a steel bar or pipe in the hole in
the middle of the reel and supporting it at each end so that the reel will revolve easily
A brake by which it may be stopped should be improvised.  The end of the
at ron across to the other landing
that the eable comes off evenly.

on the bar.
cuble should then be made fast to the shore and the
at a slow speed. Two men sghould tend the reel and
Where any great irregularities in the profile of the bottom are known to exist special
care should be taken to ensure t the eable lies on the bottom thronghout it: length

and that there are no unsupported

Section 67  Connecting Forestry Branch Lines with Private Lines or Exchanges

Whenever it is desirable to conneet a Forestry Braneh line with a private line or
exchange, the district inspeetor should first be fully advised by letter as to what ar-
rangements can be made for the connection, including a statement of the ability to
obtain night, Sunday, or holiday service, if needed in emergencies.  There should also
be stated the length of the Forestry Branch line, and, in ecases where it is desired to
connect direetly to another line, the length of such line; the character of its construe-

VT Tk T —
Main line N ] Use test clamp here

Galv iron wire

End of branch line left long
cnough atter dead ending

sulator X Yo connecl fo
main line as shown

Fig. 38 Method of connecting branch line to malr vhen both are galvanized-iron wire
ed in the constraetion of both lines,

tion and maintenance; the sizes and kinds of
cirenits; the number of instruments

and whether one or both are grounded or me
on both lines and the ohm capacity of the instruments on the line with which connec-
The district ins pu-lur will decide the best method of handling the
Jvery precaution should be taken to make sure
stry Branch line will not interfere with it,

tion is to be made.
matter and making the connections,
that trouble originating beyond the Fe

Section 68—Branch Lines

1—Mernon oF CoxNpcTioN

In attaching a branch to a main line, the former should be dead-ended on a separate
bracket attached to the main line pole for that purpose, so that the strain of the braneh
line will not come on the conneetion (Fig. 38), A Fahnestock test-clamp may be used
to connect the branch line to the main line instead of wrapping the end of the branch
grades: Entire clamp fully

to the latter. The Fahnestock test-clamp is made in thre
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Section 71—Dry Batterie
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the protector blocks. Connect the ground wire with the terminal marked ¢
Fig. 45 In the case of a grounded line only one of the fuses is used but a short
FO5 = FOR MET
{
lar
Dri
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d e | he pr ns the prote block ¢ e
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Section 73—"GROUNDS" he ¢

1—GexEraL Priscreres =
re grounded for two distinet purposes. In both one-wire and

( ed and metallie) lines the pr tive deviees must always be grounded

function properly. One-wire (grounded) lines, however, juire to be

aro ] order that the return half of the eircuit, the earth, may be made avail
ble, In grounded lines, therefore, the character of the ground econnection not only (
iffects the protection but also wts very seriously the operation of the telephone hot! (
for ringing and talking. 1 wnds constitute one of the most common and most vil

nnoying sources of trou in this type of construetion,

While permanently moist earth will generally afford a 1, yet different oul
il materials and different logical formations do ne s the same carth
condueting power. This sometimes makes it necessary to test various places befor s
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4—Murmiree Grovsps

The following instruetions taken from the Telephone cireular of Distriet No. 5.
United States

* Where more than one line enters a station to telephones, extension IML. or a

Forest Service, apply to stations where several lines conve

switchboard, all the instruments Laving the same vingey resistance may  sometimes
bee grounded on the same ground rod or coil, provided the electrical contact to the earth
factory.

“The efticiency of a common ground should first be tested before making perma

1= satis

nent connections to it. Where the rod or coil is immediately adjacent to the instrn
ments simply conneet it to the instrument by a temporary wire.  All points of conne

tion should be elean and tight.  1f a satisfactory ground cannot be found nearby, th

stringing
rounds are found.  (Test Ly attaching one instrament to the wire,
mental grounding-place, and if satisfactory results ar

test may be made 0. 9 wires to different places whieh appear to be satis
factory until good
the wire leading to the

v turn lead wires from ecach additional instruoment.) Cross-talk

abtained connect i
hetween the lines may be heard even if the ground is good, but it should not be pro
nounced. When a signal is rung over one of the lines the bells should not eross-ring:
that is, two bells or more should not ring with the switches open between the respective
lines, If the eross-talk is loud and the bells ero

s-ring, or if eross-talk is lond in the
ry the full number of instruments

inadequate ground to

absenee of eross-ringi

ittached i indicated. Two or more wires leading to grounds should not closely parallel
one another.

seonnecting one instrument at a time
ringing is eliminated and the

* Further experiments should be made by i
from the lead wire, followed by a test until the eros
s-talk either eliminated or mueh weakened.  Only in exceptional e
can eross-talk be entirely eliminated where seversl grounded lines enter the same sta
tion,  Seek additional ground or grounds for lines that were disconnected.
ry in some eases, in order to get satisfactory serviee, that

s, if ever,

“TIt may be nece

grounds be separated as much as half a mile.  The expense, however, of locating offi

cient grounds and of installing conneeting facilities is justified, because instrument
»

installation is a failure unless good grounds are my

Section 74—Wiring

To ensure good serviee, instruments on both grounded and metallie lines must b
installed in the proper manuer. I 12, 4, 45, and 46 illustrate graphically the
method of making the entire installation.

Before inning work, means should be taken to determine the arrangement that
will be the simplest, the most economical, and the casiest to maintain,

1—Ouvtsipe oF BuiLoisg

(@) Leading-in wires—1f possible, the telephone should be loeated on the same side
of the building as the pole from which the branch line originates.  The wire from
the line should be dead-ended on a bracket and insulator attached to the outside of
the building, A line should never be attached to a building divectly from a tree, and
not more than 50 ft. of No. 9 ivon wire should intervene between l]u bilding and
Set an extra pole or use insulated copper wire, ry to have the
pull on the b o+ attached to the side of the building parallel to the wall, and not
at right angles, and always rake the bracket htly against the pull.

The point where the wire enters the building should be as near as practicable to
a permanent ground, and each ground wire should pass through the wall of the building
rate porcelain tube, sp at least 23 ins, from the ot tubes, and sloping
upward from the outside.  Under some eonditions eircular loom may be a satisfactory
substitute for the poreelain tube, though it should not be used without permission from

the nearest |»--Vv',
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94 WETHODS OF COMMUNICATION FOR POREST PROTECTION

possible. This gives an appearance of neatness and simplifics tracing out the wircs
when hunting for trouble. There should Le no knots or spirals in the wiring (this
does not mean joints and splices) between the protector and the line or ground rod.
The line should be kept at least 1 ft. away from the overhanging eaves if the roof
is of sheet-iron, Wet and damp loecalities should be avoided for inside wires.

The telephone should be eonnected to the protector by means of No, 10 I, & S,
rubber-covered and braided, single or twisted-pair copper wi

However, if this
wire is not available, the heavier insulated outside wire may be used, although it
is not 8o cheap. The wire inside the building should be fastened to the wall with
insulated tacks, milonite nails, or approved cleats, Uninsulated tacks or staples
should not be used. No joint in insulated wire should toneh an adjacent joint in

another insulated wire, even though both are taped.

(a) Protection from pipes.—Wherever praciicable, wires should be placed abore
all pipes or other conducting material. When a crossing is necessary the wire

should be proteeted by two wranpings of insu! 1 tape, 1l latter  extending  at

least 1 in. each side of the pipe or condueting material.

(h) Separation from light and power lines.—When it i3 neccssary to eross an
electrie-light or power wire in the building there must be a separation of at least
6 in., unless the telephone wires are incased in a eireular loom or porcelain conduit.
When 80 ineased the conduit should project at least 6 in. on each side of the electrie
light or power wire and be firmly sceured against slipping.

Section 75 Lookout-station Telephone Sets

The 1336-J telephone, spe
ringer and condenser. The 1

inl forest protection type, contains a

2500-0hm unbiased
30-K telephone contains a 1600-0hm unbiased ringer

and condenser.

An iron-box telephone set outdoors should he mounted on a post u preference
to a tree or topped tree. The iron ease of the box should be grounded by wrapping
a wire under the head of one of the mounting bolts when the latter is serewed in
and then running it to the ground rod (Fig. 49.) A switeh and protector mounting
box should be atfached to the post. The line wire should be properly dead-ended on

v bracket and insulator located on top of the post cnd exteaded to the
means of No. 14 B, & 8, gauge, rubber-covered, braided and weather-proof copper

wire. This wire should then extend from the opposite side of the switeh to the
line terminal of the protector and from there to the proper terminal in the telephone

set, through the hole in the latter provided for the purpose. The same kind of wire /|
should extend from the ground rod to the ground terminal of the protector and to
1 in the

switeh by

the proper terminal in the iron-box telephone, thro
latter.

e hole provide

If this set is employed on a metallie cirenit, a double-pole, gingle-throw switeh [
should be used (Fig. 49). From each of the line wires an insulated copper wire g
should extend to a switeh, and from the opposit terminal to its proper terminal ®j

on the protector, and thence into the iron-hox set. The latter is grounded from

the mounting bolt, while another wire runs from the ound terminal of the proteetor
to the ground rod,
Tnstallations of this character may be placed on lookout points where there is

ed

nothing but roek. The post may be bolted to the and the ground rod loe

wherever a suitable place can be found, even though it is a consi
awny. In this case the wire to the ground rod is run in the same manner as line
wire is run.  Metal brackets and fixtures may be used to support the line wire along

the side of the rock, with extension bolts if required.
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Section 76—Howler and Condenser for Vibratory Signalling

I'he signals from the 1004-A rt t i ved at t i
y 10 of a howler (Fig. 8 I t I t | ll direct
th a rtable set of this type 1 pped t in most case
t i e found satisf ry t Hup thu more portar tat
1l ot by first ' | ' 1] the
in the usual way by bel mals. The | or st | lged |
| ground through a 1-mierofarad r pt on very short lines with lig
t may be | I ! 1 gr dir I'he m convenient
irit « tion 1 t e and ground
protector in t \ f round e (] J 1 t
post metallie lir
| I post t T . | |1 G
Inn the installation run an insu re from t f the protector
me post of the condenser. From the other 1 rn n a t
I. post of the howler and then econneet the G the r to tl round or
G termin n the protector as shown Fig 50, Do not l t ‘
n the howler as this will reduce the signalling eapacity
hould all b adjuste ter bein 1 1 I'hey sl
neve nched, except for the purp f ad t, after t | )
wmd justed
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canch line being made at the end of the rural line cireuit, thus eliminating the

sity of stringing an additional wive parallel to the rural line telephone eirenit,
By the use of the phantom eircuit a direet lin
where the rural line terminates without interfering with subserib
circuit is so arrang

i= obtained to the exchange or town
m the latter. T
1 that the grounded Forestry Branch line may be cut on the

metallie line dircet through the 47-A repeating ecoil in an emergeney. It s also

l [ Rure
-k ®C
! Co smlt b boorers

To Forestry Branch grownded li

Pronrem

Telephone

Fig i Phantom circuit

arranged so that, should any of the ranchers desire to talk to one of the stations on the
try Branch grounded line beyond the point where the rural line terminates, by
calling the station at the end of this line the switch at that point may be thrown and
direet connection had. This phantom ecivcuil can only be built up wheve the metallic

line does not pavallel any electric-light, power, high-tension, or railway wires,

S—Coxxecrion or Grovsoen 1o Meranie Civevrr

The necessity for making this type of conmection frequently arises where the
Forestry Branch lines are joined to private or provineial lines near forest reserve
boundaries or at
reserve to points outs

er stations, in order to
le. It sometimes ar
eirenits are constructed in order to eliminat
or other errcuits in their vieinity,

A metho rounded line may be eut
through to a metallie line with a 47-A repeating eoil in eireuit is shown in Fig.

Equipment necessary: One 47-A repeating eoil, two double-pole, double-throw,
baby knife-switches, and one telephone set, This method is used where connection is
sary with some commer

ive through service from points in the
. also, when Forestry Branch metallic
inductive disturbances from power lines

of installing a switching station where s

nece al toll line, one telephone being used on the commercial
line and the other on the Forestry Branch line. If a subseriber of the commercial

telephone company, or provineial line, is nsing the toll station, the call on the Forestry

Br,
Wi
she
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case by serews, A wooden bloek on top bears the two binding-post co ctions ad
sprive elip in which the detachable generator erank is carric Ins lid of the
Leather ense i< a dingeam of the conneetion (Fig, 63, The hand set is carried in o
wall eomy artment alongside the vest of the essential apparatus and is connected per
ponently to the set by o stout recciver cord, A small, bhack button at the receive
cod must be pressed while using the set for talkivg or listoning, This takes the place

YELLOW
SLATE
BLUE

WHITE 7

RECEIVER

HAND SET

Fig. Witing diagran For | t
{ the switeh-hook in the ovdinary telephone,  The battery employed is a0 three-e
that, ashi-light type, such as the 703 Ever Ready.  This battery is insert Femoy
ng the two top serews on the side bearving the generator erank and shoving the ba

tery in with the contact plates foremost. When it i desivable to use the ordinary
d wires attached

type of dey el with the set, one or two may be connected by insal

under the heads of the serews that fasten the battery conts

wiek of the battery chamber,  As the bhutton on the hand set el

it is particularly necessary to be sure that it is not depresse ¢ receiver cond
roease when the set wkad, o otherwise the battery will rapidly exhanst itself
The hand set is of very light alomininm and must be carefully protected against
nivneyv.  Dents pear the switeh may make contaets that reduee or desty the efficie
f the instrument

Section 81—Adams Hand Set

1—Use vy Foresr Prorvorio

I'he neeessitios of the more highly specialized forest protect rees demend

tvpe of instrument that may be available to every member of the tield <taff, reg
of the transport facilities employed.  Experience has demonstrated that \ netr
ment that may reasonably be deseribed as a pociet type w meet these requirement

When it is remembered that some of the more perfectly organized forees rogquive honrl

0]
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with a flat, brass hook at one end and a cord terminal at the other. The latter has a

cord terminal at cach end. The total weight is 10 ounces he
For use with the Adams hand set a similar connector may be mads the ficld of b

vmergeney wire, A brass hook is easily improvised from the contact tes of " ¢

ut 703 Ever Ready battery If

Fig. €4 Forest 1 he No. 1-A )
| T, N rn | \ 11-1), used Ne PESErve
1t lard
\ |
1D | | ' "
r 1 I
1oy ! ] LITEN
| | rt ‘ ‘ ( (]
I i |
| tandard 1 Y I rhead wire by m rt | '
( ] It u t eded |
| ! t o, h 1 | roj
! d r 1 around the
. 1t ) "
e ) 8 I rn
| | I strum 1 hor r t 1) |
rod. 'l perat performed 1 ! \\} | I {
tor ! 1 ] ! 1
Featrorary Grot sps
Che importance of extreme eare in locating permanent grounds has already been ner
emphasized. Far less care is require d for a temporary g 1 nnection. Although
it is true that except in very dry regions, or in the winter in the north, a workable Cor
eround for a temporary conneetion can be abtained almost anywhere, yet it is always ‘
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Section 85—Definition of Electrical Terms

() Veltaie Coll—-AX voltaie eell is an areangement of two cleetvo-chemieally dif- l'"“
ferent solids in a liquid which will attack one of them more actively than the other, val
This ligquid is ealled the clectrolyte and is generally an d. One of the solids is W
nearly always zine,  Carbon is very commonly the other, Dy voltaie cells usually i
consist of a zine eup containing a carbou plate and an absorbent porous substanee toa
saturnted with the liguid eleetrolyte,  This eup is sealed with wax or asphaltum. Dry v

cells are now commonly employed to furnish the current for the transmission of speech El
by telephone.  Inert dry cells that contain all the necessary elements «

ptowater

may he obtained.  They are entirely innetive until water is added and keep indefinitely, '”1‘
while the or deteriorates rapidly even thongh not in use, %

(h) Conductor.—Any substance throngh which eleetricity flows readily is ealled
a conductor, Most metals are good conductors,  Tn conduetivity, copper is surpassed -,
anly by silver and is followed by aluminium, zine, iron, tin, lead, and earbon in the ol
order named.  Tron has only about one-sixth the conduetivity of copper. st

(¢) Tusulator—Any substance through which eleetricity will not flow readily i< wil
termed an insulator, aweconduetor ™ or * dielectrie ™ are other terms having the on
<ame meaning,  Among common insulatoss are ebhonite, glass, resins, paper, parafiing
porcelain, mica, rubber, and dry air. * Conductor™ and *insalator™ are, however,
relative terms,  No substance is an absolute insulator and all substances oppose some
resistanee to the flow of cleetricity, =o that no substance is a perfeet conductor.

(d) Ciredit and Grounded Civewif.—The entive path along which electricity flows
is called a eirenit, It comprises the voltaic eell or cells ealled o battery or some other
deviee, sueh as a generator, for producing eleetrical pressure, and the wi othier I8
conduetor connecting the battery plates or the ends of the generator eoils, Bringing me
the two extremitios of the wire in contaet and separating them are ealled, respectively, pre
closing and apening, or making and breaking, the cirenit. A complete metallic eireuit ma
i« unnecessary, it being possible to use the earth itself as a retuen path for the current. Gor
It aets more like a great reservoir of eleetricity than as o conduetor, .\ cirenit, part tul
of which consists of the earth, iustead of being o complete metallie path, is called » Pre
gromnded cireuit.

o) Magnelt—N\ ny in cof iron o steel (geneeally a bar) which has "':
the property of attracting other pieees of iron or steel.  If freely suspended at - of
centre it will point north and south. It can impart these properties to another pice N pot
of iron or steel without losing any of its own. These powers may al=o be fmparted t 1 cor
a picce of iron or steel by passing an electrie current throngh an insulated wire wound & wh
around the iron or steel, Steel will retain these magnetie properties; very soft iron pn
will retain peactically none.  An iron magnet thus produced is ealled an electra e
magnet,

(1) Eleetro-motive Foree—The Voll—That force which maintains or tends to the
maiatain a earrent of ctricity throngh o conductor is ealled eleetro-motive foree,

The abbreviation for this term is EMLF. Eleetro-motive foree is, in effe

pressure and is analogous to the “ head ™ or pressure which maintains a flow of water

through » pipe from one vessel to another at a lower level,  Eleetricity flows in a eon- the
ductor only when there is a difference of such electrieal pressure or difference of

“ potential ™ between its own ends. Such a difference may be maintained by a voltaic

cell or by a generator. 1t is this difference of pressure which sets up a current in the of
conductor, and as long as it is maintained the current will continne to flow.  The

unit of EAMLE, is the rolf, for practical purposes, about the EMF. of a Danicll's c¢ell, cur

i, it is about the diffe of potential between the zine and copper plates of this
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are 10 turns in the primary and 100 turns in the secondary and a eurvent of 1 ampere mets
at 10 volts pressure is passed through the primary, then the current induced in the and
secondary will have a pressure of 100 volts but a eurrent strength of only 0:1 of an areq
ampere.  This prineiple is made use of in telephone transmission, in induction tele Comng
graphy, and in wircless, rents
& pe were
(k) Eleetro-magnetic Generator~—The electro-magnetic generator is a deviee Iy the y
which indueed currents are produced continuously and made to flow through an tho
exterior elosed eireuit. The dynamo generator consists of a magnet to prodnce a P
magnetic field, and a eoil of wire wound on an ivon core, which latter part is called |"”“‘
the armature,  The avmature is that part of the eirenit in which the indueed current is oond
generated,  1f moved in the magnetie ficld of the magnet in such o way as to eut its )
lines of foree, a curvent is produced by induction, and if the motion the armature Prop
is continuous the eurrent that results is continnous also.  Electro-magnets are usually scotid
employed to produce o magnetie field but in some small generators permanent steel sl
magnets are used.  Such generators are ealled magnetos and being extensively used in i

certain types of telephones have given rise to the term * magneto telephone”™

(1) Direet Current. and Allernating Current—The eleetric current among its
other properties has direction.  This has already been indicated in referring to the
production of induced currents as in an induction eoil. A eurrent which moves
continvously in one direction only is called a direet current. Such a current is that of st
which flows from the earbon pole to the zine pole of a voltaic eell when these are eon-
nected by means of a condueting material, such as a piece of copper wire. The current
used in ordinary telegraphy is a direct current,  As contrasted with this form of
current we have that which is constantly changing in direetion, flowing first in one
direction and then reversing and flowing in the other. This is known as an

alternating current and is produced by many forms of dynamo generators and in the I
secondary of an induetion eoil,  Alternating currents are especially important in tele ud 1
phone work as both the talking currents and those which operate the common type of \
polarized bell are of this character. So also, is the current which actuates the howler RS
used in vibratory signalling,
(m) Frequency.—~This term is used to designate the rate of reversal of direetion F
of alternating currents, High-frequency currents are alternating currents that reverse 1
direction very rapidly, while low-frequency currents reverse comparatively slowly, 1; ol x\I
e o
(n) Tension—This term as applied to electricity has the same meaning a< 15 bot
potential difference or EMF. High-tension currents are those of high voltage or many
L ALF. reguly
(0) Eleetro-static Induclion—An insulated conduetor, such as a sheet of tin-foil, > s l.
has the property of receiving a charge of static electrieity when subjected to an ENM.F., '!i.::(
as, for instance, if it is conneeted to one pole of a eell, the other pole being connected o lha
to the ground. The charge that it receives is of the same polarity as the terminal of s
the cell to whieh it is connected and the amount of electricity held depends upon the 4 ““;
eapacity of the condu At the same time it is always found that when a conduetor 3 rubber
is charged as above deseribed, an equal charge of opposite polarity is induced on the | T
bodies surrounding it. If two sheets of tin-foil, for instance, are insulated from each i brat
other by means of a sheet of mica and one of them is charged as above, the other will e
be found to have an equal eharge of opposite polarity. This action by which bodies are e
charged through an insulating medium is ealled electro-static induction, '”“‘"
(p) Condenser—A condenser is a deviee for storing statie eleetricity, Tt consists o These,
of two insulated conducting bodies separated from cach other by an insulating material. e cn
The common form of condenser used in telephone work consists of sheets of tin-foil minds
separated by sheets of paraffin-paper. However, any two insulated bodies, as, for Weve

instance, two parallel wires or a single wire and the surface of the earth, or the : iy «
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transmitter two carbon disks are emy
granule I'o one of these disks a 1

used to vibrate by the mnd 1

ranules between the two carbon disks

these disks and the granules between them are n tl

pressure, therefore, causes variations in the current which i

reproduces the sounds of the voice.
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T SWITCH-ITO0K

It has hoeen pre 1=y ated that there are two entively ditferont sources o i
electrie current in a magneto telcphone set, The one is the local battery: the other is ‘
the magneto generator.  The enrrent from the loeal battery traverses a very short eireuit

SEVE
! th
v
thr m ' lu i
currel . d i
to be carried on. The current from the magneto generator flows out over the '
also, and actuates the bells at other stations for signa g purposes. W the
instrument is not being used it is obviously undesirable to have the t= usedd for
talking conneeted to the line. 1f this e nuons connection existed, reation
between o two stations wonld he heard at other stat nd as pa f1
talking current would pass through each receiver connected to the o the 1
received by any one of them would he proportionately redueed. 'l eakng ug
the low resistance of the numerous receivers and induetion coils, moreover, would such
make signalling impossible over long lines with numerons instruments.  Furthermore :
the continuons enrrent that would flow through the transmitter cirenit would quiek ' ¢
exhaust a battery of the open-eircuit type such as is used in the telephone \ecord "
ingly, in all telephones a deviee is installed by which the talking eireuit is eut off fron
the line when not in use and the transmitter eirenit is opened.  This is accomplishe :
by the switeh-hook whieh is so arranged that when the re er, which ordinarily i ‘
suspended from it, is removed, the talking eivenit is automatically thrown into the ;'
line. Conversely, when the receiver is placed back on the ho the depressing of tl )
hook opens the civeuit. A large number of devices for accomplishing this have he . ;
invented. The one shown in | S0 is the type emy in the Forestry Brane
standard instruments in wall sets and desk sets.  In hand as the 1375-A -
the 1004-A portable instruments, push-button deviees are used to necomplish the same !
result. It is well, perhaps, to note t in ense one of these push-buttons is depresse .
for any long period, the small battery of the portable instrument is very likely t >
become exhausted. This sometimes happens with the 5A hand set where th 5
push-buttcn projects proniinently from the side of the hand set and when packed f i
ks
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Howler.—For the purpose of reducing the w ht of the portal nstrument

wch possible it was necessary to do away with th Iy gneto generato
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through the long eoils of the telephone ringer or other t I' Wrest this
Fig. ~3) consists of a suitable insulating block A weed 1 { it
copper blocks B, BY held together by springs but not twith « el
hecause of a thin sheet of mica placed between t ¢ extends from 1
sinding-posts C and C! to the pper blocks neagest similar bar extends ap
rom t! er b s to hindir t 1, Thel T 1 d nost € and t jum
round re to post 1) | Ul ordinary telepl ¢ eny ts the aiy 1 nd
wpper bloel s an effectual bar Dust co | een the bloeks eaus \ ) t
reuit but largely prevented from a mulat by the 135 i | B
|
‘
! §4  Protector with f { \ } t
re nd t wire Not
et) b 1 1 t
1 metal 1 i
a lightmng current, however, the path to the ground across the aie gap 1< taken n Vi)
pref nee to that thro natrument, and in this way such enrrents are sucees us
fully prevented from damaging the telephones
The effect of lightning-arresters on 1 tensgion eurrents other than lightni
s somevhat sin but these currents are very likely to be continuons instead
: 3 » n
merely momentary as are lightning eurrents “eross” with such a current woul tal
therefore result in a constant sparking aeross the air gap of the proteetor, whiel {

would

Jdmost certainly eause a fire if

it did no

other serious damage

I'o preven
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coil in the eirenit, dircet metallic connection between the two lines is avoided, as each
Transmission, therefore, through the eoil

is joined to a separate winding of the eoil,
companied by a stepping-up

is accomplished by induction and if desired it may be
or a stepping-down of the voltage in passing from one line to another. A great many
repeating coils, however, do not alter the voltage, but have both windings of the eoil

alike.

Q‘ ofeclor ————_ Profeclor ———,

— . ~ N\
7 WMeTallc Creat ' ol 4
& §)  (On sk ) (Oh &
N —N 3
2 R VaTing il Frepealing Coil s
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S
©° R

Fig. 86 Method of inserting a metallic circuit section in a grounded line to overcome
induction disturbances

Fig. $7  Diagram of a phantom cireuit

To connect a grounded and a metallie eirenit throngh a repeating coil, both wires
of the metallic line are joined to the ends of the same winding of the coil. The single
wire of the grounded line is then joined to one end of the other windings, the second
end being grounded. By using two such eoils, a grounded line may be transformed
+ through a noisy portion of the length, and all foreign noises
This method of connection iz shown diagrammatically in

mto a metallie liv
perfectly eliminat
Fig. s6,
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casily be several times as great as the resistance of the coils, and the bulk of the enr-
rent would, therefore, be shunted to the ground through the bells of the nearest instru-
ments and would not reach the more distant instruments in sufficient amount to ring
them,  Bridging bells, therefore, are wound with eoils of ve st
2500 ohms in the Forestry Branch instruments—only by this means the ringing cur
rent is made to traverse the entire line and only enough passes to the ground throogh

high re

cach bell to ring it properly,  These high-resistance bell coils also effectively bar out
ape of the talking corrent, Although this is not so much the result of their re
tanee as it is of the impedance resulting from the peenliar construetion of these coils

it is thoroughly effective in confining the talking current to the line and preventing
leakage to the ground through the bells which are, as stated, continuously in circuit o
all instruments.  The importance, however, of having all coils of the same resistane
will be evident, since the introduetion of a low-resistance bell will divert to the ground

an excess amount of eurrent to the detriment of all other instroments on the line.

CHAPTER XV
OPERATION

Section 88—Operating Rules

On every telephone system there should be a definite set of rules to govern the
operation of the lines and stations,  These are usually very simple and should
wotypewritten eard and fastened to the wall ¢l
beside the instrument, or directly over it on the post or tree support in case of out
door stations.  This eard should also contain a complete list of all stations eall
signals on the line and directions for getting conneetions through eentral switching
ary.  All sue || switching stations should be mentioned

made up in the form of a printed

stations sther Tines if ne
with the points to which conmections may be had throngh them.  du many ea
instruments are used by persong not connec h-l with the fire-protection staff to s n-l
e from o field

nows of fires or other messages during the absence of the ra
station.  Operating rules should be framed to enable sueh persons to use the telephon
Tine without difficulty or delay.

In all cases rules for operation should provide against persons “ ringing in ™ on the
ng off ™ when through using the line. Two rules

line when it is in use and for “rix
to cover these provisions are:

1 Before ringing any station, * listen in ™ on the line and inguire if the line is
busy. o not ving while the line is in use by others,

2 On finishing a conversation, both stations must ring off by giving one short rving.

Section 89—Code Signalling
1—Mernon Everoven

The ealls of various stations are made by long and short rings varionsly areanged
As o rule not more than four such rings need to be ineluded in any one eall or signal
ieh are ealled most often should have the most simple signals and
t “longs™

Those stations wh
those called Jeast often, the most intricate. 1t must be noted, however, thy
teansmit somewhat better than “shorts” over lines that are in poor condition, so that
distant stations should, as a rule, have signals largely made up of long rings while the

thir
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CHAPTER XVI
MAINTENANCE
Section 90 Geneial Principles

Inspection of telephone lines must be made regularly during the fire season, and

wroother officer in charge immediately after a

special inspection made by the ranger
o wind, snow, sleet, or electrical storm, and after fir
duty must wateh the telephone lines, cut

<. Rangers and guards
any trees that may have

when on patr
fallen across them, and make any other necessary repairs.  Tests must be made at
 specified hour each morning during the fire season to see that no trouble exists
Each forest supervisor should establish a regular organization on his reserve for the
proper inspection and mointenance of each Forestry Branch line.  When instrueted
wtry Form 318 wil

to do so by the distriet inspeetor daily service reports on Fo
be prepared and submitted for the lines covered by the instruetions.
Section 91 Line
1 —Gesenae Rerams

, ine e e thorous | P f |
The entire line must be gowe over thoroughly at least onee a year, preferably
|

before the beginning of the tive season.  Each pole should be inspe ted: brackets,

1: and all foling:

id tie wires which are broken should be properly repls
ring timber cleared away, Poles should be examined for butt-rot and for

insulator,
and interfe
twist. In the latter case it should Le determined whether the pole has twisted to m

extent to permit the line or tie to touch it.  Loose guys or braces should be tightened

and all loose or badly corroded joints renewed, .
Line troubles will generally be traced to one or more of the causes given helow
lephone Cirenlar, April, 1916, United States Forest Serviee, Distriet No, 5.)

(n 1
(2) Line wire restix

(1

oken line wire.
on the ground

(3) Leaks through slight grounds Ly the line wire making contaets with folinge,

or other similar o
oss-talk and eross-ringing by contaets with other lines

trees, |
(4«
(5) Short eirenits and eross-contaets with other lines at switching stations,

(6) Poor grounds
(7) Bad splices, and loose or corroded contacts at fuse and protector,
(8) Cirenits too long for the size of wire employed.

throngh Lutt-rot

(M Deeay of

2 TEST-STATIONS

than 15 miles long one or more test-stations should be estallished

On lines mor
These should be =0 arranged that the line may be looped into the house or building
where the telephone is and through twe switches placed near the latter. The instru

ments should be connested to these switehes in a way to make it possible to cut off
either end of the line, while the instrument remains on the end desired, and ye!
bridge to the line when both switehes are elosed.  Tn this way the line may be en

by the switches for testing in either direetion and line tronble may be more readils
located between certain definite points,

142
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Fig. 93 Method of \ test-station on a
Gy means of a stub of long-lived or treated timber, A stub ild ordinarily be

here suitable pole timber is not available and to reinforee poles that are sound aly
the ground, irrespeetive of their condition at the ground-line
The stub or post should be peeled and shaved and roofed, us shown in Fig, 94,
The sides of the post and of the pole which come in contact should be faced above
the ground-line to a width of 2 to 4 in., so as to give a greater bearing surface,
The diameter of the stub at the ground-line should be at least as great as woul
s to be reinforecd the stouter shoul

e requived for a new pole.  The weaker the |
be the stub,

I'he stub should ordinarily be set to a depth of 4 ft. and should extend out o
the ground about 5 ft., making the total length from 9 to 10 ft
inst the stul,  For thi
Where the

Strain on the weakened pole should eause it to bear
renson stubs in general should be set in line with the line wi
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answer i= not immediately obtained.  1f unable to get the

call another station and try to get a test with it
try Branch ar

station after several attempts,

While the standard instruments and apparatus of the F ¢ among
the best made, and liability to trouble with their mechanism has been reduced to
minimum, nevertheless the conditions of e of fo lines are such that certai

™
defeets will develop from time to time and f

to maintain the equipment at maximum effic

of poles

Fig. 84 Stub reinforcemer
The following list of faults taken from the cirenlar of instructions

District No. 5 of the United States Forest Serviee will be of assistance to

are not experienced in making thorough inspections of telephone apparatus:

All parts of receiver should be intact.
Receiver cord should be intact
All nuts on receiver should be tight.

wnt, careful inspections are necessary

issued b
those whe
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ted, or rust hrag " .
or under d should removed
side of instrun 1 v
s Id ring the In it h ope
Generator erank should I W
me operators do not ki the diffor 1 i :
\ reu et ¢
Contact the t N
Generator should be fastens t Be
(‘o f y ft
ALl serews d ! mn '
Adjusting nuts « 1
Resistance r 1
Nuts on proteetor should be tight
Protector bloeks should be f iu
I’r r ks should Y
Protector should n 'l |
Protector s I I
Micas should o cracke : ;
Nuts ut-off sw ™ ’
Blades of eut-off
Instrument should be sere | t ’
Ground rod should be standard
Ground wire should dered md r
Ground rod should be dreiven into ground N s
Line wires and inside 5 ldered the
or.
Splices in insulated wire should he taped
Entering wires should run throug I " ree
All wiring outside should be insulated pr v fr ding
knobs or insulators
Insulation should be good o di re
\ll battery connections should be t t
I'ransmitter arm should be serewed tightly hox
I'ransmitter arm should be tight enoug hold n proves
Al nuts and serews on transmitter should be tig
Metal parts of battery should not touch each othe
Are batteries good?  Should be thre
I'he following instructions may be of ue to oficers who 1
truments and hunt for faunlts
1) Test the batteries with the battery g e to determine
exhausted.
2) Clean all battery connections, post terminals, and eads
s that have become corroded. See to it that all battery termir

the binding-posts are thoroughly tightened

1) Follow up the wires from the |
and staple if they have becon
1) Tighten all loose e
5) See to it that the switeh-hooks w
tion between the contact
I the hook and the lever
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is on the hook and lever is down. The operation of the switeh-hook is sometimes
subject to slight imperfections on account of improper working of the switch-arm, s fo
This is eaused by the lifter spring of the switch-arm losing it< tension repla
(
; ue t
Simple Method of 7esting o rel
A (
A g sult
o este
[ el
[ !
(
Recever g li
1 {
cak
th
- lien
s
the
the
(
e, h
nts
oo
Hew
Botteres A
eleph
ccha
F o it
E the
g md,
pair
\‘ I
|
[ — - — nuf
Connect wire A Yo one side of cor/ Wi
be rested and fouch wire B Yo e
sioe fclick 15 heordcor/
Fig. 9 Recelver te
() Inspeet the ringer to determine whether or not the tapper and gongs are A
proper adjustment,  If not, proceed to adjust them as directed in Seetion 92, Al
refer to 96. ‘
(7) Gently tap the transmitter to be sure the earbon granules are not packed ry
(2) The Receiver. The efliciency of the speaking serviee gradually declining ba
the most ecommon fault in receivers. This is due to the accumulation of filings, div
and rust on the pole pieces which restriets the vibration of the diaphragm. To reme
this difficulty remove the cap, take off the diaphragm with the large end of tl \1
receiver down, and gently jar the receiver to remove the filings, ete,  The pole pic
should be earefully wiped with a clean rag to remove dust, and rust if it is corrode
(9) Speaking serv s also often restricted on aceount of the diaphragm toue A

ing the pole piece. This is generally caused by the magnet shifting, or hy t
liaphragm having become weakened by the continual pull of the magnet against
Buckled or bent diaphragms are frequently found. This trouble is generally eans
by inquisitive or careless persons tampering with the diaphragm. When this fa
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Lightning-protectors should be inspected, and cleaned if necessary, after all electri-
enl sto

celain base, removing the metal protector b

rms. Noo G0-EK protector is eleaned by unserewing the brass eap from the por

ks, and removing from them any soot
or smoke or pits which cause the blocks to touch each other.  Both conditions are the
vesult of lightning jumping across the aiv gap provided by the mica she In loeali

ties where lightning is particularly bad and the stations arve difficult of ae

mieas may be inserted between the bloeks, thus ineveasing the width of th

S—0mixG Gespnaron

Onee every two or three years one drop of typewriter oil or “3 in 17 should b
placed in each of the places provided with oil cups.  Great eare should be taken t
gee that no oil falls on any of the contacts or rubler bushings of the g n rator,

- Ansvstaent oF Rivcens

(The following is from Telephone Circular, April, 1916, United States Forest
Service, District No., 5.)

Ringers not in proper adjustment cause unsatisfactory signalling service, N
infrequently an extension bell or ringer in a telephone is condemned as worthles
when in faet it is merely in poor adjustment. When in
gong, upon one-cighth turn of the generator crank, will transmit a high, clear ton
of the same sound.

All bells connected to the same line should be of the same ringer resistane
One ringer of different resistance on a line will seviously interfere with signalling
Resistance of each ringer eoil is usually marked SO0, 1000, 1250, ete
two coils marked 1000 each has a resistance of 2000 ohms: two ¢
each indicate a resistance of 2500 ohms,

The ringers of a new instrument are often thrown out of adjustment in trans't
When the telephone is installed the ringer should be tested and adjusted if necessary

(a) Adjustments.—(1) 1 the ringer is loose on its base, remove the gongs a

e the gongs m

per adjustment eiiher

mounting. Rey

tighten the serew which secures the ringe
tighten the gong screws,

(2) Before commencing the adjustment, the instrument should oecupy the pos
tion in whieh it will be operated.  If it is connected to a line, disconneet it

(%) 1f a eoil spring should be found at ed to the ringer, remove and discard

(1) The base of the elapper rod (the armature) should have very little vertic
play. It should not be tight but should not wobble. Tt should be adjusted to n
frecly on the pivots,  Tnomaking this operation pay no attention to the side moveme

of the armature.  To adjust, loosen the loek nut D (Fig, 95), then manipulate t

werew E ountil the proper adjustment is aceomplished thten or loosen to provi
just sufficient play in the armature pivots to be visible

With the serew-driver hold the serew in place, and with a pair of long-nos
pliers tighten the lock nut.  Care should be taken that the threads are not stripp
in this operation and that the serew does not turn.  Only a slight pressure should
applied to the lock nut

The gongs should next be so set that the elapper ball strikes but d
against them when thrown from side to side.  The space between the elapper b
and one gong should be about M in, when the clapper ball is held against the otl
goug. To change the positions of the gongs loosen the clamping serews B o
enough to allow the gongs to be moved by the turning of the ececentrie adjusti
serews O until the correct position of the gongs is obtained. Let the elampi
serews remain loose until the stroke of the clapper is adjusted. To make this adju
ment turn the serew A to the right to shorten the stroke, and to the left to length
it.  Turn the generator handle only enough to eause the elapper to move toward «

not n
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before each test.  The distance between the clapper ball and the gong after rebound
of the clapper ball should be approximately Y16 in.  If in proper adj

when struck by the clapper ghould emit a elear, ringing sound

tment, each gong

SPorrapsre TELErHONES

The two standard portable instruments, the 1375-A and the 1004-A, are so con
structed that they are very unlikely to give trouble unless tampered with, Owing
to the small size of the battery employed in both these telephones it is necessary to
make more frequent renewals than in the permanent sets, No adjustments ar
required in the 1375-A set, but in order to get the best results from the buzzer of the
1004-A set it is sometimes necessary to alter the spark gap. This should not be

attempted in the field, and any instruments not working satisfactorily should be
returned to the distriet inspector for repairs,
The 1004-A hand set and the hand set of the 1375-A instrument being of rather

thin sheet aluminium are very liable to serious injury through denting. Such dent

may cause short circuits which interfere with the successful use of the instruments
When these oceur they may often be removed by pressing out from the inside, using
a smooth picee of hardwood with a rounded surface.

Section 93— Trouble "
1—Brokes Coxxections axp Orex Cors

Iu the instruments that the Forestry Branch has adopted as standurd the chances
for trouble have been reduced to a minimum.  Lightning is the greatest source of
trouble

I'he ringer coils, which are constructed of fine insulated wire wrapped around
an iron core, oceasionally burn out. When this happens it is necessary to substitute
a new coil,  The armature in the generator may also burn out, neces

tating replace
ment. (The armature is the part in the generator that revolves between the per
manent magnets.  This is composed of two windings around an iron base on opposite
sides of the centre. The generators used o
a “shunt.”)

SOMe sets ar

to o dertan
extent by means ¢

In the receiver the small coil of insulated wire wrapped around the end of the
permanent magnet is sometimes burned out by lightning or heavy outside eurrents
The induction coil is sometimes similarly damaged

The following methods of testing may be used to loeate trouble as just de seribed
Conneet one side of a recciver to one pole of the battery.  If when the other side of
the receiver is tonched to the other pole of the battery no elick is heard, the receiver
is open

By the use of a receiver, it in serviceable condition and the batteries s showr
in Fig. ¢ wmy of the wire coils may be tested

\ test of the generator may be made by disconnecting the instroment and placing

the moistened tips of two fingers over the two serew binding-nosts on the end of the
generator.  Tf the latter is in adjustment, current will be felt when the erank i<
turned.  1f no current is felt probably the armature of the tor is open, and a
new armature must be obtained. The  hard-rubber bushing metimes  earboniz
due to oil or grease getting on them, and eanse generator tronhle

It is impossible to talk throngh transmitter when the induetion eoil is oper
when the batteries are wenk, when there is a loose eonnection somewhere in the
instruoment, as at one of the conmeetions on the batteries or at the switeh-hool

2—DerecTion ANp Resepy

Trouble in any place is likely to affect the entive svstem. Tne xperienced persons
should not he allowed to tamper with telephone instruments. Tt is usually well to
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Place the sighting-rod in the hole in the mirror bar and hold it temporarily in
r the
white target should face toward the operator. Turn this vane down to the left. Pull
down the shutter key and wedge the shutter open by some simple cateh. A weight
suspended on the end of a string tied to the pin on the sliding-bar of the sereen will do.

Place one of the mirrors in the hole at the end of the bar and clamp in place by
the cateh underneath the bar for that purpose. Turn the mirror so that it stands in

place with the set-serew provided for that purpose. The pivoted vane bear

¥

a plane parallel to the plane of the sereen at right angles to the mirror bar,

Now sight throngh the hole in the centre of the mirror and over the point of
the sighting-bar in the same manner that the peep sight and the front sight of a rifle
are used, aiming at the distant station. These three points must be brought accurately
into line by adjusting the position of the sighting-bar and the mirror. To do this
loosen the winged nut on the head-bolt slightly and turn the mirror bar to the left
or right, At the same time raise or lower the point of the sighting-bar. It requires
some practice to perform this operation quickly, Care must be taken not to loosen
the head-bolt too much and disturb the attachment of the mirror bar and sereen.

When these three points have been brought into perfect alignment, clamp head
bolt and sighting-bar firmly, close the screen, turn the white target of the sighting-har
to a vertieal position and then, by means of the tangent adjusting serews on the mirror,
turn it on both its vertical and its horizontal axes until the small shadow spot cast by
the unsilvered spot in the mirror falls exactly in the centre of the white target. A sheet
of paper, held g0 as to intercept the reflected beam of light from the mirror about 6 in.
in front of it, will assist in locating the shadow spot and in bringing it on to the target
in this operation. The heliograph is now aligned and adjusted for signalling to the
distant station but it is extremely important to note that the shadow spot must not be

allowed to move off the centre of the target on the sighting-rod during operation.

3—Exsrrovment witn Two Migrors

When the sun is in the rear of the operator the second mirror and supplemental
mirror bar must be employed. Place the main mirror bar on the tripod head first, and
follow it with the supplemental mirror bar and the sereen. Turn the supplemental

bar into the position oceupied by the main bar when using one mirror only, and place

the sereen at right angles to its long axis. In placing the sereen, it should be put on
in the reverse position with the sliding-bar and key on the left side, as the operator
stands facing the distant station. Turn the main mirror far out in front of the sereen
(toward the distant station) and slightly to one side. In this position the two bars
should form a wide obtuse angle. Place the two mirrors in position at the ends of the
bars, and elamp. The purpose of the front, or sun mirror is to reflect the sunlight on
to the station mirror from which it is reflected to the distant station. The front mirror
is preferably swung out to the left and the operator takes up a position behind it
where he is in easy reach of the adjusting serews and can readily watch the shadow
spot on the white disk in the centre of the station mirror. When operating from this
position, however, eare must be taken not to permit the hand to cut off the light reflected
from the sun mirror to the station mirror. A string or wire about 3 in. long with a
{-in. ring on the end, suspended from the lug on the sliding-bar of the sereen will be

found to be the best equipment for operating a screen of this type.

Alignment with two mirrors is accomplished as follows: After setting up and
placing mirrors as indicated with the station mirror approximately facing the distant
station, the sun mirror facing the sun, and the sereen wedged open, stoop down with
the head near and in the rear of the station mirrar and look over its top into the sun
mirror. Turn the sun mirror by means of its adjusting screws until the whole of the
station mirror is seen reflected in the sun mirror and the unsilvered spot and reflection
of the paper disk aceurately cover each other, Still looking into the sun mirror. adjust
the statior mirror until the reflection of the distant station is brought exactly in live
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ohjeet It may be erected on the roof of a cabin and operated from inside
{ desived, or if placed on top of a tower it may be operated from the ground. The
re flat boards which must be at least 3 ft. long, and these must inerease 1 ft
th for each mile over 3 miles at which the semaphore is to be read \s 10-ft
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Specifications for Rubber-covered Copper Wire
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Where maximum and minimum dimensions are shown  the dimensions shall be
within the limts specified.  Where limits are not shown the dimensions shall be
approximate.

The diameter of the thread shall be such that at least two revolutions of the
insulator will be required to tighten it on the standard insulator gauge, and when in
this position the end of the insulator gauge shall not be more than one-eighth of an
inch from the erown of the insulator,

Allowable Variations
over under
o 7y o
X 942" o
Y o 932"
d /8" N
Specifieations 6 Design of Forestry Branch standard pony glass insulator

The thread of all insulators shall be smooth and of uniform piteh. The thread
shall be well eentred in the insulator so that, when in place on the standard insalator
gauge, the gauge will not touch the inner surface of the petticoat,

Insulators conforming in all other respects to the requirements of these speeifi

cations, but having on the lower edge of their petticonts a series of projecting points,

may be aceepted under these specifications,

Finish.—The insulators shall have a finish ensuring, so far as is consistent with
1l practice, smooth even surfaces and freedom from flaws, eracks,

the best commen
blow-holes, sharp e

es, and other defects,

7—Specifications for Split Tree Insulators

Waterial —Split tree insulators shall be made of the best grade of insulator
poreelain.

Finish.—The surface shall be brown-glazed except the faces which are to be
placed in eontact in attaching the insulator around the line wire, These may be left
white and unglazed. The glazed finish shall be smooth, without rough spots, eracks,
sharp edges, or other defects,
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216 VETHODS OF COMMIUNICATION POR POREST PROTECTION

surface at top, and having so done measure wi
and if, for illustration, upon a

cst point from tape to surface of pole
S-ft. pole said widest point does not exceed 5 in.,
said pole comes within the meaning of these speeifications.  Butt-rot in the centre
including small ring-rot outside of the centre: total rot must not exeeed 10 per cent
of the area of the butt, Butt-rot of a character which plainly seriously impairs the
strength of the pole above ground is a defeet,  Wind-twist is not a defect unless very
unsightly and exaggerated.  Rough, large knots, if sound and trimmed smooth, are
not a defect.”

Western Red Cedar Associalion Specifications

“All poles must be cut from live, growing cedar timber, pecled, knots trimmed
close, butts and tops sawed square, tops must be sound and must measure as follows
in circumference -

4-in. top, 12-in. eire. T-in. top, 2
S-in. top, in. eir 8-in. top,
G-in. top, 183-in. cire,

. cire. 9-in. top, 28-in. eire.
i 10-in. top, 81-in. ci

*No pole shall have more than one erook and this shall be one way only, the
sweep not to exceed 1 in. to every 6 ft. in length. Same to be determined in the fol
lowing manner:—Measurement for sweep shall be taken as follows: That part of
the pole when in the ground (6 feet) not being taken into account in arriving at
sweep, tightly stretch a tape-line on the side of the pole where sweep is greatest, from
a point 6 ft. from butt to the upper surface at top, and, having so done, measure
widest point from tape to surfac Y 0-ft. pole
said widest point does not exceed 5 in., said pole comes within the meaning of these
specifieations.

and if, for illustration, upon ¢

“Butt-rot in centre, including small ring-vot, shall not execed 10 per cent of
the arvea of the butt. DButt-rot of a character which impairs the strength of the pole
above ground is a defect.

“Large knots, if sound and trimmed smooth, are not a defect,

“A perfeetly sound, dead or dry streak shall not be eonsidered a defeet when it
does not materially impair the strength of the pole.”
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Copper rapidly oxidizes when heated in contact with the air, and solder
dhere to oxidized copper. The pury

of the flux, therefore, is t

o1
to be soldered while the temperature is still Jow, and prevent oxidation.  Continue
the applieation of the hot iron until the joint has become hot enough to melt th lor
hich will then flow readil Do not try to apply resin-core lder with a ¢ iron

nd its own flux to a cold surface nor to an oxidized joint

r joining split eleeves in cable work
ldered. 1t is also to be used in making

r work, In joining old

lean the ends whieh are to be soldered with emery cloth and make a Western Union
joint; then solder by means of a ladle, using as a flux one of the approved etick form

Do not use more than is necessary to cause the solder to flow, and apply by rubb

before the first pouring of the solder over the joint. 1f necessary, apply again after the

joint has been heated, A large well-tinned soldering iron may be used, if
nstead of pouring the solder over the joint, In such a case the iron must
inst the joint so to warm it just enough to melt the flux when it is he
\fter 1 f this | red, apply the hot dering-iron in
me time, apy the 45-50 win der to the joint (do not put the solder on the
ldering ir When the solder melts, | ng derived its heat from the joint and
t from the iron, it will low readily. A slight tap on the wire will help it to run
nto the joint we I'hiie ler i= furnished in the form of 4-in. wire in 10-pound
, or in bars 13 pounds weight, and orders must state in which form it is
required
Resin Flux Wire S ler is to be used i der re
connection ther thar 1 I tm I Purpose
n new \ wher t 18 dom I |' 1 1l wl
vhere nd brass are t I e this lex wrk
re j ind term nt a well-tinned lering-ir ft
cier for the wor h rat clean off all old solde nd b
of wire | e { hot only ne turn of the wire wh
to be soldered around the ter rEer W y convenient means t
it the joint, remembering to g 1 t resi enough heat h n
pplied to the metal to oxidize it, and that the metal to red must be hot enongh
to melt the ler and burn off the superfluous re solder is furnished i

1
- and 10-pound « ind orders must state which ‘ required

1 the pipe & in. wide and 24-in lor

) Heat the eleaned place, either with the flame of a gasolene toreh or a heate

1
stick

) Distribute a t of flux over this point by rubbing it witl oldering-stic

15-50 solid-wire solder over the

the pipe, leaving at least § in

7) Apply an additional coat of flux;

(8) Apply the 4555 lid-wire solder in the regular manner,

Tinning Soldering-fron.—File the iron to the required shape and brightness, and
heat until it is only just hot enough to melt the resin of resin-cored solder but not
t enough to change the eolour of the bright copper by oxidation. When in this
condition, coat the part to be tinned with resin and apply heat until the solder melts
readily, when it will be found to flow freely on the irm Do not let the flame come in

contact with the tinned part of the iron
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222 WETHODS OF COMMINICATION FOR FOREST PROTECTION
TABLL COMPARISON OF WIRE GAUGES
. pu
I'he sizes of wires are ordinarily expressed by an arbitrary sevies of numbers
I'nfortunately there are several independent numbering methods, that it is always
necessary to specify the method or w gauge used following table gives the [ !
numbers and dianmeters in decimal parts of an inch fi various wire gauges used | N

n this country, Great Britain and the United State i
Number of wire  Roebling or Wash Brown and Birmingham English legal | Old T N
e burn and Moen Sharpe or Btubx tandard
inch neh inch inch h
60 0460 0464
510 0430 0432
-0 0-303 04600 0454 0-400 045 h
10 0362 0- 4006 0-425 0372 0-42
)0 0 - 3648 0-38% 0348 0-3800
0 0 0-3249 0340 032 0-3400
1 0 02503 0300 0-3000
) 0 0-25 0284 0-2840
1 0 02904 0-250 0-2590
' 0-225 02043 0238 02380
5 0207 01819 0220 0 ) 02200
6 0192 0-162( 0208 0102 02030 !
7 0177 0-1443 0180 0176 01800
N 0162 01285 0-165 0160 0-1650
O 0148 LU AEE) 0145 014 01450
10 0135 0-1019 0134 0128 01340 0000
000
1" 0-120 0-00074 0-120 0116 0-1200 00
1 0105 0-08081 0109 014 01000 0
13 0002 0-07106 0095 0-002 0-0950
14 0080 0-06408 0083 0-080 00830 1
15 0072 0-05706 0072 0072 00720 ¢
16 000 0065 0064 00650 4
17 0-054 0-058 0-056 0-0580
I8 047 0-049 045 00490 | )
19 0-041 0-042 0040 004K | 6
0 0035 0035 0036 00350 ! i
1 0032 0.0 0032 0-0315
)0 0025 0025 0-ns 00205
0025 0-025 0-024 0-0270
" 0-023 0-02010 0022 0022 0-0250
0-020 0-01790 0020 0020 0-0230 .
ng
» 0018 0-01504 0018 0-018 0020,
" 0017 0-01419 0-016 0-0164
\ 0-016 0-01264 0-014 0-0148 for
" 0-015 0-01125 0013 0-0136 001550 e
0 0014 0-01002 0012 0-0124 )01 .
V700
| 00135 0-010 0-0116 001225
12 0-0130 0000 0-0108 0-01125 AR
0010 0008 00100 001025
" 0-0100 0- (0630 0-007 0-0082 00095
3 00005 0-00561 0-005 00084 00090
f 00000 0- 00500 0004 0-0076
00085 0-00445 0- 0068
X 00080 0- 00397 0-0060
) 0-0075 0-00353 0-0052
10 00070 0-00314 0-0048
0
10
I; Legal Standard Gaug Also ealled New British Standard Gguge, or | ;l<
British Imperial Standard, and very mmonly used in Great Britain and tl |
13
untry
T
Birminaham Gaug ["sed largely in Great Britain and some of the British i :
- \ | 6
Dominions for the measurement of wires of all kind In the United States it i |
applied most to the measurement of iron wire
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| \PPENDIN 6 IUSEFUL TARLER 225
| FABLE 8- PROPERTIES OF GALVANIZED STEEL WIRE
ds,
Approxi Approxi
i mnte mate
Approxi- | breaking \pproxi- | breaking
mate strain in tesist mate strain in Resist.
re Diam weight | pounds ance Diam weight | pounds ance
el Size eter in in figured in Size eter in in figured | in
BW.G mils pounds on the ohms B.W. mils pounds on the ohms
re, per basis of per per basis of | per
1,000 100,000 1,000 1,000 100,000 1,000
fit pounds ft ft pounds it
per sq. in per 8q. in
‘l" 0 340 313 074 0 60 1,720
| 1 300 24 095 10 19 1,410
2 254 218 107 I 39 1,
3 259 182 12 32
4 238 153 15 13 25
5 220 (K} 1:7 " 9
] 208 12 2.00 15 "
. 7 180 87 2 66 16 1
. N 165 it 16
From the Simplex Manua
10 The strength of steel wire varies from 50,000 pounds per sq. in. to 300,000 pounds
120 : . :
K50 and over, depending on the kind and treatment of material.
il By using the values of breaking strain shown in the above column the breaking
o strain figured on any other bhasis thy 100,000 pounds per sq. in. may easily b
1o computed.  For example, with a wire with a breaking strain of 80,000 pounds per
'H‘ 8. in., take eight-tenths of the tabulated breaking strain for whatever size of wire
100 the actual breaking strength is desired
TABLE 0—-PROPERTIES OF RUBBER-COVERED, LEAD-INCASED COPPER CABLES)
Approx
I'hickness Thicknes diameter A
Number of rubber of lead List | outside | ‘(PRYSY
. { wires in| in frac infrac-  |number | of lead | Welkht
Size B. & 8 onduct- tions of an' tions of an in frac- | | beF
or inch inch tions of an
ineh pounds
4 1 1o 64 o
- 0 1 164 364 0
’ 8 1 164 3-64 204
10 | 364 R 780 2164 256
12 1 364 2 782 IN-64 156
" 1 o 26 = 16 64 138
‘ 4 1 i 64 T4 3064 73
4 ) 1 ' 164 706 36-64 A86
04 8 1 ' 16 708 64 506
i ' 1 32 564 743 53-64 1,282
n 4 1 ) 3-32 TH 55-64 1,485
- ) 1 64 1064 764
2 6 1 564 1664 1,061
41 0 1 32 1804 211
7l 6 1 ) 64 W64 1,186
" [ 1 132 52 64 1,387
24 8 1 464 18-64 7
> 5 1 564 464 940
N 1 }-32 46 04 L7
N 1 564 LR Ln
4 8 1 332 50-64 1,306
84
"Adapted from America Steel and Wire C
7921115

b»
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{ r 20 48
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